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This resource has been developed to assist teachers in Anatomy and Physiology NUR 114 in designing and delivering their program. The first part of the document includes some lecture summaries and outlines that teachers can build on to prepare their classes.
The second part of the document has a series of quizzes related to each topic covered during the semester. Finally, there is a brief summary of interactive teaching strategies that can be adopted for use in teaching this course.
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[bookmark: _Toc149813710]Lecture 1: Introduction to Anatomy & Physiology
Slide 1: Welcome
· Welcome to the Lecture on Introduction to Anatomy and Physiology
· Who am I? (teaching staff & teaching team)
· Hours of the program, structure and expectations of students
Slide 2: Learning Objectives
· Understand the definitions of anatomy and physiology
· Explore the importance of studying anatomy and physiology
· Overview of the levels of organization in the human body
Slide 3: What is Anatomy?
· Anatomy is the study of the structure and shape of the human body and its parts.
· It examines the location, size, shape, and the relationships among different body parts.
Slide 4: What is Physiology?
· Physiology is the study of how the body and its parts work and function.
· It explores how organs and systems within the body perform their specialized functions.
Slide 5: Importance of Anatomy and Physiology
· Essential foundation for healthcare professions
· Enables the understanding of diseases and their treatment
· Helps in comprehending the effects of lifestyle choices on health
· Provides insights into the evolutionary aspects of the human body
Slide 6: Levels of Organisation
· The human body is organized into several levels of increasing complexity:
1. Chemical level
2. Cellular level
3. Tissue level
4. Organ level
5. Organ system level
6. Organismal level
Slide 7: Chemical Level
· At the chemical level, we examine the smallest building blocks of the body: atoms and molecules.
· This level includes elements like oxygen, carbon, hydrogen, and various compounds.
Slide 8: Cellular Level
· Cells are the basic structural and functional units of the body.
· There are numerous cell types with specialized functions.
Slide 9: Tissue Level
· Tissues are groups of similar cells working together to perform specific functions.
· Four primary tissue types: epithelial, connective, muscle, and nervous.
Slide 10: Organ Level
· Organs are composed of different types of tissues working together to perform a particular function.
· Examples include the heart, liver, and lungs.
Slide 11: Organ System Level
· Organ systems consist of multiple organs that cooperate to carry out a major body function.
· Examples: the circulatory system, digestive system, and nervous system.
Slide 12: Organismal Level
· At the organismal level, all organ systems work together to maintain the life of the whole organism.
Slide 13: Homeostasis
· Homeostasis is the body's ability to maintain a stable internal environment despite external changes.
· Regulated by feedback mechanisms involving sensors, effectors, and control centers.
Slide 14: Anatomical Terminology
· Learning anatomical terminology is crucial for understanding the precise location and orientation of body structures.
· Terms like anterior, posterior, superior, inferior, medial, lateral, and proximal are commonly used.
Slide 15: Conclusion
· Anatomy and physiology are essential disciplines that form the foundation of our understanding of the human body.
· They are crucial for healthcare professionals and anyone interested in maintaining their health and well-being.
Slide 16: Questions and Discussion
· Please feel free to ask any questions.

[bookmark: _Toc149813711]Lecture 2: Understanding Medical Terminology: A Vital Tool for Nurses
Slide 1: Introduction
· Welcome and Introduction
· Importance of Medical Terminology in Nursing
· Overview of the Lecture
Slide 2: Objectives
· Understand the basics of medical terminology
· Recognize the significance of medical terminology for nurses
· Explore the language of anatomy and its relevance
Slide 3: What is Medical Terminology?
· Definition: The language of medicine
· Purpose: Precise communication in healthcare
· Consists of roots, prefixes, and suffixes
Slide 4: Word Structure
· Word Roots: The core meaning of a term
· Prefixes: Added to the beginning of a word
· Suffixes: Added to the end of a word
· Examples: Cardi(o)-, -itis, -ectomy
Slide 5: Building Medical Terms
· Combining word elements
· Word building rules
· Examples: Cardiology, Appendectomy
Slide 6: Why Medical Terminology Matters for Nurses
· Clear and concise communication
· Accurate documentation
· Enhanced patient care
· Improved collaboration with healthcare team
Slide 7: Medical Terminology and Patient Safety
· Preventing errors and misunderstandings
· Reducing risks
· Ensuring patient well-being
Slide 8: Anatomy and Medical Terminology
· The language of anatomy
· Anatomical position and planes
· Key anatomical terms: Anterior, Posterior, Proximal, Distal, Superior, Inferior
Slide 9: Body Systems and Medical Terminology
· Understanding the major body systems
· Common medical terms associated with each system
· Examples: Cardiovascular system, Respiratory system
Slide 10: Case Study
· Applying medical terminology in a clinical scenario
· Discuss a patient case and how medical terminology plays a crucial role in diagnosis and treatment.
Slide 11: Resources for Learning Medical Terminology
· Textbooks and online courses
· Flashcards and study apps
· Medical dictionaries
· Practice exercises and quizzes
Slide 12: Conclusion
· Recap of key points
· Emphasize the importance of medical terminology in nursing practice
· Encourage continued learning and mastery of medical terminology
Slide 13: Questions and Discussion
· Open the floor for questions and discussion
Slide 14: References
· List sources and references used in the lecture

[bookmark: _Toc149813712]Lecture 3: Introduction to the Chemistry of Life: Biochemistry, Biological Molecules, Fluids, Electrolytes, and Their Role in the Human Body
Slide 1: Introduction
· Welcome to today's lecture on the "Introduction to the Chemistry of Life."
· We will explore the fascinating world of biochemistry, the importance of biological molecules, and how fluids and electrolytes function in the human body.
Slide 2: Biochemistry - The Chemistry of Life
· Biochemistry is the branch of science that studies the chemical processes and substances that occur within living organisms.
· It bridges the gap between biology and chemistry, helping us understand life at the molecular level.
Slide 3: Importance of Biological Molecules
· Biological molecules are the building blocks of life.
· They include carbohydrates, lipids, proteins, and nucleic acids.
· These molecules play vital roles in various biological processes, from energy production to genetic information storage.
Slide 4: Carbohydrates
· Carbohydrates are essential for energy storage and provide structural support in cells.
· Glucose is a key carbohydrate used for cellular energy (ATP) production.
Slide 5: Lipids
· Lipids, such as fats and phospholipids, are crucial for energy storage, cell membranes, and insulation.
· They also serve as messengers (e.g., hormones) in the body.
Slide 6: Proteins
· Proteins are diverse molecules with many functions.
· They act as enzymes, transporters, antibodies, and structural components.
· Amino acids are the building blocks of proteins.
Slide 7: Nucleic Acids
· DNA and RNA are nucleic acids responsible for genetic information storage and transfer.
· They contain the instructions for building and maintaining an organism.
Slide 8: Fluids and Electrolytes in the Human Body
· The human body consists mainly of water, making fluids and electrolytes essential.
· Fluids and electrolytes are involved in maintaining balance, pH, and temperature.
Slide 9: Role of Fluids
· Fluids are essential for various physiological functions, including digestion, circulation, and temperature regulation.
· Water is a universal solvent, facilitating chemical reactions within the body.
Slide 10: Electrolytes
· Electrolytes are ions (charged particles) that help maintain electrical balance in cells.
· Common electrolytes include sodium (Na+), potassium (K+), calcium (Ca2+), and chloride (Cl-).
Slide 11: How Fluids Move
· Fluids move within the body through various mechanisms:
· Bulk flow (e.g., blood circulation)
· Diffusion (movement from high to low concentration)
· Osmosis (diffusion of water across semipermeable membranes)
Slide 12: Pressure and Forces
· Pressure is the force applied over an area, and it plays a crucial role in fluid movement.
· In the circulatory system, blood pressure ensures the flow of blood to different organs.
Slide 13: Osmosis
· Osmosis is the movement of water through a selectively permeable membrane.
· It occurs to equalize solute concentrations on both sides of the membrane.
Slide 14: Diffusion
· Diffusion is the passive movement of particles (e.g., ions, gases) from areas of high concentration to low concentration.
· It is vital for nutrient uptake and waste removal in cells.
Slide 15: Conclusion
· In this lecture, we've explored the fundamentals of biochemistry, the importance of biological molecules, and the roles of fluids and electrolytes in the human body.
· Understanding these concepts is crucial for comprehending the chemistry of life and the intricate processes that keep us alive.
Slide 16: Questions
· Ask for questions


[bookmark: _Toc149813713]Lecture 4: Heat and Body Temperature Regulation
Slide 1: Introduction
· Welcome and introduction
· Importance of maintaining body temperature
· Overview of the lecture
Slide 2: Basics of Body Temperature
· Definition of body temperature
· Normal body temperature (37°C)
· Temperature variations within the body
Slide 3: Significance of Body Temperature
· Enzyme activity and its dependence on temperature
· Role in metabolic processes
· Influence on overall health and well-being
Slide 4: Sources of Body Heat
· Metabolism: Chemical reactions in the body
· Physical activity: Muscular contractions generate heat
· Environmental factors: External temperature impact
· Diet: Food metabolism
Slide 5: Heat Loss and Heat Gain
· Heat loss mechanisms:
· Radiation
· Conduction
· Convection
· Evaporation
· Heat gain mechanisms:
· Metabolic heat production
· Environmental heat
Slide 6: Thermoregulation
· Definition of thermoregulation
· Importance of maintaining a stable body temperature
· Role of the hypothalamus in temperature regulation
Slide 7: Hypothalamus and Temperature Regulation
· Thermoreceptors in the skin
· Feedback loop involving the hypothalamus
· Responses to temperature changes:
· Vasodilation and vasoconstriction
· Sweating and shivering
· Behavioural responses (clothing, seeking shade, etc.)
Slide 8: Body Temperature Ranges
· Fever: Elevated body temperature in response to infection
· Hyperthermia: Dangerous high body temperature
· Hypothermia: Dangerously low body temperature
· Homeostasis: Maintaining a stable internal temperature
Slide 9: Factors Affecting Thermoregulation
· Age and body temperature regulation
· Hormonal influences
· Medical conditions affecting thermoregulation
Slide 10: Adaptations to Extreme Conditions
· Cold adaptation: Shivering, increased metabolism
· Heat adaptation: Sweating, reduced metabolic rate
· Acclimatization vs. acclimation
Slide 11: Clinical Applications
· Temperature measurement methods (oral, ear, rectal, forehead)
· Fever as a symptom of illness
· Hypothermia and hyperthermia management
Slide 12: Regulation and Health
· Importance of understanding thermoregulation for healthcare professionals
· Implications for patient care
· Preventing heat-related and cold-related illnesses
Slide 13: Conclusion
· Recap of key points
· Emphasis on the significance of maintaining body temperature
· Encouragement to stay informed about personal thermoregulation
Slide 14: Q&A
· Open the floor for questions and discussion

Lecture Structure and Function of the Human Cell
Introduction:
· Welcome and introduce the topic.
· Highlight the significance of understanding human cells.
· Mention the central role of cells in the human body.
I. What are Human Cells?
A. Definition of a Cell:
1. The basic structural and functional unit of all living organisms.
2. Cell theory and its historical development.
B. Types of Human Cells:
1. Prokaryotic vs. Eukaryotic cells.
2. Overview of major cell types in the human body: a. Red blood cells (erythrocytes) b. White blood cells (leukocytes) c. Nerve cells (neurons) d. Muscle cells (myocytes) e. Epithelial cells f. Connective tissue cells
II. Cell Structure:
A. Plasma Membrane (Cell Membrane):
1. Composition and structure.
2. Functions, including selective permeability.
B. Cytoplasm:
1. Cytosol and organelles.
2. Role in cellular metabolism.
C. Nucleus:
1. Structure and components.
2. Function in DNA storage and gene expression.
D. Organelles:
1. Mitochondria: The powerhouse of the cell.
2. Endoplasmic reticulum (ER): Protein synthesis and lipid metabolism.
3. Golgi apparatus: Protein modification and sorting.
4. Lysosomes: Cellular digestion and waste management.
5. Peroxisomes: Detoxification and lipid metabolism.
6. Ribosomes: Protein synthesis.
7. Cytoskeleton: Cellular shape and movement.
III. Cellular Functions:
A. Energy Production:
1. Cellular respiration in mitochondria.
2. ATP synthesis and its importance.
B. Protein Synthesis:
1. Role of ribosomes.
2. Protein trafficking through the endomembrane system.
C. Cell Division:
1. Mitosis and meiosis.
2. Importance in growth and reproduction.
D. Cellular Communication:
1. Cell signalling pathways.
2. Receptors and ligands.
E. Transportation and Support:
1. The role of the cytoskeleton.
2. Intracellular transport.
F. Waste Management:
1. Lysosomes and peroxisomes.
2. Autophagy and apoptosis.
IV. Specialized Cell Types:
A. Red Blood Cells:
1. Lack of a nucleus and organelles.
2. Role in oxygen transport.
B. Neurons:
1. Structure of a nerve cell.
2. Generation and transmission of nerve impulses.
C. Muscle Cells:
1. Types of muscle cells (skeletal, smooth, and cardiac).
2. Muscle contraction and function.
D. Epithelial Cells:
1. Role in lining body surfaces and forming protective barriers.
E. White Blood Cells:
1. Immune system components.
2. Functions in immune response.
Conclusion:
· Summarize the key points discussed.
· Emphasize the importance of understanding cell structure and function in human biology.
· Encourage further exploration of this fascinating topic.
Q&A Session:
· Open the floor to questions.



[bookmark: _Toc149813714]Lecture: The Role of Homeostasis in Health Functioning: Fluid Transport, Fluid and Body Compartments, Water Balance, and Electrolyte Balance
Slide 1: Introduction
· Welcome to today's lecture on the crucial role of homeostasis in maintaining health and balance in the human body.
· Today, we'll explore the concepts of fluid transport, fluid and body compartments, water balance, and electrolyte balance in the context of homeostasis.
Slide 2: Learning Objectives By the end of this lecture, you will be able to:
1. Define homeostasis and its importance in maintaining health.
2. Describe the various body fluid compartments.
3. Understand the principles of fluid transport.
4. Explain the concept of water balance.
5. Discuss the significance of electrolyte balance in homeostasis.
Slide 3: What is Homeostasis?
· Homeostasis is the body's ability to maintain a stable and balanced internal environment despite external changes.
· It is vital for proper cellular and physiological functions.
Slide 4: Body Fluid Compartments
· The human body is divided into various fluid compartments.
· Major compartments: intracellular fluid (ICF) and extracellular fluid (ECF).
· ECF includes interstitial fluid, plasma, and transcellular fluid.
Slide 5: Fluid Transport
· Cells require a constant supply of nutrients and removal of waste.
· Transport mechanisms include diffusion, facilitated diffusion, active transport, and osmosis.
· Blood and lymph systems play key roles in fluid transport.
Slide 6: Osmosis
· Osmosis is the movement of water through a semi-permeable membrane from an area of low solute concentration to high solute concentration.
· It maintains water balance between compartments.
Slide 7: Water Balance
· Water intake: through ingestion, metabolic water, and IV fluids.
· Water loss: through urine, sweat, respiration, and faeces.
· Hormones like ADH and aldosterone help regulate water balance.
Slide 8: Electrolyte Balance
· Electrolytes are ions that conduct electrical currents in the body.
· Key electrolytes include sodium, potassium, calcium, and magnesium.
· Maintaining electrolyte balance is vital for nerve impulses, muscle contractions, and more.
Slide 9: Importance of Sodium and Potassium
· Sodium (Na+) is the primary extracellular cation.
· Potassium (K+) is the primary intracellular cation.
· Proper sodium-potassium balance is critical for neuromuscular function and fluid balance.
Slide 10: Hormonal Regulation
· Hormones like aldosterone, renin, and ADH play a crucial role in regulating fluid and electrolyte balance.
· They act to maintain proper blood pressure and electrolyte levels.
Slide 11: Clinical Relevance
· Dehydration, electrolyte imbalances, and fluid overload can lead to various health issues.
· Nurses play a key role in assessing, monitoring, and managing these conditions.
Slide 12: Case Study
· Present a real or hypothetical case of a patient with fluid and electrolyte imbalances.
· Discuss assessment, diagnosis, and nursing interventions.
Slide 13: Conclusion
· Homeostasis is essential for maintaining health by regulating fluid transport, fluid and body compartments, water balance, and electrolyte balance.
· As nurses, you play a vital role in monitoring and promoting homeostasis in your patients.
Slide 14: Questions
· Open the floor to questions and discussion.
· Encourage students to ask for clarification or share their thoughts on the topic.
Remember to engage the students throughout the lecture by asking questions, encouraging discussion, and using visuals to aid in understanding these complex concepts. Additionally, consider practical demonstrations or case studies to make the material more relatable and relevant to their future nursing careers.
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Slide 1: Introduction
· Welcome to today's lecture on the integumentary system and its crucial role in maintaining homeostasis.
· We'll discuss the layers of the skin, the functions of each layer, accessory structures of the skin, changes in the integumentary system during the aging process, and types of membranes and their functions.
Slide 2: What is the Integumentary System?
· The integumentary system includes the skin, hair, nails, and various glands.
· It's the body's largest organ and serves as a protective barrier.
Slide 3: The Layers of the Skin
· The skin has three primary layers: the epidermis, dermis, and subcutaneous tissue (hypodermis).
· Each layer has distinct functions.
Slide 4: The Epidermis
· The outermost layer.
· Functions:
· Provides a waterproof barrier.
· Houses melanocytes that produce melanin.
· Regulates body temperature through sweat.
Slide 5: The Dermis
· The middle layer.
· Functions:
· Contains blood vessels, nerves, and sensory receptors.
· Provides strength and elasticity to the skin.
· Houses hair follicles, sebaceous glands, and sweat glands.
Slide 6: The Subcutaneous Tissue (Hypodermis)
· The innermost layer.
· Functions:
· Acts as an insulating layer.
· Stores fat for energy.
· Connects the skin to underlying muscles and bones.
Slide 7: Accessory Structures of the Skin
· These structures include hair, nails, sebaceous glands, and sweat glands.
· Each has specific functions in maintaining homeostasis.
Slide 8: Hair
· Functions:
· Provides insulation.
· Protects from UV radiation.
· Sensitive to touch (e.g., eyelashes, scalp hair).
Slide 9: Nails
· Functions:
· Protect the tips of fingers and toes.
· Allow for fine manipulation.
· Can indicate overall health (e.g., color changes).
Slide 10: Sebaceous Glands
· Functions:
· Produce sebum (an oily substance) to lubricate skin and hair.
· Inhibit bacterial growth on the skin.
Slide 11: Sweat Glands
· Functions:
· Regulate body temperature through sweat production.
· Excrete waste products.
· Create the acidic skin pH to prevent bacterial growth.
Slide 12: Changes in the Integumentary System During Aging
· As we age, the integumentary system undergoes various changes.
· Reduced collagen and elastin production lead to wrinkles and sagging skin.
· A decrease in melanin results in gray hair and a greater risk of sun damage.
· Reduced oil production can cause dry skin.
Slide 13: Types of Membranes
· In addition to the skin, membranes play a vital role in various body functions.
· There are four primary types of membranes: cutaneous, mucous, serous, and synovial.
Slide 14: Cutaneous Membrane
· The skin itself is a cutaneous membrane.
· Functions as a protective barrier, aiding in temperature regulation and sensation.
Slide 15: Mucous Membrane
· Found in areas with mucous secretion (e.g., mouth, nasal passages, digestive tract).
· Functions:
· Lubrication.
· Protection from pathogens.
Slide 16: Serous Membrane
· Lines body cavities (e.g., pleura, peritoneum, pericardium).
· Functions:
· Reduces friction between organs and body walls.
· Secretes serous fluid.
Slide 17: Synovial Membrane
· Found in synovial joints (e.g., knees, shoulders).
· Functions:
· Produces synovial fluid for joint lubrication.
· Nourishes and protects cartilage.
Slide 18: Conclusion
· The integumentary system is essential for maintaining homeostasis through its layers and accessory structures.
· Understanding its role in aging and the various types of membranes helps us appreciate its importance in overall health.
Slide 19: Q&A
· Let's open the floor for questions and discussion.

[bookmark: _Toc149813716]Lecture: structure & function of the eye. Physiological processes in normal vision. Nursing assessment of the eye. Terminology.

Understanding the structure and function of the eye, physiological processes in normal vision, and nursing assessment of the eye is crucial for healthcare professionals, particularly nurses, who provide care to individuals with visual health issues. Here's an overview of these topics with relevant terminology:
Structure and Function of the Eye:
1. Cornea: The transparent front part of the eye that covers the iris and pupil. It helps focus light on the retina.
2. Iris: The coloured part of the eye that controls the size of the pupil and thus regulates the amount of light entering the eye.
3. Pupil: The black circular opening in the centre of the iris that lets light into the eye.
4. Lens: A transparent, flexible structure that changes shape to focus light onto the retina.
5. Retina: The innermost layer of the eye that contains photoreceptor cells (rods and cones) which convert light into electrical signals for the brain.
6. Rods and Cones: Specialized cells in the retina that detect light and are responsible for different aspects of vision. Rods are more sensitive to low light, while cones detect colour and fine details.
7. Optic Nerve: The bundle of nerve fibres that carries visual information from the retina to the brain.
8. Aqueous Humour and Vitreous Humour: Transparent fluids that maintain the shape and pressure of the eye.
9. Sclera: The tough, white outer layer of the eye that provides protection and support.
10. Choroid: A layer of blood vessels that supplies the retina with nutrients and oxygen.
Physiological Processes in Normal Vision:
1. Light Refraction: The cornea and lens bend light rays to focus them on the retina.
2. Image Formation: The focused light creates an inverted image on the retina.
3. Phototransduction: Rods and cones convert light energy into electrical signals.
4. Signal Transmission: The electrical signals are transmitted through the optic nerve to the brain.
5. Visual Processing: In the brain, visual information is processed and interpreted to create our perception of the visual world.
Nursing Assessment of the Eye:
1. Visual Acuity: Use eye charts like Snellen or E-chart to assess a patient's visual clarity.
2. Pupil Assessment: Check for pupil size, equality, and reaction to light (PERRLA - Pupils Equal, Round, React to Light, and Accommodation).
3. External Eye Examination: Inspect the eyelids, lashes, conjunctiva, and sclera for signs of infection, injury, or abnormalities.
4. Ocular Motility: Evaluate the movement of the eyes in all directions and assess for any restrictions.
5. Intraocular Pressure: Use tonometry to measure the pressure inside the eye, important for detecting glaucoma.
6. Visual Field Testing: Assess the patient's peripheral vision to identify any blind spots or visual field deficits.
7. Tear Production: Evaluate tear production and assess for dry eye syndrome.
8. Color Vision: Test for color blindness or abnormalities in color perception.
Terminology:
· Myopia: Near-sightedness, a condition where distant objects are blurry.
· Hyperopia: Farsightedness, a condition where close objects are blurry.
· Presbyopia: Age-related loss of the eye's ability to focus on close objects.
· Astigmatism: An irregular shape of the cornea or lens, causing blurred vision.
· Cataract: Clouding of the eye's natural lens.
· Glaucoma: Increased intraocular pressure, potentially leading to optic nerve damage.
· Conjunctivitis: Inflammation of the conjunctiva, also known as "pink eye."
· Retinal Detachment: Separation of the retina from the underlying layers.
· Strabismus: A misalignment of the eyes, often referred to as "crossed eyes."
Nursing assessment of the eye is essential for early detection of eye disorders and maintaining overall eye health. Understanding the terminology associated with the eye is vital for effective communication with patients and other healthcare providers.

