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Introduction to the Study Guide — First Module (Aligned with AMEE Guide 16)

Welcome to the study guide for the first module of 1st-year MBBS, designed to support your
learning journey. This guide aligns with AMEE Guide 16: The Study Guide, ensuring a
structured, student-centered approach that enhances understanding, retention, and application of
core medical concepts.

This study guide:

o Clarifies learning outcomes to help you focus on key competencies.

e Integrates active learning strategies such as self-assessment, reflective exercises, and
case-based learning.

e Provides structured content in an accessible format, reinforcing both foundational
knowledge and clinical relevance.

o Encourages independent learning while complementing lectures, tutorials, and
practical sessions.

By following this guide, you will develop a deep, meaningful understanding of the subject
matter and build a strong foundation for future medical education

This study guide is structured around three key components: management of learning, student
activities, and content, ensuring an effective and engaging learning experience.

Management of learning provides a clear roadmap, helping students set goals, track progress,
and develop self-directed learning skills.

Student activities include interactive exercises, self-assessment tools, and problem-based
learning tasks to reinforce critical thinking and application of knowledge.

Content is carefully curated, integrating essential concepts with clinical relevance, ensuring a
deep understanding of foundational medical sciences. Together, these elements foster active
learning, academic success, and professional growth in medical education.
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OVERVIEW

This study guide provides an overview of the foundational subjects covered in the first year of
your MBBS program, focusing on Anatomy, Physiology, Biochemistry, their clinical relevance.
Medicine, and Surgery are additional subjects that will be covered at the end of this guide. The
study guide outlines the key concepts, learning objectives, and assessment strategies to help you
navigate this crucial year.

1. Course Overview

This year lays the groundwork for your medical education. You will explore the human body's
structure (Anatomy), function (Physiology), and chemical processes (Biochemistry) at cellular
and systemic levels. Understanding these fundamentals is essential for comprehending disease
processes and clinical practice in subsequent years. The course emphasizes integrating

knowledge, moving from individual patients to organs and tissue to ultimately cells.
2. Area of Particular Interest: The Cell — The Foundation of Life

The cell is the fundamental unit of life. A deep understanding of its structure, function, and
processes is paramount. This includes the cell's organelles, cytoskeleton, cell membrane,
transport mechanisms, genetic control, and how these components are affected in disease.
Mastering cellular biology is crucial for grasping the mechanisms of health and disease, from

genetic disorders to cancer.
3. Advanced Organizer/Framework:
The course is structured around the following interconnected themes:

e Structure & Function: How anatomical structures relate to their physiological

functions, from the microscopic level of cells to macroscopic organ systems.



o Homeostasis: The body's ability to maintain a stable internal environment despite
external changes, and the mechanisms involved.

e Cellular Processes: The biochemical and molecular events that occur within cells,
including metabolism, transport, signaling, and genetic control.

e Integration: How different systems of the body work together to maintain overall health.

o Clinical Relevance: Connecting basic science knowledge to clinical scenarios,

understanding disease mechanisms, and the basis for diagnosis and treatment.

4. Course Learning outcomes

By the end of this module, students will be able to
v' Integrate embryological, histomorphological, physiological, and biochemical knowledge
to analyze the structure and function of cells and blood components,

v' Appraise the clinical aspects of their dysfunctions
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Learning Strategies for the Module: Cell Structure & Function

Interactive Lectures — Covering cell anatomy, histology, membrane transport, genetics,
and cell signaling.

Small Group Discussions (SGDs) — Case-based discussions on cellular functions,
homeostasis, and clinical disorders (e.qg., cystic fibrosis, cancer)

Self-Directed Learning (SDL) — Encouraging students to explore cell biology topics
through research articles and online resources.

Concept Mapping & Flowcharts — Visualizing complex cellular processes like protein
synthesis, cell cycle regulation, and apoptosis.

Laboratory Practical Sessions — Hands-on experience with microscopy, histological
slides, and biochemical assays.

Clinical Case Correlation — Linking cell structure and function to diseases such as
genetic disorders, lysosomal storage diseases, and cancer.

Quizzes & MCQs — Regular assessments to reinforce understanding of cellular
mechanisms.

Digital Learning Tools — Utilizing animated videos and 3D models for better

visualization of cellular processes.



SECTION I: ANATOMY &
PHYSIOLOGY



Learning Outcome

Demonstrate
anatomical position

Wame body planss

Define positional terms

Define movement terms

Define laterality terms

Correlats cytoskeleton
with cell modifications

Learning outcomes

By the end of this lesson, students will be able to;

SETTING THE STAGE

Content Information

Definition,
characteristics

Sagittal, coronal,
transverse

Superiorinferior, etc.

Flexionfextension, etc.

Ip=ilateraliontralzters]

Microtubules,
microfilaments

e Demonstrate the anatomical position.
e Name various planes of the body.

e Define the terms of position movement and laterality.
e Correlate the microscopic structure of the cytoskeleton with variations in cellular

modification.

Student Activities
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Management of
Learning
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30 models, online
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Mnemaonics, clinical
SCENarios

\Videos, interactive
simalations

Case studies

Microscopy, virtual
elides



Pre-requisites

1. Basic Biological Concepts: A foundational understanding of basic biological principles,
including cell structure (nucleus, cytoplasm, organelles), tissues, and the general
organization of the human body. you should understand that the body is organized from
cells to tissues, organs, and organ systems.

2. Elementary Anatomy: Familiarity with the major body regions (head, neck, trunk, limbs)
and some of the major organs. A general overview of the skeletal system would be
beneficial.

3. Spatial Reasoning: The ability to visualize and understand spatial relationships. This is
crucial for grasping anatomical position, planes of the body, and directional terms.
Simple exercises involving visualizing objects in space can be helpful.

4. Basic Medical Terminology: Exposure to some basic medical terms will be
advantageous, although the specific terms related to position, movement, and laterality
will be covered in the lesson. Understanding the general concept of medical terminology
(e.g., combining forms, prefixes, suffixes) is helpful.

5. Microscopy Basics (for Cytoskeleton Correlation): A basic understanding of how a
microscope works and the concept of magnification. Ideally, you should have some
experience looking at prepared slides under the microscope. This is particularly important
for the learning outcome about correlating cytoskeleton structure with cellular
modifications.

EReE VS

=) THE PRE-REQUISITES IS BASICALLY DONE THROUGH SELF-DIRECTED LEARNING
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Anatomical positions

The anatomical position is the standard position of the body when standing upright. It's used as a
reference point for describing the location of body parts.

Anatomical position is when the body is standing upright, the feet are parallel and shoulder width
apart, the toes are face forward, the upper limbs are held out to the sides, and the palms of the
hands are face forward.

lssimoisnA
noitizo9

Figurel.1: Anatomical positions

Anatomical terms

Anatomical terms are used to describe the position of body parts. Some examples include:
Medial: Toward the middle or centre of the body

Lateral: To the side of, or away from, the middle of the body

Distal: Away from a specific area, most often the centre of the body

Proximal: Nearer to the centre of the body or the point of attachment to the body
Supine: Lying flat on the back, face up

Other anatomical terms include: Anterior and posterior, Ventral and dorsal, Superior and
inferior, and External and

11
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TIP #1

Anatomical Directional Terms
Let's Simplify.....

Medial vs Lateral

Superior 8 Infarior
Anterior vs Posterior
Proximal vs Distal
Superficial vs Deep

Unilateral ws Bilateral

Ipsilateral ve Contralateral

TIP #2

The mnemonic ""SOFT" can help you remember the four anatomical planes of the body:
Sagittal: Splits the body into left and right

Oblique: Cuts through at an angle

Erontal: Divides the body into front and back

Transverse: Slices horizontally, separating top and bottom
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Quick revision

13

1. Ask your friend to stand in
an anatomical position

2. Now identify each plane

3. Identify the given
anatomical positions

4. Now use these anatomical
terms frequently to remember
them.



GENERAL HISTOLOGY

THE CELL

Learning outcomes

e List various cell organelles along with their function

e Explain the structure and function of various components of the cytoskeleton

Pre-requisites for Learning Outcomes

e Basic understanding of cell biology.

e Knowledge of biomolecules (proteins, lipids, carbohydrates, nucleic acids).

e Familiarity with cell structures under a microscope.

e Awareness of cellular processes like protein synthesis and transport.

Organelle H Function
Nucleus Controls cell activities, houses DNA, and directs protein synthesis.
Mitochondria Produces ATP (cell’s energy), often called the powerhouse of the cell.
Ribosomes Synthesizes proteins, found free-floating or attached to the rough ER.
Endoplasmic Rough ER: Has ribosomes, synthesizes proteins. Smooth ER:

Reticulum (ER)
Golgi Apparatus

Lysosomes

Peroxisomes
Cytoplasm

Plasma Membrane
Cytoskeleton
Centrioles

Vesicles

Microvilli

Involved in lipid synthesis and detoxification.
Modifies, sorts, and packages proteins and lipids for transport.

Contains digestive enzymes to break down waste and foreign
substances.

Detoxifies harmful substances, breaks down fatty acids.
Jelly-like substance where organelles are suspended.
Regulates entry and exit of substances, maintains homeostasis.
Provides shape, structure, and movement to the cell.

Helps in cell division (mitosis and meiosis).

Small membrane-bound sacs for transport and storage.
Increases surface area for absorption, found in intestines.

14



Structure and Function of Various Components of the Cytoskeleton

Microfilaments (Actin Thin, thread-like proteins Provides cell shape, involved in muscle
Filaments) made of actin. contraction and cell movement.
Rope-like fibers made of
keratin and other
proteins.

Intermediate

Provides mechanical strength, helps anchor
Filaments

organelles.

Forms spindle fibers in cell division,
provides tracks for vesicle movement, forms
cilia and flagella.

Hollow tubes made of

Microtubules tubulin proteins.

THE CELL ORGANELLES AND THEIR FUNCTION

Nucleolus

Rough endoplasmic Ribosomes

reticulum
Chromatin Golgi apparatus

Golgi vesicle

Nucleus Cytoplasm
Vacuole
Lysosome
Peroxisome
Smooth

Centrosome

endoplasmic
reticulum

Secretory vesicle

Intermediate
filament
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Nucleus Cytoskeleton

Nuclear envelopc_a: Microtubules: form the
membrane enclosu_ng_ mitotic spindle and
the nucleus. Protein-lined maintain cell shape.

pores allow material to
move in and out.

Chromatin: DNA plus
associated proteins.
Nucleolus:
condensed region
where ribosomes
are formed.

Centrosome: microtubule-
organizing center.
Intermediate filaments:
fibrous proteins that hold
organelles in place.
Microfilaments:
fibrous proteins;
form the cellular
cortex.

Plasma
membrane

Peroxisome:
metabolizes
waste
Lysosome:

digests food and
waste materials.

Golgi apparatus:

~ modifies proteins.
Endoplasmic

reticulum

Rough: associated . -
with ribosomes; Mitochondria:

makes secretory and vacuole produce energy.
membrane proteins.
Smooth: makes lipids. -

A phospholipid bilayer embedded with proteins, cholesterol, and carbohydrates.

Cytoplasm

Structure

Selectively permeable, regulating material exchange.

(a) Plasma membrane (clectron micrograph)

Electron microscopy shows the plasma
membranes of two adjacent cells

16



——)» THE BOUNCER OF THE CELLULAR CLUB: ONLY VIP ALLOWED

Membrane Proteins and Channels

A. lon Channels (Selective Transporters)

1. Voltage-Gated Channels: Open/close in response to voltage changes (Na*, K*, Ca*, CI
channels in neurons).

2. Ligand-Gated Channels: Open when a ligand binds (e.g., Nicotinic Acetylcholine
Receptor).

3. Mechanosensitive Channels: Respond to mechanical stress (e.g., Stretch-activated

channels in sensory cells).

(a) Resting K+ {b} Voltage-gated ic) Ligand-gated {d) Signal-gated
channel channel channel channal
Na* & Mat Ma'
Exterior + 4+ ++ .ﬂ - = M r
Resting [ | ql
rrlerrlbrane — | = ||
potential ‘\5
Cytosal T o
Mat Ma* w MNat
Alwavs open Opens (transiently) Opens (closes) in Opens (closes)in
in responsa to change response toa response to a specific
im the membrane specific extracellular  intracellular molecule
potential naurotransmitter

|:> THE GATE KEEPERS OF CELLULAR COMMUNICATION
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B. Carrier Proteins

1. Uniporters: Transport a single molecule (GLUT transporters for glucose).
2. Symporters: Move two molecules in the same direction (SGLT in renal tubules).

3. Antiporters: Exchange molecules in opposite directions (Na*/Ca*" exchanger).

uniporter symporter antiporter

=) THE TRAFFIC CONTROL OF LIFE: HOW CELL DIRECTS MOLECULAR
CONTROL

Transport Mechanisms

1. Passive Transport (No ATP Required)

a. Simple Diffusion:

Small, non-polar molecules (O2, CO.) diffuse freely.

b. Facilitated Diffusion:

Transport via channel or carrier proteins (e.g., glucose transporter, aquaporins).
c. Osmosis

Water moves through aquaporins or the lipid bilayer.

18



Passive Transport

Transported
Nonspecific

Inside

(a) Simple diffusion (b) Facilitated diffusion through  (c) Facilitated diffusion through a specific (d) Osmosis through the lipid
through the lipid bilayer  a nonspecific transporter transporter mmﬂ)mﬂmnmoﬂn

Copyright © 2010 Pearson Education, e,

|:> EFFORTLESS ENTRY: HOW CELLS WELCOME MOLECULES WITHOUT
SPENDING ENERGY

2. Active Transport (ATP Required)
a. Primary Active Transport:

It uses ATP to pump ions against their gradient (e.g., Na'/K* ATPase).
b. Secondary Active Transport:

Uses an ion gradient (e.g., Na*/Glucose symporter).
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Primary Secondary
Active Transport Active Transport

———> MOLECULAR GATEKEEPING

3.Vesicular Transport

a. Endocytosis:

Engulfing materials (phagocytosis, pinocytosis, receptor-mediated endocytosis).
b. Exocytosis:

Vesicles fuse with the membrane to release substances.

20



2. Endoplasmic Reticulum

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

folding, modification, and transport of proteins and lipids. It exists in two forms:

1. Rough Endoplasmic Reticulum (RER):

o Protein Synthesis: Studded with ribosomes, the RER is the site where proteins
destined for secretion, incorporation into the plasma membrane, or lysosomes are
synthesized. As these proteins are synthesized, they are translocated into the
lumen of the RER, where they undergo proper folding and post-translational

modifications.