Lecture: structure and function of the ear. Physiological processes of hearing. Nursing assessment of the ear. Waves: hearing, ultrasound
The ear is a complex organ responsible for the sense of hearing and also plays a crucial role in maintaining balance. Understanding its structure and function is essential for healthcare professionals, including nurses.
1. Anatomy of the Ear:
· Outer Ear: The outer ear consists of the pinna (the visible part) and the ear canal. Its main function is to collect sound waves and channel them into the ear.
· Middle Ear: The middle ear contains the eardrum (tympanic membrane) and three small bones (ossicles) - the malleus, incus, and stapes. These bones transmit sound vibrations from the eardrum to the inner ear.
· Inner Ear: The inner ear includes the cochlea, which is responsible for converting sound vibrations into electrical signals that the brain can interpret. It also contains the vestibular system, which controls balance.
2. Function of the Ear:
· Hearing: Sound waves are collected by the pinna, funneled into the ear canal, and cause the eardrum to vibrate. The vibrations are then transmitted through the ossicles and converted into electrical signals in the cochlea. These signals are sent to the brain, where they are processed as sound.
· Balance: The inner ear's vestibular system contains semicircular canals filled with fluid, which helps the brain maintain balance and spatial orientation.
Physiological Processes of Hearing
Hearing is a complex physiological process involving several steps:
1. Sound Transmission: Sound waves are collected by the pinna and travel through the ear canal.
2. Eardrum Vibration: When sound waves reach the eardrum, they cause it to vibrate. This vibration is transferred to the ossicles.
3. Amplification: The three ossicles amplify the vibrations as they move from the eardrum to the oval window, which leads into the cochlea.
4. Hair Cell Stimulation: Inside the cochlea, there are tiny hair cells. As the vibrations travel through the fluid-filled cochlea, they stimulate these hair cells.
5. Conversion to Electrical Signals: Hair cell stimulation results in the generation of electrical signals that are transmitted via the auditory nerve to the brain.
6. Auditory Processing: In the brain, these electrical signals are processed, allowing us to perceive and interpret sound.
Nursing Assessment of the Ear
Nurses often conduct ear assessments as part of routine care or in response to patient complaints. Here's how a nursing assessment of the ear is typically done:
1. Inspection: Examine the external ear for any visible issues, such as swelling, redness, discharge, or deformities. Check the ear canal for obstructions or foreign objects.
2. Palpation: Gently palpate the area around the ear for tenderness, masses, or abnormalities.
3. Otoscopic Examination: Use an otoscope to inspect the ear canal and eardrum. Look for signs of infection, inflammation, or earwax buildup.
4. Hearing Assessment: Conduct a basic hearing assessment by whispering or using tuning forks to check for hearing loss.
5. Patient History: Inquire about any ear-related symptoms, such as pain, hearing difficulties, tinnitus (ringing in the ears), or dizziness.
Waves: Hearing, Ultrasound
1. Hearing Waves: Sound waves are mechanical waves that travel through a medium, usually air. They are characterized by features like frequency (pitch) and amplitude (loudness). The ear's anatomy and physiology are specifically designed to detect and interpret these sound waves.
2. Ultrasound Waves: Ultrasound is a medical imaging technique that uses high-frequency sound waves (ultrasonic waves) to create images of the inside of the body. Ultrasound waves have frequencies higher than the upper audible limit of human hearing. When these waves encounter different tissues, they bounce back, and the returning waves are used to create images, making ultrasound an important tool in healthcare for diagnostic and monitoring purposes.
Understanding the structure and function of the ear, the physiological processes of hearing, and how to assess the ear is essential for nurses when caring for patients with ear-related concerns. Additionally, knowledge of different types of waves, such as sound waves and ultrasound, is valuable in medical and diagnostic contexts.
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Introduction:
· The circulatory system is a complex network of blood vessels, the heart, and blood that plays a vital role in maintaining homeostasis in the body.
· It ensures the delivery of oxygen and nutrients to cells, the removal of waste products, and the regulation of temperature and pH.
· This lecture will explore the structure and function of the circulatory system, focusing on blood flow, blood resistance, blood pressure, capillary exchange, and homeostatic regulation.
I. Anatomy of the Circulatory System: A. The Heart 1. A muscular organ that serves as the pump of the circulatory system. 2. Composed of four chambers: two atria and two ventricles. B. Blood Vessels 1. Arteries: Carry oxygenated blood away from the heart. 2. Veins: Return deoxygenated blood to the heart. 3. Capillaries: Tiny vessels where exchange between blood and tissues occurs.
II. Blood Flow: A. The circulatory system is a closed-loop system. B. Blood flow is the movement of blood through the vessels. C. It is driven by the pumping action of the heart. D. Blood flow is influenced by factors such as vessel diameter, blood viscosity, and cardiac output.
III. Blood Resistance: A. Resistance to blood flow is primarily determined by the diameter of blood vessels. B. Vasoconstriction and vasodilation regulate vessel diameter. C. Viscosity of blood and vessel length also affect resistance.
IV. Blood Pressure: A. Blood pressure is the force exerted by blood against the walls of blood vessels. B. Measured in millimeters of mercury (mmHg). C. Systolic pressure (during ventricular contraction) and diastolic pressure (during ventricular relaxation). D. Hypertension and hypotension: Abnormalities in blood pressure.
V. Capillary Exchange: A. Capillaries are the site of nutrient and gas exchange between blood and tissues. B. Exchange occurs through diffusion. C. Capillary walls are thin to facilitate this exchange. D. Fluid exchange: Filtration (outward movement) and reabsorption (inward movement).
VI. Homeostatic Regulation: A. Control of blood pressure: 1. Baroreceptors sense pressure changes and send signals to the brain. 2. The renin-angiotensin-aldosterone system regulates blood volume and pressure. B. Blood clotting and anticoagulation: Maintaining haemostasis. C. Oxygen and carbon dioxide regulation by chemoreceptors.
Conclusion:
· The circulatory system is essential for maintaining the body's overall health and homeostasis.
· Understanding the structure and function of the circulatory system, blood flow, blood resistance, blood pressure, capillary exchange, and homeostatic regulation is crucial for appreciating its significance in human physiology.
· Proper function of the circulatory system is vital for our well-being and survival, and it is essential to maintain it through a healthy lifestyle and medical intervention when needed.
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Introduction:
· Welcome to today's lecture on the cardiovascular system, a vital and complex network that plays a crucial role in maintaining our body's overall function.
· In this lecture, we will delve into the shape, location, and function of the key components of the cardiovascular system.
I. The Heart: A. Shape:
· The heart is a muscular organ.
· It is roughly the size of a closed fist.
· It has a conical shape with a pointed apex.
B. Location:
· The heart is situated in the thoracic cavity.
· It is located in the mediastinum, which is the central part of the chest, between the lungs.
· The heart's orientation is such that the apex points downward and to the left.
C. Function:
· The heart serves as the pump that propels blood throughout the body.
· It consists of four chambers: two atria and two ventricles.
· The right side receives deoxygenated blood 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.
II. Blood Vessels: A. Arteries:
· Shape: Arteries have thick walls and are designed to withstand high pressure.
· Location: They carry oxygenated blood away from the heart.
· Function: Arteries transport oxygen and nutrients to various tissues and organs.
B. Veins:
· Shape: Veins have thinner walls and often have one-way valves.
· Location: Veins return deoxygenated blood to the heart.
· Function: Veins carry waste products, such as carbon dioxide, from tissues back to the heart and lungs.
C. Capillaries:
· Shape: Capillaries are microscopic, thin-walled vessels.
· Location: They form a vast network that connects arteries and veins.
· Function: Capillaries allow for the exchange of oxygen, nutrients, and waste products between the blood and tissues.
III. Blood: A. Shape:
· Blood is a fluid connective tissue.
· It appears as a viscous, red liquid.
B. Location:
· Blood circulates throughout the entire body via blood vessels.
C. Function:
· Blood has several critical functions:
1. Transport of oxygen and nutrients.
2. Removal of carbon dioxide and waste products.
3. Regulation of body temperature.
4. Defence against infections and bleeding through its immune and clotting functions.
IV. The Lymphatic System: A. Shape:
· The lymphatic system consists of a network of vessels, nodes, and organs.
B. Location:
· It parallels the cardiovascular system, covering the entire body.
C. Function:
· The lymphatic system plays a vital role in maintaining fluid balance, filtering harmful substances, and supporting the immune system.
Conclusion:
· The cardiovascular system is a remarkable network of structures that keeps our bodies supplied with oxygen and nutrients while removing waste products.
· Understanding the shape, location, and function of its key components is essential for appreciating the intricate workings of this life-sustaining system.
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Introduction: The human body is a marvel of coordination and cooperation. Multiple systems work together to ensure homeostasis - a state of equilibrium that is vital for our survival. The heart, as the central pump of the circulatory system, is integral to this process. Its harmonious cooperation with the respiratory, nervous, muscular, and endocrine systems is what keeps us functioning optimally in terms of thermoregulation, oxygen delivery, and pH control.
1. Thermoregulation:
· The body must maintain a stable core temperature, approximately 98.6°F (37°C).
· The heart helps regulate temperature by pumping warm blood from the core to the extremities.
· The integumentary system (skin) plays a crucial role in this by controlling blood vessel dilation and constriction.
· When we're too hot, the heart pumps more blood to the skin, enabling heat dissipation through sweat and vasodilation.
· In contrast, when we're cold, the heart directs blood away from the skin, conserving heat.
2. Oxygenation:
· Every cell in the body requires a constant supply of oxygen to produce energy through cellular respiration.
· The heart, in partnership with the respiratory system, ensures oxygen-rich blood reaches tissues.
· The respiratory system's role in oxygen exchange in the lungs is pivotal.
· The heart pumps oxygenated blood to the body via arteries, while veins return deoxygenated blood to the heart.
· Hemoglobin in red blood cells binds to oxygen in the lungs and releases it in the tissues.
3. pH Control:
· Maintaining the body's pH level around 7.4 is vital for enzymatic function and overall health.
· The heart plays a role in pH control through blood circulation.
· The acid-base balance is managed by the respiratory and renal systems.
· The respiratory system removes excess CO2, an acidic waste product.
· The kidneys excrete or reabsorb bicarbonate ions to regulate pH.
· The circulatory system transports these waste products away for elimination.
Integration:
· The nervous system constantly monitors internal and external conditions.
· The hypothalamus, a part of the brain, acts as a thermostat for thermoregulation.
· It also regulates heart rate, altering blood flow and cardiac output accordingly.
· Stress hormones like adrenaline from the endocrine system can increase heart rate in response to a perceived threat.
· The muscular system generates heat during exercise, which influences thermoregulation.
Challenges and Consequences:
· Dysfunctions in these systems can have serious consequences.
· For example, heart disease can impair oxygen delivery, affecting tissue function.
· Heat stroke, resulting from poor thermoregulation, can lead to organ damage.
· Respiratory conditions can affect oxygenation, and kidney diseases can disrupt pH balance.
Conclusion: In summary, the heart is an indispensable component of the integrated web of organ systems that maintain thermoregulation, tissue oxygenation, and pH balance. These systems work in harmony to ensure our body operates optimally, reflecting the incredible complexity of human physiology. Understanding these relationships is not only fascinating but also vital for our health and well-being. We must appreciate the interdependence of our organs and systems and take steps to maintain their functionality through a healthy lifestyle, regular exercise, and a balanced diet. Thank you for your attention.


[bookmark: _Toc149813720]Lecture: The Conduction System of the Heart, ECG Assessment & Interpretation

Introduction:
· The heart: An essential organ in the circulatory system.
· Its rhythmic contractions are regulated by a specialized conduction system.
· Electrocardiogram (ECG): A valuable tool for assessing the heart's electrical activity.
I. The Conduction System of the Heart: A. Overview of the Heart's Anatomy:
1. The four chambers: Atria and ventricles.
2. Major blood vessels: Aorta and pulmonary arteries.
3. Coronary arteries: Supply the heart muscle with oxygen.
B. The Conduction System:
1. Sinoatrial (SA) node:
· Located in the right atrium.
· The "natural pacemaker" of the heart.
2. Atrioventricular (AV) node:
· Transmits signals from the atria to the ventricles.
3. Bundle of His, bundle branches, and Purkinje fibers:
· Transmit impulses to the ventricles.
· Coordinate ventricular contractions.
C. Role of the Conduction System:
· Ensures coordinated, rhythmic contractions of the heart muscle.
· Maintains proper blood flow through the chambers.
II. Electrocardiogram (ECG): A. Basics of ECG:
1. Electrodes: Placed on the skin to detect electrical signals.
2. Leads: Different perspectives for recording heart activity.
3. Waveforms: P, QRS, and T waves.
· P wave: Atrial depolarization.
· QRS complex: Ventricular depolarization.
· T wave: Ventricular repolarization.
B. The ECG Machine:
1. Amplification and recording of electrical signals.
2. Paper speed and voltage settings.
3. Normal vs. abnormal ECG patterns.
C. Recording an ECG:
1. Proper electrode placement.
2. Patient preparation.
3. The ECG recording process.
III. Interpretation of ECG Findings: A. Normal ECG:
1. Regular heart rate.
2. Normal P, QRS, and T wave morphology.
3. Electrical axis within normal range.
B. Abnormal ECG Findings:
1. Arrhythmias:
· Bradycardia and tachycardia.
· Atrial fibrillation and ventricular tachycardia.
2. Conduction abnormalities:
· Bundle branch block.
· Heart block.
C. Myocardial Infarction (MI):
1. ST-segment changes in the ECG.
2. Location of the MI.
3. The significance of Q-waves.
D. Other Cardiac Conditions:
1. Hypertrophy:
· Left and right ventricular hypertrophy.
2. Ischaemia:
· ST-segment depression.
3. Drug effects:
· Electrolyte imbalances and medications.
IV. Clinical Applications of ECG: A. Diagnosis of heart conditions. B. Monitoring cardiac activity during surgery. C. Assessing the effects of medication. D. Predicting and preventing sudden cardiac events.
Conclusion:
· The conduction system of the heart is vital for its proper function.
· ECGs are invaluable for assessing and diagnosing various heart conditions.
· Accurate interpretation of ECG findings is crucial for effective patient care and treatment decisions.
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Introduction:
· The respiratory system is vital for human survival, allowing us to exchange oxygen and carbon dioxide.
· It consists of several structures that work together to ensure efficient gas exchange and oxygen delivery.
· This lecture will explore the functional anatomy of the respiratory system, covering its key components and their roles.
I. The Respiratory Tract: A. Upper Respiratory Tract: 1. Nose and Nasal Cavity - Air entry point; warms, humidifies, and filters air. - Contains olfactory receptors. 2. Pharynx (Throat) - Shared with the digestive system. - Serves as a common passage for air and food. 3. Larynx (Voice Box) - Contains vocal cords for speech production. - Protects the lower airway.
B. Lower Respiratory Tract: 1. Trachea (Windpipe) - Rigid tube with C-shaped cartilage rings. - Carries air into the chest. 2. Bronchial Tree - Bronchi and bronchioles. - Branches into smaller airways. - Ends in alveoli for gas exchange.
II. The Lungs: A. Right Lung vs. Left Lung - Right lung has three lobes, left lung has two. - Accommodates the heart on the left side.
B. Pleura - Membranes surrounding the lungs. - Visceral and parietal layers. - Creates a pleural cavity with a thin layer of pleural fluid. - Reduces friction and allows lung expansion.
III. Alveoli and Gas Exchange: A. Alveoli - Tiny air sacs where gas exchange occurs. - Covered by a network of capillaries. - Surfactant reduces surface tension, preventing alveolar collapse.
B. Gas Exchange - Oxygen (O2) enters alveoli, binds with hemoglobin in red blood cells. - Carbon dioxide (CO2) diffuses from blood into alveoli. - Oxygenated blood returns to the heart and is pumped throughout the body.
IV. The Mechanics of Breathing: A. Inspiration (Inhalation) 1. Diaphragm contracts and moves downward. 2. External intercostal muscles lift ribcage. 3. Thoracic cavity expands, air rushes in.
B. Expiration (Exhalation) 1. Diaphragm relaxes and moves upward. 2. Elastic recoil of lungs. 3. Air is expelled from the lungs.
V. Regulation of Breathing: A. Medulla Oblongata and Pons - Control the rhythm and depth of breathing. - Respond to CO2 and pH levels in the blood.
B. Chemoreceptors - Detect changes in blood gases. - Send signals to the brainstem to adjust breathing rate.
VI. Common Respiratory Disorders: A. Asthma - Chronic inflammation and constriction of airways. - Wheezing, coughing, shortness of breath.
B. Chronic Obstructive Pulmonary Disease (COPD) - Emphysema and chronic bronchitis. - Irreversible damage to lung tissue.
C. Pneumonia - Lung infection causing inflammation and fluid buildup.
D. Lung Cancer - Malignant growth in lung tissue, often due to smoking.
Conclusion:
· The functional anatomy of the respiratory system is a complex and highly coordinated system.
· Its primary functions are to oxygenate the blood and remove carbon dioxide.
· Understanding the structure and function of this system is crucial for healthcare professionals and anyone interested in maintaining their respiratory health.
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Introduction:
· Breathing is a vital physiological process that ensures the exchange of oxygen and carbon dioxide between the atmosphere and our body's tissues.
· Understanding the mechanics of breathing involves examining how the respiratory system works, the role of respiratory muscles and lung elasticity, the principles of Boyle's law, and the control of respiration.
I. Mechanics of Breathing: A. Boyle's Law and its Relation to Inspiration and Expiration: 1. Boyle's Law: States that the pressure of a gas is inversely proportional to its volume when the temperature and the amount of gas remain constant. 2. Inspiration: - During inhalation, the diaphragm contracts and the intercostal muscles expand the ribcage. - This increases the thoracic volume, causing a decrease in intra-alveolar pressure. - As per Boyle's Law, decreased pressure results in an inflow of air from higher atmospheric pressure to the lungs. 3. Expiration: - During exhalation, the diaphragm and intercostal muscles relax. - This reduces thoracic volume, leading to an increase in intra-alveolar pressure. - Higher pressure within the lungs pushes air out into the atmosphere.
B. Role of Respiratory Muscles and Lung Elasticity: 1. Respiratory Muscles: - The primary respiratory muscles include the diaphragm and intercostal muscles. - Contraction of these muscles alters the thoracic volume and creates pressure changes that drive air movement. 2. Lung Elasticity: - Lungs have elastic properties, which allow them to recoil during exhalation. - Lung tissue's elastic recoil force aids in expelling air during expiration.
II. Gas Exchange Between Blood, Lungs, and Tissues: A. Oxygen and Carbon Dioxide Exchange: 1. Oxygen Uptake: - Oxygen is inhaled and diffuses across the alveolar membrane into the bloodstream. - It binds to haemoglobin within red blood cells and is transported to tissues. 2. Carbon Dioxide Removal: - Carbon dioxide is produced in tissues as a metabolic waste product. - It diffuses into the bloodstream, forming bicarbonate ions and dissolving in plasma. - In the lungs, CO2 is released and exhaled.
B. Gas Exchange at the Alveoli: 1. Alveoli are the primary sites for gas exchange. 2. The thin alveolar membranes and extensive capillary network promote efficient gas exchange.
III. Control of Respiration: A. Neural Controls of Respiration: 1. Medullary Respiratory Centres: - Located in the medulla oblongata, these centres control the basic rhythm of breathing. - The ventral respiratory group (VRG) generates rhythmic impulses to the respiratory muscles. 2. Pontine Respiratory Centres: - Located in the pons, these centres help fine-tune breathing patterns. 3. Chemoreceptors: - Peripheral chemoreceptors in the aorta and carotid arteries monitor blood gas levels. - Central chemoreceptors in the medulla respond to changes in CO2 levels in the cerebrospinal fluid. 4. Reflex Mechanisms: - Mechanoreceptors in the lungs and stretch receptors in the airways regulate the depth and rate of breathing in response to physical factors.
Conclusion: The mechanics of breathing involve the principles of Boyle's law, the interplay between respiratory muscles and lung elasticity, and the gas exchange between the blood, lungs, and tissues. Understanding these concepts is vital for comprehending the essential process of respiration, which is tightly regulated by neural control mechanisms to maintain homeostasis in the body. Breathing is a complex and finely tuned physiological process that keeps us alive and ensures the delivery of oxygen to our tissues and the removal of carbon dioxide from our bodies.
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Slide 1: Introduction
· Welcome and Introduction
· Microbiology: The study of microorganisms
· The impact of microorganisms on human health and disease
Slide 2: Historical Background of Microbiology
· The journey of microbiology begins
· Antonie van Leeuwenhoek: The Father of Microbiology
· Louis Pasteur: The Germ Theory of Disease
· Robert Koch and the Development of Koch's Postulates
Slide 3: Microorganisms and Parasites
· Microorganisms defined
· Types of Microorganisms:
· Bacteria
· Archaea
· Fungi
· Protozoa
· Algae
· Viruses
· Parasites: Organisms that benefit at the expense of their hosts
Slide 4: Classification and Characteristics of Microorganisms
· The diversity of microorganisms
· Classification based on cellular structure, metabolism, and genetic material
· Unique characteristics of each microorganism type
Slide 5: Growth and Identification of Microorganisms
· Microbial growth: Reproduction and expansion
· Factors influencing microbial growth (temperature, pH, etc.)
· Techniques for identifying and characterizing microorganisms
Slide 6: Microorganisms and the Human Body
· The human microbiome: A complex ecosystem
· Normal flora: Beneficial microorganisms
· Potential pathogenic microorganisms: When the balance is disrupted
Slide 7: Sources of Microorganisms
· Environmental sources
· Food sources
· Animal sources
· Human-to-human transmission
Slide 8: Transmission of Microorganisms
· Modes of transmission:
· Direct contact
· Indirect contact
· Airborne
· Vector-borne
· The role of hygiene in preventing transmission
Slide 9: Microbial Diseases
· Microorganisms as agents of disease
· Infections vs. diseases
· The immune system's role in defence
· Key examples of microbial diseases
Slide 10: Bacterial Diseases
· Notable bacterial diseases:
· Tuberculosis
· Cholera
· Staphylococcal infections
· Streptococcal infections
Slide 11: Viral Diseases
· Prominent viral diseases:
· Influenza
· HIV/AIDS
· Hepatitis
· COVID-19
Slide 12: Fungal and Protozoal Diseases
· Fungal diseases:
· Candidiasis
· Aspergillosis
· Ringworm
· Protozoal diseases:
· Malaria
· Amoebiasis
· Giardiasis
Slide 13: Parasitic Diseases
· Common parasitic diseases:
· Malaria
· Leishmaniasis
· Helminth infections (e.g., roundworms, tapeworms)
Slide 14: Preventing and Managing Microbial Diseases
· Hygiene and sanitation
· Vaccination
· Antibiotics and antiviral medications
· Antifungal and antiparasitic treatments
Slide 15: Conclusion
· Recap of key points
· Microbiology's role in understanding and combatting diseases
· The ongoing importance of microbiological research
Slide 16: Questions and Discussion
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Introduction:
Good day, everyone! Today, we'll delve into the fascinating world of bacteriostatic and antibiotics, their mechanisms of action, sensitivity, resistance, and hypersensitivity. We'll also explore the crucial concepts of infection and immunity, including active and passive immunity and our body's defence mechanisms.
Part 1: Bacteriostatic and Antibiotics
1.1 Bacteriostatic vs. Bactericidal:
· Bacteriostatic drugs inhibit bacterial growth without killing the bacteria, while bactericidal drugs directly kill the bacteria.
· The choice between bacteriostatic and bactericidal antibiotics depends on various factors, including the type of infection and the patient's immune status.
1.2 Mechanisms of Action:
· Antibiotics can target bacteria in multiple ways, such as disrupting cell wall synthesis, inhibiting protein synthesis, interfering with DNA replication, or blocking metabolic pathways.
· Understanding these mechanisms helps in selecting the most appropriate antibiotic for a specific infection.
1.3 Antibiotic Sensitivity:
· Bacterial susceptibility to antibiotics varies, and it is determined through in vitro testing, such as the Kirby-Bauer method or minimum inhibitory concentration (MIC) testing.
· Proper sensitivity testing guides clinicians in selecting the most effective antibiotic for a specific infection.
1.4 Antibiotic Resistance:
· Antibiotic resistance is a significant global health concern, arising due to the overuse and misuse of antibiotics.
· Bacteria can develop resistance through mechanisms like mutation, horizontal gene transfer, and efflux pumps.
· Combating antibiotic resistance requires a multifaceted approach, including responsible antibiotic use and the development of novel antibiotics.
1.5 Antibiotic Hypersensitivity:
· Some individuals may experience allergic reactions to antibiotics, ranging from mild rashes to severe anaphylactic reactions.
· Recognizing and managing antibiotic hypersensitivity is vital for patient safety.
Part 2: Infection and Immunity
2.1 Concepts of Immunity:
· Immunity is our body's ability to defend against infections and diseases.
· Innate immunity provides immediate, non-specific defence mechanisms, while adaptive immunity offers long-term, specific protection.
· Understanding the immune response is crucial for comprehending how our body fights infections.
2.2 Active Immunity:
· Active immunity results from exposure to pathogens, either through infection or vaccination.
· The immune system produces antibodies and memory cells, providing protection against future encounters with the same pathogen.
2.3 Passive Immunity:
· Passive immunity involves the transfer of pre-formed antibodies, often through maternal transfer, serum therapy, or monoclonal antibodies.
· Passive immunity provides immediate protection but is short-lived, as it lacks memory cells.
2.4 Defence Mechanisms:
· Our body employs various defence mechanisms to protect against infections: a. Physical barriers: Skin and mucous membranes. b. Innate immunity: Phagocytes, natural killer cells, and complement proteins. c. Adaptive immunity: B cells and T cells, which produce antibodies and cell-mediated immune responses. d. Inflammatory response: A coordinated process to recruit immune cells to the infection site.
Conclusion:
In summary, understanding bacteriostatic and antibiotics, their mechanisms, sensitivity, resistance, and hypersensitivity, is vital in the battle against infections. Additionally, grasping the concepts of immunity and our body's defence mechanisms provides insights into how we combat diseases. Proper antibiotic use, coupled with a strong understanding of immunity and infection, will play a critical role in safeguarding public health.
Thank you for your attention, and I'm happy to take any questions you may have.
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https://open.oregonstate.education/aandp/chapter/2-1-elements-and-atoms-the-building-blocks-of-matter/ 
Really useful text, has good explanations, clear diagrams and useful test questions at the end of the chapter

By satisfactorily completing this learner guide it is expected that you will be able to:
· Use accepted health terminology to describe the normal structure, function and location of the major body systems
· Apply a basic understanding of the fundamental principles of maintaining a healthy body
· Work with the knowledge of the major components of each body system and their location in relation to other structures
· Work with a basic understanding of how to maintain the whole body in an overall state of health
· Work with a basic understanding of the relationships between body systems required to support healthy functioning

As a health care worker, you will need to have an understanding of the anatomy and physiology of the human body to ensure adequate care is provided, and more importantly, the function and purpose to each and every system in the complex and amazing structure that is the human body.

Anatomy is the study of the structure and shape of the human body and body parts, and subsequently their relationship with one another.  In other words, anatomy is the study of the structure of living organisms.

Physiology is the study of how the systems of the body work, and the ways in which their integrated cooperation maintains life and health of the individual.  It is basically the study of how the body and its parts work or function.

Suggested Student Activity: Read Chapter 1 of your text book, focus on sections 1.1 and 1.2 and then complete the short answers below:
· Explain in your own words what is meant by the ‘organisation of the human body’.
· List the 6 levels of organisation
· Identify the 11 organ systems of the body and then at least one organ from each system
Read Section 1.4 and briefly describe below the importance of organisation to the function of the human body

The section below provides a brief overview of chapters 1 & 2. 
The man body has different levels - referred to as structural complexity.  Within the body there are different levels of structural organisation and complexity.  The lowest level is chemical.  Structural complexity can be viewed as a 'ladder' - 
· Atoms combine to form molecules
· Molecules combine to form cells
· Cells combine to form tissues
· Tissues combine to form organs
· Organs combine to form organ systems or body systems
· Organs systems combine to form the human body

Each cell type has become specialised, and carries out a particular function that contributes to the needs of the body.  Cells with similar structure and function are found together, forming tissues.

Read Chapter 2 Section 2.2
Explain in your own words what we mean by elements and which are the most important ones in human health
The human body is made up of trillions and trillions of cells.  A cell is the smallest living unit known, and is often called the 'building block' of the body.  This is because cells make up everything in the body.  There are bone cells, and blood cells, and heart cells, and skin cells, and hair cells, and brain cells and so many, many more.  Each of these cells functions a bit differently, but their overall purpose is to keep the body functioning, growing and developing properly.  Each cell also has its own structure, but there are some general characteristics that are found in most cells.
A cell is completely contained within a plasma membrane.  This membrane keeps all of the cell's contents neatly inside, while keeping out harmful substances.  Inside the cell are the cytoplasm, the nucleus, and the organelles.  The cytoplasm is a gel like substance in which the nucleus and organelles are found.  The nucleus is the 'brain' of the cell.  It contains the genetic information, in the form of chromosomes, as well as the nucleolus, a structure that helps the nucleus function.  The nucleus is completely separated from the rest of the cell by a membrane similar to the plasma membrane that encircles the cell.  
The cell is made up of the cell membrane, which is the outer covering of the cell.  The cell membrane encloses the cell and helps it hold its shape.  It is semi-permeable, which means that it chooses the substances that are allowed to cross through it (both in and out). 
The nucleus is the control centre of the cell that directs and regulates all the cell's activities.  It consists of a nuclear envelope (the outer membrane) and nucleoplasm.  Every cell in the body has a nucleus with the exception of red blood cells.  The nucleus is the largest organelle and is contained within the nuclear envelope, a membrane that is similar to the plasma membrane.  The nucleus contains the body's genetic material which directs all the metabolic activities of the cell.
The term cytoplasm refers to everything between the cell membrane and the nuclear envelope.  It consists primarily of water.  It also contains various organelles as well as salts, dissolved gasses, and nutrients.
Organelles each have a different function, but they all work to keep the cell healthy and help it perform its job.  Organelles are 'little organs' of the cell - like the heart kidney and liver are the organs of the body.  They are structures with characteristic appearances and specific 'jobs' in the cell.  Most cannot be seen with the light microscope and so it was only when the electron microscope was developed that they were discovered.  The main organelles in the cell are the ribosomes, endoplasmic reticulum, mitochondrion, Golgi complex and lysosomes
Inside the nucleus are the chromosomes, which - 
· contain DNA
· control the activity of the cell
· are transmitted to from cell to cell when cells divide
· are passed to a new individual when sex cells fuse together in sexual reproduction

In cells that are not dividing the chromosomes are very long and thin and appear as dark grainy material.  They become visible just before a cell divides when they shorten and thicken and can then be counted.  The number of chromosomes in the cells of different species varies but is constant in the cells of any one species (For example, horses have 64 chromosomes, cats have 38 and humans have 46).  Chromosomes occur in pairs (that is 32 pairs in the horse nucleus, and 19 in that of a cat).  Members of each pair are identical in length and shape.  The genes, which contain genetic material that controls the inheritance of traits such as hair and eye colour, are located in chromosomes.
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Tissues are formed from the combination of cells.  The tissues of the body consist of large numbers of cells and they are classified according to shape, size and functions of these cells.  The structure of tissues reflects their function.  There are four main types of tissue - they are - 
· Epithelial tissue - this group of tissues is found covering the body and lining cavities, hollow organs and tubes.  It is also found in glands.  It's functions are protection of underlying structures from such things as dehydration, chemical and mechanical damage, secretion and absorption.
· Connective tissue - is the most abundant tissue in our body.  Connective tissue is found in bones, and most types of connective tissue have a good blood supply.  Connective tissue provides binding and structural support, protection, transport and insulation.
· Muscle tissue - is able to contract and relax providing movement within the body and the body itself.  There are three types of specialised contractile cells also known as fibres - skeletal muscle, smooth muscle and cardiac muscle.  
· Nervous tissue - the function of nervous tissue is communication.  The best example of this is the human brain, where neurones initiate, conduct and transmit information.
· Tissues combine to form organs.  Each organ has a specific function within the body.  For example - the heart's function is circulation, the stomach's function is digestion and the brain's function is coordination and communication.  Certain organs combine to form body systems.  All of the systems have specialised functions but they are all closely related to one another.
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Anatomical terms are special terms to describe the location, position and regions of body parts.  The anatomical position of the body is standing erect, with the face forward, arms at the side and toes and palms of hands directed forward.

Some examples of anatomical terms are as follows - 
· Medial - towards the midline of the body
· Lateral - away from the midline of the body
· Proximal - toward a reference point (extremity)
· Distal - away from a reference point (extremity)
· Inferior - lower or below
· Superior - upper or above
· Cephalad or cranial - head
· Caudal or Caudad - tail, tail end
· Anterior - toward the front
· Posterior - towards to back
· Dorsal - posterior
· Ventral – Anterior

[bookmark: _Toc149813730]Homeostasis

The term homeostasis refers to the body's ability to maintain a stable internal environment in response to a changing external environment.    Homeostasis is the composition of the internal environment and is tightly controlled and constant.  The term literally means 'unchanging'.  Homeostasis is maintained by control systems that detect and respond to changes in the internal environment.  There are negative and positive feedback mechanisms in homeostasis.

An example of homeostasis is maintenance of body temperature - this is a negative feedback mechanism).  When body temperature falls below the preset level it is detected by specialised temperature sensitive nerve endings.  They transmit this information to groups of cells in the hypothalamus of the brain which forms the control centre.  The control centre then activates mechanisms that raise body temperature.  These include - 
· Stimulation of skeletal muscles causing shivering
· Narrowing of the blood vessels in the skin reducing the blood flow to, and heat loss from, the peripheries
· Behavioural changes - that is we put more clothes on or curl up to keep warm

Most of the homeostatic controls in the body use negative feedback mechanisms to prevent sudden and serious changes in the internal environment.  An example of positive feedback is blood clotting and uterine contractions during labour. Positive feedback mechanisms progressively increase the response, so as long as the stimulus is continued the response is progressively amplified.  Positive feedback mechanisms are mostly undesirable - for example shock, haemorrhage, - as they often end in death despite best intentions from health professionals.

[bookmark: _Toc149813731]Body Cavities
Cavities are large internal spaces.  The body has two major cavities, the dorsal cavity and the ventral cavity.  A body cavity is a space within the body that contains internal organs.  The dorsal cavity is located towards the back of the body of has two divisions - the cranial cavity and the spinal (or vertebral) cavities.  The cranial cavity contains the brain and pituitary gland and the spinal cavity contains the spinal cord and nerves.

The abdominal cavity is the largest cavity in the body.  The abdominal cavity contains the stomach, small intestine and most of the large intestine, the liver, gall bladder, bile ducts, pancreas, spleen and two kidneys.  Most of the abdominal cavity is occupied by the organs and glands of the digestive system.  There are other structures such as the adrenal glands and numerous blood vessels and lymph vessels, nerves and lymph nodes that are found in the abdominal cavity.

The pelvic cavity extends from the lower end of the abdominal cavity and contains the sigmoid colon, rectum, anus, some loops of the small intestine, urinary bladder, lower parts of the ureters and the urethra and in the female the organs of the reproductive system.

The cranial cavity contains the brain, and its boundaries are formed by the bones of the skull.  The spinal cavity contains the spinal cord.

The thoracic cavity is situated in the upper part of the trunk.  Its boundaries are formed by a bony framework and supporting muscles.  The main organs and structures are the trachea, bronchi, lungs, the heart, aorta, superior and inferior vena cava, the oesophagus, lymph nodes and the nerves.
We can divide all the body cavities into two according to their location in the body, such as dorsal cavities (posterior) and ventral cavities (anterior).  Cranial and spinal cavities are posterior body cavities as they are placed in the back portion of the body and thoracic abdominal pelvic cavities are anterior cavities because they are placed in the front portion of the body.
[bookmark: _Toc149813732]Topic 2 (1 week) Brief overview of cell, transport, osmosis and homeostasis, scientific notation, scientific terminology 

[bookmark: _Toc149813733]Medical Terminology

Medical terminology is the professional language of those who are directly or indirectly engaged in the art of health care.  The primary goal of introducing you to medical terminology is to help you develop the ability to read and understand the language of medicine.
Most medical terms are derived from either Greek or Latin.  For example Nehpro (from the Greek, Nephros) and Ren (from the Latin, Ren) are both terms meaning the kidney.  Some new medical words continue to use Latin derivatives, for example, vitamins, meaning life, but many have other sources, for example, German, French, and Dutch languages.
Many medical terms are combinations of components from ancient languages.  As your vocabulary grows you will begin to notice patterns that employ some of these components.  Over time, increased knowledge of the more common components will enable you to recognise more quickly or recall more easily the modern meaning of the term.  Breaking words apart to arrive at their inner meaning helps you develop a knowledge of word form and usage that eventually will enable you to utilise medical terminology appropriately.
Three types of work parts or elements are used to create medical terms.  These are - 
· Prefixes
· Root words
· Suffixes
Prefixes always come at the beginning of a word.  They usually, but not always, indicate location, time, number or status. Root words contain the basic meaning of the term. They usually, but not always, indicate the involved body part. Suffixes always come at the end of a word.  They usually, but not always, indicate the procedure, condition, disorder or disease.
Examples - 
Hemigastrectomy
· hemi (prefix) = half
· gastro (root word) = stomach
· ectomy (suffix) = removal or excision of
· hemigastrectomy = removal of half the stomach

Myocardium
· myo - (prefix) = muscle
· card - (root word) = heart
· ium (suffix) = pertaining to
· myocardium = pertaining to heart/cardiac muscle

[bookmark: _Toc149813734]Topic 3: Atoms & Molecules
[bookmark: _Toc149813735]Introduction
Atoms and molecules are fundamental building blocks of matter, and they play a crucial role in the human body as well as in all living organisms. Here's an overview of atoms, molecules, and their purpose in the human body:
1. Atoms:
· Atoms are the smallest units of matter that retain the properties of an element. They consist of a central nucleus, which contains positively charged protons and uncharged neutrons, surrounded by negatively charged electrons orbiting in energy levels or shells.
· In the human body, various elements are essential for life, including oxygen, carbon, hydrogen, nitrogen, calcium, phosphorus, potassium, sulfur, sodium, and others. These elements are composed of different atoms.
2. Molecules:
· Molecules are formed when two or more atoms bond together through chemical reactions. These bonds can be covalent (sharing electrons) or ionic (transfer of electrons).
· In the human body, molecules are the building blocks of various biological structures and play critical roles in various biological processes.
3. Water (H2O):
· Water is a vital molecule in the human body. It serves as a solvent for many biochemical reactions, facilitating the transport of nutrients, gases, and waste products within the body.
· Water also helps maintain body temperature, acts as a lubricant in joints, and plays a role in many metabolic processes.
4. Proteins:
· Proteins are composed of amino acid molecules linked together by peptide bonds. They serve various functions in the body, such as enzymes that catalyze chemical reactions, structural components, antibodies, and signaling molecules.
5. Carbohydrates:
· Carbohydrates are composed of carbon, hydrogen, and oxygen atoms. They provide a primary source of energy for the body and are found in sugars, starches, and fiber.
6. Lipids:
· Lipids include fats, phospholipids, and steroids. They serve as an energy reserve, make up the cell membrane, and play a role in insulation and cushioning of organs.
7. Nucleic Acids:
· Nucleic acids, such as DNA and RNA, are made up of nucleotide molecules. They carry genetic information, enabling the replication and transmission of genetic instructions for protein synthesis and cellular functions.
8. Vitamins and Minerals:
· Many vitamins and minerals are essential molecules that play specific roles in the body. For example, vitamins act as coenzymes in metabolic reactions, while minerals are crucial for maintaining electrolyte balance, bone health, and various physiological functions.
9. Hormones:
· Hormones are chemical messengers produced in small quantities by endocrine glands. They regulate various physiological processes by binding to specific receptors on target cells, influencing growth, metabolism, and homeostasis.
In summary, atoms and molecules are the basic units of matter that compose the human body's various structural components, serve as energy sources, and play essential roles in biochemical processes. They are the foundation of life and are involved in maintaining homeostasis and carrying out the body's functions.
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[bookmark: _Toc149813736]Topic 4: Structure & Function of the Cell
[bookmark: _Toc149813737]Introduction
Objectives of this session:
· Define a cell, identify the main common components of human cells, and differentiate between intracellular fluid and extracellular fluid
· Describe the structure and functions of the plasma (cell) membrane
· Describe the nucleus and its function
· Identify the structure and function of cytoplasmic organelles
A cell is the smallest living thing in the human organism, and all living structures in the human body are made of cells. There are hundreds of different types of cells in the human body, which vary in shape (e.g. round, flat, long and thin, short and thick) and size (e.g. small granule cells of the cerebellum in the brain (4 micrometres), up to the huge oocytes (eggs) produced in the female reproductive organs (100 micrometres) and function. However, all cells have three main parts, the plasma membrane, the cytoplasm and the nucleus. The plasma membrane (often called the cell membrane) is a thin flexible barrier that separates the inside of the cell from the environment outside the cell and regulates what can pass in and out of the cell. Internally, the cell is divided into the cytoplasm and the nucleus. The cytoplasm (cyto-= cell; -plasm = “something moulded”) is where most functions of the cell are carried out. It looks a bit-like mixed fruit jelly, where the watery jelly is called the cytosol; and the different fruits in it are called organelles. The cytosol also contains many molecules and ions involved in cell functions. Different organelles also perform different cell functions and many are also separated from the cytosol by membranes. The largest organelle, the nucleus is separated from the cytoplasm by a nuclear envelope (membrane). It contains the DNA (genes) that code for proteins necessary for the cell to function.
Generally speaking, the inside environment of a cell is called the intracellular fluid (ICF), (intra- = within; referred to all fluid contained in cytosol, organelles and nucleus) while the environment outside a cell is called the extracellular fluid (ECF) (extra- = outside of; referred to all fluid outside cells). Plasma, the fluid part of blood, is the only ECF compartment that links all cells in the body.
[image: ]
Figure 4.1.14.1.13-D representation of a simple human cell. The top half of the cell volume was removed. Number 1 shows the nucleus, numbers 3 to 13 show different organelles immersed in the cytosol, and number 14 on the surface of the cell shows the plasma membrane
Concepts, terms, and facts check
Study Questions Write your answer in a sentence form 
1. What is a cell?
2. What is a plasma membrane?
3. What is a cytoplasm?
4. What is the intracellular fluid (ICF)?
5. What is the extracellular fluid (ECF)?
The plasma (cell) membrane separates the inner environment of a cell from the extracellular fluid. It is composed of a fluid phospholipid bilayer (two layers of phospholipids) as shown in figure 4.1.24.1.2 below, and other molecules. Not many substances can cross the phospholipid bilayer, so it serves to separate the inside of the cell from the extracellular fluid. Other molecules found in the membrane include cholesterol, proteins, glycolipids and glycoproteins, some of which are shown in figure 4.1.34.1.3 below. Cholesterol, a type of lipid, makes the membrane a little stronger. Different proteins found either crossing the bilayer (integral proteins) or on its surface (peripheral proteins) have many important functions. Channel and transporter (carrier) proteins regulate the movement of specific molecules and ions in and out of cells. Receptor proteins in the membrane initiate changes in cell activity by binding and responding to chemical signals, such as hormones (like a lock and key). Other proteins include those that act as structural anchors to bind neighbouring cells and enzymes. Glycoproteins and glycolipids in the membrane act as identification markers or labels on the extracellular surface of the membrane. Thus, the plasma membrane has many functions and works as both a gateway and a selective barrier.
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Figure 4.1.24.1.2 Phospholipids form the basic structure of a cell membrane. Hydrophobic tails of phospholipids are facing the core of the membrane, avoiding contact with the inner and outer watery environment. Hydrophilic heads are facing the surface of the membrane in contact with intracellular fluid and extracellular fluid.
[image: ]
Figure 4.1.34.1.3 Small area of the plasma membrane showing lipids (phospholipids and cholesterol), different proteins, glycolipids and glycoproteins.
Concepts, terms, and facts check
Study Questions Write your answer in a sentence form
1. What is the function of the cell membrane?
2. Which are the three types of biomolecules that form the cell membrane?
Almost all human cells contain a nucleus where DNA, the genetic material that ultimately controls all cell processes, is found. The nucleus is the largest cellular organelle, and the only one visible using a light microscope. Much like the cytoplasm of a cell is enclosed by a plasma membrane, the nucleus is surrounded by a nuclear envelope that separates the contents of the nucleus from the contents of the cytoplasm. Nuclear pores in the envelope are small holes that control which ions and molecules (for example, proteins and RNA) can move in and out the nucleus. In addition to DNA, the nucleus contains many nuclear proteins. Together DNA and these proteins are called chromatin. A region inside the nucleus called the nucleolus is related to the production of RNA molecules needed to transmit and express the information coded in DNA. See all these structures below in figure 4.1.44.1.4.
[image: ][image: ]
Figure 4.1.44.1.4 Nucleus of a human cell. Find DNA, nuclear envelope, nucleolus, and nuclear pores. The figure also shows how the outer layer of the nuclear envelope continues as rough endoplasmic reticulum, which will be discussed in the next learning objective.
An organelle is any structure inside a cell that carries out a metabolic function. The cytoplasm contains many different organelles, each with a specialized function. (The nucleus discussed above is the largest cellular organelle but is not considered part of the cytoplasm). Many organelles are cellular compartments separated from the cytosol by one or more membranes very similar in structure to the cell membrane, while others such as centrioles and free ribosomes do not have a membrane. See figure 4.1.54.1.5 and table 4.1.14.1.1 below to learn the structure and functions of different organelles such as mitochondria (which are specialized to produce cellular energy in the form of ATP) and ribosomes (which synthesize the proteins necessary for the cell to function). Membranes of the rough and smooth endoplasmic reticulum form a network of interconnected tubes inside of cells that are continuous with the nuclear envelope. These organelles are also connected to the Golgi apparatus and the plasma membrane by means of vesicles. Different cells contain different amounts of different organelles depending on their function. For example, muscle cells contain many mitochondria while cells in the pancreas that make digestive enzymes contain many ribosomes and secretory vesicles.
[image: ]Concepts, terms, and facts check
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[bookmark: _Toc149813738]Topic 5: Types of Glands & their Function, Types of Membranes and their Function
[bookmark: _Toc149813739]Introduction
Glands are important structures in the human body that play a crucial role in maintaining various physiological functions. They can be classified into two main categories: endocrine glands and exocrine glands. Here's an introduction to these types of glands and their functions:
1. Endocrine Glands: Endocrine glands are ductless glands that secrete hormones directly into the bloodstream. These hormones travel throughout the body and play a key role in regulating various processes, including growth, metabolism, and reproduction. Some of the major endocrine glands in the human body include:
a. Pituitary Gland: Often referred to as the "master gland," the pituitary gland controls and regulates the functions of other endocrine glands. It secretes hormones that influence growth, thyroid function, and various other bodily processes.
b. Thyroid Gland: The thyroid gland produces hormones (thyroxine and triiodothyronine) that regulate metabolism, energy production, and body temperature.
c. Adrenal Glands: The adrenal glands are situated on top of the kidneys and produce hormones like cortisol and adrenaline. These hormones are involved in the body's stress response and help regulate blood pressure, metabolism, and the immune system.
d. Pancreas: The pancreas has both endocrine and exocrine functions. It releases insulin and glucagon, which control blood sugar levels and help with energy regulation.
e. Gonads: These include the testes in males and the ovaries in females. They produce sex hormones (testosterone and estrogen) that are vital for sexual development and reproduction.
2. Exocrine Glands: Exocrine glands have ducts that transport their secretions to specific target areas, such as the skin or the digestive tract. They primarily produce substances like enzymes, mucus, sweat, and saliva to aid in digestion, temperature regulation, and lubrication. Some notable exocrine glands in the human body include:
a. Sweat Glands: Sweat glands help regulate body temperature by releasing sweat, which cools the body when it evaporates.
b. Salivary Glands: These glands produce saliva, which contains enzymes that initiate the digestion of food in the mouth.
c. Sebaceous Glands: Sebaceous glands secrete sebum, an oily substance that lubricates the skin and hair and helps protect against dehydration and infection.
d. Mammary Glands: In females, mammary glands produce milk for breastfeeding.
e. Lacrimal Glands: These glands produce tears, which keep the eyes moist and help remove foreign particles and protect against infection.
Understanding the functions of these glands is essential for comprehending how the body maintains homeostasis, responds to stress, regulates growth and development, and carries out various physiological processes. The interplay between the endocrine and exocrine systems is crucial for maintaining overall health and well-being.

MEMBRANES
The human body contains various types of membranes, which serve important functions in protecting and facilitating the functioning of different organs and systems. These membranes can be categorized into several main types:
1. Mucous Membranes (Mucosa):
· Location: Mucous membranes line various body cavities and structures that are open to the external environment, such as the respiratory, digestive, urinary, and reproductive tracts.
· Functions: Mucous membranes secrete mucus to protect and lubricate the underlying tissues. They also serve as a barrier to pathogens and foreign substances, and they facilitate the absorption of nutrients and exchange of gases.
2. Serous Membranes (Serosa):
· Location: Serous membranes are found in closed body cavities, such as the pleural cavities (around the lungs), pericardial cavity (around the heart), and peritoneal cavity (within the abdomen).
· Functions: These membranes secrete a serous fluid that reduces friction between the surfaces of organs and the cavity walls, allowing for smooth movements and minimizing damage during organ function.
3. Cutaneous Membrane (Skin):
· Location: The skin is the body's largest organ and covers the entire external surface.
· Functions: The skin serves as a protective barrier against physical, chemical, and microbial threats. It also regulates body temperature, contains sensory receptors for touch and pain, and plays a role in vitamin D synthesis.
4. Synovial Membranes:
· Location: Synovial membranes line the cavities of freely movable joints.
· Functions: These membranes secrete synovial fluid, which lubricates and nourishes the articular cartilage in joints, reducing friction and allowing for smooth joint movement.
5. Pericardium and Peritoneum:
· Pericardium lines the pericardial cavity around the heart, while peritoneum lines the abdominal cavity.
· Functions: They provide additional protection to their respective organs (heart and abdominal organs), help anchor and support these organs, and secrete a serous fluid to reduce friction.
6. Plasma Membranes (Cell Membranes):
· Location: Present in all cells, enclosing their contents.
· Functions: Plasma membranes separate the cell's internal environment from the extracellular environment, controlling the passage of substances into and out of the cell. They are critical for maintaining cell integrity and regulating cellular processes.
7. Dura Mater, Arachnoid Mater, and Pia Mater:
· Location: These membranes are found in the central nervous system, surrounding the brain and spinal cord.
· Functions: They provide protection and support to the delicate neural tissue. The dura mater is the outermost layer, the arachnoid mater is in the middle, and the pia mater is the innermost layer, in direct contact with the neural tissue.
These various types of membranes in the human body play essential roles in protecting organs, facilitating their functions, and maintaining homeostasis. Each type of membrane is specialized to perform its specific functions in different parts of the body.