Nucleus
Nu:'ﬁar EMIGPQ Cytoplasm
M ER
Ribosome it

Smooth ER

Smooth ER-

Apoptotic bodies Q : l-ndnc\tosls Phagocyitosis MVs or < Components of the
(Fromapoptotic cells) Pinocytosis 0 s . plasma membrane,
extracellular matrix,

— @ gk
— Q‘ e .@ \
<= = aling effects..
i3 V | Plasma membrane Hgualing cfiec
Early endosome

Loading of different components in J( \

Exosomes

° the vesicles: Proteins, nucleic acids,
/ Q . - Rcculmg-_ ® lipids... ©

Exocytosis / e ) ™ Constitutive/ regulated
Fusion with / Vesicle trafficking e ' exocytosis
SNARFEs al : )

» e e

Golgi apparatus (GA)

< e
Late endosome P \

(GA- ER)

Anterograde transport
(ER-GA)

.sa\ .. \

/ Nuclens

Endoplasmic reticulum

(ER)
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2. Smooth Endoplasmic Reticulum (SER):

o Lipid and Steroid Synthesis: The SER is involved in the synthesis of lipids,
including phospholipids and cholesterol, which are essential components of
cellular membranes. In certain cells, such as those in the adrenal glands and
gonads, the SER is involved in the synthesis of steroid hormones.

o Detoxification: In liver cells, the SER plays a crucial role in detoxifying drugs
and harmful substances by converting them into more water-soluble compounds
for easier excretion.

o Calcium Storage: The SER regulates calcium ion concentration within the
cytoplasm, which is vital for muscle contraction and other cellular processes. In
muscle cells, a specialized form of SER called the sarcoplasmic reticulum stores

and releases calcium ions to facilitate muscle contraction.

Additionally, the ER is involved in the unfolded protein response (UPR), a cellular stress
response related to the ER. The UPR is activated in response to an accumulation of unfolded or
misfolded proteins in the ER lumen. Its primary role is to restore normal function by halting
protein translation, degrading misfolded proteins, and activating signalling pathways that lead to
increased production of molecular chaperones involved in protein folding. Understanding the
functions of the ER is fundamental in cell biology, as it plays a central role in maintaining

cellular homeostasis and facilitating various metabolic processes.

3. Cytoplasm

In histology, the cytoplasm is the jelly-like material that fills a cell, excluding the nucleus. It
contains organelles, cell inclusions, and the cytosol.

Components

Cytosol: A watery, gel-like solution that contains organic molecules and ions. It's the main
component of the cytoplasm, excluding organelles and the nucleus.

Organelles: Membrane-bound and non-membranous structures that include mitochondria,
ribosomes, vacuoles, and endoplasmic reticulum.

Cell inclusions: Small, non-living structures like melanin, glycogen, and enzymes.
Functions

22



Shape

The cytoplasm helps maintain the cell's shape.

Chemical reactions

The cytoplasm is the site of many chemical reactions, including metabolic pathways like
glycolysis and photosynthesis.

e Waste breakdown: The cytoplasm contains enzymes that break down waste.
o Lipid biosynthesis: The cytoplasm plays a role in making lipids and steroids.

« Detoxification: The cytoplasm plays a role in detoxification mechanisms.
Examination

The cytoplasm can be examined under a microscope using staining techniques.

components of cytoplasm

— Interconnected filaments & fibers
— Fluid = cytosol

— Organelles (not nucleus)
— storage substances

Endoplasmic reticulum Plasma f'""‘h""'

Intermediate

filament P
Mitochondrion e Microtubule

4. THE NUCLEUS

The nucleus is an organelle in the center of a human cell that contains the cell's DNA and
chromosomes. It's the largest organelle in the cell and is responsible for controlling the cell's
genetic information.

Structure

e The nucleus is surrounded by a double membrane called the nuclear envelope.

e The nuclear membrane has pores that allow molecules to pass in and out of the nucleus.
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The nucleus contains chromatin, nucleoli, nucleoplasmic fibrils, and granules.
Function

The nucleus is responsible for DNA replication, RNA processing, and transcription.
It also controls gene expression, protein and enzyme synthesis, cell division, and cell growth.

During cell division, the nucleus duplicates its DNA to distribute to the new cells.
Shape and size

The shape and size of the nucleus varies by cell type and the cell's morphology.
Most mammalian cells have a single nucleus that's ovoid or spherical in shape.
Cardiac myocytes and skeletal muscle cells often have multiple nuclei.

Mature red blood cells don't have a nucleus.

Nuclear
Envelope,

Anatomy
of the
Nucleus

Endoplasmic
Reticulum

Figure 1

The Nuclear envelop

The nuclear envelope, also known as the nuclear membrane, is a double-layered membrane that
separates the nucleus from the cytoplasm. It protects the cell's DNA and regulates gene
transcription.

Structure of Nuclear envelop

The nuclear envelope is made up of two lipid bilayer membranes: an inner nuclear membrane
and an outer nuclear membrane.

It also contains nuclear pore complexes, which are large protein channels that allow small
molecules, ions, and macromolecules to pass between the nucleus and cytoplasm.

An underlying nuclear lamina supports the nuclear envelope.
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Function of Nuclear envelop

The nuclear envelope protects the cell's DNA from damage.
It also regulates gene transcription.

During cell division, the nuclear envelope breaks down to allow chromosomes to be pulled to
either end of the cell.

Other functions

The nuclear envelope is dynamic and adaptable, changing composition during differentiation and
deforming in response to mechanical challenges.

It can be repaired upon rupture and can rapidly disassemble and reform during open mitosis.

Vg e To remember the "nuclear membrane," think of it as a protective
@ "envelope” that surrounds the cell's "nucleus,” like a skull protecting the
Quick brain, ensuring the important DNA inside is kept separate from the rest of the
Tips cell's contents and only allowing specific materials to pass through via tiny
"pores.”

Mnemonic association:
e "Nucle-envelope™: Think of the "nucleus” being wrapped in a protective "envelope”.
e "Nuclear-gatekeeper": Imagine the nuclear membrane as a gatekeeper that carefully
checks what can enter and leave the nucleus.

Study Tips

e Visual Aids: Use diagrams and flowcharts to understand the structure and functions of
organelles.

e Comparison Tables: Create tables to compare different organelles (e.g., structure,
function, location).

e Mnemonics: Use memory aids to remember key functions and components.

e Practice Questions: Test your knowledge with MCQs and short-answer questions.

e Textbook and Resources: Refer to your textbook and other reliable sources for in-depth

information.
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Important Considerations for MBBS Students

e Clinical Relevance: Understand how the cytoplasm and its components are related to
various diseases and conditions.
o Histology: Learn to identify cytoplasmic structures under a microscope.

e Biochemistry: Understand the biochemical processes that occur in the cytoplasm.

Additional Resources

e Textbooks:
o "Essential Cell Biology" by Alberts et al.
o "Molecular Biology of the Cell" by Alberts et al.
e Online Resources:
o Khan Academy
o NCBI (National Center for Biotechnology Information)

o YouTube videos on cell biology

Remember: The cytoplasm is a fundamental part of the cell, so a solid understanding of its

structure and functions is crucial for your MBBS studies. Good luck!
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- DIBYOU

Ribosomes: The Protein Chefs
o Tiny chefs: Make proteins, the building blocks and workhorses of the cell.
e Two locations: Free-floating in cytoplasm (for proteins used inside the cell) or attached
to the rough ER (for proteins shipped elsewhere).
Endoplasmic Reticulum (ER): The Factory Floor

e Rough ER: Studded with ribosomes, makes proteins destined for export.
o Smooth ER: No ribosomes, makes lipids, detoxifies stuff (like in your liver cells!).

Golgi Apparatus: The Packaging and Shipping Center

o Post office: Modifies, sorts, and packages proteins from the rough ER.
e Sends proteins to: Their final destinations inside or outside the cell.

_~ Transport
vesicle

Cisternae
v

> Golgi apparatus

(b)

——— trans face

Golgi
apparatus

Secretory
vesicle
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5. Mitochondria: The Powerhouses
o Energy generators: Make ATP, the cell's energy currency, through cellular respiration.
e Double membrane: The inner one is folded (cristae) to increase surface area.

Lysosomes: The Garbage Disposals

e Cleanup crew: Break down waste materials, old organelles, and invaders.
o Contain digestive enzymes: Powerful stuff!

Mitochondria Function

ribosome
intermembrane
space

outer mitochondrial
membrane

. . . * matrix
inner mitochondrial
membrane

circular mMatrix

DONA

outer membrane

[ |
| | cristae
P inner membrane |

\_“" \‘ verywell

ribosomes

infermembrane. space

Study Tips to Master Mitochondria

1. Mnemonic Magic:
Use ""Mighty Mighty Mito™ to remember its functions:

« Makes ATP

e Metabolizes nutrients

« Maternal inheritance

e Memory cells (found in neurons & muscles)

2. Visualize It!
Imagine mitochondria as a power plant producing ATP (electricity) to power your body.
The more active an organ (like the brain or heart), the bigger its power station!
3. Use Flashcards!
Test yourself with key questions like:
What are the four parts of mitochondria?
Where does the Krebs cycle occur?
How does ETC produce ATP?

28



4. Think of Real-Life Applications!
Connect mitochondria to medical conditions:

e More energy — More mitochondria (athletes, bodybuilders)
o Less energy — Mitochondrial disorders (muscle weakness, fatigue)

5. Make It Interactive!

e Watch animated videos on YouTube
e Use apps like Anki or Quizlet for active recall
o Teacha friend or talk out loud to reinforce learning

Structure

6. The Cytoskeleton

The cytoskeleton is composed of three main types of protein filaments:

1. Microfilaments (Actin Filaments):

o

Composition: Made of the protein actin. They are the thinnest of the cytoskeletal

filaments.

Structure: Two strands of actin monomers twisted together to form a helical
structure.

Dynamic: Microfilaments can be rapidly assembled and disassembled, allowing

the cell to change shape and move.

2. Microtubules:

o

Composition: Made of the protein tubulin. Tubulin exists as alpha and beta
subunits, which combine to form a dimer.

Structure: Hollow tubes, much thicker than microfilaments. Microtubules are
highly dynamic, growing and shrinking by the addition or removal of tubulin
subunits.

Organization: Often radiate outward from a central organizing center called the

centrosome (which contains centrioles in animal cells).

3. Intermediate Filaments:
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o Composition: A diverse group of proteins, including keratin, vimentin, and
lamins. The specific protein composition varies depending on the cell type.

o Structure: Fibrous proteins wound together to form thick, rope-like structures.

o Stability: Unlike microfilaments and microtubules, intermediate filaments are
generally more stable and less dynamic. They provide strong structural support to

the cell.
Function
The cytoskeleton plays a crucial role in a wide range of cellular processes:

1. Cell Shape and Support: The cytoskeleton provides structural support, maintaining cell
shape and resisting mechanical stress. Intermediate filaments are particularly important
for this function.

2. Cell Movement: Microfilaments and microtubules are essential for various types of cell
movement, including:

o Amoeboid movement: Involves the formation of pseudopodia (temporary
projections) driven by actin polymerization and depolymerization.

o Ciliary and flagellar movement: Microtubules form the core of cilia and
flagella, which are hair-like structures that enable cells to swim (e.g., sperm cells)
or move fluids (e.g., in the respiratory tract).

3. Intracellular Transport: Microtubules act as tracks along which vesicles and organelles
are transported within the cell. Motor proteins (kinesin and dynein) "walk" along
microtubules, carrying cargo to their destinations.

4. Cell Division: The cytoskeleton plays a critical role in cell division (mitosis and
meiosis):

o Microtubules: Form the mitotic spindle, which separates chromosomes during
cell division.

o Microfilaments: Form the contractile ring that pinches the cell in two during
cytokinesis (the division of the cytoplasm).

5. Muscle Contraction: Microfilaments (actin) interact with myosin (a motor protein) to

cause muscle contraction.
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6. Adhesion and Communication: The cytoskeleton is involved in cell adhesion to

surfaces and in cell-cell communication.

TIP#1

Key Differences Between the Filament Types:

Feature Microfilaments Microtubules Intermediate
(Actin) Filaments

Protein Actin Tubulin D|ver_se (e9.

Keratin)

Structure Thin, helical Hollow tubes Rope-like

Dynamics Highly dynamic Dynamic Stable

Pri L

rimary Cell movement, shape Transport, division  Structural support
Function

Clinical Relevance:

The cytoskeleton is implicated in various diseases and conditions for example, mutations in
cytoskeletal proteins can lead to muscular dystrophies, neurological disorders, and cancer.

Understanding the cytoskeleton is therefore essential for medical professionals.
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Formative appraisal

1. Remembering

Match the Organelle: Draw a line connecting the organelle on the left with its primary
function on the right:

Nucleus Protein synthesis
Ribosome Energy production
Mitochondria ~ Genetic control

Golgi Apparatus Waste breakdown
Lysosome Packaging and sorting

O O O O O

Fill in the Blanks: Complete the following sentences:

o The cell membrane is composed of a bilayer.

o are the sites of protein synthesis.

o The is the control center of the cell.

o produce ATP, the cell's energy currency.

o The cytoskeleton is made up of : , and

2. Understanding

Analogy Time: Explain the function of each organelle using a relatable analogy. For
example: "The nucleus is like the city hall, controlling all the activities of the cell.”

True or False: Indicate whether the following statements are true or false:

All cells have a nucleus. (False)

Ribosomes are found only on the rough ER. (False)
Mitochondria are responsible for cellular respiration. (True)
Lysosomes contain digestive enzymes. (True)

The cytoskeleton provides structural support to the cell. (True)

O O O O O

Short Answer: Briefly describe the difference between rough ER and smooth ER.
3. Application

Cell Scenario: Imagine a cell that needs to produce a large amount of protein for export.
Which organelles would be particularly important in this cell, and why?
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Disease Connection: Explain how a defect in the function of lysosomes could lead to a
storage disease.

Diagram Labeling: Label the parts of the cell in the provided diagram. (Include a simple
cell diagram for this exercise)

4. Analysis

Compare and Contrast: Create a table comparing and contrasting the structure and
function of microfilaments, microtubules, and intermediate filaments.

Organelle Interactions: Describe how the different organelles of the cell work together
to synthesize, process, and transport a protein.

Experimental Design: You are studying a new cell type. How would you determine
whether it contains a nucleus? What techniques would you use?