The prescribed, free textbook has more information about these and other topics
[bookmark: _Toc149813740]Topic 6: integumentary system
[bookmark: _Toc147750965][bookmark: _Toc149813741]Introduction
The integumentary system is the largest organ of the body that forms a physical barrier between the external environment and the internal environment that it serves to protect and maintain. The integumentary system includes the epidermis, dermis, hypodermis, associated glands, hair, and nails. In addition to its barrier function, this system performs many intricate functions such as body temperature regulation, cell fluid maintenance, synthesis of Vitamin D, and detection of stimuli. The various components of this system work in conjunction to carry out these functions—for example, body temperature regulation occurs through thermoreceptors that lead to the adjustment of peripheral blood flow, degree of perspiration, and body hair.
Although you may not typically think of the skin as an organ, it is in fact made of tissues that work together as a single structure to perform unique and critical functions. The skin and its accessory structures make up the integumentary system, which provides the body with overall protection. The skin is made of multiple layers of cells and tissues, which are held to underlying structures by connective tissue (Figure 5.2.15.2.1). The deeper layer of skin is well vascularized (has numerous blood vessels). It also has numerous sensory, and autonomic and sympathetic nerve fibres ensuring communication to and from the brain.
[image: This illustration shows a cross section of skin tissue. The outermost layer is called the epidermis, and occupies one fifth of the cross section. Several hairs are emerging from the surface. The epidermis dives around one of the hairs, forming a follicle. The middle layer is called the dermis, which occupies four fifths of the cross section. The dermis contains an erector pilli muscle connected to one of the follicles. The dermis also contains an eccrine sweat gland, composed of a bunch of tubules. One tubule travels up from the bunch, through the epidermis, opening onto the surface a pore. There are two string-like nerves travelling vertically through the dermis. The right nerve is attached to a Pacinian corpuscle, which is a yellow structure consisting of concentric ovals similar to an onion. The lowest level of the skin, the hypodermis, contains fatty tissue, arteries, and veins. Blood vessels travel from the hypodermis and connect to hair follicles and erector pilli muscle in the dermis.]
Figure 5.2.15.2.1: Layers of Skin The skin is composed of two main layers: the epidermis, made of closely packed epithelial cells, and the dermis, made of dense, irregular connective tissue that houses blood vessels, hair follicles, sweat glands, and other structures. Beneath the dermis lies the hypodermis, which is composed mainly of loose connective and fatty tissues.
[bookmark: _Toc149813742]Organ Systems Involved
Components of the Integumentary System
Skin: The skin is made up of two layers—the superficial epidermis and the deeper dermis.
The epidermis is the tough outer layer that acts as the first line of defence against the external environment. It is composed of stratified squamous epithelial cells that further break down into four to five layers. From superficial to deep, the primary layers are the stratum corneum, stratum granulosum, stratum spinosum, and stratum basale. In the palms and soles, where the skin is thicker, there is an additional layer of skin between the stratum corneum and stratum granulosum called the stratum lucidum. The epidermis regenerates from stem cells located in the basal layer that grow up towards the corneum. The epidermis itself is devoid of blood supply and derives its nutrition from the underlying dermis.
The dermis is the underlying connective tissue framework that supports the epidermis. It further subdivides into two layers—the superficial papillary dermis and the deep reticular layer. The papillary layer forms finger-like projections into the epidermis, known as dermal papillae, and consists of highly vascularized, loose connective tissue. The reticular layer has dense connective tissue that forms a strong network.[1] The dermis as a whole contains blood and lymph vessels, nerves, sweat glands, hair follicles, and various other structures embedded within the connective tissue. 
Hypodermis: The hypodermis lies between the dermis and underlying organs. It is commonly referred to as subcutaneous tissue and is composed of loose areolar tissue and adipose tissue. This layer provides additional cushion and insulation through its fat storage function and connects the skin to underlying structures such as muscle. 
Hair: Hair is derived from the epidermis but grows its roots deep into the dermis. Its structure divides into the externally visible hair shaft and the hair follicle within the skin. The hair follicle has an intricate structure that contains the hair bulb that actively divides to extend the hair shaft vertically.[2] Hair generally categorizes into hormone-dependent, thicker terminal hairs in regions such as the axilla, pubic areas, scalp, chest, etc., and androgen-independent vellus hairs that cover the rest of the areas.[2] Hair growth has multiple phases called anagen (growth phase), catagen (nonproliferative phase), and telogen (resting phase) that cycles depending on hormones and nutrients.[3] Hair covers the majority of the body with the few exceptions of the palms, soles, lips, and portions of external genitalia. Hair serves as mechanical protection for the skin, increases sensory function, and aids in regulating body temperature. Arrector pili muscles located in the dermis attach to hair follicles, helping the shaft to stand and trap air close to the epidermis for temperature control.
Nails: Nails form as layers of keratin and appear at the dorsal tips of the fingers and toes.[4] The nail growth begins at the nail matrix that creates new cells and pushes old cells out distally. The visible portion of the nail is the nail plate covering the nail bed, where it adheres to the finger. Nails function to protect the fingers and toes while increasing the precision of movements and enhancing sensation.
Associated Glands: There are four types of exocrine glands within human skin—sudoriferous, sebaceous, ceruminous, and mammary glands.
Sudoriferous glands, also known as sweat glands, are further divided into eccrine and apocrine glands. Eccrine glands are distributed throughout the body and primarily produce serous fluid to regulate body temperature.[5] Apocrine glands are present in the axilla and pubic area and produce milky protein-rich sweat.[5] These glands are responsible for odor as bacteria break down the secreted organic substances.
Sebaceous glands are part of the pilosebaceous unit, including the hair, hair follicle, and arrector pili muscle.[6] It secretes an oily substance called sebum, a mixture of lipids that forms a thin film on the skin. This layer adds a protective layer, prevents fluid loss, and also plays an antimicrobial role.[7][8] 
[bookmark: _Toc147750967][bookmark: _Toc149813743]Function
Physical protection: Given that the integumentary is the covering of the human body, its most apparent function is physical protection. The skin itself is a tightly knit network of cells, with each layer contributing to its strength. The epidermis has an outermost layer created by layers of dead keratin that can withstand wear and tear of the outer environment, while the dermis provides the epidermis with blood supply and has nerves that bring danger to attention amongst other functions. The hypodermis provides physical cushioning to any mechanical trauma through adipose storage, and the glands secrete protective films throughout the body. The nails protect the digits, which are prone to repeated trauma by creating a hard covering, and hairs throughout the body filter harmful particles from entering the eyes, ears, nose, etc.   
Immunity: The skin is the body’s first line of defence as it acts as the physical barrier that prevents direct entry of pathogens. Cells are connected through junction proteins with reinforcement by keratin filaments.[9]
Antimicrobial peptides (AMPs) and lipids on the skin also act as a biomolecular barrier that disrupts bacterial membranes. AMPs, such as defensins and cathelicidins, are produced by various cells in the skin, such as dendritic cells, macrophages, glands, etc., and are activated by proteolytic cleavage with stimulation. Lipids, such as sphingomyelin and glucosylceramides, are stored in lamellar bodies found in the stratum corneum and display antimicrobial activity.[9]
An additional aspect of the skin’s immunity lies in the resident immune cells. Both myeloid and lymphoid cells are present in the skin, and some, such as the Langerhans cells or dermal dendritic cells, possess the capability to travel to the periphery and activate the greater immune system.[9]
Wound healing: When our body undergoes trauma with a resulting injury, the integumentary system orchestrates the wound healing process through haemostasis, inflammation, proliferation, and remodelling.[9]
Haemostasis occurs through tissue factor located in subendothelial spaces of the skin, which triggers the coagulation cascade to form a fibrin clot.
In the following inflammatory phase, immune cells such as neutrophils and monocytes will infiltrate the injury site to attack pathogens and clear out debris.
The proliferative phase involves the multiplication of resident cells such as keratinocytes and fibroblasts that contribute to the formation of granulation tissue. Through a matrix of immune cells and the eventual formation of a collagen network by fibroblasts and myofibroblasts, the new extracellular matrix forms.[9]
The final remodelling phase consists of apoptosis as cells are no longer needed and excess structures are broken down in efforts to restore the original architecture. Macrophages secrete matrix metalloproteases that remove excess collagen, and remaining immature collagen matures to finalize the extracellular matrix.[9]
Vitamin D synthesis: The primary sources of vitamin D are sun exposure and oral intake. With ultraviolet sunlight exposure, 7-dehydrocholesterol converts to vitamin D3 (cholecalciferol) in the skin. Cholecalciferol is then hydroxylated in the liver, then kidney into its active metabolite form, 1,25-dihydroxy vitamin D (calcitriol).[10] This metabolite ultimately leads to increased calcium absorption in the gut and is crucial for bone health. 
Regulation of body temperature: The skin has a large surface area that is highly vascularized, which allows it to conserve and release heat through vasoconstriction and vasodilation, respectively. When body temperatures rise, blood vessels dilate to increase blood flow and maximize the dissipation of heat.[11] In conjunction with this method, the evaporation of sweat secreted by the skin allows for greater heat loss. The hair on the body also affects the regulation of body temperature as erect hair can trap a layer of heat close to the skin. Various inputs from central and skin thermoreceptors provide fine-tuning for this thermoregulatory system.   
Sensation: Skin innervation is by various sensory nerve endings that discriminate pain, temperature, touch, and vibration. Mediation of innocuous touch in glabrous skin by four types of mechanoreceptors—Meissner corpuscle, Pacinian corpuscle, Ruffini endings, and Merkel cells.[12] Meissner corpuscles can detect movement across the skin, Pacinian corpuscles detect high-frequency vibration, Ruffini endings detect stretch, and Merkel cells aid in spatial imaging. In hairy skin, tactile stimuli are picked up by three types of hair follicles and their associated longitudinal and circumferential lanceolate endings.[12] Noxious stimuli in both glabrous and hairy skin are detectable by free nerve endings located in the epidermis.[12] Each type of receptor and nerve fiber varies in its adaptive and conductive speeds, leading to a wide range of signals that can be integrated to create an understanding of the external environment and help the body to react appropriately. 
[bookmark: _Toc147750968][bookmark: _Toc149813744]Pathophysiology
Pathology
Given that the integumentary system has direct exposure to external threats such as physical trauma, radiation, extreme temperatures, microorganisms, etc., it can fall susceptible to wounds, infections, burns, cancers, and more. The integumentary system is unique in that pathologic conditions are often directly visible to patients, and at times the system reflects pathologic conditions that may be occurring internally. The following are common conditions that can appear throughout components of the integumentary system:
Cancer
Squamous cell carcinoma is a malignant tumour originating from epidermal keratinocytes that commonly arise in areas of sun exposure.[23] In darker individuals, lesions can occur unrelated to sun exposure.[23] The appearance can vary but generally present as erythematous papules, plaques, or nodules that may either ulcerate or become hyperkeratotic. The diagnosis requires a biopsy for pathologic confirmation. 
Basal cell carcinoma is the most common skin cancer and is a locally invasive cancer that arises from the basal layer of the epidermis. Ultraviolet radiation is the most significant risk factor that causes mutations in several tumour suppressor genes and proto-oncogenes.[24] The characteristic appearance is a pink, pearly papule with telangiectasia, and a biopsy is necessary to confirm the diagnosis.
Melanoma is a serious form of skin cancer due to its potential to metastasize quickly and can be divided into four subtypes—superficial spreading, nodular, lentigo maligna, and acral lentiginous. They arise as a superficial tumour confined to the epidermis but can undergo a vertical growth phase, resulting in increased tumour thickness. Thickness is measured by Breslow's depth, which is a measurement starting from the granular cell layer of the epidermis and is the most important prognostic factor. Melanomas can be detected clinically using the ABCDE criteria (asymmetry, border irregularity, colour variation, diameter >6mm, and evolution over time).[25]
Burns—Burns result from excessive heat, radiation, or chemical exposure, and grading the severity of the burn is by the depth and area of skin involvement. Burns are treated as emergencies, as severe burns can lead to dehydration, sepsis, and death.[26] Burn depth can classify as follows [27]:
· Superficial: involves only the epidermal layer and does not blister. Lesions are painful, dry, red, and blanch. Injuries generally heal without scarring.
· Partial-thickness: involves the epidermis and dermis partially. This type of burn can further subcategorize into superficial and deep, depending on the extent of dermis involvement. Superficial partial-thickness lesions form blisters, are painful, blanch with pressure, and weep. Deep partial-thickness burns damage hair follicles and glandular tissue. They are painful to pressure only, do not blanch, and have mottled colorization. They can cause hypertrophic scarring and functional impairment with delayed healing.
· Full-thickness: extend through all layers of the dermis and often subcutaneous tissue. The lesions are generally dry without blistering and do not blanch with pressure. Eschar (dead dermis) may be present and can compromise a limb if circumferential.
· Fourth degree: these are the most severe burns that extend beyond the skin into soft tissue and can involve any underlying structures.
Nails
Onychomycosis – Onychomycosis is a fungal infection of the toenails or fingernails and can result from dermatophytes, yeasts, and non-dermatophyte moulds. The condition is acquired through direct contact, and a compromised nail barrier increases the chances of infection.[31] The common clinical presentation involves nail discoloration, subungual hyperkeratosis, onycholysis, and splitting or destruction of the nail plate, dependent on the specific subtype.[32]
Pitting – Nail pitting occurs due to focal abnormal keratinization of the nail matrix that results in irregular, deep pits within the nail plate as it grows beyond the cuticle. It can affect a single nail or multiple, can involve the fingernails and/or toenails. It presents in conditions such as psoriasis, eczema, and alopecia areata.[33][34]
Koilonychia – Also called spoon nail, this condition involves the upward curving of the distal nail plate that gives the appearance of a spoon. It has been associated with iron deficiency anemia but can be due to idiopathic changes.  
Clubbing – Digital clubbing is characterized by increased nail plate curvature and thickness of the distal fingertip. Clinically, there is flattening of the angle between the nail plate and the nail fold on the side view. It is caused by platelet precursors that fail fragmentation and later get trapped in the distal digit vasculature. There they will release platelet-derived growth factor and vascular endothelial growth factor, which results in clubbing. It is the most common manifestation of hypertrophic osteoarthropathy and correlates with many systemic conditions.[35]
Glands
Seborrheic dermatitis- Seborrheic dermatitis is a form of chronic dermatitis with unknown pathogenesis that tends to occur in regions with sebaceous glands, such as the scalp, external ears, and center of the face. It presents clinically with erythematous plaques with a yellowish scale and often appears as dandruff when located on the scalp. The cause and predilection for sebaceous glands are not well understood, though studies have suggested that the fungus Malassezia and its byproducts may play a role in the pathogenesis.[36][37][38]
Hyperhidrosis – Hyperhidrosis is excessive secretion of sweat from eccrine glands with possible apocrine gland involvement in axillary hyperhidrosis.[39] Pathogenesis is an abnormal central response to normal emotional stress, which leads to increased sympathetic signaling to endocrine glands through cholinergic autonomic neurons leading to sweating beyond the physiological need for temperature regulation.[40]
[bookmark: _Toc147750969][bookmark: _Toc149813745]Clinical Significance
The integumentary system provides numerous functions necessary for human life while also maintaining an optimal internal environment for other critical components to thrive. When there is an imbalance in this system, any of the disorders mentioned above can manifest. The integumentary system also reflects underlying pathologies such as showing jaundice with liver disfunction, displaying petechiae with thrombocytopenia or decreased skin turgor with dehydration. It is a system that can provide many external clues regarding an individual’s physiological state and is a vital component of a complete clinical picture.
[bookmark: _Toc147750970][bookmark: _Toc149813746]Review Questions
· Access free multiple choice questions on this topic.
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[bookmark: _Toc149813749]Topic 7: (2 weeks)
Sensory System. Structure, function and disorders of the eye. 
Structure, functions and disorders of the ear.  Structure and functions of the other sensory systems. Waves: hearing and ultrasound, sight and electromagnetic radiation. 

[bookmark: _Toc149813750]The Sensory Organs

We have four special senses - taste, smell, hearing and balance and vision.   

Taste
The tongue serves as an organ of taste, with taste buds scattered over its surface and concentrated toward the back of the tongue.  In chewing, the tongue holds the food against the teeth, in swallowing, it moves the food back into the pharynx, and then into the oesophagus when the pressure of the tongue closes the opening of the trachea or windpipe.  It also acts, together with the lips, teeth, and hard palate, to form word sounds.
Taste buds are the special organs of taste.  The taste receptors are located on the tongue and are classified as chemoreceptors.  The four basic taste sensations are sweet, salty, bitter, and sour with different parts of the tongue responsible for a particular sensation.  When taste receptors are stimulated impulses travel along cranial nerves to various parts of the brain and end in the temporal and parietal lobes.

Smell
Human beings have a very weak sense of smell.  As people evolved and began to reason more, they didn't need to smell things quite as well as other animals did.  They could use their eyes and their brains in a different way.  There is one way your sense of smell is different from all your other senses - after sensing a particular smell for a while, your sense of smell gets tired.  When you first come into the house you can smell dinner cooking, but after that your olfactory nerves get overtired and then you don't smell anything at all.
The nose is divided in two by the septum.  The septum is made up of cartilage and bone.  The nose has tiny hairs lining it, called cilia, that clean the air you breathe.  Other cells in the lining of your nose produce mucous that traps dust and particles in the air that you breathe.  Specialised receptor cells of the olfactory epithelium detect smells.  We, as humans, can distinguish over 10, 000 different and distinctive smells.  The sense of smell comes through the olfactory nerve, which projects into the nasal passage in the upper part of the nose.
The olfactory nerve picks up the scents from the air you breathe and then translates them into nerve impulses or messages that are then sent to the olfactory bulb in the brain.  The olfactory bulb, located in the front of the brain, communicates the scents to your brain.  There are many theories about the exact process of our sense of smell - the consensus involves a highly specialised process that includes molecular rings and receptors, which incur odorant binding proteins.  Odour molecules reach receptors and dissolve in the mucous lining, which is not possible with nasal congestion.  
Cilia projections of the receptors are found then go through the olfactory tract directly to inferior frontal lobe of the cortex and pass on the to the limbic system (the emotional and behavioural links of the brain).  This is a very complicated, intricately detailed, and a mysteriously misunderstood system.  Your sense of smell strongly affects your sense of taste.
Hearing and Balance
The ear is divided into three main areas - the external ear, the middle ear, and the inner ear.  The outer and middle ear are involved in hearing only whilst the inner ear is involved in both balance and hearing.
The external ear is composed of the pinna and the external auditory canal.  In the walls of the external auditory canal are glands that secrete earwax or cerumen.  Sound waves entering the external auditory canal eventually hit the tympanic membrane (eardrum) and cause it to vibrate.  The eardrum separates the outer and the middle ear.
The middle ear is a small space containing the eustachian tube and three small bones called the ossicles.  The eustachian tube connects the middle ear and the throat.  The eustachian tube’s purpose is to equalise the pressure on both sides of the tympanic membrane by allowing air to pass from the area of the throat into the middle ear.  The ossicles amplify sound received from the eardrum and transmit it to the oval window.  The oval window separates the middle ear from the inner ear.
The inner ear consists of the semi-circular canals and the cochlea, which contains fluid and hair like structures.  In the cochlea, fluid carries sound waves received from the middle ear to the auditory nerve.  The auditory nerve carries the message to the brain.
The semi-circular canals are involved in balance.  They sense the head's position and changes in position and send messages to the brain.
The auditory pathway is as follows - 
· sound waves enter and travel down the external auditory canal
· hit the tympanic membrane which vibrates
· transmits to ossicles
· amplify sound
· hits the oval window
· reaches the inner ear (cochlea)
· vibrations in fluid move hairs
· sound waves are converted to electrical impulses
· impulses travel along cochlear nerve to the brain (temporal lobe)
· sounds are analysed and interpreted

Vision
The eye is a hollow sphere.  The interior of the eye is filled with fluid called humour that helps maintain its shape (the aqueous and vitreous humour).  The lens, the main focusing apparatus of the eye, divides the eye into two chambers, the anterior (front) and posterior (back) chambers.
The eyeball is composed of three layers - 
· The sclera - the outermost layer, helps contain the contents of the eye and shapes the eye.  The sclera extends to the front of the eye, and this is known as the cornea.  The cornea is a transparent structure.
· The choroid (the middle layer) - this includes ciliary muscles, the ciliary body, and the iris.  The iris gives the eye its colour.  The opening on the middle of the iris is the pupil.
· The retina (the innermost layer) contains visual receptors which are sensitive to light (photoreceptors).  There are two types - rods and cones.  

The accessory structures of the eye include the extrinsic eye muscles, the tear or larcrimal glands and ducts, the eyelids, the eyelashes, and the conjunctiva.
The visual pathway is as follows - cornea -> aqueous humour -> pupil -> lens -> vitreous humour -> retina -> optic nerve -> brain (occipital lobe)
Light rays from a distant object are nearly parallel as they reach the eye and can be focused without change to the shape of the lens (convex).  Diverging light rays from close objects require that the lens bulge more to focus the image more sharply on the retina.  This ability of the eye to focus specifically for close objects is called accommodation.
The most common disorders associated with the sensory system are - 
· deafness
· blindness
· injury to eye/ear
· balance disturbances due to middle ear disorders
· glaucoma
· cataracts
· vertigo
· tinnitus


[bookmark: _Toc149813751]Topic 8: Cardiovascular System

[bookmark: _Toc147750976][bookmark: _Toc149813752]The Circulatory System

The circulatory system consists of the heart, the blood vessels and the blood.  It is a transportation system moving blood around the body, and is also referred to as the cardiovascular system.  Cardiovascular means pertaining to the heart and blood vessels (cardio = heart, vascul = blood vessels, -ar = pertaining to).

All structures within the circulatory system work together to pump blood to all body tissues.  The blood supplies oxygen and nutrients to the tissues and transports cellular waste products to the appropriate organs for removal from the body.

The primary organ of the circulatory system is the heart, which is a hollow muscular organ about the size of a closed fist.  Its primary function is the pump blood throughout the body.  It is located in the thoracic cavity between the two lungs.  The heart is actually two separate pumps - the right side pumps blood to the lungs and the left side pumps blood to the rest of the body.  Within the heart lies four chambers (two atria and two ventricles) and four valves (two AV and two semilunar valves).

[bookmark: _Toc147750977][bookmark: _Toc149813753]Location of the Heart
The human heart is located within the thoracic cavity, medially between the lungs in the space known as the mediastinum. The great veins, the superior and inferior venae cavae, and the great arteries, the aorta and pulmonary trunk, are attached to the superior surface of the heart, called the base. The base of the heart is located at the level of the third costal cartilage, as seen in Figure 8.1.[1] The inferior tip of the heart, the apex, lies just to the left of the sternum between the junction of the fourth and fifth ribs. It is important to remember the position of the heart when placing a stethoscope on the chest of a patient and listening for heart sounds.[2]
[image: Illustration, with labels, showing position of the heart in the thoracic cavity.]Figure 8.1 Position of the heart in the thoracic cavity
[bookmark: _Toc147750978][bookmark: _Toc149813754]Chambers and Circulation Through the Heart
The heart consists of four chambers: two atria and two ventricles. The right atrium receives deoxygenated blood from the systemic circulation, and the left atrium receives oxygenated blood from the lungs. The atria contract to push blood into the lower chambers, the right ventricle and the left ventricle. The right ventricle contracts to push blood into the lungs, and the left ventricle is the primary pump that propels blood to the rest of the body.
There are two distinct but linked circuits in the human circulation called the pulmonary and systemic circuits. The pulmonary circuit transports blood to and from the lungs, where it picks up oxygen and delivers carbon dioxide for exhalation. The systemic circuit transports oxygenated blood to virtually all of the tissues of the body and returns deoxygenated blood and carbon dioxide to the heart to be sent back to the pulmonary circulation. See Figure 8.2[3] for an illustration of blood flow through the heart and blood circulation throughout the body.[4]
[image: Illustration, with labels showing chambers of heart and blood circulation.]Figure 8.2 Chambers of the heart and blood circulation to the lungs and throughout the body
Blood also circulates through the coronary arteries with each beat of the heart. The left coronary artery distributes blood to the left side of the heart, and the right coronary distributes blood to the right atrium, portions of both ventricles, and the heart conduction system. See Figure 8.3[5] for an illustration of the coronary arteries. When a patient has a myocardial infarction, a blood clot lodges in one of these coronary arteries that perfuse the heart tissue. If a significant area of muscle tissue dies from lack of perfusion, the heart is no longer able to pump.
[image: Illustration with labels, showing heart from anterior and posterior views.]Figure 8.3 Coronary arteries of the heart
[bookmark: _Toc147750979][bookmark: _Toc149813755]Conduction System of the Heart
Contractions of the heart are stimulated by the electrical conduction system. The components of the cardiac conduction system include the sinoatrial (SA) node, the atrioventricular (AV) node, the left and right bundle branches, and the Purkinje fibers. (See Figure 8.4 for an image of the conduction system of the heart.[6])
[image: Illustration, with labels, showing anterior view of frontal section and frontal plane through heart.]Figure 8.4 Components of the cardiac conduction system
Normal cardiac rhythm is established by the sinoatrial (SA) node. The SA node has the highest rate of depolarization and is known as the pacemaker of the heart. It initiates the sinus rhythm or normal electrical pattern followed by contraction of the heart. The SA node initiates the action potential, which sweeps across the atria through the AV node to the bundle branches and Purkinje fibers, and then spreads to the contractile fibers of the ventricle to stimulate the contraction of the ventricle.[7]

[bookmark: _Toc147750980][bookmark: _Toc149813756]Cardiac Conductive Cells
Sodium (Na ), potassium (K ) and calcium (Ca2 ) ions play critical roles in cardiac conducting cells in the conduction system of the heart. Unlike skeletal muscles and neurons, cardiac conductive cells do not have a stable resting potential. Conductive cells contain a series of sodium ion channels that allow influx of sodium ions that cause the membrane potential to rise slowly and eventually cause spontaneous depolarization. At this point, calcium ion channels open and Ca2 enters the cell, further depolarizing it. As the calcium ion channels then close, the K channels open, resulting in repolarization. When the membrane potential reaches approximately −60 mV, the K channels close and Na channels open, and the prepotential phase begins again. This phenomenon explains the autorhythmicity properties of cardiac muscle. Calcium ions play two critical roles in the physiology of cardiac muscle. In addition to depolarization, calcium ions also cause myosin to form cross bridges with the muscle cells that then provide the power stroke of contraction. Medications called calcium channel blockers thus affect both the conduction and contraction roles of calcium in the heart.
The autorhythmicity inherent in cardiac cells keeps the heart beating at a regular pace. However, the heart is regulated by other neural and endocrine controls, and it is sensitive to other factors, including electrolytes. These factors are further discussed in the homeostatic section below.[8]

[bookmark: _Toc147750981][bookmark: _Toc149813757]Focus on Clinical Practice: The ECG
Surface electrodes placed on specific anatomical sites on the body can record  the heart’s electrical signals. This tracing of the electrical signal is called an electrocardiogram (ECG), also historically abbreviated EKG. Careful analysis of the ECG reveals a detailed picture of both normal and abnormal heart function and is an indispensable clinical diagnostic tool. A normal ECG tracing is presented in Figure 6.5.[9] Each component, segment, and the interval is labeled and corresponds to important electrical events.
There are five prominent components of the ECG: the P wave, the Q, R, and S components, and the T wave. The small P wave represents the depolarization of the atria. The large QRS complex represents the depolarization of the ventricles, which requires a much stronger impulse because of the larger size of the ventricular cardiac muscle. The ventricles begin to contract as the QRS reaches the peak of the R wave. Lastly, the T wave represents the repolarization of the ventricle. Several cardiac disorders can cause abnormal ECG readings called “dysrhythmias,” also called “arrhythmias,” and there are several types of antidysrhythmic medications used to treat these disorders that will be discussed later in this chapter.[10]
[image: Illustration, with labels, showing an electrocardiogram tracing.]Figure 6.5 Components of an ECG reading
[bookmark: _Toc147750982][bookmark: _Toc149813758]Cardiac Cycle
The period of time that begins with contraction of the atria and ends with ventricular relaxation is known as the cardiac cycle. The period of contraction that the heart undergoes while it pumps blood into circulation is called systole. The period of relaxation that occurs as the chambers fill with blood is called diastole.
[bookmark: _Toc147750983][bookmark: _Toc149813759]Phases of the Cardiac Cycle
At the beginning of the cardiac cycle, both the atria and ventricles are relaxed (diastole). Blood is flowing into the right atrium from the superior and inferior venae cavae and into the left atrium from the four pulmonary veins. Contraction of the atria follows depolarization, which is represented by the P wave of the ECG. Just prior to atrial contraction, the ventricles contain approximately 130 mL blood in a resting adult. This volume is known as the end diastolic volume or preload. As the atrial muscles contract, pressure rises within the atria and blood is pumped into the ventricles.
Ventricular systole follows the depolarization of the ventricles and is represented by the QRS complex in the ECG. During the ventricular ejection phase, the contraction of the ventricular muscle causes blood to be pumped out of the heart. This quantity of blood is referred to as stroke volume (SV). Ventricular relaxation, or diastole, follows repolarization of the ventricles and is represented by the T wave of the ECG. [11]
[bookmark: _Toc147750984][bookmark: _Toc149813760]Cardiac Output
Cardiac output (CO) is a measurement of the amount of blood pumped by each ventricle in one minute. To calculate this value, multiply stroke volume (SV), the amount of blood pumped by each ventricle, by the heart rate (HR) in beats per minute. It can be represented mathematically by the following equation: CO = HR × SV. Factors influencing CO are summarized in Figure 6.6[12] and include autonomic innervation by the sympathetic and parasympathetic nervous system, hormones such as epinephrine, preload, contractility, and afterload. Each of these factors is further discussed below.[13]SV is also used to calculate ejection fraction, which is the portion of the blood that is pumped or ejected from the heart with each contraction.
[image: Process chart showing factors that affect cardiac output.]Figure 6.6 Factors affecting cardiac output
[bookmark: _Toc147750985][bookmark: _Toc149813761]Heart Rate
Heart rate (HR) can vary considerably, not only with exercise and fitness levels, but also with age. Newborn resting HRs may be 120 -160 bpm. HR gradually decreases until young adulthood and then gradually increases again with age. For an adult, normal resting HR will be in the range of 60–100 bpm. Bradycardia is the condition in which resting rate drops below 60 bpm, and tachycardia is the condition in which the resting rate is above 100 bpm.
[bookmark: _Toc147750986][bookmark: _Toc149813762]Correlation Between Heart Rates and Cardiac Output
Conditions that cause increased HR also trigger an initial increase in SV. However, as the HR rises, there is less time spent in diastole and, consequently, less time for the ventricles to fill with blood. As HR continues to increase, SV gradually decreases due to less filling time. In this manner, tachycardia will eventually cause decreased cardiac output.
[bookmark: _Toc147750987][bookmark: _Toc149813763]Cardiovascular Centers
Sympathetic stimulation increases the heart rate and contractility, whereas parasympathetic stimulation decreases the heart rate. (See Figure 6.7 for an illustration of the ANS stimulation of the heart.[14]) Sympathetic stimulation causes the release of the neurotransmitter norepinephrine (NE), which shortens the repolarization period, thus speeding the rate of depolarization and contraction and increasing the HR. It also opens sodium and calcium ion channels, allowing an influx of positively charged ions.
NE binds to the Beta-1 receptor. Some cardiac medications (for example, beta blockers) work by blocking these receptors, thereby slowing HR and lowering blood pressure. However, an overdose of beta blockers can lead to bradycardia and even stop the heart.[15]
[image: Illustration, with labels, showing the route between the vagus and sympathetic cardiac nerves.]Figure 6.7 ANS stimulation of the heart includes sympathetic and parasympathetic stimulation
[bookmark: _Toc147750988][bookmark: _Toc149813764]Stroke Volume
Many of the same factors that regulate HR also impact cardiac function by altering SV. Three primary factors that affect stroke volume are preload, or the stretch on the ventricles prior to contraction; contractility, or the force or strength of the contraction itself; and afterload, the force the ventricles must generate to pump blood against the resistance in the vessels. Many cardiovascular medications affect cardiac output by affecting preload, contractility, or afterload. [16]
[bookmark: _Toc147750989][bookmark: _Toc149813765]Preload
Preload is another way of expressing end diastolic volume (EDV). Therefore, the greater the EDV is, the greater the preload is. One of the primary factors to consider is filling time, the duration of ventricular diastole during which filling occurs. Any sympathetic stimulation to the venous system will also increase venous return to the heart, which contributes to ventricular filling and preload. Medications such as diuretics decrease preload by causing the kidneys to excrete more water, thus decreasing blood volume.
[bookmark: _Toc147750990][bookmark: _Toc149813766]Contractility
Contractility refers to the force of the contraction of the heart muscle, which controls SV. Factors that increase contractility are described as positive inotropic factors, and those that decrease contractility are described as negative inotropic factors.
Not surprisingly, sympathetic stimulation is a positive inotrope, whereas parasympathetic stimulation is a negative inotrope. The drug digoxin is used to lower HR and increase the strength of the contraction. It works by inhibiting the activity of an enzyme (ATPase) that controls movement of calcium, sodium, and potassium into heart muscle. Inhibiting ATPase increases calcium in heart muscle and, therefore, increases the force of heart contractions.
Negative inotropic agents include hypoxia, acidosis, hyperkalemia, and a variety of medications such as beta blockers and calcium channel blockers.
[bookmark: _Toc147750991][bookmark: _Toc149813767]Afterload
Afterload refers to the force that the ventricles must develop to pump blood effectively against the resistance in the vascular system. Any condition that increases resistance requires a greater afterload to force open the semilunar valves and pump the blood, which decreases cardiac output. On the other hand, any decrease in resistance reduces the afterload and thus increases cardiac output. Figure 6.8[17] summarizes the major factors influencing cardiac output. Calcium channel blockers such as amlodipine, verapamil, nifedipine, and diltiazem can be used to reduce afterload and thus increase cardiac output.[18]
[image: Illustration of process chart showing major factors that influence cardiac output.]Figure 6.8 Factors affecting cardiac output
[bookmark: _Toc147750992][bookmark: _Toc149813768]Systemic Circulation: Blood Vessels
After blood is pumped out of the ventricles, it is carried through the body via blood vessels. An artery is a blood vessel that carries blood away from the heart, where it branches into ever-smaller vessels and eventually into tiny capillaries where nutrients and wastes are exchanged at the cellular level. Capillaries then combine with other small blood vessels that carry blood to a vein, a larger blood vessel that returns blood to the heart. Compared to arteries, veins are thin-walled, low-pressure vessels. Larger veins are also equipped with valves that promote the unidirectional flow of blood toward the heart and prevent backflow caused by the inherent low blood pressure in veins as well as the pull of gravity.
In addition to their primary function of returning blood to the heart, veins may be considered blood reservoirs because systemic veins contain approximately 64 percent of the blood volume at any given time. Approximately 21 percent of the venous blood is located in venous networks within the liver, bone marrow, and integument. This volume of blood is referred to as venous reserve. Through venoconstriction, this reserve volume of blood can get back to the heart more quickly for redistribution to other parts of the circulation.
Nitroglycerin is an example of a medication that causes arterial and venous vasodilation. It is used for patients with angina to decrease cardiac workload and increase the amount of oxygen available to the heart. By causing vasodilation of the veins, nitroglycerin decreases the amount of blood returned to the heart, and thus decreases preload. It also reduces afterload by causing vasodilation of the arteries and reducing peripheral vascular resistance.[19]
[bookmark: _Toc147750993][bookmark: _Toc149813769]Oedema
Despite the presence of valves within larger veins, over the course of a day, some blood will inevitably pool in the lower limbs, due to the pull of gravity. Any blood that accumulates in a vein will increase the pressure within it. Increased pressure will promote the flow of fluids out of the capillaries and into the interstitial fluid. The presence of excess tissue fluid around the cells leads to a condition called oedema. See Figure 6.9[20] for an image of a patient with pitting oedema.

[image: Photo showing pitting edema caused by finger applied to shin..]Figure 6.9 Pitting oedema
Most people experience a daily accumulation of fluid in their tissues, especially if they spend much of their time on their feet (like most health professionals). However, clinical oedema goes beyond normal swelling and requires medical treatment. Oedema has many potential causes, including hypertension and heart failure, severe protein deficiency, and renal failure. Diuretics such as furosemide are used to treat oedema by causing the kidneys to eliminate sodium and water.[21]
[bookmark: _Toc147750994][bookmark: _Toc149813770]Blood Flow and Blood Pressure
Blood flow refers to the movement of blood through a vessel, tissue, or organ.  Blood pressure is the force exerted by blood on the walls of the blood vessels. In clinical practice, this pressure is measured in mm Hg and is typically obtained using a sphygmomanometer (a blood pressure cuff) on the brachial artery of the arm. When systemic arterial blood pressure is measured, it is recorded as a ratio of two numbers expressed as systolic pressure over diastolic pressure (e.g., 120/80 is a normal adult blood pressure). The systolic pressure is the higher value (typically around 120 mm Hg) and reflects the arterial pressure resulting from the ejection of blood during ventricular contraction or systole. The diastolic pressure is the lower value (usually about 80 mm Hg) and represents the arterial pressure of blood during ventricular relaxation or diastole.
Three primary variables influence blood flow and blood pressure:
· Cardiac output
· Compliance
· Volume of the blood
Any factor that causes cardiac output to increase will elevate blood pressure and promote blood flow. Conversely, any factor that decreases cardiac output will decrease blood flow and blood pressure. See the previous section on cardiac output for more information about factors that affect cardiac output.
Compliance is the ability of any compartment to expand to accommodate increased content. A metal pipe, for example, is not compliant, whereas a balloon is. The greater the compliance of an artery, the more effectively it is able to expand to accommodate surges in blood flow without increased resistance or blood pressure. When vascular disease causes stiffening of arteries, called arteriosclerosis, compliance is reduced and resistance to blood flow is increased. The result is higher blood pressure within the vessel and reduced blood flow. Arteriosclerosis is a common cardiovascular disorder that is a leading cause of hypertension and coronary heart disease because it causes the heart to work harder to generate a pressure great enough to overcome the resistance.
There is a relationship between blood volume, blood pressure, and blood flow. As an example, water may merely trickle along a creek bed in a dry season, but rush quickly and under great pressure after a heavy rain. Similarly, as blood volume decreases, blood pressure and flow decrease, but when blood volume increases, blood pressure and flow increase.
Low blood volume, called hypovolemia, may be caused by bleeding, dehydration, vomiting, severe burns, or by diuretics used to treat hypertension. Treatment typically includes intravenous fluid replacement. Excessive fluid volume, called hypervolemia, is caused by retention of water and sodium, as seen in patients with heart failure, liver cirrhosis, and some forms of kidney disease. Treatment may include the use of diuretics that cause the kidneys to eliminate sodium and water.[22]
[bookmark: _Toc147750995][bookmark: _Toc149813771]Homeostatic Regulation of the Cardiovascular System
To maintain homeostasis in the cardiovascular system and provide adequate blood to the tissues, blood flow must be redirected continually to the tissues as they become more active. For example, when an individual is exercising, more blood will be directed to skeletal muscles, the heart, and the lungs. On the other hand, following a meal, more blood is directed to the digestive system. Only the brain receives a constant supply of blood regardless of rest or activity. Three homeostatic mechanisms ensure adequate blood flow and ultimately perfusion of tissues: neural, endocrine, and autoregulatory mechanisms.
[bookmark: _Toc147750996][bookmark: _Toc149813772]Neural Regulation
The nervous system plays a critical role in the regulation of vascular homeostasis based on baroreceptors and chemoreceptors. Baroreceptors are specialized stretch receptors located within the aorta and carotid arteries that respond to the degree of stretch caused by the presence of blood and then send impulses to the cardiovascular center to regulate blood pressure. In addition to the baroreceptors, chemoreceptors monitor levels of oxygen, carbon dioxide, and hydrogen ions (pH). When the cardiovascular center in the brain receives this input, it triggers a reflex that maintains homeostasis.
[bookmark: _Toc147750997][bookmark: _Toc149813773]Endocrine Regulation
Endocrine control over the cardiovascular system involves catecholamines, epinephrine, and norepinephrine, as well as several hormones that interact with the kidneys in the regulation of blood volume.
[bookmark: _Toc147750998][bookmark: _Toc149813774]Adrenaline (Epinephrine) and Noradrenaline (Norepinephrine)
The catecholamines adrenaline (epinephrine) and noradrenaline (norepinephrine) are released by the adrenal medulla and are a part of the body’s sympathetic or fight-or-flight response. They increase heart rate and force of contraction, while temporarily constricting blood vessels to organs not essential for flight-or-fight responses and redirecting blood flow to the liver, muscles, and heart.
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Antidiuretic hormone (ADH), also known as vasopressin, is secreted by the hypothalamus. The primary trigger prompting the hypothalamus to release ADH is increasing osmolarity of tissue fluid, usually in response to significant loss of blood volume. ADH signals its target cells in the kidneys to reabsorb more water, thus preventing the loss of additional fluid in the urine. This will increase overall fluid levels and help restore blood volume and pressure.
[bookmark: _Toc147751000][bookmark: _Toc149813776]Renin-Angiotensin-Aldosterone System
The renin-angiotensin-aldosterone system (RAAS) has a major effect on the cardiovascular system. Specialized cells in the kidneys respond to decreased blood flow by secreting renin into the blood. Renin converts the plasma protein angiotensinogen into its active form—Angiotensin I. Angiotensin I circulates in the blood and is then converted into Angiotensin II in the lungs. This reaction is catalysed by the enzyme called angiotensin-converting enzyme (ACE). Medications called ACE inhibitors such as lisinopril target this step in the RAAS in an effort to decrease blood pressure.
Angiotensin II is a powerful vasoconstrictor that greatly increases blood pressure. It also stimulates the release of ADH and aldosterone, a hormone produced by the adrenal cortex. Aldosterone then increases the reabsorption of sodium into the blood by the kidneys. Because water follows sodium, there is an increase in the reabsorption of water, which increases blood volume and blood pressure. See Figure 6.10 for an illustration of the renin-angiotensin-aldosterone system and Figure 6.11[23] for a summary of the effect of hormones involved in renal control of blood pressure.[24]

[image: Illustration, with labels, showing conversion of Angiotensin I to Angiotensin II]Figure 6.10 The renin-angiotensin-aldosterone system[image: Illustration of process chart showing Hormones Involved in Renal Control of Blood Pressure.]Figure 6.11 Hormones involved in renal control of blood pressure
[bookmark: _Toc147751001][bookmark: _Toc149813777]Autoregulation of Perfusion
Local, self-regulatory mechanisms allow each region of tissue to adjust its blood flow—and thus its perfusion. These mechanisms are affected by sympathetic and parasympathetic stimulation, as well as endocrine factors. See Figure 6.12 for a summary of these factors and their effects.[25]
	Control
	Factor
	Vasoconstriction
	Vasodilation

	Neural
	Sympathetic stimulation
	Arterioles within integument abdominal viscera and mucosa membrane; skeletal muscles (at high levels); varied in veins and venules
	Arterioles within heart; skeletal muscles at low to moderate levels

	
	Parasympathetic
	No known innervation for most
	Arterioles in external genitalia; no known innervation for most other arterioles or veins

	Endocrine
	Epinephrine
	Similar to sympathetic stimulation for extended flight-or-fight responses; at high levels, binds to specialized alpha (α) receptors
	Similar to sympathetic stimulation for extended fight-or-flight responses; at low to moderate levels, binds to specialized beta (β) receptors

	
	Norepinephrine
	Similar to epinephrine
	Similar to epinephrine

	
	Angiotensin II
	Powerful generalized vasoconstrictor; also stimulates release of aldosterone and ADH
	n/a

	
	ANH (peptide)
	n/a
	Powerful generalized vasodilator; also promotes loss of fluid volume from kidneys, hence reducing blood volume, pressure, and flow

	
	ADH
	Moderately strong generalized vasoconstrictor; also causes body to retain more fluid via kidneys, increasing blood volume and pressure
	n/a

	Other factors
	Decreasing levels of oxygen
	n/a
	Vasodilation, also opens precapillary sphincters

	
	Decreasing pH
	n/a
	Vasodilation, also opens precapillary sphincters

	
	Increasing levels of carbon dioxide
	n/a
	Vasodilation, also opens precapillary sphincters

	
	Increasing levels of potassium ion
	n/a
	Vasodilation, also opens precapillary sphincters

	
	Increasing levels of prostaglandins
	Vasoconstriction, closes precapillary sphincters
	Vasodilation, opens precapillary sphincters

	
	Increasing levels of adenosine
	n/a
	Vasodilation

	
	Increasing levels of lactic acid and other metabolites
	n/a
	Vasodilation, also opens precapillary sphincters

	
	Increasing levels of endothelins
	Vasoconstriction
	n/a

	
	Increasing levels of platelet secretions
	Vasoconstriction
	n/a

	
	Increasing hypothermia
	n/a
	Vasodilation

	
	Stretching of vascular wall (myogenic)
	Vasoconstriction
	n/a

	
	Increasing levels of histamines from basophils and mast cells
	n/a
	Vasodilation


Figure 6.12 The effects of nervous, endocrine, and local controls on the vasoconstriction and vasodilation of arterioles

[bookmark: _Toc147751002][bookmark: _Toc149813778]Kidney Function Review
As discussed earlier, the kidney helps to regulate blood pressure, along with the heart and blood vessels, primarily through the Renin-Angiotensin-Aldosterone System (RAAS). In addition to cardiovascular medications affecting the RAAS system, there are also medications called diuretics that reduce blood volume by working at the nephron level. This section will review the basic concepts of kidney function at the nephron level to promote understanding of the mechanism of action of various cardiovascular medications.
The kidney receives blood from the circulatory system via the renal artery. The renal artery branches into smaller and smaller arterioles until the smallest arteriole, the afferent arteriole, services the nephrons. There are about 1.3 million nephrons in each kidney. Nephrons filter the blood and modify it into urine by accomplishing three principal functions—filtration, reabsorption, and secretion. They also have additional secondary functions in regulating blood pressure (via the production of renin) and producing red blood cells (via the hormone erythropoietin).[26]
The initial filtering of the blood takes place in the glomerulus, a cluster of capillaries surrounded by the glomerular capsule. The rate at which this filtering occurs is called the glomerular filtration rate (GFR) and is used to gauge how well the kidneys are functioning. The rate at which blood flows into the glomerulus is controlled by afferent arterioles and the blood vessels flowing out of the glomerulus. These blood vessels are called efferent arterioles.[27] See Figure 6.13[28] for an illustration of blood flow through the kidney and nephrons.
[image: Illustration, with labels, showing blood flow through the kidney and nephrons.]Figure 6.13 Blood flow through the kidney and nephrons
Lying just outside the glomerulus is the juxtaglomerular apparatus (JGA). One function of the JGA is to regulate renin release as part of the RAAS system discussed earlier in this chapter.
See Figure 6.14[29] for an illustration of nephron structure. From the glomerulus (1), the proximal tubule (2) returns 60-70% of the sodium and water back into the bloodstream. From the proximal tubule, the filtrate flows into the descending loop of Henle (3) and then the ascending loop of Henle (4). Another 20-25% of sodium is reabsorbed in the ascending loop of Henle, and this is the site of action of loop diuretics. Filtrate then enters the distal tubule (5), where sodium is actively filtered in exchange for potassium or hydrogen ions, a process regulated by the hormone aldosterone. This is the site of action for thiazide diuretics. The collecting duct (6) is the final pathway; this is where antidiuretic hormone (ADH) acts to increase the absorption of water back into the bloodstream, thereby preventing it from being lost in the urine.[30] 
[image: Illustration, with labels, showing nephron structure]Figure 6.14 Nephron structure
[bookmark: _Toc147751003][bookmark: _Toc149813779]Elimination of Drugs and Hormones
Water-soluble drugs may be excreted in the urine and are influenced by one or all of the following processes: glomerular filtration, tubular secretion, or tubular reabsorption. Drugs that are structurally small can be filtered by the glomerulus with the filtrate. However, large drug molecules such as heparin or those that are bound to plasma proteins cannot be filtered and are not readily eliminated. Some drugs can be eliminated by carrier proteins that enable secretion of the drug into the tubule (such as dopamine or histamine).[31]
[bookmark: _Toc147751004][bookmark: _Toc149813780]Blood and Coagulation
Now that we have reviewed the functions of the heart, blood vessels, and kidneys, we will review coagulation. As we discussed, the primary function of blood as it moves through the blood vessels in the body is to deliver oxygen and nutrients and remove wastes as it is filtered by the kidney, but that is only the beginning of the story. Cellular elements of blood include red blood cells (RBCs), white blood cells (WBCs), and platelets, and each element has its own function. Red blood cells carry oxygen; white blood cells assist with the immune response; and platelets are key players in haemostasis, the process by which the body seals a small ruptured blood vessel and prevents further loss of blood. There are three steps to the haemostasis process: vascular spasm, the formation of a platelet plug, and coagulation (blood clotting). Failure of any of these steps will result in haemorrhage (excessive bleeding). Each of these steps will be further discussed below.[32]
[bookmark: _Toc147751005][bookmark: _Toc149813781]Vascular Spasm
When a vessel is severed or punctured or when the wall of a vessel is damaged, vascular spasm occurs. In vascular spasm, the smooth muscle in the walls of the vessel contracts dramatically. The vascular spasm response is believed to be triggered by several chemicals called endothelins that are released by vessel-lining cells and by pain receptors in response to vessel injury. This phenomenon typically lasts for up to 30 minutes, although it can last for hours.
[bookmark: _Toc147751006][bookmark: _Toc149813782]Formation of the Platelet Plug
In the second step, platelets, which normally float free in the plasma, encounter the area of vessel rupture with the exposed underlying connective tissue and collagenous fibres. The platelets begin to clump together, become spiked and sticky, and bind to the exposed collagen and endothelial lining. This process is assisted by a glycoprotein in the blood plasma called von Willebrand factor, which helps stabilize the growing platelet plug. As platelets collect, they simultaneously release chemicals from their granules into the plasma that further contribute to haemostasis. Among the substances released by the platelets are:
· adenosine diphosphate (ADP), which helps additional platelets to adhere to the injury site, reinforcing and expanding the platelet plug
· serotonin, which maintains vasoconstriction
· prostaglandins and phospholipids, which also maintain vasoconstriction and help to activate further clotting chemicals
A platelet plug can temporarily seal a small opening in a blood vessel, thus buying the body more time while more sophisticated and durable repairs are being made.[33]
[bookmark: _Toc147751007][bookmark: _Toc149813783]Coagulation
The more sophisticated and more durable repairs are called coagulation, or the formation of a blood clot. The process is sometimes characterized as a cascade because one event prompts the next as in a multi-level waterfall. The result is the production of a gelatinous but robust clot made up of a mesh of fibrin in which platelets and blood cells are trapped. Figure 6.15[34] summarizes the three steps of hemostasis when an injury to a blood vessel occurs. First, vascular spasm constricts the flow of blood. Next, a platelet plug forms to temporarily seal small openings in the vessel. Coagulation then enables the repair of the vessel wall once the leakage of blood has stopped. The synthesis of fibrin in blood clots involves either an intrinsic pathway or an extrinsic pathway, both of which lead to a common pathway creating a clot.[35]
[image: Illustration, with labels, showing hemostasis]Figure 6.15 The steps of hemostasis
[bookmark: _Toc147751008][bookmark: _Toc149813784]Extrinsic Pathway
The quicker responding and more direct extrinsic pathway (also known as the tissue factor pathway) begins when damage occurs to the surrounding tissues, such as in a traumatic injury. The events in the extrinsic pathway are completed in a matter of seconds.
[bookmark: _Toc147751009][bookmark: _Toc149813785]Intrinsic Pathway
The intrinsic pathway is longer and more complex. In this case, the factors involved are intrinsic to (present within) the bloodstream. The pathway can be prompted by damage to the tissues or resulting from internal factors such as arterial disease. The events in the intrinsic pathway are completed in a few minutes.
[bookmark: _Toc147751010][bookmark: _Toc149813786]Common Pathway
Both the intrinsic and extrinsic pathways lead to the common pathway, where fibrin is produced to seal off the vessel. Once Factor X has been activated by either the intrinsic or extrinsic pathway, Factor II, the inactive enzyme prothrombin, is converted into the active enzyme thrombin. Then thrombin converts Factor I, the soluble fibrinogen, into the insoluble fibrin protein strands. Factor XIII then stabilizes the fibrin clot.
[bookmark: _Toc147751011][bookmark: _Toc149813787]Fibrinolysis
The stabilized clot is acted on by contractile proteins within the platelets. As these proteins contract, they pull on the fibrin threads, bringing the edges of the clot more tightly together, somewhat as we do when tightening loose shoelaces. This process also wrings out of the clot a small amount of fluid called serum, which is blood plasma without its clotting factors.
To restore normal blood flow as the vessel heals, the clot must eventually be removed. Fibrinolysis is the gradual degradation of the clot. Again, there is a fairly complicated series of reactions that involves Factor XII and protein-catabolizing enzymes. During this process, the inactive protein plasminogen is converted into the active plasmin, which gradually breaks down the fibrin of the clot. Additionally, bradykinin, a vasodilator, is released, reversing the effects of the serotonin and prostaglandins from the platelets. This allows the smooth muscle in the walls of the vessels to relax and helps to restore the circulation.
[bookmark: _Toc147751012][bookmark: _Toc149813788]Plasma Anticoagulants
An anticoagulant is any substance that opposes coagulation. Several circulating plasma anticoagulants play a role in limiting the coagulation process to the region of injury and restoring a normal, clot-free condition of blood. For instance, antithrombin inactivates Factor X and opposes the conversion of prothrombin (Factor II) to thrombin in the common pathway. Basophils release heparin, a short-acting anticoagulant that also opposes prothrombin. A pharmaceutical form of heparin is often administered therapeutically to prevent or treat blood clots.
A thrombus is an aggregation of platelets, erythrocytes, and even WBCs typically trapped within a mass of fibrin strands. While the formation of a clot is normal following the haemostatic mechanism just described, thrombi can form within an intact or only slightly damaged blood vessel. In a large vessel, a thrombus will adhere to the vessel wall and decrease the flow of blood. In a small vessel, it may actually totally block the flow of blood and is termed an occlusive thrombus.
There are several medications that impact the coagulation cascade. For example, aspirin (acetylsalicylic acid) is very effective at inhibiting the aggregation of platelets. Patients at risk for cardiovascular disease often take a low dose of aspirin on a daily basis as a preventive measure. It is also routinely administered during a heart attack or stroke to reduce the formation of the platelet plug. Anticoagulant medications such as warfarin and heparin prevent the formation of clots by affecting the intrinsic or extrinsic pathways. Another class of drugs known as thrombolytic agents are used to dissolve an abnormal clot. If a thrombolytic agent is administered to a patient within a few hours following a thrombotic stroke or myocardial infarction, the patient’s prognosis improves significantly. Tissue plasminogen activator (TPA) is an example of a medication that is released naturally by endothelial cells but is also used in clinical medicine to break down a clot.[36]
[bookmark: _Toc147751013][bookmark: _Toc149813789]Video Review of Basic Concepts
For additional  video review of the basic anatomy and physiology concepts of the cardiovascular and renal system, see the supplementary videos below. Available at https://wtcs.pressbooks.pub/pharmacology/chapter/6-2-review-of-basic-concepts/
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[bookmark: _Toc149813790]Topic 9: (2 weeks)
Respiratory system. Structure and function of the respiratory system.  Respiration and gas exchange in the body and factors that affect the normal function. 