5. Evaluating (Evaluation)

Organelle Importance: Which organelle do you think is the most crucial for cell
survival, and why? Justify your answer.

Cellular Efficiency: How does the compartmentalization of the cell into organelles
contribute to its overall efficiency?

Research Critique: A research study suggests that a particular drug targets and destroys
mitochondria. What are the potential side effects of this drug on the body?

6. Creating (Synthesis)

Design a Cell: Imagine you are designing a new type of cell. What specialized organelles
would you include, and what functions would they perform?

Cell Story: Write a short story about a protein's journey through the cell, from its
synthesis on a ribosome to its final destination.

Create a Model: Build a 3D model of a cell, labeling the different organelles. (This can
be a physical model using craft supplies or a digital model).

Bonus Fun:

Cell Bingo: Create bingo cards with different cell structures and functions. Call out the
definitions, and students mark the corresponding squares.
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GENERAL HISTOLOGY

Outcomes

1. Define epithelium

2. Classify epithelium with examples of each type

3. Classify glands with example

4. Define polarity

5. Differentiate among various epithelial cells

6. List of structural modifications according to motility

7. Name the components of the cytoskeleton contributing to each apical modification
8. Define metaplasia and correlate it with its clinical importance

9. Classify various types of cell junctions according to functions providing examples of each

PRE-REQUISITES

Basic Cell Biology: Students should have a fundamental understanding of cell structure,
including the plasma membrane, cytoplasm, and organelles (especially the nucleus). They should

be familiar with the concept of the cytoskeleton and its general role in cell shape and movement.

Microscopy Skills: Ideally, students should have some basic experience with microscopy,

including how to focus a microscope and identify basic cell structures in prepared slides.

Basic Tissue Types: A general overview of the four basic tissue types (epithelial, connective,
muscle, and nervous tissue) would be helpful. Students should understand that tissues are

collections of cells with specialized functions.

Anatomical Terminology: Familiarity with basic anatomical terms like anterior/posterior,
dorsal/ventral, medial/lateral, superior/inferior would be advantageous. However, the lesson can

also introduce or reinforce these terms.
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Protein Structure and Function (Optional): While not strictly required, a basic understanding
of protein structure and function would enhance their comprehension of the cytoskeleton and cell
junctions. This could include knowledge of amino acids, protein folding, and how proteins

interact with each other.

Epithelium

¢ "The Body’s Wallpaper!" — Epithelium is like the fancy wallpaper of your body, covering
every surface inside and out!

e ""Shape-Shifter Supreme!"* — Epithelium comes in different shapes: squamous (flat like
pancakes), cuboidal (cube-like dice), and columnar (tall like skyscrapers)!

e ""Built Like LEGO Bricks!"" — The cells fit super tightly together, forming a strong,
protective barrier—nothing sneaks past easily!

e ""Speedy Self-Healer!"" — Your epithelium is a regeneration champion—it heals cuts faster
than Wolverine!

¢ ""Cilia Party!" — Some epithelial cells have tiny hair-like structures (cilia) that wave around
like party streamers, helping to sweep away dust and mucus!

e "Skin’s Secret Identity!" — Your skin (epidermis) is actually stratified squamous
epithelium, making you a walking epithelial fortress!

The Case of the Burnt Breakfast (Burn Injury — Damage to Stratified Squamous
Epithelium)

Meet Nighat, a college student who loves making pancakes but isn’t great at flipping them. One
morning, she accidentally touches the hot pan with her hand. Ouch! Her skin turns red,
painful, and starts peeling after a few hours. Diagnosis? First-degree burn! The stratified
squamous epithelium in her skin got damaged, but since epithelium regenerates quickly, her
body will repair the tissue in a few days. She just needs cool water, aloe vera, and maybe a

reminder to use a spatula next time!

The Sneezing Nightmare (Chronic Bronchitis — Damaged Pseudostratified Ciliated
Epithelium)
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Meet Bilal, a smoker who thinks "just one more cigarette" won’t hurt. But lately, he’s been
coughing a lot, struggling to breathe, and constantly clearing his throat. His doctor tells him
his pseudostratified ciliated epithelium (which lines the respiratory tract) is damaged from

smoke exposure!

What’s happening? Normally, tiny cilia in his airways sweep away mucus and dust, but after
years of smoking, they’ve become paralyzed and damaged. This leads to chronic bronchitis,

where thick mucus builds up, making him cough like a car engine struggling to start.

Moral of the story? Bilal needs to quit smoking ASAP so his epithelium can start healing.

Clinical Applications & Diseases

1. A patient suffers a burn injury on their skin. Explain the role of epithelium in
wound healing?

2. How does chronic smoking affect the respiratory epithelium?

3. Describe Barrett’s esophagus and explain how chronic acid reflux affects the
esophageal epithelium?

4. How does vitamin A deficiency affect epithelial tissue?
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Table 2.7: Classifcation of epitnelal tissus

Simple squamous (pavement) epithelium
Description | A single layer of flat squamous cells

Location Lines blood vessels, lymphatic vessels, and air
example sacs of lungs, and forms serous membranes

Function Filtration, diffusion, osmosis, and secretion

Simple columnar epithelium

Description | A single layer of rectangular cells; may
contain goblet cells, which produce a
lubricating mucus, and microvilli, which
are -like projections that increase the
surface area of the plasma membrane

Location Lines the gastrointestinal tract
example

Function | Secretion and absorption
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Stratified epithelium: Stratified epithelium consists of tuwo or more layers of cells.
It is duralle and functions in protecting underlying lissues in areas of wear and bear.

Transitional epithelinm
Description | Consists of layers of cells that change shape
when the tissue is stretched

Location Organs of the urinary system, e_g., the
bladder
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e Visualize: Create mental images of each type of epithelium. Think of simple
squamous as a thin, flat sheet, simple cuboidal as little cubes, and so on. Visual aids
like diagrams and flashcards can be very helpful.

e Focus on Key Characteristics: Concentrate on the defining features: number of
cell layers (simple, stratified, pseudostratified), cell shape (squamous, cuboidal,
columnar), and any specializations (cilia, microvilli, keratinization).

Use Mnemonics: Create acronyms or memorable phrases. For example, you could use
"So Cute Cats Can't” for Simple Cuboidal Columnar. Get creative!

Relate Structure to Function: Understand why each type of epithelium is structured the
way it is. Thin squamous cells for diffusion, columnar with microvilli for absorption,
stratified for protection, etc. This makes the classification more logical and less like rote
memorization.

Organize by Category: Group the epithelia. Start with the number of layers, then branch
out by cell shape. This creates a hierarchical structure in your mind.

Draw Diagrams: Sketching the different types of epithelium helps solidify the
information in your memory. Label the key features.

Use Flashcards: Create flashcards with the name of the epithelium on one side and its
characteristics and location on the other. Test yourself regularly.

Teach Someone Else: Explaining the classification to someone else is a great way to
reinforce your own understanding.

Clinical Correlations: Connect the histology to clinical examples. For instance, knowing
that the respiratory tract is lined with pseudostratified ciliated columnar epithelium helps
you understand why damage to cilia can lead to respiratory problems.
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Repetition and Review: Regularly review the material. Spaced repetition, where you

review the information at increasing intervals, is particularly effective for long-term

retention.
e Epithelium acts as the body's first line of defense against
I 2 ‘ physical, chemical, and biological wear and tear.
Fun chts e Epithelial cells are constantly regenerating—some types renew

faster than others, like those lining the gut.
Stratified squamous epithelium (e.g., skin) is the toughest, designed to withstand wear
and tear.
Simple epithelium (e.g., alveoli) is ideal for absorption and secretion due to its thin, one-
cell layer.
Cilia on epithelial cells can move mucus and debris out of the respiratory system,
keeping your lungs clean!
Microvilli on the epithelium in the intestines increase surface area, enhancing nutrient
absorption.
Glands like sweat and sebaceous glands are specialized forms of epithelial cells designed
to secrete substances.
Endocrine glands release hormones directly into the bloodstream, making them vital for
body regulation.
Metaplasia is when epithelial cells change type in response to stress, like the transition

of the respiratory epithelium in smokers.

Epithelial tissue is connected by tight junctions, desmosomes, and gap junctions,

keeping everything in place and allowing communication!
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EXERCISE: “Classification of epithelium”

1. The primary function of transitional epithelium is to:
a) Facilitate diffusion

b) Provide a barrier against abrasion

c) Allow for distension and recoil

d) Secrete mucus

2. Which type of epithelium is best suited for rapid diffusion and filtration?
a) Stratified squamous

b) Simple cuboidal

c) Simple squamous

d) Pseudostratified columnar

3. Keratinization is a characteristic feature of:
a) Simple columnar epithelium

b) Stratified squamous epithelium

c) Transitional epithelium

d) Pseudostratified columnar epithelium

4. Which junction type is primarily responsible for preventing paracellular diffusion?
a) Desmosomes

b) Tight junctions

c) Gap junctions

d) Adherens junctions

5. Microvilli are most commonly found in which type of epithelium?
a) Stratified squamous

b) Simple columnar
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¢) Transitional

d) Pseudostratified

6. Which of the following epithelial types is NOT typically involved in secretion?
a) Simple cuboidal

b) Simple columnar

c) Stratified squamous

d) Glandular epithelium

7. The ""false™ stratification seen in pseudostratified columnar epithelium is due to:
a) Varying cell shapes

b) Nuclei located at different levels

c) The presence of cilia

d) Multiple layers of cells

8. Which of the following is NOT a function of epithelial tissue?
a) Protection

b) Absorption

c) Contraction

d) Secretion

9. Which type of gland releases its secretions through ducts?
a) Endocrine

b) Exocrine

c) Holocrine

d) Apocrine

10. Which of the following best describes the basement membrane?
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a) A layer of epithelial cells
b) A specialized connective tissue layer
c) A structure that anchors epithelium to connective tissue

d) A type of intercellular junction

11. Which of the following is NOT a type of intercellular junction?
a) Hemidesmosome

b) Microvilli

c) Tight junction

d) Adherens junction

12. Ciliated epithelium is commonly found in the:
a) Skin

b) Urinary bladder

c) Respiratory tract

d) Digestive tract

13. Which of the following epithelia is characterized by a single layer of cube-shaped cells?
a) Stratified cuboidal

b) Simple cuboidal

c) Stratified squamous

d) Transitional

14. The primary function of stratified squamous epithelium is:
a) Secretion

b) Absorption

c) Protection

d) Filtration
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15. Which of these epithelia is capable of significant stretching and recoil?
a) Simple squamous

b) Stratified squamous

c) Transitional

d) Simple columnar

16. Which of the following describes an endocrine gland?
a) Secretes products into ducts

b) Secretes products onto epithelial surfaces

c) Secretes hormones into the bloodstream

d) Secretes mucus

17. Myo-epithelial cells are associated with:
a) Stratified squamous epithelium

b) Glandular epithelium

c) Transitional epithelium

d) Pseudostratified epithelium

18. Which of the following is NOT a characteristic of epithelial tissue?
a) Avascular

b) Highly cellular

c) Innervated

d) Supported by a basement membrane

19. Epithelial-mesenchymal transition (EMT) involves:

a) The differentiation of epithelial cells into specialized types.

b) The transformation of epithelial cells into mesenchymal cells.

¢) The formation of tight junctions between epithelial cells.
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d) The breakdown of the basement membrane.

Check your Synthesis

1. A biopsy from a patient's lung reveals a single layer of flattened cells lining the alveoli.
Which type of epithelium is this, and how does its structure relate to its primary function in gas
exchange?

2. A pathologist examines a tissue sample from the small intestine and notes a single layer of tall,
cylindrical cells with microvilli. What type of epithelium is present, and what is the functional
significance of the microvilli in this location?

3. A urine sample analysis reveals the presence of cells that appear to have varying shapes, some
rounded and some flattened. This suggests damage to which type of epithelium lining the
urinary tract, and how does this epithelium'’s unique structure contribute to its function?

4. A skin biopsy shows multiple layers of cells, with the outermost layer consisting of dead,
keratinized cells. Identify this type of epithelium and explain how keratinization contributes to
its protective function.

5. Endoscopy of the stomach reveals a thick, protective lining. Which type of epithelium is
likely present, and what specialized features might it possess to withstand the acidic environment
of the stomach?
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Classification of Glands

1. Gland "Families™ (Exocrine vs. Endocrine): Imagine exocrine glands as the "delivery
service" of the body. They have "tubes” (ducts) to deliver their goods (secretions) to
specific locations. Endocrine glands are the "radio broadcasters™ of the body. They send
out their messages (hormones) directly into the "airwaves" (bloodstream) to reach targets
far and wide.

2. Duct "Dance Moves™: Think of duct structures as dance moves. Simple is a single,
straight move. Branched is like doing the "sprinkler” with your arms. Compound is a
complicated dance routine with lots of twists and turns. Tubular is like a long, straight
line dance. Acinar is like a circle dance, and Tubuloacinar is a mix of both!

3. Secretion ""Drama'": The secretion methods are where the real drama happens!

Merocrine is the polite "handshake™ — just releasing the secretion without any cell parts.
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Apocrine is a bit more dramatic — "waving goodbye" with a part of the cell. Holocrine is
the ultimate drama queen — the whole cell "explodes” in a grand finale!

4. Gland "Characters': Give each gland a personality! Sebaceous glands are the "oily
teens” (holocrine). Sweat glands are the "nervous sweaters" (apocrine/merocrine). The
pancreas is the "cool multitasker” (both exocrine and endocrine). The thyroid is the
"hormone hype-man" (endocrine). The more ridiculous the character, the better they'll
remember it!

5. "Gland Bingo': Create bingo cards with different gland characteristics (e.g., "simple
tubular,” "merocrine,” "endocrine™). Call out the characteristics, and have students mark
them off. The first to get bingo wins! This can be a fun and interactive way to review the

material.