[bookmark: _Toc147751015][bookmark: _Toc149813791]The Respiratory System

The respiratory system contains the upper and the lower respiratory tracts.
The upper respiratory tract contains the respiratory organs located outside the chest cavity; the nose and the nasal cavities, sinuses, pharynx, larynx, and upper trachea.  The lower respiratory tract consists of organs located in the chest cavity: the lower trachea, bronchi, bronchioles, alveoli, and the lungs. 
Primarily, the respiratory system is responsible for ventilation and respiration.  Ventilation is the movement of air in and out of the lungs.  Respiration is the process of gas exchange; which is the movement of oxygen from the atmosphere into the blood stream and the movement of carbon dioxide from the blood stream into the atmosphere. 
The upper respiratory tract consists of - 
· Nose
· Nasal cavities
· Pharynx
· Larynx
· Upper trachea

The lower respiratory tract consists of - 
· Trachea
· Bronchi
· Bronchioles
· Alveoli - where gas exchange takes place
· Lungs - which are covered by a membrane call the pleura
The muscles that form the chest cavity are also part of the lower respiratory tract.  The function of the respiratory system is to supply oxygen to and remove carbon dioxide from cells.  The nose is lined with mucous membranes and allows the air breathed in to be warmed, moistened and filtered.  The pharynx conducts food towards the oesophagus as well as conducting air to the larynx. 
The larynx also known as the voice box is located between the pharynx and the trachea. It is made of cartilage, muscles and ligaments. Its functions include acting as a passage way for air during breathing, producing sound and preventing food entering the breathing structures.  The epiglottis (a cartilaginous flap) aids in preventing food entering the trachea.  The trachea or windpipe is a tube that extends from the larynx to the thoracic cavity where it divides into the right and left bronchi. The trachea is located in front of the oesophagus. The trachea conducts air to and from the lungs.  The bronchus (right and left) extends into the lungs and further divide into smaller tubes called bronchioles. The bronchioles continue to divide and end in tiny grape like structures called alveoli. The alveoli are the point at which gas exchange takes place. Surrounding each alveoli are capillaries.  
The thoracic cage is a cone shaped structure which is both rigid and flexible, as it facilitates inhalation and exhalation, and provides support and protection to vital organs - including the heart and the lungs.
The two lungs contain all the components of the bronchial tree occupy most of the space of the thoracic cavity.  The lungs are soft and spongy because they are mostly air spaces surrounded by the alveolar cells and elastic connective tissue.  They are separated from each other by the mediastinum, which contains the heart.  The only point of attachment for each lung is at the hilum, or root, on the medial side.  This is where the bronchi, blood vessels, lymphatics, and nerves enter the lungs.
The right lung is shorter, broader and has a greater volume that then left lung.  It is divided into three lobes and each lobe is supplied by one of the secondary bronchi.  The left lung is longer and narrower than the right lung - it has an indentation, called the cardiac notch, on its medial surface for the apex of the heart.  The left lung has two lobes.
Each lung is enclosed by a double-layered serous membrane called the pleura.  The visceral pleura is firmly attached to the surface of the lung.  At the hilum, the visceral pleura is continuous with the parietal pleura that lines the wall of the thorax.  The small space between the visceral and parietal pleurae is the pleural cavity.  It contains a thin film of serous fluid that is produced by the pleura.  The fluid acts as a lubricant to reduce friction as the two layers slide against each other, and it helps to hold the two layers together as the lungs inflate and deflate.
Muscles utilised in ventilation are regulated by the central nervous system, the messages sent to the muscles stimulate contraction and relaxation and relaxation of these muscles– which is inhalation and exhalation.  The diaphragm is the dominant muscle of inhalation (doing approximately 80% of the work of breathing). 
The purpose of ventilation is to supply fresh gas to the lungs, to be exchanged at the alveolar-capillary membrane.  The underlying principle is that movement of air travels from an area of higher pressure to lower pressure.  
The primary function of the respiratory system is the ventilation, diffusion, and transport of gases – primarily oxygen and carbon dioxide.  Ventilation is the exchange of air between the atmosphere and the alveoli.  Diffusion is the actual exchange of oxygen and carbon dioxide across the respiratory membrane.  Transport refers to the carrying of oxygen and carbon dioxide throughout the circulatory system.
Exhalation is passive, requiring very little energy.  It occurs when the diaphragm relaxes and moves back up towards the lungs.  Because exhalation is a passive act, the internal intercostal muscles are the only “muscles” of exhalation. 
Breathing occurs by changing the volume of the thoracic cavity. In inhalation - 
· the diaphragm drops, ribs raised by muscle contraction, 
· this enlarges the volume of the thoracic cavity creating negative pressure between the thoracic cavity and the environment
· air rushes in and fills the lungs
In exhalation - the ribs are lowered as the muscles relax and the diaphragm raises.  The cavity volume is reduced, and air is then forced out.
So, in short - air moves in and out of the lungs due to the difference between intrapulmonary and atmospheric pressure.  The movement of air into the lungs is referred to as inhalation, whereas the movement of air out of the lungs is known as exhalation.  Upon signal from the central nervous system, the muscles contract and the thorax and the lungs expand, intrapulmonary pressure falls.  When the pressure falls below atmospheric pressure, air enters the lungs and inhalation occurs.  At the end of inhalation, the muscles of ventilation relax; the thorax contracts and the lungs are compressed, increasing intrapulmonary pressure.  When the pressure rises above atmospheric pressure, air exits the lungs and exhalation occurs. 
The breathing rate (or respiration rate) is controlled by the respiratory centre located in the medulla oblongata portion of the brain.  The gas content of the blood is monitored by chemoreceptors in the aorta and carotid arteries.  The concentration of carbon dioxide is monitored, and the rate of breathing is increased or decreased as necessary.  
Regulation of ventilation by the brain is not completely understood.  Ventilation is regulated by a “triad” - the central nervous system, the muscles of ventilation and a variety of sensors including chemoreceptors and mechanoreceptors.  This mechanism is easily disturbed due to trauma, decreased level of consciousness or due to head injuries. 
There are two forms of respiration - internal respiration where the exchange of respiratory gases occurs between the systemic blood and the tissue cells, and external respiration where the exchange of gases occurs between the alveoli and the blood capillaries.
 The physiology of respiration involves several steps.  We have already discussed ventilation, inspiration, and expiration.  Respiration also has two forms - internal and external.  Gas exchange is the next process in respiration.  It occurs through the following - 
· oxygen is breathed in and moves across the alveoli into the blood via the pulmonary capillaries
· it is then taken from the blood to be used by body tissues and organs
· carbon dioxide is a waste product produced by the cells as a result of their use of the oxygen provided
· carbon dioxide is then transported in the blood via the veins back to the lungs
· the carbon dioxide then moves from the blood across the alveoli to the lungs to be breathed out - completing the process of breathing in oxygen and breathing out carbon dioxide.

Signs and symptoms of respiratory disorders include the following generally relate to breathing itself.  For example, a cough can affect someone's ability to breathe effectively.  
Aged related changes to the respiratory system include - 
· decrease in lung capacity
· decrease in cilia and phagocytes
· fewer alveoli - less oxygenation
· increase in rigidity of the chest wall
· decrease in flow of blood flow to the lungs (consequences of age-related changes in cardiovascular system).

[bookmark: _Toc147751016][bookmark: _Toc149813792]Overview of the Respiratory System
The purpose of the respiratory system is to perform gas exchange. Pulmonary ventilation provides air to the alveoli for this gas exchange process. At the respiratory membrane where the alveolar and capillary walls meet, gases move across the membranes, with oxygen entering the bloodstream and carbon dioxide exiting. It is through this mechanism that blood is oxygenated and carbon dioxide, the waste product of cellular respiration, is removed from the body.
The major organs of the respiratory system function primarily to provide oxygen to body tissues for cellular respiration, remove the waste product carbon dioxide, and help maintain acid-base balance. Portions of the respiratory system are also used for non-vital functions, such as sensing odors, speech production, and for straining, such as during childbirth or coughing. [1]
See Figure 5.1[2] illustrating major respiratory structures.
 
[image: Major Respiratory Structures, Labeled]Figure 5.1 Major Respiratory Structures: The major respiratory structures span the nasal cavity to the diaphragm
Functionally, the respiratory system can be divided into a conducting zone and a respiratory zone. The conducting zone of the respiratory system includes the organs and structures not directly involved in gas exchange. The gas exchange occurs in the respiratory zone.
[bookmark: _Toc147751017][bookmark: _Toc149813793]Conducting Zone
The major functions of the conducting zone are to provide a route for incoming and outgoing air, remove debris and pathogens from the incoming air, and warm and humidify the incoming air. Several structures within the conducting zone perform other functions as well. The epithelium of the nasal passages, for example, is essential to sensing odors, and the bronchial epithelium that lines the lungs can metabolize some airborne carcinogens.
The cilia of the respiratory epithelium help remove the mucus and debris from the nasal cavity with a constant beating motion, thus sweeping materials toward the throat to be swallowed. Interestingly, cold air slows the movement of the cilia, resulting in the accumulation of mucus that may, in turn, lead to a runny nose during cold weather. This moist epithelium functions to warm and humidify incoming air. Capillaries located just beneath the nasal epithelium warm the air by convection.
[bookmark: _Toc147751018][bookmark: _Toc149813794]Bronchial Tree
The trachea branches into the right and left primary bronchi at the carina. A bronchial tree (or respiratory tree) is the collective term used for these multiple-branched bronchi. The main function of the bronchi, like other conducting zone structures, is to provide a passageway for air to move into and out of each lung. In addition, the mucous membrane traps debris and pathogens.
A bronchiole branches from the tertiary bronchi. Bronchioles, which are about 1 mm in diameter, further branch until they become the tiny terminal bronchioles, which lead to the structures of gas exchange. There are more than 1,000 terminal bronchioles in each lung. The muscular walls of the bronchioles do not contain cartilage like those of the bronchi. This muscular wall can change the size of the tubing to increase or decrease airflow through the tube.
[bookmark: _Toc147751019][bookmark: _Toc149813795]Respiratory Zone
In contrast to the conducting zone, the respiratory zone includes structures that are directly involved in gas exchange. See Figure 5.2[3] for an illustration of the respiratory zone. The respiratory zone begins where the terminal bronchioles join a respiratory bronchiole, the smallest type of bronchiole, which then leads to an alveolar duct, opening into a cluster of alveoli.
[image: Image showing Respiratory Zone Bronchioles lead to alveolar sacs in the respiratory zone where gas exchange occurs, with labels for major features.]Figure 5.2 The Respiratory Zone. Bronchioles lead to alveolar sacs in the respiratory zone where gas exchange occurs
[bookmark: _Toc147751020][bookmark: _Toc149813796]Alveoli
An alveolar duct is a tube composed of smooth muscle and connective tissue, which opens into a cluster of alveoli. An alveolus is one of the many small, grape-like sacs that are attached to the alveolar ducts.
An alveolar sac is a cluster of many individual alveoli that are responsible for gas exchange. See Figure 5.3[4] for an illustration of the structures of the respiratory zone.
[image: Image and microphotography showing structures of the Respiratory Zone, with labels.]Figure 5.3 Structures of the Respiratory Zone. The alveolus is responsible for gas exchange
[bookmark: _Toc147751021][bookmark: _Toc149813797]Respiratory Rate and Control of Ventilation
Breathing usually occurs without thought, although at times you can consciously control it, such as when you swim under water, sing a song, or blow bubbles. The respiratory rate is the total number of breaths, or respiratory cycles, that occur each minute. Respiratory rate can be an important indicator of disease, as the rate may increase or decrease during an illness. The respiratory rate is controlled by the respiratory center located within the medulla oblongata in the brain, which responds primarily to changes in carbon dioxide, oxygen, and pH levels in the blood.
The normal respiratory rate of a child decreases from birth to adolescence. A child under 1 year of age has a normal respiratory rate between 30 and 60 breaths per minute, but by the time a child is about 10 years old, the normal rate is closer to 18 to 30. By adolescence, the normal respiratory rate is similar to that of adults, 12 to 18 breaths per minute.
Neurons that stimulate the muscles of the respiratory system are responsible for controlling and regulating pulmonary ventilation. The major brain centers involved in pulmonary ventilation are the medulla oblongata and the pontine respiratory group. (See Figure 5.4[5] for an illustration of the respiratory centers of the brain.)
[image: Illlustration of respiratory centers of the brain, with labels.]Figure 5.4 Respiratory Centers of the Brain
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[bookmark: _Toc149813799]The Immune System

The immune system is a complex system of cells and responses that recognises something as foreign and acts to remove it.  The primary function of the immune system is to protect the body from harmful substances such as pathogens, allergens, toxins, and malignant cells.  Unlike other body systems, the immune system is not contained within a single set of organs or vessels.  Its function depends on structures from several other body systems.
The immune system defends our body through defence mechanisms.  These are classified as specific and non-specific immunity.  The first line of defence is our skin.  The immune system prevents foreign substances from entering the body by using parts of other body systems as the first line of defence.  Intact skin wraps the body in a physical barrier that prevents invading organisms from entering the body.  Intact means that there are no cuts, scrapes, open sores or breaks in the skin’s integrity.
· the respiratory system traps inhaled/breathed in foreign matter with nose hairs and the moist mucous membrane lining the respiratory system.  Coughing and sneezing also help expel foreign matter
· the digestive system uses the acids and enzymes produced by the stomach to destroy invaders that are swallowed or consumed with food.
· the lymphatic system provides lymph nodes that fight invaders by filtering and destroying pathogens that have entered the tissues of the body

The second line of defence involves - 
· inflammation and fever
· protective proteins that are produced in response to viruses and bacteria
· natural killer cells (lymphocytes) which are released into the blood stream
· phagocytosis - where certain white blood cells known as phagocytes ingest and destroy pathogens and other foreign substances.

Specific immunity involves the third line of defence.  Specific immunity refers to defence mechanisms with very specific actions.  Both T and B lymphocytes and macrophages play a key role in this line of defence.  An antigen is a foreign substance to which lymphocytes respond.  Specific immunity also refers to natural or active immunity.  Naturally acquired immunity occurs when the body is exposed to a disease and develops immunity through the action of T cells and B cells in the body.  Naturally acquired passive immunity is immunity that is passed from mother to baby.  Artificially acquired active immunity is when a person is vaccinated and develops long-term immunity against a disease through the development of antibodies against the disease.  Artificially acquired passive immunity occurs when the body is injected with antibodies.  This is only a short-term immunity and an example would be an antivenom used in snake bite victims.
The immune system can be compromised by many factors, including health, age, hereditary traits, and opportunistic infections.
The lymphatic system is closely connected to the circulatory system, it consists of an additional set of vessels though which some of the tissue passes before reaching the large veins and entering the blood.  It has three primary functions - to absorb fats and fat soluble vitamins from the digestive system and transport them to cells, to remove cellular waste products from the tissues, then to filter and return this excess tissue fluid to the circulatory system and to fill important roles as part of the immune system.
The lymphatic system is comprised of - 
· lymphatic capillaries
· lymphatic vessels
· lymphatic nodes
· lymphatic tissue
· lymphatic ducts

Lymph nodes are found in the axilla, in the neck and in the groin.  Lymphatic tissue is found in the spleen, the tonsils, and the thymus.  It is in the lymphatic tissue that lymphocytes are formed.
Lymph is transported from the lymph capillaries through successively larger lymphatic vessels called lymphatic collecting vessels.  The right lymphatic duct drains the lymph from the right arm and right side of the thorax and head.  The large thoracic duct receives lymph from the rest of the body.  Both ducts empty into the subclavian on their own side of the body.
Lymphatic signs and symptoms include localised inflammation, redness and pain or systemic signs including fever, malaise, and a raised white blood cell count.
[bookmark: _Toc149813800]Topic 10 Microbiology

What is Microbiology and why is it important for nurses?
Microbiology is the study of microorganisms, which are tiny living organisms that are typically too small to be seen with the naked eye. These microorganisms include bacteria, viruses, fungi, protozoa, and some algae. Microbiology is a diverse field that explores the biology, genetics, physiology, ecology, and classification of these microorganisms. It plays a crucial role in many aspects of healthcare and other industries.
Microbiology is important for nurses for several reasons:
1. Infection Control: Nurses must have a solid understanding of microbiology to effectively prevent and control infections in healthcare settings. They need to be aware of how microorganisms are transmitted, how they cause infections, and how to implement proper hygiene and sanitation protocols to prevent the spread of diseases.
2. Understanding of Disease: Nurses need to be knowledgeable about various microorganisms, their life cycles, and their roles in causing diseases. Understanding the microbiology behind infectious diseases helps nurses identify and treat patients more effectively.
3. Antibiotic Management: Nurses play a vital role in administering antibiotics to patients. Knowledge of microbiology is essential for selecting the right antibiotics to target specific pathogens, monitoring patients for adverse reactions, and ensuring proper antibiotic stewardship to prevent antibiotic resistance.
4. Immunization: Nurses often administer vaccines, which are designed to stimulate the body's immune system to protect against specific microorganisms. Understanding the principles of immunization and microbiology is critical in ensuring patients receive appropriate vaccinations.
5. Infection Control Protocols: Nurses are responsible for implementing and maintaining infection control protocols in healthcare settings. This involves understanding microbiological principles, following best practices to prevent the spread of infections, and educating patients and colleagues about these practices.
6. Diagnostic Testing: Nurses may be involved in collecting and handling patient samples for microbiological testing. They need to understand the procedures, safety precautions, and the significance of test results for patient care.
7. Patient Education: Nurses often educate patients about infectious diseases, the importance of vaccinations, and strategies for preventing the spread of infections. A solid grasp of microbiology enables them to provide accurate and reliable information to patients.
8. Research and Development: Some nurses are involved in research related to microbiology, infection control, and public health. Knowledge of microbiology is essential for conducting meaningful research in these areas.
In summary, microbiology is important for nurses because it provides them with the knowledge and skills needed to prevent, control, and treat infectious diseases, protect patient and staff health, and contribute to the overall quality of healthcare services. Understanding the microbial world is crucial in delivering safe and effective patient care.


[bookmark: _Toc147751025][bookmark: _Toc149813801]Basic Concepts of Microbiology and Antimicrobial/Antibiotic Therapy
Before we learn about medications that are used to treat infections, we must first understand the basics of microbiology. Let’s begin with a review of bacteria. Bacteria are found in nearly every habitat on earth, including within and on humans. Most bacteria are harmless or considered helpful, but some are pathogens. A pathogen is defined as an organism causing disease to its host.  Pathogens, when overgrown, can cause significant health problems or even death for your patients.
Bacteria may be identified when a patient has an infection by using a culture and sensitivity test or a gram stain test. Antimicrobials may be classified as broad-spectrum or narrow-spectrum, based on the variety of bacteria they effectively treat.  Additionally, antibiotics may be bacteriostatic or bactericidal in terms of how it targets the bacteria. Finally, the mechanism of action is also considered in the selection of an antibiotic.
In addition to antibiotics, antimicrobials also include medications used to treat viruses and fungi.  Each of these topics will be discussed in more detail below, along with the issue of drug resistance.
[bookmark: _Toc147751026][bookmark: _Toc149813802]Culture and Sensitivity
When a patient presents signs or symptoms of an infection, healthcare providers will begin the detective work needed to identify the source of the infection.  A culture is a test performed to examine different body substances for the presence of bacteria or fungus.[1] These culture samples are commonly collected from a patient’s blood, urine, sputum, wound bed, etc.  Nurses are commonly responsible for the collection of culture samples and must be conscientious to collect the sample prior to the administration of antibiotics.  Antibiotic administration prior to a culture can result in a delayed identification of the organism and complicate the patient’s recovery. Once culture samples are collected, they are then incubated in a solution that promotes  bacterial or fungal growth and spread onto a special culture plate.[2]  Clinical microbiologists subsequently monitor the culture for signs of organism growth to aid in the diagnosis of the infectious pathogen.  A sensitivity analysis is often performed to select an effective antibiotic to treat the microorganism.  If the organism shows resistance to the antibiotics used in the test, those antibiotics will not provide effective treatment for the patient’s infection.  Sometimes a patient may begin antibiotic treatment for an infection, but will be switched to a different, more effective antibiotic based on the culture and sensitivity results.[3]
[bookmark: _Toc147751027][bookmark: _Toc149813803]Gram Positive vs. Gram Negative
A gram stain is another type of  test that is used to assist in classification of pathogens.  Gram stains are useful for quickly identifying if bacteria are “gram positive” or “gram negative,” based on the staining patterns of their cellular walls.  Utilizing gram stain allows microbiologists to look for characteristic violet (Gram +) or red/pink (Gram -) staining patterns when they examine the organisms under a microscope.[4]  Identification of bacteria as gram positive or gram negative assists the healthcare provider in quickly selecting an appropriate antibiotic to treat the infection.
SAMPLE GRAM POSITIVE INFECTIONS

[image: Photos of Gram Stain Specimins]
Figure 3.1 Gram Stain Specimen Streptococcus
Streptococcus, the name which comes from the Greek word for twisted chain, is responsible for many types of infectious diseases in humans. Streptococcus is an example of a Gram + infection and is identified by its ability to lyse, or breakdown, red blood cells when grown on blood agar.
S. pyogenes is a type of  β-haemolytic Streptococcus. This species is considered a pyogenic pathogen because of the associated pus production observed with infections it causes (see Figure 3.1[5] for an image of Streptococcus undergoing gram staining). S. pyogenes is the most common cause of bacterial pharyngitis (strep throat); it is also a common cause of various skin infections that can be relatively mild (e.g., impetigo) or life threatening (e.g., necrotizing fasciitis, also known as flesh-eating disease).[6]

[image: Photo of Staphylococcus auerus]
Figure 3.2 Staphylococcus aureus illustrates the typical “grape-like” clustering of cells
Staphylococcus is a second example of a Gram + bacteria. The bacteria Staphylococcus comes from a Greek word for bunches of grapes, which describes their microscopic appearance in culture. Strains of S. aureus cause a wide variety of infections in humans, including skin infections that produce boils, carbuncles, cellulitis, or impetigo.  Many strains of S. aureus have developed resistance to antibiotics. Some antibiotic-resistant strains are designated as methicillin-resistant S. aureus (MRSA) and vancomycin-resistant S. aureus (VRSA). These strains are some of the most difficult to treat because they exhibit resistance to nearly all available antibiotics, not just methicillin and vancomycin. Because they are difficult to treat with antibiotics, infections can be lethal. MRSA and VRSA are also contagious, posing a serious threat in hospitals, nursing homes, dialysis facilities, and other places where there are large populations of elderly, bedridden, and/or immunocompromised patients.[7] See Figure 3.2[8] for an image of Staphylococcus bacteria microscopically.
SAMPLE GRAM NEGATIVE INFECTIONS
[image: Photo shoing Neisseria meningitidis growing in colonies on a chocolate agar plate]
Figure 3.3 Neisseria meningitidis growing in colonies on a chocolate agar plate
Gram negative bacteria often grow between aerobic and anaerobic areas (such as in the intestines). Some gram negative bacteria cause severe, sometimes life-threatening disease. The genus Neisseria, for example, includes the bacteria N. gonorrhoeae, the causative agent of the sexually transmitted infection gonorrhea, and N. meningitides, the causative agent of bacterial meningitis. See Figure 3.3[9] for an image of Neisseria meningitides. Another common gram negative infection that is seen in hospitalized patients is Escherichia coli  (E. Coli).  This is a frequent culprit for urinary tract infections due to its presence in the GI tract.
[bookmark: _Toc147751028][bookmark: _Toc149813804]Broad-Spectrum vs. Narrow-Spectrum Antimicrobials
Spectrum of activity is one of the factors that providers use when selecting antibiotics to treat a patient’s infection. A narrow-spectrum antimicrobial targets only specific subsets of bacterial pathogens.[10] For example, some narrow-spectrum drugs only target gram positive bacteria, but others target only gram negative bacteria. If the pathogen causing infection has been identified in a culture and sensitivity test, it is best to use a narrow-spectrum antimicrobial and minimize collateral damage to the normal microbacteria.
A broad-spectrum antimicrobial targets a wide variety of bacterial pathogens, including both gram positive and gram negative species, and is frequently used to cover a wide range of potential pathogens while waiting on the laboratory identification of the infecting pathogen. Broad-spectrum antimicrobials are also used for polymicrobial infections (a mixed infection with multiple bacterial species) or as prophylactic prevention of infections with surgery/invasive procedures. Finally, broad-spectrum antimicrobials may be selected to treat an infection when a narrow-spectrum drug fails because of development of drug resistance by the target pathogen.[11]
[image: Photo of Clostridium difficile]
Figure 3.4 Clostridium difficile, a gram-positive, rod-shaped bacterium, causes severe colitis and diarrhea, often after the normal gut microbiota is eradicated by antibiotics
One risk associated with using broad-spectrum antimicrobials is that they will also target a broad spectrum of the normal microbacteria that can cause diarrhea.  They also increase the risk of a superinfection, a secondary infection in a patient having a preexisting infection. A superinfection develops when the antibacterial intended for the preexisting infection kills the protective microbiota, allowing another pathogen resistant to the antibacterial to proliferate and cause a secondary infection. Common examples of superinfections that develop as a result of antimicrobial use include yeast infections (candidiasis) and pseudomembranous colitis caused by Clostridium difficile (C-diff), which can be fatal.[12] Probiotics, such as lactobacillus, are commonly used for individuals with C-diff to introduce normal bacteria into the gastrointestinal system and improve bowel function.  See Figure 3.4[13] for an image of C-diff microscopically.
[bookmark: _Toc147751029][bookmark: _Toc149813805]Let’s recap…
· A broad-spectrum antibiotic will treat gram positive and gram negative bacteria.
· A narrow-spectrum antibiotic will treat either gram positive or gram negative bacteria.
If a patient is started on an antibiotic that is gram + and the culture identifies a gram – organism, the medication will not improve the patient’s status. The selection of an incorrect antibiotic can lead to adverse reactions and increase bacterial resistance.
At times, a broad spectrum antibiotic may be administered prior to receiving the culture report due to the severity of the illness of the patient. Once the culture is reported, the antibiotic therapy is tailored to the patient. It is the nurse’s responsibility to review culture results and ensure that the results have been communicated to the prescribing provider.
[bookmark: _Toc147751030][bookmark: _Toc149813806]Antibacterials Actions — Bacteriostatic vs. Bactericidal
When a provider selects an antibacterial drug, it is important to consider how and where the drug will ultimately target the bacteria.  Antibacterial drugs can be either bacteriostatic or bactericidal in their interactions with the offending bacteria. Bacteriostatic drugs cause bacteria to stop reproducing; however, they may not ultimately kill the bacteria.  In contrast, bactericidal drugs kill their target bacteria.
The decision about whether to use a bacteriostatic or bactericidal drug often depends on the type of infection and the overall immune status of the patient. In a healthy patient with strong immune defences, both bacteriostatic and bactericidal drugs can be effective in achieving clinical cure. However, when a patient is immunocompromised, a bactericidal drug is essential for the successful treatment of infections. Regardless of the immune status of the patient, life-threatening infections such as acute endocarditis require the use of a bactericidal drug to eliminate all offending bacteria.[14]
[bookmark: _Toc147751031][bookmark: _Toc149813807]Mechanism of Action
Another consideration in the selection of an antibacterial drug is the drug’s mechanism of action.  Each class of antibacterial drugs has a unique mechanism of action, the way in which a drug affects microbes at the cellular level. For example, cephalosporins act on the integrity of the cell wall.  In contrast, aminoglycosides impact ribosome function and inhibit protein synthesis, which stops the proliferation of cells.[15] See Figure 3.5[16] for a summary of how various antibiotics affect the cell wall, the plasma membrane, the ribosomes, the metabolic pathways, or DNA synthesis of bacteria.
[image: Illustration of various mechanisms of actions of antimicrobial medication with labels]Figure 3.5 Various mechanisms of actions of antimicrobial medication
[bookmark: _Toc147751032][bookmark: _Toc149813808]Antiviral
Similar to antibacterial medications, antiviral drugs directly impact interaction and reproduction of the offending microorganism.  Antibacterial medications are required for treating bacterial infections; antivirals treat specific viral infections.  For example, oseltamivir (Tamiflu) is commonly prescribed to treat influenza.  Unlike antimicrobials, antiviral medications do not kill the offending virus, but they work to reduce replication and development of the virus.[17]
[bookmark: _Toc147751033][bookmark: _Toc149813809]Antifungal
Antifungal, or antimycotic agents, are medications that are used to treat fungal infections.  These medications work by killing the cells of the fungus or inhibiting the reproduction of the cells.  Unlike antibacterial and antiviral medications, many antifungals are applied topically to the affected area.  Fungal infections commonly affect surface areas of the body, including the toes, nails, mouth, groin, etc. For example, Candida albicans is a type of fungi that when overgrown in the mouth produces oral thrush.  Patients experiencing thrush may be prescribed oral antifungal swish and spit medication such as nystatin.
[bookmark: _Toc147751034][bookmark: _Toc149813810]Drug Resistance
WHO’s new Global Antimicrobial Surveillance System (GLASS) reveals widespread occurrence of antibiotic resistance among 500 000 people with suspected bacterial infections across 22 countries. The incidence in PNG is unknown, but thought to be growing.
The most commonly reported resistant bacteria were Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus, and Streptococcus pneumoniae, followed by Salmonella spp. The system does not include data on resistance of Mycobacterium tuberculosis, which causes tuberculosis (TB), as WHO has been tracking it since 1994 and providing annual updates in the Global tuberculosis report.
Among patients with suspected bloodstream infection, the proportion that had bacteria resistant to at least one of the most commonly used antibiotics ranged tremendously between different countries – from zero to 82%. Resistance to penicillin – the medicine used for decades worldwide to treat pneumonia – ranged from zero to 51% among reporting countries. And between 8% to 65% of E. coli associated with urinary tract infections presented resistance to ciprofloxacin, an antibiotic commonly used to treat this condition.
PREVENTION STRATEGIES
 In many other countries most antimicrobial drugs are self-administered by patients at home. Unfortunately, many patients stop taking antimicrobials once their symptoms dissipate and they feel better. If a 10-day course of treatment is prescribed, many patients only take the drug for 5 or 6 days, unaware of the negative consequences of not completing the full course of treatment.
The Problem: A shorter course of treatment not only fails to kill the target organisms to the expected levels but also assists in creating drug-resistant variants within the body.  A patient’s nonadherence amplifies drug resistance when the recommended course of treatment is long.
For example, treatment for tuberculosis (TB) has a recommended treatment regimen lasting from 6 months to a year. The CDC estimates that about one third of the world’s population is infected with TB, most living in underdeveloped or underserved regions where antimicrobial drugs are available over the counter. In such countries, there may be even lower rates of adherence than in developed areas. Nonadherence leads to antibiotic resistance and more difficulty in controlling pathogens. As a direct result, the emergence of multidrug-resistant strains of TB is becoming a huge problem.
The over prescription of antimicrobials also contributes to antibiotic resistance. Patients often demand antibiotics for diseases that do not require them, like viral colds and ear infections. Pharmaceutical companies aggressively market drugs to physicians and clinics, making it easy for them to give free samples to patients, and some pharmacies even offer certain antibiotics free to low-income patients with a prescription.
In recent years, various initiatives have aimed to educate parents and clinicians about the judicious use of antibiotics. However, previous studies have shown the parental expectations for antimicrobial prescriptions for children actually increased.
One possible solution that is being explored is a regimen called directly observed therapy (DOT), which involves the supervised administration of medications to patients. Patients are either required to visit a health-care facility to receive their medications, or health-care professionals must administer medication in patients’ homes or another designated location. DOT has been implemented in many cases for the treatment of TB and has been shown to be effective; indeed, DOT is an integral part of WHO’s global strategy for eradicating TB.
But is this a practical strategy for all antibiotics? Would patients taking penicillin, for example, be more or less likely to adhere to the full course of treatment if they had to travel to a health-care facility to receive each dose? Who would pay for the increased cost associated with DOT? When it comes to overprescription, should providers or drug companies be policed when it comes to over prescribing antibiotics to enforce best practices? What group should assume this responsibility, and what penalties would be effective in discouraging overprescription?
This is a complex issue with no clear, easy solution.  However, what is clear is that all patients need extensive education regarding the judicious and complete use of medications to increase adherence and decrease the opportunity for antimicrobial resistance.[19]

[bookmark: _Toc147751035][bookmark: _Toc149813811]Critical Thinking Activity 3.2a
Reflecting on current healthcare challenges regarding the ongoing emergence of antimicrobial resistant organisms, what actions could you take within your nursing practice to help prevent drug resistance?
Nursing Pharmacology by Open Resources for Nursing (Open RN) is licensed under a Creative Commons Attribution 4.0 International License, except where otherwise noted https://wtcs.pressbooks.pub/pharmacology/chapter/3-2-antimicrobial-basics/
1. This work is a derivative of Microbiology by OpenStax licensed under CC BY 4.0. Access for free at https://openstax.org/books/microbiology/pages/1-introduction. ↵
2. Kristof, K. and Pongracz, J. (2016). Interpretation of blood microbiology results - function of the clinical microbiologist. The Journal of the International Federation of Clinical Chemistry and Laboratory Medicine, 27(2), 147-155. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4975230/ ↵
3. Vorvick, L. (Ed.). (2019, February 7). Sensitivity analysis. https://medlineplus.gov/ency/article/003741.htm ↵
4. This work is a derivative of Microbiology by OpenStax licensed under CC BY 4.0. Access for free at https://openstax.org/books/microbiology/pages/1-introduction ↵
5. "OSC Microbio 04 04 Strep.jpg" by CNX OpenStax is licensed under CC BY 4.0 Access for free at https://openstax.org/books/microbiology/pages/4-4-gram-positive-bacteria ↵
6. This work is a derivative of Microbiology by OpenStax licensed under CC BY 4.0. Access for free at https://openstax.org/books/microbiology/pages/1-introduction ↵
7. This work is a derivative of Microbiology by OpenStax licensed under CC BY 4.0. Access for free at https://openstax.org/books/microbiology/pages/1-introduction ↵
8. This work is a derivative of "CDC-10046-MRSA.jpg" by Janice Haney Carr, Centers for Disease Control and Prevention is licensed under CC0 ↵
9. "OSC Microbio 04 02 Neisseria.jpg" by CNX OpenStax is licensed under CC BY 4.0 Access for free at https://openstax.org/books/microbiology/pages/4-2-proteobacteria ↵
10. This work is a derivative of Microbiology by OpenStax licensed under CC BY 4.0. Access for free at https://openstax.org/books/microbiology/pages/1-introduction. ↵
11. This work is a derivative of Microbiology by OpenStax licensed under CC BY 4.0. Access for free at https://openstax.org/books/microbiology/pages/1-introduction ↵
12. This work is a derivative of Microbiology by OpenStax licensed under CC BY 4.0. Access for free at https://openstax.org/books/microbiology/pages/1-introduction ↵
13. This work is a derivative of "Clostridium difficile 01.jpg" by Lois D Wiggs at Centers of Disease Control and Prevention is licensed under CC0 ↵
14. This work is a derivative of Microbiology by OpenStax licensed under CC BY 4.0. Access for free at https://openstax.org/books/microbiology/pages/1-introduction ↵
15. This work is a derivative of Microbiology by OpenStax licensed under CC BY 4.0. Access for free at https://openstax.org/books/microbiology/pages/1-introduction ↵
16. "OSC Microbio 14 02 Modes.jpg" by CNX Openstax is licensed under CC BY 4.0 Access for free at https://openstax.org/books/microbiology/pages/14-3-mechanisms-of-antibacterial-drugs ↵
17. This work is a derivative of Microbiology by OpenStax licensed under CC BY 4.0. Access for free at https://openstax.org/books/microbiology/pages/1-introduction ↵
18. Centers for Disease Control and Prevention. (2019). About antimicrobial resistance. https://www.cdc.gov/drugresistance/about.html ↵
19. This work is a derivative of Microbiology by OpenStax licensed under CC BY 4.0. Access for free at https://openstax.org/books/microbiology/pages/1-introduction ↵





[bookmark: _Toc149813812]Quiz Anatomical Terminology

1. What term refers to the front of the body or an organ's surface that faces forward? a) Posterior b) Ventral c) Dorsal d) Superior
2. Which term describes a part that is closer to the midline of the body? a) Lateral b) Medial c) Proximal d) Distal
3. What is the anatomical term for the back of the body or an organ's surface that faces backward? a) Anterior b) Ventral c) Dorsal d) Superior
4. If a structure is farther away from the point of attachment to the body, it is referred to as: a) Proximal b) Distal c) Medial d) Lateral
5. What term describes a cut that divides the body into left and right halves? a) Sagittal b) Frontal (coronal) c) Transverse d) Horizontal
6. The term "cranial" refers to which direction or part of the body? a) Towards the head b) Towards the feet c) Towards the back d) Towards the front
7. Which term describes a structure that is situated below another structure or closer to the feet? a) Superior b) Inferior c) Proximal d) Distal
8. What is the anatomical term for the area of the abdomen just below the ribcage? a) Epigastric b) Hypochondriac c) Lumbar d) Umbilical
9. If you were looking at the palm of your hand, which term would describe the position of your thumb in relation to your other fingers? a) Medial b) Lateral c) Proximal d) Distal
10. What is the term for a position that is lying face down, with the front of the body facing downward? a) Supine b) Prone c) Dorsal d) Ventral

Answers:
1. b) Ventral
2. b) Medial
3. c) Dorsal
4. b) Distal
5. a) Sagittal
6. a) Towards the head
7. b) Inferior
8. a) Epigastric
9. b) Lateral
10. b) Prone

[bookmark: _Toc149813813]Medical Terminology Quiz

1. What does the prefix "hypo-" mean in medical terminology?
a) Above b) Below c) Around d) Fast
Answer: b) Below
2. What is the medical term for inflammation of the liver?
a) Nephritis b) Arthritis c) Hepatitis d) Dermatitis
Answer: c) Hepatitis
3. Which of the following prefixes means "through" or "across"?
a) Hyper- b) Peri- c) Trans- d) Dia-
Answer: c) Trans-
4. What does the suffix "-ectomy" typically indicate in medical terminology?
a) Inflammation b) Removal or excision c) Swelling d) Pain
Answer: b) Removal or excision
5. What is the medical term for the voice box?
a) Thyroid b) Oesophagus c) Larynx d) Pharynx
Answer: c) Larynx
6. What does the term "cardiovascular" refer to in medical terminology?
a) The study of skin diseases b) The study of heart and blood vessels c) The study of bones and joints d) The study of the nervous system
Answer: b) The study of heart and blood vessels
7. Which of the following is not a component of blood?
a) Plasma b) Platelets c) Lymphocytes d) Erythrocytes
Answer: c) Lymphocytes
8. What is the medical term for a sudden, involuntary muscle contraction?
a) Atrophy b) Spasm c) Tumour d) Fracture
Answer: b) Spasm
9. Which of the following terms refers to the surgical removal of the appendix?
a) Appendectomy b) Gastrectomy c) Nephrectomy d) Splenectomy
Answer: a) Appendectomy
10. What is the medical term for the voice box?
a) Thyroid b) Oesophagus c) Larynx d) Pharynx

[bookmark: _Toc149813814]Human Cell Structure and Function Quiz
Question 1: What is the basic structural and functional unit of the human body?a) Tissue b) Organ c) Cell d) Organism
Question 2: Which part of the cell is often called the "control centre" because it contains the genetic material? a) Mitochondria b) Golgi apparatus c) Nucleus d) Endoplasmic reticulum
Question 3: Which organelle is responsible for energy production in the cell? a) Nucleus b) Lysosome c) Ribosome d) Mitochondria
Question 4: What is the function of the endoplasmic reticulum (ER)? a) Protein synthesis b) Lipid synthesis c) Both a and b d) None of the above
Question 5: Which organelle is responsible for breaking down cellular waste and debris? a) Golgi apparatus b) Nucleus c) Lysosome d) Ribosome
Question 6: What is the main function of the cell membrane? a) Protect the cell from the external environment b) Regulate the passage of substances in and out of the cell c) Synthesize proteins d) Store genetic material
Question 7: Which of the following is not a type of cell junction in animal cells? a) Tight junctions b) Gap junctions c) Plasmodesmata d) Desmosomes
Question 8: What is the function of the Golgi apparatus in the cell? a) Energy production b) Protein modification and packaging c) Cellular respiration d) DNA replication
Question 9: Which cellular structure contains enzymes for digesting cellular waste and foreign materials? a) Nucleus b) Mitochondria c) Lysosome d) Endoplasmic reticulum
Question 10: What is the term for the process by which cells engulf large particles or other cells by wrapping their cell membrane around them? a) Endocytosis b) Exocytosis c) Osmosis d) Diffusion
Question 11: Which organelle is responsible for the synthesis of proteins? a) Nucleus b) Mitochondria c) Ribosome d) Endoplasmic reticulum
Question 12: Which of the following is NOT a type of cellular transport? a) Active transport b) Passive transport c) Facilitated diffusion d) Photosynthesis
Question 13: What is the function of the cytoplasm in a cell? a) Store genetic material b) House the nucleus c) Hold organelles in place and facilitate intracellular transport d) Regulate cell shape
Question 14: Which type of cell lacks a defined nucleus and membrane-bound organelles? a) Prokaryotic cell b) Eukaryotic cell c) Animal cell d) Plant cell
Question 15: Which organelle is responsible for detoxifying harmful substances in the cell? a) Nucleus b) Peroxisome c) Ribosome d) Endoplasmic reticulum
Answers:
1. c) Cell
2. c) Nucleus
3. d) Mitochondria
4. c) Both a and b
5. c) Lysosome
6. b) Regulate the passage of substances in and out of the cell
7. c) Plasmodesmata
8. b) Protein modification and packaging
9. c) Lysosome
10. a) Endocytosis
11. c) Ribosome
12. d) Photosynthesis
13. c) Hold organelles in place and facilitate intracellular transport
14. a) Prokaryotic cell
15. b) Peroxisome

[bookmark: _Toc149813815]Structure and function of the integumentary system quiz

1. What is the primary organ of the integumentary system? a) Liver b) Heart c) Skin d) Kidney
2. Which layer of the skin contains blood vessels, nerves, and hair follicles? a) Epidermis b) Dermis c) Subcutaneous tissue d) Hypodermis
3. What is the outermost layer of the epidermis composed of? a) Melanocytes b) Keratinocytes c) Sebaceous glands d) Sweat glands
4. What is the main function of melanocytes in the skin? a) Produce sweat b) Produce oil c) Produce melanin d) Produce collagen
5. Which type of sweat gland is responsible for producing sweat that cools the body? a) Eccrine glands b) Apocrine glands c) Sebaceous glands d) Ceruminous glands
6. What is the function of sebaceous glands in the skin? a) Produce sweat b) Produce oil c) Produce melanin d) Produce collagen
7. What is the primary function of the integumentary system? a) Temperature regulation b) Digestion c) Reproduction d) Circulation
8. What is the purpose of hair on the skin? a) To detect pain b) To protect the skin from UV radiation c) To produce sweat d) To generate heat
9. What is the name of the protein that makes up the majority of the hair and nails? a) Melanin b) Collagen c) Keratin d) Elastin
10. Which of the following is NOT a function of the skin? a) Protection against pathogens b) Sensory perception c) Regulation of blood glucose levels d) Temperature regulation
Answers:
1. c) Skin
2. b) Dermis
3. b) Keratinocytes
4. c) Produce melanin
5. a) Eccrine glands
6. b) Produce oil
7. a) Temperature regulation
8. b) To protect the skin from UV radiation
9. c) Keratin
10. c) Regulation of blood glucose levels

[bookmark: _Toc149813816]Structure and function of the integumentary system quiz

1. What is the primary organ of the integumentary system? a) Liver b) Heart c) Skin d) Kidney
2. Which layer of the skin contains blood vessels, nerves, and hair follicles? a) Epidermis b) Dermis c) Subcutaneous tissue d) Hypodermis
3. What is the outermost layer of the epidermis composed of? a) Melanocytes b) Keratinocytes c) Sebaceous glands d) Sweat glands
4. What is the main function of melanocytes in the skin? a) Produce sweat b) Produce oil c) Produce melanin d) Produce collagen
5. Which type of sweat gland is responsible for producing sweat that cools the body? a) Eccrine glands b) Apocrine glands c) Sebaceous glands d) Ceruminous glands
6. What is the function of sebaceous glands in the skin? a) Produce sweat b) Produce oil c) Produce melanin d) Produce collagen
7. What is the primary function of the integumentary system? a) Temperature regulation b) Digestion c) Reproduction d) Circulation
8. What is the purpose of hair on the skin? a) To detect pain b) To protect the skin from UV radiation c) To produce sweat d) To generate heat
9. What is the name of the protein that makes up the majority of the hair and nails? a) Melanin b) Collagen c) Keratin d) Elastin
10. Which of the following is NOT a function of the skin? a) Protection against pathogens b) Sensory perception c) Regulation of blood glucose levels d) Temperature regulation
Answers:
1. c) Skin
2. b) Dermis
3. b) Keratinocytes
4. c) Produce melanin
5. a) Eccrine glands
6. b) Produce oil
7. a) Temperature regulation
8. b) To protect the skin from UV radiation
9. c) Keratin
10. c) Regulation of blood glucose levels

[bookmark: _Toc149813817]Homeostasis and the Human Body Quiz
1. What is homeostasis in the context of the human body? a) A state of constant movement b) A state of maintaining internal stability c) A state of rapid cell division d) A state of sleep
2. Which of the following is not a primary component of the human body's homeostatic regulation system? a) Receptors b) Effectors c) Stimulators d) Control center
3. Which body system is responsible for regulating temperature as part of homeostasis? a) Respiratory system b) Nervous system c) Circulatory system d) Endocrine system
4. When you're feeling cold, your body responds by: a) Sweating to cool down b) Shivering to generate heat c) Increasing heart rate d) Reducing blood pressure
5. The body's primary way of eliminating excess heat and maintaining temperature homeostasis is through: a) Breathing faster b) Drinking more water c) Constricting blood vessels d) Sweating
6. What hormone is primarily responsible for regulating blood sugar levels in the body? a) Estrogen b) Insulin c) Testosterone d) Thyroxine
7. Homeostasis involves maintaining a balance of which of the following substances in the body? a) Sodium and potassium b) Oxygen and carbon dioxide c) Glucose and cholesterol d) All of the above
8. When you eat a large meal, your body's homeostatic response includes an increase in the production of which digestive enzyme? a) Insulin b) Pepsin c) Amylase d) Glucagon
9. Which of the following is an example of a negative feedback mechanism in the human body? a) Blood clotting b) Childbirth contractions c) Sweating to cool down d) Blood sugar regulation
10. Which organ plays a central role in detoxifying the blood and maintaining homeostasis? a) Liver b) Kidney c) Pancreas d) Spleen
Answers:
1. b) A state of maintaining internal stability
2. c) Stimulators
3. c) Circulatory system
4. b) Shivering to generate heat
5. d) Sweating
6. b) Insulin
7. b) Oxygen and carbon dioxide
8. c) Amylase
9. d) Blood sugar regulation
10. a) Liver

[bookmark: _Toc149813818]Structure and function of the eye quiz

1. What is the transparent front surface of the eye that helps focus incoming light onto the retina? a) Iris b) Cornea c) Lens d) Sclera
2. Which part of the eye controls the amount of light entering the eye by changing its size? a) Retina b) Pupil c) Optic nerve d) Conjunctiva
3. Which photoreceptor cells in the retina are responsible for colour vision? a) Rods b) Cones c) Cornea d) Sclera
4. What is the name of the gel-like substance that fills the space between the lens and the retina in the eye? a) Vitreous humour b) Aqueous humour c) Scleral humour d) Optic humour
5. What is the primary function of the ciliary muscles in the eye? a) Adjusting the size of the pupil b) Producing tears for lubrication c) Changing the shape of the lens for focusing d) Protecting the eye from foreign objects
6. Which cranial nerve carries visual information from the eye to the brain? a) Cranial nerve II (Optic nerve) b) Cranial nerve V (Trigeminal nerve) c) Cranial nerve VII (Facial nerve) d) Cranial nerve X (Vagus nerve)
7. What is the area on the retina with the highest concentration of cones, responsible for the sharpest vision? a) Fovea b) Blind spot c) Macula d) Sclera
8. Which part of the brain processes visual information received from the eyes? a) Cerebellum b) Hippocampus c) Occipital lobe d) Thalamus
Answers:
1. b) Cornea
2. b) Pupil
3. b) Cones
4. a) Vitreous humour
5. c) Changing the shape of the lens for focusing
6. a) Cranial nerve II (Optic nerve)
7. a) Fovea
8. c) Occipital lobe