Exploring the secrets of secretion: MCQs on classification of glands

1. A gland that releases its secretions through a duct onto an epithelial surface is classified as:
a) Endocrine

b) Exocrine

c) Paracrine

d) Autocrine

2. Which of the following describes a merocrine secretion?
a) Release of entire cell

b) Release of apical portion of cell

c) Release of secretory granules by exocytosis

d) No release of cellular material

Sebaceous glands secrete sebum using which mechanism?
a) Merocrine
b) Apocrine

¢) Holocrine
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d) Endocrine

3. Which gland type lacks ducts and releases hormones directly into the bloodstream?
a) Exocrine

b) Endocrine

c) Mixed

d) Paracrine

4. A simple tubular gland has:

a) A single, unbranched duct and a tube-shaped secretory portion
b) Multiple ducts and multiple secretory portions

¢) A branched duct and a tube-shaped secretory portion

d) Asingle duct and a sac-like secretory portion

5. Which of the following is an example of a holocrine gland?
a) Sweat gland

b) Salivary gland

c) Sebaceous gland

d) Pancreas

6. Mucous glands primarily secrete:
a) Enzymes

b) Hormones

c) Mucin

d) Serous fluid

Which of the following is NOT a characteristic of endocrine glands?

a) Ductless
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b) Highly vascularized
c) Secrete hormones

d) Secrete onto epithelial surfaces

7. Which of the following is an example of a mixed gland (both exocrine and endocrine)?
a) Thyroid gland

b) Pancreas

c) Adrenal gland

d) Pineal gland

8. Apocrine secretion involves:

a) Exocytosis of secretory granules

b) Shedding of the apical portion of the cell
¢) Rupture of the entire cell

d) Diffusion of secretions across the cell membrane

9. Which type of gland has a branched duct and multiple secretory portions?
a) Simple tubular

b) Compound acinar

c) Simple acinar

d) Branched tubular

10. Goblet cells are examples of:
a) Multicellular exocrine glands
b) Unicellular exocrine glands

c) Endocrine glands

d) Mixed glands
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11. Serous glands typically secrete:

a) Mucin

b) Watery fluids rich in enzymes or proteins
c) Lipids

d) Hormones

12. Which of the following is an example of a simple coiled tubular gland?
a) Sebaceous gland

b) Sweat gland

c) Salivary gland

d) Mammary gland

13. The chemical nature of a gland's secretion can be:
a) Mucous, serous, or mixed

b) Protein, carbohydrate, or lipid

c) Tubular, acinar, or tubuloacinar

d) Simple, compound, or branched

14. Exocrine glands can be classified based on:

a) The number of cells, the type of secretion, and the duct structure

b) The size of the gland, the location of the gland, and the target tissue

c) The color of the secretion, the viscosity of the secretion, and the pH of the secretion

d) The presence or absence of a basement membrane, the type of cell junctions, and the presence
of cilia

15. Which of the following glands uses the holocrine method of secretion?
a) Salivary gland

b) Sweat gland

¢) Sebaceous gland
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d) Pancreas

16. Endocrine glands secrete their products:

a) Into ducts that lead to epithelial surfaces
b) Directly into the bloodstream
c) Into a lumen surrounded by epithelial cells

d) Onto the surface of the sperm

52



General Embryology: Gametogenesis

Learning outcomes
By the end of the lesson, students will be able to

e Explain the sequence of events of meiosis and mitosis with the help of illustrations and
models
e Elucidate the morphological changes in male and female gametes during their maturation
e Define the following terms about spermatogenesis and oogenesis
1. Haploid
2. Diploid
3. Euploid

Pre-requisites

1. Understanding Basic Cell Division Concepts

Difference Between Prokaryotic and Eukaryotic Cells: Explain how only eukaryotic cells
undergo mitosis and meiosis.

Cell Cycle Overview: Introduce the phases of the cell cycle (G1, S, G2, M) to help students
understand where mitosis and meiosis fit.

Purpose of Mitosis vs. Meiosis: Clarify why mitosis leads to identical cells (for growth and
repair), while meiosis leads to genetic diversity (for reproduction).

2. Chromosomal and Genetic Fundamentals

Structure of Chromosomes: Explain chromatids, centromeres, and homologous chromosomes.
Ploidy Concept: Define haploid (n), diploid (2n), and euploidy (normal chromosome number).
Importance of DNA Replication: Discuss how chromosomes duplicate before division.

3. Introduction to Gametogenesis (Spermatogenesis & Oogenesis)

Basic Differences Between Male and Female Gametes:

Explain how sperm formation (spermatogenesis) and egg formation (oogenesis) differ in terms of
timing and number of gametes produced.

Morphological Changes in Gametes:

Discuss how sperm develop tails and reduce cytoplasm, while eggs accumulate nutrients.
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First 2 weeks

This is a period of cell proliferation from the
zygote to the morula, blastocyst, and formation
of the bilaminar embryonic disc. Birth defects
do not originate in this period because body
systems and structures have not yet developed.
Teratogens usually cause the loss of the entire
conceptus.

Fetal Period

1
I

The dominant theme in months 3 to
9 (full term) is growth of all major
structures that have already
appeared. Birth defects in this period
are usually not as severe or obvious
and include small size, mental
retardation, and defects in the eyes,
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Weeks 310 8
constitute the dynamic
period of gastrulation,
folding of the embryo,
and the formation of
all the organ systems.



10.

11.

12.

13.

Here are some intriguing facts about gametogenesis:

1. Asymmetric Division in Oogenesis: During oogenesis, the cytoplasm
divides unevenly, producing one large ovum and smaller polar bodies that
typically degenerate. This ensures the ovum has sufficient resources for early development.
Sperm Production Rate: An average human male produces approximately 1,500 sperm per
second, amounting to over 100 million sperm daily.

Egg Quantity Decline: Females are born with about 1 to 2 million oocytes, but only around
400 will ovulate during their reproductive lifespan.

Sperm Size Efficiency: Sperm cells are among the smallest human cells, optimized for
delivering genetic material efficiently.

Egg Size Prominence: The human egg is one of the body's largest cells, visible to the naked
eye, and contains nutrients to support the early embryo.

Mitochondrial DNA Inheritance: Mitochondria in the embryo are inherited exclusively
from the mother, as the egg provides the initial cellular machinery.

Sperm Journey Challenges: Out of millions of sperm, only a few hundred reach the egg,
and typically only one succeeds in fertilization.

Oocyte Arrest Phases: Oocytes pause twice during meiosis: first at prophase | from fetal
development until ovulation, and second at metaphase Il until fertilization.
Spermatogenesis Duration: The complete process of developing mature sperm takes about
64 days in humans.

Temperature Sensitivity in Sperm Production: Spermatogenesis requires a temperature
slightly lower than the body's core, which is why testes are located outside the abdominal
cavity.

Continuous vs. Cyclical Gametogenesis: Males produce sperm continuously from puberty,
while females have a cyclical pattern, releasing one egg per menstrual cycle.

Polar Body Function: In oogenesis, polar bodies serve to discard the extra haploid sets of
chromosomes, ensuring the egg remains haploid.

Sperm Maturation Site: After production in the testes, sperm mature and gain motility in

the epididymis before ejaculation.

55



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Egg Activation Timing: The secondary oocyte completes its second meiotic division only
upon fertilization by a sperm.

Genetic Diversity Through Meiosis: Crossing over during prophase I of meiosis increases
genetic variation by exchanging DNA between homologous chromosomes.

Sperm Energy Source: Sperm cells utilize fructose in seminal fluid as their primary energy
source for motility.

Oocyte's Protective Layers: The zona pellucida and corona radiata surround the oocyte,
protecting it and playing roles in sperm binding during fertilization.

Sperm Chromosome Determination: Sperm carry either an X or Y chromosome,
determining the genetic sex of the offspring upon fertilization.

Egg’s Metabolic Quiescence: Oocytes remain metabolically inactive until fertilization
triggers developmental processes.

Sperm Capacitation: Before fertilizing an egg, sperm undergo capacitation in the female
reproductive tract, enhancing their motility and ability to penetrate the egg.

Limited Oocyte Reserve: Unlike males, females do not produce new oocytes after birth; the
number declines with age, leading to menopause when the reserve is depleted.

Sperm’s Alkaline Environment Preference: Semen is slightly alkaline, which helps
neutralize the acidic environment of the female vagina, promoting sperm survival.

Egg’s Nutrient-Rich Cytoplasm: The oocyte's cytoplasm is rich in proteins, enzymes, and
MRNA, supporting the early stages of embryonic development post-fertilization.

Sperm’s Streamlined Structure: A sperm's design, with a condensed nucleus and minimal
cytoplasm, aids in efficient swimming toward the egg.

Oocyte's Meiotic Arrest Duration: A female's primary oocytes can remain arrested in
prophase | for decades before completing meiosis upon ovulation.

Sperm’s DNA Packaging: Sperm DNA is tightly packed and protected by protamines,
replacing histones to achieve a highly condensed state.

Egg’s Cortical Reaction: Upon sperm entry, the egg undergoes a cortical reaction, releasing
enzymes that prevent additional sperm from fertilizing the egg.

Sperm’s Limited Lifespan: Once ejaculated, sperm can survive up to 5 days in the female

reproductive tract, but their fertilizing capability diminishes over time.
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29. Egg's Short Fertilization Window: After ovulation, an egg remains viable for fertilization
for about 12 to 24 hours.
30. Sperm's Mitochondrial Location: Mitochondria in sperm are located in the midpiece,

providing energy for motility, but they do not contribute to the embryo’s mitochondrial DNA.
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""Test your wits with our ultimate MCQ quiz! Sharpen your mind and see how
many you can get right."

1. Which of the following statements accurately describes a key difference between
oogenesis and spermatogenesis?

A. Spermatogenesis produces polar bodies, whereas oogenesis does not.

B. Oogenesis produces one viable ovum and polar bodies, while spermatogenesis
produces four viable spermatozoa.

C. Oogenesis involves two meiotic divisions; spermatogenesis involves only one.
D. Spermatogenesis begins at birth, whereas oogenesis starts at puberty.
2. In the context of meiosis, what is the significance of the synaptonemal complex?
A. It facilitates the attachment of spindle fibers to kinetochores.
B. It forms during prophase Il to align sister chromatids.

C. It mediates synapsis and recombination between homologous chromosomes during
prophase I.

D. It ensures the separation of homologous chromosomes during anaphase 1.
1. Which of the following events does NOT occur during meiosis?
A. Synapsis of homologous chromosomes
B. Segregation of sister chromatids during anaphase |
C. Crossing over between non-sister chromatids
D. Reduction of chromosome number from diploid to haploid
2. In human females, at which stage is the oocyte arrested until fertilization occurs?
A. Prophase |
B. Metaphase |

C. Prophase II
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D. Metaphase 11

5. During which stage of prophase I does the synaptonemal complex fully form,
facilitating homologous recombination?

A. Leptotene
B. Zygotene
C. Pachytene
D. Diplotene
6. Which of the following best describes the outcome of meiosis 11?
A. Separation of homologous chromosomes
B. Reduction of chromosome number from diploid to haploid
C. Separation of sister chromatids
D. Replication of DNA

7. In human spermatogenesis, how many mature sperm cells are produced from a single
primary spermatocyte?

A. One
B. Two
C. Three
D. Four

8. Which structure is responsible for the exchange of genetic material between homologous
chromosomes during meiosis?

A. Centromere
B. Chiasma
C. Kinetochore

D. Telomere
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9. What is the primary function of the synaptonemal complex during meiosis?

A. To separate sister chromatids
B. To facilitate synapsis and recombination between homologous chromosomes
C. To attach spindle fibers to centromeres

D. To replicate DNA before cell division

10. In oogenesis, at which stage is the primary oocyte arrested before puberty?

11.

A. Prophase |

B. Metaphase |

C. Prophase Il

D. Metaphase 11

Which of the following events is unique to meiosis and does not occur in mitosis?
A. Separation of sister chromatids

B. Alignment of chromosomes at the metaphase plate

C. Synapsis of homologous chromosomes

D. Cytokinesis

12. During which phase of meiosis do homologous chromosomes separate?

A. Anaphase |
B. Anaphase Il
C. Metaphase |
D. Metaphase 11

13. In human females, how many mature ova are produced from a single primary
oocyte?

A. One

B. Two
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C. Three
D. Four
14. Which of the following processes contributes to genetic diversity during meiosis?
A. DNA replication
B. Crossing over
C. Cytokinesis

D. Synapsis
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Describe the embryological process of gastrulation during the
second and third week of development.

Embryology

Ovulation, fertilization, development of 15t week

Learning outcomes

e Correlate the menstrual and ovarian cycles with each other
e Describe the process of ovulation

e Define corpus luteum and corpus albicans

e Define fertilization.

e Describe and illustrate the steps, and outcomes of fertilization

e Describe the basic principles behind various techniques of in vitro fertilization

e Describe the process of implantation

Pre-requisites

e The menstrual and ovarian cycles are synchronized through hormonal regulation:

1. Follicular Phase (Ovarian) — Menstrual & Proliferative Phases (Uterine)
o FSH stimulates follicle growth, estrogen rises
o Endometrium thickens in preparation for implantation
2. Ovulation (Ovarian) — Mid-cycle
o Surge in LH triggers ovulation, releasing the oocyte
3. Luteal Phase (Ovarian) — Secretory Phase (Uterine)
o Corpus luteum forms, secreting progesterone

o Endometrium is maintained for possible implantation
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4. No fertilization — Menstruation
o Corpus luteum degenerates, hormone levels drop

o Endometrium sheds, restarting the cycle
e Process of Ovulation

Developing follicles secrete estrogen.
A surge in LH (Luteinizing Hormone) triggers ovulation.

The dominant follicle ruptures, releasing a mature egg (oocyte) into the fallopian tube.

R

The egg is viable for 24 hours, awaiting fertilization.
e Corpus Luteum & Corpus Albicans

1. Corpus Luteum: The ruptured follicle transforms into the corpus luteum, secreting

progesterone and estrogen to maintain the uterine lining for pregnancy.

2. Corpus Albicans: If fertilization does not occur, the corpus luteum degenerates into a

fibrous scar (corpus albicans), leading to decreased hormone levels and menstruation.

o Definition of Fertilization

Fertilization is the fusion of a sperm and an egg to form a zygote. It occurs in the ampulla of the

fallopian tube. This marks the beginning of embryonic development.
e Steps & Outcomes of Fertilization

Sperm Capacitation — Sperm undergoes physiological changes to penetrate the egg.
Acrosomal Reaction — Enzymes released to break through the zona pellucida.
Sperm-egg Membrane Fusion — The sperm nucleus enters the egg.

Cortical Reaction — Prevents polyspermy (multiple sperm entry).

S N

Formation of Zygote — Fusion of genetic material restores the diploid number (46
chromosomes).
6. Cleavage & Blastocyst Formation — The zygote undergoes mitotic divisions, forming a

blastocyst.
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Outcome: A fertilized zygote develops into a blastocyst ready for implantation.

Techniques of in Vitro Fertilization (IVF)

Ovarian Stimulation — Hormones stimulate multiple follicle development.
Egg Retrieval (Oocyte Aspiration) — Mature eggs are collected from the ovaries.

Sperm Collection & Preparation — Sperm is washed and concentrated.

el

Fertilization — Sperm and eggs are combined in a lab (IVVF) or sperm is injected into the
egg (ICSI).
Embryo Culture — Fertilized eggs develop into embryos over 3-5 days.

o1

6. Embryo Transfer — Selected embryos are implanted into the uterus.

7. Luteal Support — Progesterone supplements help maintain implantation.
Process of Implantation

Blastocyst Hatching — The blastocyst sheds the zona pellucida.
Adhesion — The blastocyst adheres to the endometrial lining.

Invasion — The trophoblast cells invade the endometrium, forming the placenta.

M w0

Placenta Formation — The maternal-fetal connection develops, supporting the embryo.

Menstrual and ovarian cycles

“Let us help you correlate ovarian and menstrual cycles through following
activities and study tips”

Ovarian Cycle (Follicle Development)

oD » = =

Menstrual Cycle (Uterine Lining Development)

*ioz‘,:: SR * §§§ % gg %

<Menstruation ><Prollferat|ve Phase Secretory Phase
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The menstrual cycle and the ovarian cycle are closely related, but they refer to different
processes in the female reproductive system. Here's a comparison:

Menstrual Cycle:

1. Duration: Typically lasts around 28 days, but it can range from 21 to 35 days.

2. Phases:
o Menstrual Phase (Day 1-5): This is when menstruation occurs. The endometrial

lining sheds if pregnancy hasn't occurred.

o Follicular Phase (Day 1-13): Overlaps with the menstrual phase. The follicle-
stimulating hormone (FSH) stimulates the growth of ovarian follicles. The
endometrium begins to thicken in preparation for a possible pregnancy.

o Ovulation (Day 14): A mature egg is released from the ovary, triggered by a
surge in luteinizing hormone (LH).

o Luteal Phase (Day 15-28): The ruptured follicle becomes the corpus luteum,
which secretes progesterone to maintain the endometrial lining. If fertilization
does not occur, progesterone levels drop, leading to menstruation.

3. Key Hormones: Estrogen, progesterone, FSH, and LH.

Ovarian Cycle:

1. Duration: Approximately 28 days, similar to the menstrual cycle.

2. Phases:
o Follicular Phase (Day 1-13): FSH stimulates the development of ovarian

follicles. One dominant follicle matures while others regress.
o Ovulation (Day 14): The mature follicle ruptures, releasing an egg. This is
triggered by the LH surge.
o Luteal Phase (Day 15-28): The ruptured follicle transforms into the corpus
luteum, which secretes progesterone to prepare the uterus for pregnancy.
3. Key Hormones: FSH, LH, estrogen, and progesterone.

Key Differences:

1. Focus: The menstrual cycle involves changes in the endometrial lining, while the ovarian
cycle involves the maturation of eggs in the ovaries.

2. Visible Changes: The menstrual cycle includes visible changes such as menstruation,
whereas the ovarian cycle primarily involves hormonal changes and the development of

the egg.
3. Overlap: The follicular phase of both cycles overlaps, but the menstrual cycle includes

the shedding of the endometrium, while the ovarian cycle focuses on follicle
development
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""From Ovulation to Occupation: How the Endometrium Turns into the
Ultimate Luxury Suite for a Tiny VIP!

1. How do hormonal fluctuations during the menstrual cycle regulate the transformation of
the endometrium, and what would be the consequences if these hormonal signals were
disrupted?

2. Why does the endometrium undergo significant changes to support implantation, and
how do these adaptations compare to other physiological environments designed for
sustaining life?

3. If ovulation occurs but the endometrium fails to properly prepare for implantation, what
alternative mechanisms (natural or medical) could support successful pregnancy
outcomes?

" Hvoothalam
S Vaginal

Vaginal Vaginal

Pituitary hormones Ovarian and chorionic
hormones

Enllicla.

Luteinizing hormone Progesterone

Prolactin Chorionic

“Think of ovulation as the grand opening, hormones as the event planners, and the
endometrium as the VIP lounge—get your visuals on and watch the magic of pregnancy

unfold! “
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TIME TO MANAGE YOUR LEARNING

g~ e The average length of a menstrual cycle is 28 days, but it can range from
= N 21 to 35 days, which makes it quite individualized!
RN
R &4
/ e Only about 400-500 eggs will mature and be released during a woman’s
reproductive years. The rest of the eggs are reabsorbed.

Learning Technique:

e Draw a diagram with two overlapping cycles (menstrual and ovarian).
Label the phases and use color coding to distinguish the different
phases.

Watch animated videos or use 3D apps to visualize the ovulation

e Use mnemonics like "Follicles Form First” (for the follicular phase),
"Ovulation Opens Opportunities” (for ovulation), and "Luteal Lull"
(for the luteal phase).

e Watch animated videos or use 3D apps to visualize the ovulation
process

e Create a timeline to map out the stages of ovulation, from the
maturation of the egg to its release.
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The Corpus Luteum and Corpus Albican

Stages of ovum and follicle

Primary follicle
/ Epithelial cord ﬁ*
growing in
Primordial follicl Secondary (antral) follicles
Superficial (germinal) PO o0 s
epithelium (cuboidal cells)v & 2

Blood vessel
entering ovary \

Visceral pentoneum N
ofW - -

Mature (graafian)

follicle

1 J

Ruptured follicle
(corpus hemorthagicum)

P A ..v‘:
) ®
..v- X Discharged ¢
o
Mature corpus luteun?” Flbﬂﬂ Luteal cells ovum /€ RIS
3/

uod clot
Early corpus luteum

“Corpus Luteum: Like a Festival Stall—Active for a While, Then Fades Away”

This is the structure that forms in the ovary after ovulation from the
remnants of the follicle. It secretes progesterone, essential for
maintaining the uterine lining for a possible pregnancy.

The corpus luteum is responsible for the "luteal” cycle phase, which is
named after it. If pregnancy occurs, the corpus luteum continues to
function to support early pregnancy.

"Corpus Albicans: A Silent Reminder That Not Every Star Shines ﬁ".
Forever!" s

If fertilization does not occur, the corpus luteum degenerates into the # s
corpus albicans, a scar tissue, signaling the end of the luteal phase.

e Compare the corpus luteum to a temporary "house™ for
Study the egg after ovulation, and the corpus albicans as the "demolition” of that house
s when no pregnancy happens.

e Use flashcards to memorize these terms and their functions. Draw the
transformation from corpus luteum to corpus albicans.
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Fertilization

Fertilization is the union of a sperm cell from the male and an egg cell

4 (oocyte) from the female, typically occurring in the fallopian tube. It results
A} @ s in the formation of a zygote, the first cell of the new organism.
P \‘ The odds of a sperm fertilizing an egg are quite low—only one sperm out of
, millions will successfully fertilize the egg.
o Create a flow chart of fertilization events, from sperm meeting egg to
Study the formation of the zygote.
lips e Create a flow chart of fertilization events, from sperm meeting egg to

the formation of the zygote

Steps of Fertilization

Protein Receptors . Egg Plasma Egg Cytoplasm
Seltv Conk Membrane
o i Cortical Granule
Acrosome . s entiohon o Membrane
Perivitelline
Hydrolytic Enzymes Space
Cortical
Granule
Fused Plasma _
@ ® Membrane =
< v

2

4 ) |

Process

Fertilization

\ Membrane
Sperm
2 A;;m‘::' Nucleus Cortical
Sperm Plasma 6 Reaction
Membrane
3 Growth of
Acrosomal Process

Entry of Sperm

Fusion of Plasma 5 ub}’uclou?

Membrane

1. Describe the journey of sperm from ejaculation to fertilization, highlighting the key
challenges it faces along the way.
2. Explain the process of sperm penetration through the zona pellucida. How do enzymatic

reactions facilitate this step?
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Outline the sequence of events that occur once the sperm successfully fuses with the egg
membrane. How does this prevent polyspermy?

Discuss the role of cortical reaction in fertilization. Why is it crucial for ensuring a
successful zygote formation?

Describe the final steps of fertilization leading to the formation of a zygote. How is

genetic material combined, and what are the immediate outcomes?
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Second week of Development
e Explain the events of second week of development in a sequence.
e Justify the statement that second week is known as “week of two

Implantation

The trophoblast develops two layers: an outer syncytiotrophoblast (or syntrophoblast) and inner
cytotrophoblast. The inner cell mass develops into two cell types: a columnar epithelial epiblast
and cuboidal hypoblast. The epiblast cell mass becomes hollow to form the fluid-filled primitive
amniotic cavity. The hypoblast cells form a simple squamous primitive yolk sac (Heuser’s
membrane). A second wave of hypoblast cell migration displaces the primitive yolk sac.
Extraembryonic mesoderm coats the old blastocyst cavity to complete the extraembryonic
membranes. The trophoblast is now the three-layered chorion. Mesoderm and endoderm (former
hypoblast cells) form the definitive yolk sac. Mesoderm and ectoderm (former epiblast cells)
form the definitive amnion.

Uterine epitheli
Endometrial stroma

Extraembryonic
mesoderm

Connecting stalk

Intraembryonic
mesoderm

Extraembryonic

.- > lom
Y

X Endometrium

hpproximately 15th day Exscelomic cyst Approximately 17th day
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e Mission: Implantation! The embryo has landed in its cozy new home.
i ’ ’ o

e "Stick with me, kid! The blastocyst snuggles in for the long haul.

¢ "Welcome home, little one! The uterus just rolled out the red carpet

ESTROGRTEME

WE}G!S‘TEIWE

¢ "Implantation: When the uterus says, ‘Make yourself comfortable!

-----

¢ "Tiny traveler finds the perfect parking spot—nine months stay required!

Sites of abnormal implantation

Pregnancy Location

Normal implantation
A: Intrauterine
B: Eccentric variant

Abnormal implantation
C: Cervical EP

D: Cesarean scar EP

E: Intramural EP

F: Interstitial EP

G: Tubal EP

H: Ovarian EP

I: Abdominal EP

NORMAL . ABNORMAL

EP = ectopic pregnancy
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THE THIRD WEEK

Gastrulation

Gastrulation is the production of intraembryonic mesoderm from thickenings of
ectoderm—the primitive streak and primitive knot (or node). The latter forms a midline
cord of mesoderm, the notochord. The primitive streak gives rise to the rest of the
intraembryonic mesoderm, including the cardiogenic mesoderm in front of the
oropharyngeal membrane. Gastrulation is complete. when intraembryonic mesoderm
condenses into columns flanking the notochord: paraxial columns (future somites),
intermediate mesoderm, and lateral plates. The mesoderm between the columns is in the
form of mesenchyme, the loose embryonic connective tissue that surrounds structures in

the embryo. The primitive streak and node recede toward the tail end of the embryo and

disappear

Fctoder

Oropharynge
al

Amniotic
cavity

Notochord

~

Fndoder

Migration of cells \
W
from the primitive

streak to form the cavity
intraembryonic

Yolk sac

Oropharynge
al

Spreading of

B~ fn

Notochor

Paraxial column

e
S

Cloacal Cfacpiaat-

Appearance of -

tha | ateral
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Implantation site on the
posterior wall of the uterus

Uterine epithelium

Endometrial
stroma

Uterine
tube with

Extraempeyo

of the chorion
in the endometrium

Early placenta development (enlarged detail of the upper

central ﬂ'llf') Extraembryonic

Cutatoophoblash bitical artery
ical vein
Pools of
matermnal
blood
surrounding
villi - GEIIRRnaRAS
" shell at the interface
of the villous chorion

and endometrium

/
*®™

Detail of the implantation Midsagittal section of embryo,
site within the endometrium amnion, and yolk sac
Amnion
ik Cardiogenic

. ]

yolk sac

E .

B

| X

Notochord Neural|
Paraxial column X
(segmenting into

Intermediate
mesoderm

Lateral plate
mesoderm

The intraembryonic
coelom in the lateral
plate is continuous
vaAth the coelom in the

cardiogenic mesoderm

coelom and intra-
embryonic coelom

Tell the tale of the third week of development. Explain the key events like a story—characters,

plot twists, and all
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If the embryo could talk— Imagine you are the developing embryo in the third week.
Describe what’s happening to you in a diary entry

Comic Strip Challenge! — Create a short comic strip illustrating the major events of the
third week of development. Bonus points for creativity!

Movie Trailer Time! — If the third week of development were a movie, what would the
title be? Write a short, dramatic trailer script highlighting key events!

Tweet the Gastrulation! — Explain gastrulation in a series of three short tweets (280
characters each). Keep it fun and engaging!

Debate Duel! — If the primitive streak and notochord had a debate about their
importance, what would they argue? Write a short dialogue!

Emoji Story Challenge! — Summarize the key events of the third week of development
using only emojis and a short caption. Can your classmates guess what’s happening?
Rap Battle of the Germ Layers! Write a short rap or poem where the three germ layers
(ectoderm, mesoderm, and endoderm) boast about their roles in development.

""Mystery Case Files! — You're a detective investigating a rapidly developing case: the

formation of the trilaminar disc! Write your report on the key findings.

Clinical relevance
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Physiology

Learning outcome

By the end of the session student will be able to

Describe the parameters needed for the control of the “internal environment”
Differentiate between the intracellular and extracellular fluid compartments

List the typical value and normal range for plasma Na+, K+, H+(pH), HCO3-, Cl-, Ca2+,
and glucose, and the typical intracellular pH and concentrations of Na+, K+, Cl-, Ca2+,
and HCO3-

Explain Homeostasis and the factors that are regulated through homeostasis

Recognize the interplay of various organ systems in maintaining homeostasis

Compare and contrast positive, negative & positive feedback mechanisms as the control
systems of the body.

Narrate examples of each feedback control system

Discuss the outcomes of failure of the feedback control system of homeostasis

Pre-requisites

1. Parameters for the Control of the Internal Environment

Concept of Internal Environment: Understanding what the internal environment is and
why it needs regulation.

Basic Cell Structure: Knowledge of cell membranes, transport mechanisms (diffusion,
0sSmosis, active transport).

Concept of Homeostasis: Understanding how the body maintains stability despite
external changes.

Fluid Balance: Awareness of water distribution in the body and its regulation.

. Differentiating Intracellular and Extracellular Fluid Compartments

Cell Membrane Structure: Understanding the phospholipid bilayer and its selective

permeability.
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Fluid Compartments: Basic differentiation between intracellular fluid (ICF) and
extracellular fluid (ECF).