[bookmark: _Toc149813819]Structure and function of the ear quiz

1. What is the outermost part of the ear that collects sound waves? a) Cochlea b) Tympanic membrane c) Pinna d) Eustachian tube
2. Which part of the ear contains the three small bones that transmit vibrations from the eardrum to the inner ear? a) Cochlea b) Tympanic membrane c) Ossicles d) Vestibule
3. What is the primary function of the cochlea in the inner ear? a) Balancing b) Transmitting sound vibrations c) Maintaining air pressure d) Regulating temperature
4. Which part of the ear helps maintain equal air pressure between the middle ear and the atmosphere? a) Eustachian tube b) Auditory canal c) Ossicles d) Vestibule
5. The auditory nerve carries signals from the inner ear to which part of the brain for processing? a) Cerebellum b) Hippocampus c) Thalamus d) Auditory cortex
6. What is the name of the fluid-filled structure in the inner ear that plays a crucial role in balance and spatial orientation? a) Cochlea b) Tympanic membrane c) Semicircular canals d) Ossicles
7. Which type of hearing loss is typically caused by damage to the hair cells in the inner ear or problems with the auditory nerve? a) Conductive hearing loss b) Sensorineural hearing loss c) Mixed hearing loss d) Otitis media
8. When sound waves enter the ear, which of the following is the correct sequence of structures they pass through in the middle ear? a) Eardrum, cochlea, ossicles b) Cochlea, eardrum, ossicles c) Ossicles, cochlea, eardrum d) Eardrum, ossicles, cochlea
Answers:
1. c) Pinna
2. c) Ossicles
3. b) Transmitting sound vibrations
4. a) Eustachian tube
5. d) Auditory cortex
6. c) Semicircular canals
7. b) Sensorineural hearing loss
8. d) Eardrum, ossicles, cochlea

[bookmark: _Toc149813820]Structure and function of the human heart quiz

1. What is the primary function of the human heart? a) Pumping blood b) Digesting food c) Filtering waste d) Breathing air
2. How many chambers does the human heart have? a) 2 b) 3 c) 4 d) 5
3. Which chamber of the heart receives oxygen-rich blood from the lungs? a) Left atrium b) Right atrium c) Left ventricle d) Right ventricle
4. Which part of the heart is responsible for pumping oxygenated blood to the rest of the body? a) Aorta b) Pulmonary artery c) Pulmonary vein d) Superior vena cava
5. What is the purpose of the heart valves? a) Regulating blood pressure b) Mixing oxygenated and deoxygenated blood c) Preventing backflow of blood d) Filtering toxins from the blood
6. What is the name of the electrical signal that triggers each heartbeat? a) ECG (Electrocardiogram) b) Pacemaker c) Aneurysm d) Arrhythmia
7. Which blood vessels supply oxygen to the heart muscle itself? a) Coronary arteries b) Renal arteries c) Carotid arteries d) Jugular veins
8. What is the average resting heart rate for a healthy adult? a) 30-40 beats per minute b) 60-100 beats per minute c) 120-150 beats per minute d) 200-220 beats per minute
Answers:
1. a) Pumping blood
2. c) 4
3. a) Left atrium
4. a) Aorta
5. c) Preventing backflow of blood
6. b) Pacemaker
7. a) Coronary arteries
8. b) 60-100 beats per minute

[bookmark: _Toc149813821]Cardiovascular system quiz

1. What is the main function of the cardiovascular system? a) Digestion b) Circulation of blood c) Respiration d) Excretion
2. Which of the following is NOT a component of the cardiovascular system? a) Heart b) Lungs c) Blood vessels d) Blood
3. Which chamber of the heart pumps oxygenated blood to the rest of the body? a) Right atrium b) Right ventricle c) Left atrium d) Left ventricle
4. What is the name of the largest artery in the human body? a) Aorta b) Pulmonary artery c) Coronary artery d) Carotid artery
5. The process of blood cells forming solid clumps to stop bleeding is known as: a) Haemolysis b) Haemostasis c) Haemoglobin d) Haemophilia
6. Which blood vessels carry oxygenated blood away from the heart to the body's tissues? a) Veins b) Arteries c) Capillaries d) Venules
7. Which valve separates the left atrium from the left ventricle in the heart? a) Aortic valve b) Mitral (bicuspid) valve c) Pulmonary valve d) Tricuspid valve
8. What is the name of the network of tiny blood vessels where gas exchange occurs between the blood and body tissues? a) Arteries b) Veins c) Capillaries d) Venules
9. Which of the following factors can increase the risk of cardiovascular disease? a) Regular exercise b) High fibre diet c) Smoking d) Adequate sleep
10. What is the term for the condition where fatty deposits (plaque) build up inside the arteries, narrowing them and reducing blood flow? a) Hypertension b) Atherosclerosis c) Haemorrhage d) Anaemia
Answers:
1. b) Circulation of blood
2. b) Lungs
3. d) Left ventricle
4. a) Aorta
5. b) Haemostasis
6. b) Arteries
7. b) Mitral (bicuspid) valve
8. c) Capillaries
9. c) Smoking
10. b) Atherosclerosis

[bookmark: _Toc149813822]Structure and function of the respiratory system short answer quiz 
Question 1: What is the primary function of the respiratory system?
Question 2: Which organ in the respiratory system contains the vocal cords and is responsible for speech production?
Question 3: Which gas is primarily exchanged during respiration in the alveoli of the lungs?
Question 4: The tiny hair-like structures that help move mucus and trapped particles out of the respiratory tract are called what?
Question 5: What is the name of the muscular partition that separates the thoracic cavity from the abdominal cavity and plays a crucial role in breathing?
Question 6: Which chemical in the blood primarily binds to oxygen for transport throughout the body?
Question 7: What is the term for the process of breathing out air from the lungs?
Question 8: What is the role of surfactant in the alveoli?
Question 9: How do the diaphragm and intercostal muscles work together during inhalation?
Question 10: List three external factors that can affect the normal function of the respiratory system.
Question 11: What is the condition characterized by the chronic inflammation of the airways, leading to symptoms like coughing, wheezing, and shortness of breath?
Question 12: How does smoking tobacco affect the respiratory system?
Question 13: What is the role of cilia in the respiratory tract, and how can they be damaged?
Question 14: Which medical condition involves a sudden, severe narrowing of the airways, making it difficult to breathe, and often requires the use of an inhaler?
Question 15: What is the difference between the upper respiratory tract and the lower respiratory tract in terms of function and components?
Answers:
1. Gas exchange (oxygen in, carbon dioxide out) and the regulation of pH in the body.
2. Larynx (voice box).
3. Oxygen (O2) and carbon dioxide (CO2).
4. Cilia.
5. Diaphragm.
6. Haemoglobin.
7. Exhalation or expiration.
8. Surfactant reduces surface tension in the alveoli, preventing them from collapsing.
9. The diaphragm contracts and moves downward, while the intercostal muscles contract, lifting the ribcage, increasing thoracic volume, and causing inhalation.
10. Examples include air pollution, allergens, smoking, occupational exposure to harmful substances, high altitudes, etc.
11. Asthma.
12. Smoking damages the cilia in the respiratory tract, increases mucus production, and leads to conditions like chronic bronchitis and lung cancer.
13. Cilia help move mucus and trapped particles out of the respiratory tract; smoking and exposure to pollutants can damage and impair their function.
14. Asthma attack.
15. The upper respiratory tract includes the nose, mouth, pharynx, and larynx, primarily responsible for filtering and humidifying air. The lower respiratory tract includes the trachea, bronchi, bronchioles, and alveoli, where gas exchange occurs.

[bookmark: _Toc149813823]Physiology of respiration quiz

1. What is the primary purpose of respiration in the human body? A) To produce energy B) To remove carbon dioxide C) To exchange gases for survival D) To filter out impurities from the air
2. Which of the following is NOT a part of the respiratory system? A) Lungs B) Heart C) Trachea D) Bronchi
3. What is the primary muscle responsible for initiating inhalation? A) Diaphragm B) Intercostal muscles C) Abdominal muscles D) Pectoral muscles
4. During inhalation, the diaphragm. A) Contracts and moves upward B) Relaxes and moves upward C) Contracts and moves downward D) Relaxes and moves downward (C)
5. Which gas is transported by haemoglobin in red blood cells? A) Oxygen B) Carbon dioxide C) Nitrogen D) Hydrogen
6. Where does gas exchange between the respiratory and circulatory systems primarily occur? A) Alveoli B) Bronchi C) Trachea D) Pharynx
7. Which of the following describes the process of external respiration? A) Oxygen uptake by tissues B) Exchange of gases between the lungs and blood C) Production of ATP in cells D) Blood circulation through the heart
8. What is the term for the expulsion of air from the lungs during exhalation? A) Inhalation B) Ventilation C) Exhalation D) Aspiration
9. How is carbon dioxide primarily transported in the blood? A) Dissolved in plasma B) Bound to haemoglobin C) As bicarbonate ions D) As carbonic acid
10. What regulates the rate and depth of breathing in response to changing oxygen and carbon dioxide levels? A) Hypothalamus B) Brainstem C) Spinal cord D) Cerebellum

Answers
1.  (C) To exchange gases for survival
2.  (B) Heart
3.  (A) Diaphragm
4.  (C) Contracts and moves downward
5.  (A) Oxygen
6.  (A) Alveoli
7.  (B) Exchange of gases between the lungs and blood
8.  (C) Exhalation
9.  (C) As bicarbonate ions
10.  (B) Brainstem

[bookmark: _Toc149813824]Micro-organisms and Parasites Quiz

1. Types and Classification
a. What are the three main domains of life where micro-organisms can be classified? i. Bacteria, fungi, viruses ii. Bacteria, archaea, eukarya iii. Protozoa, algae, helminths
b. Which of the following micro-organisms are considered prokaryotes? i. Bacteria ii. Protozoa iii. Fungi
2. Characteristics and Growth
a. Which characteristic distinguishes viruses from other micro-organisms? i. Cellular structure ii. Ability to reproduce outside a host cell iii. DNA or RNA genetic material
b. What is the term for the process of micro-organisms growing and multiplying? i. Reproduction ii. Mitosis iii. Microbial proliferation
3. Identification
a. What scientific technique is commonly used to identify bacterial species based on their genetic makeup? i. Microscopy ii. DNA sequencing iii. Serology
b. Which of the following is NOT a method for identifying micro-organisms? i. Gram staining ii. PCR (Polymerase Chain Reaction) iii. Handwashing
4. Micro-organisms and the Human Body
a. What is the collective term for micro-organisms that live on or in the human body without causing disease? i. Pathogens ii. Normal flora (microbiota) iii. Opportunistic bacteria
b. Which part of the human body typically has the highest concentration of micro-organisms? i. Skin ii. Lungs iii. Bloodstream
5. Sources of Micro-organisms
a. Where can micro-organisms commonly be found in the environment? i. Only in hospitals ii. Everywhere, including air, water, soil, and surfaces iii. Only in extremely cold climates
b. Which of the following is NOT a potential source of micro-organisms in food? i. Contaminated water ii. Unwashed hands of food handlers iii. Synthetic food additives
6. Normal Flora and Potential Pathogenic Micro-organisms
a. What is the primary role of normal flora in the human body? i. To cause infections ii. To provide essential nutrients iii. To protect against harmful micro-organisms
b. Give an example of a micro-organism that is considered part of the normal flora but can become pathogenic under certain conditions.
7. Transmission of Micro-organisms
a. Which of the following is NOT a common mode of transmission for micro-organisms? i. Direct contact ii. Airborne iii. Telepathy
b. How can you reduce the transmission of micro-organisms in a healthcare setting?

Answers:
1. b (ii), a (i)
2. a (iii), b (i)
3. b (ii), b (iii)
4. b (ii), a (i)
5. b (ii), b (iii)
6. a (iii), (e.g., E. coli)
7. a (iii), Hand hygiene, use of personal protective equipment (PPE), isolation precautions, vaccination, etc.

[bookmark: _Toc149813825]Infection and Immunity Quiz
Section 1: Concept of Immunity
1. What is immunity?
a) The ability of the body to resist infections and diseases.
b) The presence of pathogens in the body.
c) A type of bacteria.
d) The process of vaccination.
2. Which of the following is not a type of immunity?
a) Active immunity
b) Passive immunity
c) Innate immunity
d) Sensitive immunity
3. What is the primary role of the immune system?
a) To cause infections
b) To regulate body temperature
c) To fight off pathogens and foreign invaders
d) To produce hormones
Section 2: Active and Passive Immunity
4. How is active immunity typically acquired?
a) Through vaccination or exposure to an infectious agent
b) Through the transfer of antibodies from mother to fetus
c) Through a blood transfusion
d) Through an allergic reaction
5. Which of the following statements about passive immunity is correct?
a) It provides long-lasting protection.
b) It is acquired through vaccination.
c) It involves the production of antibodies by the individual's own immune system.
d) It is temporary and short-lived.
6. A person who had chickenpox as a child is less likely to contract it again as an adult. This is an example of:
a) Active immunity
b) Passive immunity
c) Innate immunity
d) Hypersensitivity
Section 3: Defence Mechanisms
7. Which of the following is not a component of the first line of defence against pathogens?
a) Skin
b) Mucous membranes
c) White blood cells
d) Saliva
8. What is the role of antibodies in the immune system?
a) They destroy pathogens directly.
b) They recognize and neutralize specific antigens.
c) They produce fever as a defence mechanism.
d) They are responsible for phagocytosis.
9. Which immune response is responsible for long-term immunity after vaccination?
a) Primary immune response
b) Secondary immune response
c) Tertiary immune response
d) Innate immune response
Section 4: Additional Questions
10. What is herd immunity?
a) A type of passive immunity
b) When a large portion of the population is immune to a disease, reducing its spread
c) An allergic reaction to a vaccine
d) A type of autoimmune disease
11. Which of the following is a viral infection that affects the immune system and can lead to acquired immunodeficiency syndrome (AIDS)?
a) Influenza
b) Tuberculosis
c) HIV
d) Malaria
12. What is the term for the intentional exposure of an individual to a weakened or inactivated pathogen to stimulate an immune response and provide immunity?
a) Vaccination
b) Antibiotics
c) Quarantine
d) Isolation
Answers:
1. a) The ability of the body to resist infections and diseases.
2. d) Sensitive immunity
3. c) To fight off pathogens and foreign invaders
4. a) Through vaccination or exposure to an infectious agent
5. d) It is temporary and short-lived.
6. a) Active immunity
7. c) White blood cells
8. b) They recognize and neutralize specific antigens.
9. b) Secondary immune response
10. b) When a large portion of the population is immune to a disease, reducing its spread
11. c) HIV
12. a) Vaccination

[bookmark: _Toc149813826]Methods of limiting the spread of microorganisms & controlling infections quiz
Question 1: What is the primary goal of sanitation in infection control?
a) To completely eliminate all microorganisms b) To reduce the number of microorganisms to a safe level c) To ensure a sterile environment d) To promote the growth of beneficial microorganisms
Question 2: Which of the following is an example of a physical method of sterilization?
a) Boiling water b) Bleach solution c) UV radiation d) Disinfectant spray
Question 3: What is asepsis?
a) A method to kill all microorganisms b) A method to prevent the growth of microorganisms c) The state of being free from disease-causing microorganisms d) A method to clean surfaces effectively
Question 4: Which of the following is NOT considered a high-level disinfectant?
a) Alcohol b) Hydrogen peroxide c) Glutaraldehyde d) Soap and water
Question 5: Which of the following is an example of a chemical disinfectant commonly used in healthcare settings?
a) Steam b) Ethanol c) Autoclave d) Filtration
Question 6: What is the purpose of hand hygiene in infection control?
a) To make hands smell good b) To prevent skin dryness c) To remove dirt and debris d) To reduce the transmission of microorganisms
Question 7: Which of the following is a common practice to maintain aseptic conditions in a surgical setting?
a) Wearing gloves b) Cleaning surfaces with soap c) Using tap water for irrigation d) Reusing surgical instruments without sterilization
Question 8: What is the recommended duration for proper handwashing with soap and water?
a) 5 seconds b) 20 seconds c) 2 minutes d) 10 minutes
Question 9: What is the purpose of using UV-C light for disinfection?
a) To create a pleasant ambiance b) To kill airborne microorganisms c) To sterilize surgical instruments d) To remove stains from surfaces
Question 10: Which of the following is NOT a factor that affects the effectiveness of disinfection?
a) Contact time b) Concentration of disinfectant c) Temperature d) Color of the surface
Answers:
1. b) To reduce the number of microorganisms to a safe level
2. c) UV radiation
3. c) The state of being free from disease-causing microorganisms
4. d) Soap and water
5. b) Ethanol
6. d) To reduce the transmission of microorganisms
7. a) Wearing gloves
8. b) 20 seconds
9. b) To kill airborne microorganisms
10. d) Colour of the surface

[bookmark: _Toc149813827]Microbiology quiz

1. What is the primary difference between prokaryotic and eukaryotic cells in microbiology?
2. Name two common bacterial shapes and provide an example of a bacterium for each shape.
3. Explain the difference between antibiotics and antiseptics. Give examples of each.
4. What is the role of microorganisms in the human body? Provide at least one example.
5. Describe the four main methods of bacterial transmission and provide an example of a disease transmitted by each method.
6. What is the purpose of sterilization in healthcare settings, and what are some common methods of achieving it?
7. Explain the concept of antibiotic resistance and why it is a significant concern in healthcare.
8. What is the difference between a virus and a bacterium? Provide an example of a virus and a bacterium.
9. Describe the importance of hand hygiene in preventing the spread of infections in healthcare settings.
10. Briefly explain the terms "pathogen" and "opportunistic pathogen." Provide an example of each.
Answers:
1. Prokaryotic cells lack a true nucleus and membrane-bound organelles, while eukaryotic cells have a true nucleus and membrane-bound organelles.
2. Two common bacterial shapes are cocci (e.g., Staphylococcus aureus) and bacilli (e.g., Escherichia coli).
3. Antibiotics are drugs used to treat bacterial infections, while antiseptics are used to disinfect living tissues. Example of antibiotics: Penicillin; example of antiseptics: hydrogen peroxide.
4. Microorganisms play various roles in the human body, including aiding in digestion (e.g., gut bacteria), synthesizing vitamins, and educating the immune system.
5. Four methods of bacterial transmission: direct contact (e.g., touching an infected person), indirect contact (e.g., touching contaminated surfaces), respiratory droplets (e.g., coughing), and vector-borne (e.g., mosquitoes). Examples: direct - flu, indirect - MRSA, respiratory droplets - tuberculosis, vector-borne - malaria.
6. Sterilization aims to eliminate all microorganisms. Common methods include autoclaving, ethylene oxide gas, and radiation.
7. Antibiotic resistance occurs when bacteria evolve to withstand the effects of antibiotics, making infections harder to treat. It's a concern due to limited treatment options.
8. Viruses are smaller than bacteria and are not considered living organisms. Example of a virus: HIV. Example of a bacterium: Streptococcus pyogenes.
9. Hand hygiene is crucial in healthcare to prevent the spread of infections between patients, staff, and visitors. Proper handwashing or using hand sanitizers can reduce infection transmission.
10. A pathogen is a microorganism that causes disease. An opportunistic pathogen typically does not cause disease in a healthy host but can infect when the host's immune system is compromised. Example of a pathogen: Influenza virus. Example of an opportunistic pathogen: Candida albicans (yeast).

[bookmark: _Toc149813828]Hand Hygiene in Nursing Quiz
Question 1: Why is hand hygiene crucial in nursing practice? a) To keep gloves clean b) To prevent the spread of infection c) To maintain personal appearance d) To save time during patient care
Question 2: When should nurses perform hand hygiene? a) Only after using the restroom b) Before and after every patient contact c) Once a day during a shift d) Only when hands visibly appear dirty
Question 3: What is the recommended duration for handwashing with soap and water? a) 5 seconds b) 10 seconds c) 20 seconds d) 30 seconds
Question 4: Which type of soap is recommended for handwashing in healthcare settings? a) Fragrant soap b) Antibacterial soap c) Regular household soap d) Alcohol-based hand rub
Question 5: Which handwashing technique is considered the most effective? a) Rinsing quickly with cold water b) Vigorous scrubbing with a brush c) Using warm water and soap for at least 20 seconds d) Applying lotion after washing to keep hands soft
Question 6: What is the correct order for donning personal protective equipment (PPE) before patient care? a) Gloves, gown, mask, goggles b) Mask, gown, gloves, goggles c) Goggles, mask, gown, gloves d) Gown, goggles, mask, gloves
Question 7: After removing gloves, what is the next step in the doffing (removal) process? a) Remove gown b) Wash hands c) Remove mask d) Take off goggles
Question 8: True or False: Hand sanitizer can replace handwashing with soap and water in all situations.
Question 9: How often should nurses assess their own hand hygiene practices to ensure compliance? a) Once a week b) Once a month c) Annually d) Regularly and continuously
Question 10: Which organization sets guidelines for hand hygiene in healthcare settings? a) World Health Organization (WHO) b) National Aeronautics and Space Administration (NASA) c) American Red Cross d) Centers for Disease Control and Prevention (CDC)
Question 11: What is the most common pathogen responsible for healthcare-associated infections (HAIs) that proper hand hygiene can help prevent? a) Common cold virus b) Influenza virus c) Methicillin-resistant Staphylococcus aureus (MRSA) d) E. coli bacteria
Question 12: How should nurses dry their hands after washing them? a) Using a paper towel or air dryer b) Wiping them on their uniforms c) Shaking them vigorously d) Using a dirty towel
Question 13: What should nurses do if they notice a colleague not practicing proper hand hygiene? a) Ignore it, as it's not their responsibility b) Report it to the charge nurse or supervisor c) Confront the colleague publicly d) Wait until the end of the shift to mention it
Question 14: Which part of the hand is most commonly missed during handwashing? a) Fingertips b) Palms c) Back of the hand d) Wrists
Question 15: True or False: Hand hygiene is important only when dealing with patients; it is not essential for administrative or non-patient care tasks.
Answers:
1. b) To prevent the spread of infection
2. b) Before and after every patient contact
3. c) 20 seconds
4. d) Alcohol-based hand rub
5. c) Using warm water and soap for at least 20 seconds
6. b) Mask, gown, gloves, goggles
7. b) Wash hands
8. False
9. d) Regularly and continuously
10. a) World Health Organization (WHO)
11. c) Methicillin-resistant Staphylococcus aureus (MRSA)
12. a) Using a paper towel or air dryer
13. b) Report it to the charge nurse or supervisor
14. a) Fingertips
15. False



[bookmark: _Toc149813829]Teaching ideas for Science-Based subjects

1. Interactive Models and Charts: Create low-cost anatomical models using locally available materials like clay, paper mache, or recycled materials. Use these models to demonstrate key anatomical structures and organ systems. Additionally, inexpensive anatomical charts can be hung in the classroom for reference.
2. Peer Teaching: Encourage peer teaching and group study sessions among nursing students. Each student can be responsible for researching and teaching a specific topic to their peers, fostering collaboration and knowledge sharing.
3. Hands-on Dissections: Organize simple, animal-based dissections using readily available small animals like chickens or fish. This provides students with a hands-on experience of exploring anatomy. Emphasize safety protocols and ethical considerations.
4. Clinical Shadowing: Arrange for nursing students to shadow healthcare professionals at local clinics or hospitals. Practical exposure allows students to see the human body in action and reinforces classroom learning.
5. Interactive Workshops: Host regular workshops on various physiological processes. For example, you could organize a workshop on the circulatory system using inexpensive materials like balloons and straws to simulate blood flow and pressure.
6. Digital Resources: Utilize low-cost digital resources, such as free anatomy apps, YouTube videos, and open-access online courses. Encourage students to use smartphones or shared computers for self-study and exploration.
7. Gamification: Create anatomy and physiology games or quizzes that make learning enjoyable. This can be done using cards, board games, or digital tools. Prizes or incentives can be offered to motivate participation.
8. Community Health Projects: Incorporate community health projects that require students to apply their anatomical and physiological knowledge. For example, they could educate local communities about common health issues like diabetes, hypertension, or nutrition.
9. Guest Speakers: Invite healthcare professionals or local experts to give talks or demonstrations on specific anatomical and physiological topics. This can provide real-world insights and inspire students.
10. Open Access Medical Libraries: Provide a list of resources freely available. Encourage students to access and use the resources by asking questions or developing activities related to the readings.
11. Anatomy Art: Encourage students to create anatomical drawings, diagrams, or models as a way to reinforce their understanding. Artistic representations can make complex concepts more accessible.
12. Case Studies: Present case studies of patients with various medical conditions. Discuss how their anatomy and physiology are affected and what nursing interventions are required. This contextual learning can be highly effective.
13. Regular Assessments: Implement regular quizzes and assessments to track student progress. Provide constructive feedback and support for struggling students.
14. Cross-Disciplinary Learning: Collaborate with other departments or institutions to share resources and expertise. For instance, partner with a nearby medical school for occasional lectures or workshops.
15. Emphasize Core Concepts: Focus on teaching fundamental concepts that are essential for nursing practice. Prioritize topics like the cardiovascular system, respiratory system, and basic pharmacology.
16. Local Traditions: Incorporate local cultural and traditional beliefs related to health and healing into the curriculum. This can make the learning experience more relatable for students.
17. Mentorship: Assign senior nursing students to mentor junior students. This fosters a sense of responsibility and encourages knowledge transfer within the community.
18. Continuous Professional Development: Encourage nursing faculty to attend workshops or training sessions to keep up-to-date with the latest teaching methodologies and resources.
Adapting to a low-resource environment may require creative thinking and resourcefulness, but with these ideas, nursing students can still receive a comprehensive education in human anatomy and physiology. Remember to prioritise safety, ethical considerations, and the local context in all teaching methods.

https://www.ncbi.nlm.nih.gov/books/NBK591822/
 Possible sources/possible texts, all open access
https://www.ncbi.nlm.nih.gov/books/NBK459220/
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