Electrolyte Distribution: Basic knowledge of major ions in ICF and ECF.

3. Typical Values and Normal Ranges of Key lons and Molecules

o

(621

Concept of Electrolytes: Understanding their role in physiological functions.
Units of Measurement: Knowledge of concentration units (mEg/L, mmol/L).
Membrane Potential and lon Gradients: Understanding how Na+, K+, and other ions

contribute to nerve and muscle function.

. Explaining Homeostasis and Regulated Factors

Basic Physiology: Familiarity with major organ systems (nervous, endocrine, renal,
circulatory).

Regulation Mechanisms: How the body adjusts temperature, pH, and electrolyte
balance.

Concept of Dynamic Equilibrium: Understanding that homeostasis involves constant

adjustments.

. Interplay of Various Organ Systems in Maintaining Homeostasis

Organ System Interactions: Basic knowledge of how the nervous, endocrine, renal, and
cardiovascular systems work together.
Hormonal Control: Understanding how hormones like ADH, aldosterone, and insulin

regulate homeostasis.

. Comparing Feedback Mechanisms (Positive and Negative)

Concept of Control Systems: Understanding feedback loops in biological regulation.
Negative Feedback: Basic knowledge of set points and corrective mechanisms (e.g.,
temperature regulation).

Positive Feedback: Understanding self-amplifying processes (e.g., childbirth, blood
clotting).
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7. Examples of Feedback Control Systems

o Body Temperature Regulation (Negative Feedback)
e Blood Glucose Regulation (Negative Feedback)
e Blood Clotting (Positive Feedback)

e Oxytocin Release During Labor (Positive Feedback)

8. Outcomes of Failure of Feedback Control Systems

o Diseases and Disorders: Understanding conditions like diabetes (loss of glucose
regulation), hyper/hypothermia, and acid-base imbalances.
o Compensatory Mechanisms: How the body attempts to correct imbalances.

o Pathophysiology: How failure of homeostatic mechanisms leads to disease progression.

The internal environment

The total body fluid is distributed mainly between two compartments
1- Intracellular fluid: ICF (inside the cell)
40 % body weight=28 liters

2- Extracellular fluid: ECF (outside the cell)
20 % body weight =14 liters

a) Interstitial fluid (Intercellular)

15 % body weight = 10.5 liters

b) Intravascular fluid (Blood Plasma)

5 % body weight = 3.5 liters

c¢) Transcellular fluid

(synovial, peritoneal, pericardial, CSF,
intraocular spaces)

TOTAL BODY FLUID

60 % = 42 liters
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Neutral fat

2 g/al

EXTRACELLULAR

FLUID
Na* —————————————— 142 mEg/L -
<= 4 mEg/L —
Ca** 2.4 mEg/L
Mg e 1.2 mMEQ/L —-
SIS e 103 mEg/L -~
HCO,; -—————— 28 mEqQ/L -
Phosphnates--——— 4 mEg/L -
s 0y — -——— 1 mEg/L
Glucose ~—--———-—- 90 mg/dl —--—-
Amino acids ---- 30 mg/dl ————
Cholesterol

Phospholipids 0.5 g/dil--——---~-

PO, —-—=mmmmm—enea= 35 mm Hg -—--
PCO, 46 mm Hg —-
PpH O

INTRACELLULAR
FLUID

-—== 10O MEg/L

-— 140 MmEg/L
C.000T mEg/L
-—--58 mEg/L

---- 2 to 95 g/di

———— 20 v Hg 7

{5 mEg/L)

(40 mEgQ/L)

[x] The pcure cot be dspiared
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1. Temperature Regulation

Temperature Regulation in the Human Body

The human body maintains a constant internal temperature (~37°C) through thermoregulation,
controlled by the hypothalamus in the brain.

Key Mechanisms

e When Body Temperature Rises (Heat Exposure, Exercise):
o Vasodilation — Blood vessels widen — Heat loss through skin
o Sweating — Evaporation cools the body
o Reduced Muscle Activity — Decreases heat production

e When Body Temperature Drops (Cold Exposure):
o Vasoconstriction — Blood vessels narrow — Reduces heat loss
o Shivering — Muscle contractions generate heat
o Goosebumps (Piloerection) — Traps air for insulation

o Increased Metabolic Rate — Thyroid releases hormones to boost heat production
Key Hormones Involved:

e Thyroid Hormones (T3, T4) — Increase metabolic heat production

e Adrenaline & Noradrenaline — Heat generation during stress
Disorders:

e Hyperthermia — Excess heat (e.g., heat stroke, fever)

e Hypothermia — Excess cold (body temperature < 35°C)

Efficient thermoregulation ensures homeostasis, preventing damage from extreme

temperatures
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THERMOREGULATION

HEAT

THERMORECEPTORS
send signals
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body by evaporation L - /
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N
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Blood Glucose Regulation

Pancreas Other hormones Disorders
B-cells—Insulin— | Blood Glucose a-cells — Glucagon — 1 e Hypoglycemia
e Glucose uptake by cells Blood Glucose Low sugar level
e Glycogenesis(glucose— glycogen) | Glycogenolysis (glycogen e Hyperglycemia

e Inhibits gluconeogenesis — glucose) High sugar level
Gluconeogenesis (new (Diabetes)
glucose synthesis)

Blood glucose regulation

e @ _ < = = = i
Raises @ _o @Y @Fr . blood

sugar promotes

Glycogen Glucose

Liver

Stimulates glucose
uptake from blood

Tissue Cells
(muscle, Kidney, fat)

promotes
glucagon
release

Low

) = @ _ = . ' blood
i{ ) "(d ) 2 ,' sugar

Blood glucose levels are regulated primarily by the hormones insulin and  glucagon,
secreted by the pancreas.
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o Key Players & Process
» High Blood Glucose — Insulin Release
» Pancreas (p3-cells) secretes insulin
> Insulin promotes glucose uptake by cells
» Stimulates glycogenesis (glucose — glycogen in liver & muscles)
» Lowers blood sugar
» Low Blood Glucose (Fasting/Exercise) — Glucagon Release
» Pancreas (a-cells) secretes glucagon
» Stimulates glycogenolysis (glycogen — glucose)
» Triggers gluconeogenesis (glucose synthesis from non-carbohydrates)
» Raises blood sugar
e Other Hormones Involved:
» Adrenaline & Cortisol (stress response — increases glucose)
» Growth Hormone (reduces glucose uptake by cells)
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The Human Body Has Multiple pH Levels

« Different bodily fluids have distinct pH levels, each optimized for specific functions:
o Blood: ~7.35-7.45 (slightly alkaline)
o Stomach Acid: ~1.5-3.5 (highly acidic, crucial for digestion)
o Urine: ~4.5-8.0 (varies with diet and metabolic state)
o Cerebrospinal Fluid: ~7.4 (similar to blood for neural stability)

o Pancreatic Fluid: ~8.0-8.3 (alkaline to neutralize stomach acid)
The Bohr Effect and Oxygen Delivery Depend on pH

e Hemoglobin’s affinity for oxygen is influenced by blood pH.

e Alower pH (more acidic environment) reduces hemoglobin’s ability to bind oxygen,
facilitating oxygen release to tissues (Bohr Effect).

o Conversely, a higher pH (more alkaline environment) increases oxygen binding but

reduces release to tissues.
Acidosis and Alkalosis Can Be Life-Threatening

e Acidosis (pH < 7.35): Can lead to coma or death due to enzyme inhibition and reduced
cardiac function.

e Alkalosis (pH > 7.45): Can cause tetany (muscle spasms), convulsions, and
arrhythmias due to excessive neuronal excitability.

e Evena0.1 deviation from normal blood pH can severely impact metabolic processes!
The Body Has Three Major pH Buffer Systems

e Bicarbonate Buffer System (HCOs™ / H.COs): The primary system for blood pH
regulation.

o Phosphate Buffer System (HPO4* / H.PO4): Important in intracellular fluid and renal
function.

e Protein Buffer System (e.g., Hemoglobin and Albumin): Helps stabilize pH in both

blood and tissues.
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6. Kidneys and Lungs Work Together to Maintain pH

e The lungs regulate pH by controlling CO: levels (more CO2 = more H.COs = more
acidity).

o The kidneys regulate pH by excreting H* ions and reabsorbing HCOs~ as needed.

« Respiratory acidosis/alkalosis occurs due to CO. imbalances, while metabolic

acidosis/alkalosis results from kidney dysfunction or metabolic disturbances.

4. Oxygen and carbon-dioxide regulation

Oxygen (O2) and carbon dioxide (CO:) regulation is essential for maintaining homeostasis. The
lungs facilitate gas exchange: O: is inhaled, diffuses into the blood via alveoli, and binds to
hemoglobin in red blood cells, while CO: (a waste product of metabolism) diffuses from the

blood into the alveoli for exhalation.

The brainstem (medulla oblongata) controls breathing rate by detecting CO: levels. High CO:
triggers faster breathing (hyperventilation) to remove excess CO:, preventing acidosis. Low CO2

slows breathing (hypoventilation) to retain CO., preventing alkalosis.

At high altitudes or during exercise, oxygen demand increases, leading to increased breathing
rate and red blood cell production for better oxygen delivery.
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Homeostasis & Body Regulation

Fun Facts

Shivering is a Workout! — When you're cold, your muscles contract rapidly in a process
called shivering, which helps generate heat—Xkind of like an involuntary workout!

Sweat is Your Natural AC! — When you sweat, your body cools itself through
evaporative cooling. The more humid the air, the harder it is for sweat to evaporate,
making you feel hotter.

Your Lungs Help with pH Balance! — Breathing faster or slower can change the pH of
your blood. Hyperventilation removes CO: quickly, making your blood less acidic, while
slow breathing retains CO-, increasing acidity.

Your Kidneys Are Smart Filters! — They regulate your blood pH by excreting hydrogen
ions (H") and reabsorbing bicarbonate (HCOs"), keeping everything in balance.

Cold Water Can Trick Your Body! — When you drink icy water, your body may
temporarily feel warmer because it triggers a response to maintain core temperature.

Study tips

Use Mnemonics — Try “PAO2 & PACO2” to remember the body's oxygen and carbon
dioxide partial pressures.

Break It Down — Divide homeostasis into categories: temperature, pH, gas exchange,
and waste regulation.

Practice with Diagrams — Draw feedback loops for thermoregulation, pH balance, and
oxygen regulation.

Make Flashcards — Create cards for key hormones like insulin (glucose regulation) and
ADH (water balance).

Use Analogies — Think of the body as a thermostat adjusting heating and cooling
automatically.

Apply Real-Life Examples — Observe how your body responds to exercise, heat, or cold
exposure.

Teach Someone Else — Explaining concepts to a friend strengthens your understanding.
Watch Videos — Animated explanations of homeostasis help visualize dynamic
processes.

Solve MCQs — Practice multiple-choice questions to reinforce key ideas.

. Create Concept Maps — Link pH regulation, temperature control, and gas exchange in a

single diagram.
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QUIZZ TIME

1. What is the primary function of homeostasis in the body?
a) To increase metabolism

b) To maintain internal stability

c) To promote dehydration

d) To prevent oxygen exchange

2. Which organ plays the most significant role in homeostasis?
a) Spleen

b) Liver

c) Heart

d) Pancreas

3. Negative feedback mechanisms in homeostasis work by:

a) Reinforcing a stimulus

b) Reversing a change to restore balance

c) Completely shutting down responses

d) None of the above

4. Which of the following is an example of positive feedback?
a) Sweating to cool down

b) Blood clotting

¢) Regulation of blood sugar

d) Maintaining blood pH
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5. What is the normal PH range of human blood?

a) 6.0-6.5

b) 7.35 - 7.45

c)8.0-85

d)5.5-6.0

6. Which organ helps regulate blood pH by excreting hydrogen ions?
a) Heart

b) Kidneys

c) Spleen

d) Pancreas

7. What happens when blood PH drops below normal?
a) Acidosis occurs

b) Alkalosis occurs

¢) Homeostasis remains unchanged

d) Oxygen levels increase

8. The buffer system that helps maintain blood PH is:
a) Carbonic acid-bicarbonate buffer

b) Nitrogen buffer system

c) Potassium-sodium buffer

d) Lipid buffer system

9. The hypothalamus regulates body temperature through:
a) Releasing insulin

b) Controlling sweat glands and blood vessels
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¢) Producing white blood cells

d) Increasing stomach acid

10. What happens when blood vessels dilate to release heat?
a) Vasoconstriction

b) Vasodilation

c) Thermogenesis

d) Glycolysis

11. Which of the following is NOT a response to cold stress?
a) Shivering

b) Vasodilation

¢) Goosebumps

d) Increased metabolism

12. Which hormone increases metabolic rate and heat production?
a) Insulin

b) Thyroxine

c) Cortisol

d) Aldosterone

13. Carbon Dioxide and Oxygen Balance

Which organ plays the primary role in oxygen and carbon dioxide exchange?
a) Kidneys

b) Liver

c) Lungs

d) Stomach

93



14. A build-up of carbon dioxide in the blood leads to:
a) Alkalosis

b) Acidosis

c) Increased blood oxygen

d) No effect

15. The primary stimulus for breathing is:

a) High oxygen levels

b) Low glucose levels

¢) High carbon dioxide levels

d) High nitrogen levels

16. Hemoglobin binds to oxygen in the lungs due to:
a) Low oxygen pressure

b) High oxygen pressure

c) Increased body temperature

d) Low carbon dioxide levels

17. How does the body respond to high altitude?

a) Decreased breathing rate

b) Increased red blood cell production

c) Lower heart rate

d) Reduced oxygen uptake

18. Which of the following is a primary function of the respiratory system?
a) Regulating blood glucose

b) Regulating blood oxygen and CO: levels
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¢) Producing hormones

d) Filtering toxins from the blood

19. How does hyperventilation affect blood pH?

a) Increases CO:, causing acidosis

b) Decreases CO:, causing alkalosis

c) Increases oxygen, causing acidosis

d) Has no effect on pH

20. What is the Bohr effect?

a) The process of sweating in response to heat

b) The increased oxygen release from hemoglobin in acidic conditions
c¢) The mechanism of glucose absorption in the intestines

d) The kidney’s ability to regulate sodium
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SECTION I: CELL BIOCHEMISTRY

1. Basic Elements of Biochemistry & The Human Genome Project
@ Key Concepts

Chemical Building Blocks:
The human body and all living organisms is primarily built from a few key elements:

e Carbon (C): Forms the backbone of organic molecules due to its ability to form stable covalent bonds
with many elements, including itself.
e Hydrogen (H): Present in almost all organic compounds; contributes to the formation of water and

energy-rich molecules.

e Oxygen (0): Critical for respiration, water formation, and many oxidation-reduction reactions.

e Nitrogen (N): Essential for the construction of amino acids (the building blocks of proteins) and
nucleic acids (DNA and RNA).
Additional Elements:

e Phosphorus (P): Integral to nucleotides (which form DNA and RNA) and energy molecules like ATP.

e  Sulfur (S): Found in some amino acids (e.g., cysteine and methionine) and contributes to protein
structure through disulfide bond

e [ Mnemonic: Use “SPONCH” to remember the key elements: Carbon, Hydrogen, Oxygen,
Nitrogen, Phosphorus, and Sulfur.

Formation of Biomolecules:

These elements combine to form the four major classes of biomolecules:



e Carbohydrates: Provide energy and structural support (e.g., glucose, starch, cellulose).

e Proteins: Serve as enzymes, structural components, and signaling molecules (e.g., hemoglobin,
antibodies).

e Lipids: Function in energy storage, cell membrane structure, and signaling (e.g., triglycerides,
phospholipids, steroids).

e Nucleic Acids: Carry genetic information and guide protein synthesis (e.g., DNA, RNA).

What is the Human Genome Project?

An international research effort (completed in 2003) that mapped and sequenced the entire human
genome—approximately 3 billion base pairs of DNA.

Significance in Biochemistry and Medicine:

e Understanding Genetic Blueprint: The project provided a comprehensive map of all human genes,
offering insights into how genetic variations contribute to health and disease.

e Advancements in Gene Therapy & Personalized Medicine: With the full sequence available,
researchers can now pinpoint mutations that cause genetic disorders, paving the way for targeted
therapies and individualized treatment plans.

e Drug Development: Knowledge of gene sequences allows for the development of drugs that can
specifically target malfunctioning proteins or pathways.

e Evolutionary Insights: The HGP has enabled comparisons between the human genome and those of
other organisms, enhancing our understanding of evolutionary biology and human ancestry.

e Biochemical Research: A complete genome sequence aids in studying the regulation of gene
expression and the biochemical pathways that sustain life.

Mnemonic: Think of “Genome Map”: The HGP provided a detailed map of our genome, just like
having a complete road map for a vast and complex city.

2. Biomolecules & Their Role in Cellular Function

@ Key Concepts

Vv Carbohydrates: Energy source - Glucose, Fructose, Glycogen

VvProteins: Structural & functional molecules - Enzymes, Hemoglobin, Insulin
VLipids: Cell membrane, energy storage - Cholesterol, Triglycerides, Phospholipids
v'Nucleic Acids: Genetic information &> DNA, RNA

Cells are composed of four major classes of biomolecules. Each class has distinct structures and functions
that contribute to the overall operation and maintenance of the cell.

1. Carbohydrates

Structure:
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Roles in Cellular Function:

e Energy Source: Glucose is the primary fuel for cellular respiration.

e Energy Storage: Glycogen stores energy in animal cells, while starch serves as energy storage in
plants.

e  Structural Support: Cellulose provides rigidity to plant cell walls, and chitin strengthens fungal cell
walls.

e Cell Recognition & Signaling: Glycoproteins and glycolipids (carbohydrates attached to proteins or
lipids) on the cell surface help in cell-to-cell recognition and communication.

Mnemonic:

“M-D-P: Monosaccharides, Disaccharides, Polysaccharides” — Helps you recall the three types of
carbohydrates.

2. Proteins
Structure:

e Amino Acids: Proteins are polymers of 20 different amino acids.
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Roles in Cellular Function:
.

e  Primary: Amino acid sequence.
e Secondary: Alpha helices and beta sheets formed by

hydrogen bonding. Variable
e Tertiary: Overall three-dimensional folding driven by R-group
hydrophobic interactions, disulfide bridges, and ionic
bonds. R
e (Quaternary: Association of multiple polypeptide chains. ® .'
Mnemonic:

way to remember the hierarchy of protein structure.
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3. Lipids
Structure:

e  Fatty Acids and Glycerol: Building blocks of triglycerides (fats and oils).

e Phospholipids: Contain a glycerol backbone, two fatty acid tails, and a phosphate group; form
bilayers in cell membranes.

e Steroids: Composed of four fused rings; include cholesterol and steroid hormones.

e Waxes: Long-chain fatty acids linked to alcohols; used for protection and waterproofing.
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Roles in Cellular Function:

e Energy Storage: Triglycerides are stored in adipose tissue as a dense energy reserve.
e Membrane Structure: Phospholipids create the semi-permeable barrier of the cell membrane.
e Signaling: Steroid hormones regulate various physiological processes (e.g., estrogen, testosterone).
e Insulation and Protection: Lipids provide thermal insulation and protect organs.
Mnemonic:

“F-P-S”: Fat storage, Phospholipid membrane, Steroid signaling.

4. Nucleic Acids



Structure:

o Nucleotides: Composed of a sugar (deoxyribose in DNA, ribose in RNA), a phosphate group, and a
nitrogenous base (adenine, thymine/uracil, cytosine, guanine).

e DNA: Double-stranded helix that stores genetic information.

e RNA: Typically single-stranded; involved in protein synthesis and regulation (e.g., mMRNA, tRNA, rRNA).
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Roles in Cellular Function:

e Genetic Information Storage: DNA holds the instructions for building and maintaining the cell.
e Protein Synthesis: RNA transfers genetic information from DNA to ribosomes (translation process).
e Regulation: Various forms of RNA (e.g., microRNA) regulate gene expression and cellular processes.

Mnemonic: “DR. NA”: DNA has Deoxyribose and is the Reservoir of NAtural information.

3. Biochemical Composition of Cell Membrane & The Fluid Mosaic Model
Key Concepts

Vv'Phospholipid Bilayer: Hydrophilic head, Hydrophobic tail = Barrier for selective permeability
VProteins: Integral (embedded) & Peripheral (surface) = Transport & signhaling

Vv Cholesterol: Maintains membrane fluidity

VCarbohydrates: Glycoproteins & glycolipids - Cell recognition & communication

Mnemonic: "People Can Love Carbs"

P - Proteins, C - Cholesterol, L - Lipids, C - Carbohydrates

The Fluid Mosaic Model

Definition: The Fluid Mosaic Model describes the structure of the cell membrane as a dynamic, fluid structure
in which a phospholipid bilayer forms the basic framework. Within this bilayer, various proteins (integral and
peripheral), cholesterol, and carbohydrate chains are interspersed, creating a “mosaic” pattern.
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"Fluid" Aspect:

e Dynamic Lipids: The phospholipids are not fixed; they can move laterally within the layer. This fluidity
allows the membrane to be flexible, facilitating processes like vesicle formation, cell signaling, and
membrane protein redistribution.

e Temperature and Composition: The degree of fluidity depends on factors such as temperature and
the lipid composition (saturated vs. unsaturated fatty acids) and cholesterol content.

"Mosaic" Aspect:

e Embedded Proteins: Integral proteins (which span the membrane) and peripheral proteins (which
are attached to the surface) are scattered throughout the lipid bilayer. These proteins serve various
functions, including transport, signal transduction, cell recognition, and enzymatic activity.

e Carbohydrate Conjugates: Carbohydrates attached to proteins (glycoproteins) or lipids (glycolipids)
extend from the extracellular surface and participate in cell-cell interactions and immune responses.

Functional Significance:

e Selective Permeability: The fluid nature of the membrane allows for the selective passage of
molecules, which is essential for maintaining the internal environment of the cell.

e Cell Signaling: The mobility of membrane proteins facilitates rapid changes in response to signals and
the formation of specialized regions (like lipid rafts) that organize signaling molecules.

e Adaptability: This dynamic organization allows cells to adjust to environmental changes, repair
damaged areas, and enable processes like endocytosis and exocytosis.

Mnemonic : "F-MAP"

e  Fluid

e Mosaic

e Assembly of lipids, proteins, and carbohydrates
e  Protein mobility

This mnemonic reminds you that the membrane is Fluid, has a Mosaic pattern, is composed of various
components, and that protein movement is key to its function.
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The plasma membrane fluid mosaic model describes the plasma membrane as a fluid combination of
phospholipids, cholesterol, and proteins. Carbohydrates attached to lipids (glycolipids) and to proteins
(glycoproteins) extend from the membrane's outward-facing surface.

Biochemical Composition and Functions of the Components of the Cell Membrane

The cell membrane, also called the plasma membrane, is a semi-permeable structure that surrounds the cell,
providing protection, communication, and selective transport of molecules. The biochemical composition of
the cell membrane determines its structure and function, making it a critical component for cellular survival

and interaction.

1. Biochemical Composition of the Cell Membrane

The cell membrane is primarily composed of lipids, proteins, and carbohydrates, each contributing to its
function:

A. Lipids (50% of the Membrane) — The Structural Component
Lipids provide the basic framework of the membrane and contribute to its fluidity and permeability.
1. Phospholipids — The Bilayer Backbone

Structure: Composed of hydrophilic heads (phosphate group) and hydrophobic tails (fatty acid chains).
Arranged in a bilayer, with the hydrophobic tails facing inward and the hydrophilic heads facing outward.

Function:

e Forms a selective barrier that controls the entry and exit of molecules.
e Provides membrane fluidity, allowing proteins to move and function properly.

2. Cholesterol — The Fluidity Regulator
Structure: Interspersed between phospholipids. Rigid ring structure that interacts with fatty acid chains.
Function:

e Maintains fluidity: Prevents phospholipids from packing too tightly at low temperatures and
stabilizes the membrane at high temperatures.
e Enhances membrane stability and prevents breakage.

3. Glycolipids — The Cell Communication Molecules

Structure: Lipids with carbohydrate chains attached, found on the outer surface of the membrane.



Function:

o Cell recognition — Helps in immune responses and blood group determination.
e Provides membrane stability and protection.

B. Proteins (50% of the Membrane) — The Functional Component

Membrane proteins play a crucial role in transport, signaling, and cell-cell interactions.
1. Integral (Transmembrane) Proteins — Transporters & Signalers

Structure: Embedded within the lipid bilayer, spanning across the membrane.
Function:

e Transporters & Channels: Move molecules across the membrane (e.g., Na*/K* pump, GLUT
transporters).

e Receptors: Bind to signaling molecules (e.g., insulin receptor).

e Cell Adhesion Proteins: Help in cell-cell interactions and communication.

2. Peripheral Proteins — Support & Signaling
Structure: Loosely attached to the inner or outer surface of the membrane.
Function:

e  Enzymatic Activity: Speed up chemical reactions.
e Cytoskeletal Anchors: Provide structural support by linking to the cytoskeleton.

C. Carbohydrates (1-5% of the Membrane) — The Identifiers

e Carbohydrates are attached to lipids (glycolipids) or proteins (glycoproteins) and are found on the
outer surface of the membrane.

Function:

e Cell Recognition: Helps the immune system distinguish self from non-self (e.g., ABO blood group
antigens).
o Intercellular Communication: Allows cells to interact with each other.

2. Functions of the Cell Membrane Components
1. Selective Permeability

o Phospholipids control the passage of molecules:
e Small, nonpolar molecules (O,, CO,) diffuse freely.
e lLarge, charged molecules (glucose, Na*, K*) require transport proteins.

2. Transport of Molecules

e Passive Transport (No ATP required):
o Simple Diffusion: Movement of molecules down a concentration gradient (O,, CO,).



o Facilitated Diffusion: Transport via channels or carriers (GLUT transporters for glucose).
o Osmosis: Movement of water via aquaporins.
e Active Transport (Requires ATP):
o Primary Active Transport: Uses ATP to move molecules against a gradient (Na*/K* pump).
o Secondary Active Transport: Uses energy from ion gradients (SGLT for glucose transport).

3. Cell Signaling & Communication

e Receptors on Integral Proteins bind to hormones and neurotransmitters to trigger cellular responses.
o Example: Insulin binds to its receptor, stimulating glucose uptake.

4. Cell Recognition & Immune Response

e Glycoproteins and glycolipids act as "ID tags" for immune system recognition (e.g., blood groups,
MHC proteins).

5. Structural Support & Cell Shape
e Peripheral proteins link to the cytoskeleton, maintaining cell shape and integrity.
Mnemonic to Remember Membrane Components:
"P.C.P. — Proteins, Carbohydrates, Phospholipids"
Mnemonic for Membrane Protein Types:

“TIP” — Transporters, Integral proteins, Peripheral proteins.

Comparison of the Biochemical Significance of Different Types of Membranes

Cellular membranes play a crucial role in maintaining compartmentalization, biochemical reactions, transport,
and signaling. Different organelles have specialized membranes with unique biochemical compositions and
functions tailored to their roles

1. Red Blood Cell (RBC) Membrane — Gas Exchange & Flexibility
Biochemical Composition:

e Phospholipids: Phosphatidylcholine (PC), Phosphatidylethanolamine (PE), Phosphatidylserine (PS),
and Sphingomyelin (SM).
o High Cholesterol Content: Maintains membrane fluidity and prevents rupture.

Membrane Proteins:

e Band 3: Anion exchanger (Cl-/HCOs~ exchange for CO, transport).
o Glycophorin: Prevents RBC aggregation.
e Spectrin & Actin Cytoskeleton: Provides shape and elasticity.

Biochemical Significance:

e Maintains flexibility and deformability for squeezing through capillaries.
e Facilitates gas exchange (O, and CO; transport) via hemoglobin.
e Provides immune recognition through blood group antigens (ABO, Rh).



Clinical Relevance:

e Hereditary Spherocytosis: Defect in spectrin, leading to RBC rigidity and hemolysis.
e Sickle Cell Anemia: Mutant hemoglobin (HbS) affects membrane integrity.

2. Mitochondrial Membrane - Energy Production &
Metabolism
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Biochemical Composition:

Outer Membrane: Contains porins, making it permeable to small molecules.
Inner Membrane:

Cardiolipin (a unique phospholipid) maintains mitochondrial structure.
Electron Transport Chain (ETC) Proteins: ATP synthase, Complex I-IV.

Biochemical Significance:

e Oxidative Phosphorylation: ATP production via Electron Transport Chain (ETC).
e  Fatty Acid Oxidation: Generates acetyl-CoA for energy.
e Apoptosis Regulation: Cytochrome c release triggers cell death.

Clinical Relevance:

e Leigh Syndrome: Defective ETC proteins - mitochondrial dysfunction.
e Mitochondrial Myopathies: Energy deficiency in muscles.

3. Nuclear Membrane (Nuclear Envelope) — DNA Protection & Transport
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Biochemical Composition:

e Double Membrane: Inner and outer lipid bilayers.
e Nuclear Pores: Contain importins & exportins for selective molecule transport.
e Nuclear Lamina: Composed of lamins, providing structural support.

Biochemical Significance:

e Protects DNA from cytoplasmic enzymes.
e Selective Transport: Controls entry of transcription factors, ribosomal RNA, and signaling molecules.
e Regulates Gene Expression: By controlling nuclear transport.

4. Endoplasmic Reticulum (ER) Membrane — Protein & Lipid Synthesis

Endoplasmic Reticulum (ER) Structure

Ribosome

Cisternal space

Rough endoplasmic
reticulum (RER)

Smooth endoplasmic
reticulum (SER)

Biochemical Composition:

e  Phospholipid bilayer with embedded enzymes.
e Ribosomes (Rough ER): Site of protein synthesis.
e Calcium Pumps (SER): Store and regulate calcium levels.

Biochemical Significance:

e Rough ER (RER):
o Synthesizes secretory proteins (e.g., insulin).
o Facilitates protein folding and post-translational modifications.
e  Smooth ER (SER):
o Lipid & steroid hormone synthesis (e.g., cholesterol, testosterone).
o Detoxification (liver SER metabolizes drugs).
o Calcium Storage for muscle contraction.

Clinical Relevance:

e  Cystic Fibrosis: Misfolded CFTR protein accumulates in the ER.
e Non-Alcoholic Fatty Liver Disease (NAFLD): Dysfunctional lipid metabolism in SER.

5. Golgi Apparatus Membrane — Protein Sorting & Vesicle Formation



Golgi Apparatus Golgi Body in a Cell
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Biochemical Composition:

e Stacks of membrane-bound cisternae (cis, medial, and trans faces).
e Glycosyltransferases & Glycosidases for post-translational modifications.

Biochemical Significance:

e Protein Modification: Glycosylation, phosphorylation, sulfation.
e Sorting & Packaging:
o Lysosomal enzymes are tagged with mannose-6-phosphate.
o Secretory proteins (e.g., hormones) are packed into vesicles.
o Membrane Recycling: Supplies new plasma membrane components.

Clinical Relevance:

e |-Cell Disease: Defective Golgi tagging leads to lysosomal enzyme deficiency.
e Congenital Disorders of Glycosylation (CDG): Impaired protein glycosylation.

Mnemonics to Remember Membrane Functions
"Really Mighty Nucleus Enjoys Golgi"

RBC — Rigid & flexible

Mitochondria — Makes ATP

Nucleus — Nucleotide storage (DNA)

ER — Enzyme and protein synthesis

Golgi — Glycosylation and sorting

Cell Organelles: Biochemistry, Functions & Marker Enzymes
Study Tip:
Think of the cell as a city!

e Nucleus = City Hall (controls everything, stores information)
e Mitochondria = Power Plant (produces energy)
e  Rough ER = Factory (makes proteins)



e  Golgi = Post Office (sorts & delivers)

e Lysosomes = Recycling Center (breaks down waste)

e Peroxisomes = Detox Plant (cleans up toxic waste)
e Endosomes = Transport Hub (moves cargo within the cell)
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Chemistry of Cell Surface Receptors and Associated Signaling

Mechanisms

Cell surface receptors are specialized proteins embedded in the plasma membrane that detect and transmit
extracellular signals to the cell’s interior. These receptors play a crucial role in cell communication,
homeostasis, and response to external stimuli such as hormones, neurotransmitters, and growth factors.

The chemistry of cell surface receptors involves protein-ligand interactions, conformational changes, and
biochemical cascades that lead to cellular responses. These receptors exhibit specificity for their ligands and
function through signaling pathways that amplify and regulate cellular processes.

Chemical Composition and Structure of Cell Surface Receptors

Cell surface receptors are primarily composed of glycoproteins with distinct domains that facilitate ligand
binding, signal transduction, and intracellular communication. Their structure typically includes:

1. Extracellular Domain — Binds to the ligand (e.g., hormones, cytokines, neurotransmitters).

2. Transmembrane Domain — Anchors the receptor in the membrane and transduces signals across the
bilayer.

3. Intracellular Domain — Interacts with intracellular signaling proteins to propagate the response.



Receptor proteins are composed of amino acids linked by peptide bonds, often containing disulfide bridges to
stabilize their tertiary structure. Many receptors undergo post-translational modifications, such as
phosphorylation, glycosylation, and ubiquitination, which regulate their function and lifespan.

Types of Cell Surface Receptors and Their Signaling

Mechanisms

Types of Receptors
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1. lon Channel-Linked Receptors (Ligand-Gated lon Channels): These receptors function as ion channels that
open or close upon ligand binding, allowing ions such as Na*, K*, Ca*, or CI” to pass through the membrane.

e Example: Nicotinic Acetylcholine Receptor (nAChR)

e  Structure: Five subunits forming a pore.

e Mechanism: When acetylcholine (ACh) binds to the receptor, it induces a conformational change,
opening the channel and allowing Na* influx, leading to membrane depolarization and muscle
contraction.

e Clinical Relevance:
o Myasthenia Gravis: Autoimmune disease where antibodies block nAChRs, leading to muscle

weakness.
o Neurotoxins like Curare: Block nAChRs, causing paralysis.

2. G Protein-Coupled Receptors (GPCRs): GPCRs are the largest family of cell surface receptors and are
involved in hormone signaling, neurotransmission, and sensory perception. These receptors contain seven
transmembrane a-helices and function via intracellular G proteins (GTP-binding proteins).

e Example: B-Adrenergic Receptor (B-AR)
e Mechanism:
o 1. Lligand Binding: Epinephrine binds to the B-adrenergic receptor.
o 2. G Protein Activation: The receptor activates a heterotrimeric G protein (Gs) by exchanging

GDP for GTP.



o 3.Second Messenger Cascade: The activated G protein stimulates adenylyl cyclase,
increasing cAMP levels.

o 4. Cellular Response: cAMP activates protein kinase A (PKA), leading to glycogen breakdown
and energy release.

e Clinical Relevance:

o B-Blockers (e.g., Propranolol): Inhibit B-adrenergic receptors to reduce heart rate in
hypertension.

o Cholera Toxin: Permanently activates Gs proteins, leading to excessive cAMP and severe
diarrhea.

3. Enzyme-Linked Receptors (Tyrosine Kinase Receptors — RTKs): These receptors possess intrinsic enzyme
activity or associate with intracellular kinases to mediate growth, differentiation, and metabolism.

e Example: Insulin Receptor
e Maechanism:
o 1. Insulin Binding: Triggers autophosphorylation of tyrosine residues.
o 2. Recruitment of Adapter Proteins: IRS (Insulin Receptor Substrate) proteins are
phosphorylated.
o 3. Downstream Signaling: Activates the PI3K-Akt pathway, leading to glucose uptake via
GLUT4 transporters.
e Clinical Relevance:
o Type 2 Diabetes Mellitus (T2DM): Insulin resistance due to defects in insulin receptor
signaling.
o Cancer (e.g., Breast Cancer): Overexpression of HER2, a tyrosine kinase receptor, promotes
uncontrolled cell growth.

4. Cytokine Receptors (JAK-STAT Pathway): These receptors lack intrinsic enzyme activity but activate Janus
Kinases (JAKs) upon ligand binding, leading to signal transduction via STAT (Signal Transducers and Activators
of Transcription) proteins.

e Example: Interleukin-6 (IL-6) Receptor
Mechanism:
o 1.IL-6 binds to its receptor.
o 2.JAK phosphorylates STAT proteins.
o 3. STAT dimerizes and translocates to the nucleus to regulate gene expression.
Clinical Relevance:
o Autoimmune Diseases (e.g., Rheumatoid Arthritis): Excessive cytokine signaling leads to
inflammation.
o JAK Inhibitors (e.g., Tofacitinib): Used to treat rheumatoid arthritis by blocking JAK-STAT
signaling.
Signal Amplification and Regulation
o Second Messengers: Small molecules like cAMP, Ca?*, IPs, and DAG amplify the signal inside
the cell.
o Phosphorylation Cascades: Protein kinases phosphorylate downstream proteins to
propagate and amplify signals.
o Feedback Mechanisms: Negative feedback loops turn off signals to prevent overstimulation.
=  Example: cAMP is broken down by phosphodiesterase (PDE) to terminate the signal
in GPCR pathways.

"I-G-E-C" — Order of Signaling Speed



lon channels (milliseconds)
GPCRs (seconds)
Enzyme-linked (minutes)
Cytokine receptors (hours)

Comparison of the Biochemical Basis of Various Membrane Transport Mechanisms
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B SECTION II: ENZYMES

% 1. Classification & Mechanism of Enzyme Action
Key Concepts
vEnzymes are biological catalysts that lower activation energy.

vLock & Key vs. Induced Fit Model — How enzymes bind to substrates.

Intracellular fluid

Enzymes are the biological catalysts that accelerate biochemical reactions by lowering activation energy.
Their role in metabolism, digestion, cellular regulation, and clinical diagnostics makes them fundamental in

medical biochemistry.

Lock & Key vs. Induced Fit Model — How enzymes bind to
substrates.
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1. Classification of Enzymes

6 Types of Enzymes
Enzyme Function
Dissociates molecules, breaks covalent bonds without using water, oxidation, or reduction (ex: Decarboxylase)
Lyase
A—B+C
Joins two molecules together, forms covalent bonds between two molecules (ex: DNA ligase)
Ligase
A+B — AB
Rearranges bonds of a molecule, a reactant forms one of its isomers (ex: phosphoglucose isomerase, mutase)
Isomerase
A— B
Transfers functional group from one molecule to another (ex: kinase, phosphorylase, peptidyl transferease)
Transferase
A+BX — AX+B
Uses water to cleave a molecule, breaks covalent bonds with water (ex: hydrolase, phosphatase, protease)
Hydrolase A+ HZO —> B+C
Transfers electrons from one molecule to another, alters oxidation state of reactants (ex: lactate dehydrogenase)
Oxidoreductase A+B: > A +B

nemonic: “Over The HILL”

e Oxidoreductases
e Transferases

e Hydrolases

e Isomerases

e Lyases

e Ligases

2. Mechanism of Enzyme Action
Key Concepts

++» Substrate binds to the active site forming an enzyme-substrate complex.

R/

+» The enzyme stabilizes the transition state, lowering activation energy.

@

% The product is released, and the enzyme remains unchanged.



Models of Enzyme Action

e Lock and Key Model — The substrate fits perfectly into the active site.
e Induced Fit Model — The enzyme undergoes conformational change upon binding.

Clinical Relevance:

e HIV Protease Inhibitors block the active site of viral proteases.
e Aspirin irreversibly inhibits cyclooxygenase (COX) to reduce inflammation.

3. Components of Enzymes

| Cofactor Catalytic site Coenzyme

The Parts of an Enzyme

Cofactor
Substrate

= Active site
C yme

Apoenzyme

Holoenzyme

GLUCOSE

SUBSTRATE
(MALTOSE)

ACTIVESITE GLUCOSE
ENZYME

y ¢

INACTIVE
PROTEIN

‘ A

ACTIVE
PROTEIN

Without the cofactor Cofactor binding ®
attached, the protein activates the
is not active. protein.
Copyight © 2007 Pearson Edkcdon, . ublakng sa Bargenin Curmings Fig. 2-18 © Byjus.com
Key Terms:
> Apoenzyme - Protein part of an enzyme (inactive alone).
> Holoenzyme — Active enzyme with a cofactor or coenzyme.
» Cofactors — Metal ions (Mg?*, Zn?*, Fe?*) needed for enzyme function.
> Coenzymes — Organic molecules (NAD*, FAD, biotin) required for enzyme activity.
> Prosthetic Group — A permanently bound coenzyme (e.g., FAD in succinate dehydrogenase).

Clinical Relevance:

e Zinc Deficiency - Affects carbonic anhydrase, impairing CO, removal.
e Vitamin B Deficiency - Affects enzymes involved in energy metabolism.



4. Factors Affecting Enzyme Activity

Clinical Relevance:

Hypochlorhydria affects pepsin function leading to digestive issues.

5. Enzyme Kinetics & The Michaelis-Menten Equation

Key Concepts:

>

>

Adobe Stock | #355018574

Michaelis-Menten Equation: Describes the relationship between substrate concentration (S) and

enzyme velocity (Vo).

Km (Michaelis constant) — Measures enzyme affinity for the substrate.
Lineweaver-Burk Plot: A double-reciprocal graph used to determine Km and Vmax.

Biochemistry e ® ®

Factors affecting ENZYME activity

Temperature

BIG influence
More heat = More kinetic energy
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But if too high
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Enzyme concentration
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IFsubstrate is limited

Increase enzyme concentration
= increase rate of reaction

Rate of Reaction

Enzyme concentration
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Clinical Relevance:
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e Glucokinase (High Km) = Active when glucose levels are high in the liver.

Mnemonic: "Km is the Key to Affinity" (Lower Km = Higher Affinity)

6. Types of Enzyme Inhibition
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1. Competitive Inhibition — Inhibitor competes with the substrate for the active site.

e  Example: Statins inhibit HMG-CoA reductase (cholesterol synthesis).

2. Non-Competitive Inhibition — Inhibitor binds elsewhere, reducing enzyme function.

e Example: Cyanide inhibits cytochrome oxidase, blocking respiration.

Clinical Relevance:

e Methanol Poisoning - Treated with ethanol, a competitive inhibitor of alcohol dehydrogenase.

7. Enzyme Regulation & Isoenzymes

e Regulated by feedback inhibition.
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Feedback Inhibition : The Final Product Inhibits Enzyme One

e Isoenzymes —> Different forms of an enzyme with tissue-specific activity.
o CK-MB - Cardiac marker for myocardial infarction.
o LDH-1 - Elevated in heart attack patients.
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of Minerals as Cofactors & Vitamins as Coenzymes in Medical Biochemistry

Cofactors and coenzymes are essential for enzymatic function. Minerals (cofactors) and vitamins (coenzymes)
play key roles in metabolism, cellular energy production, and enzymatic regulation. Their deficiencies can
lead to metabolic disorders, neurological dysfunction, and cardiovascular diseases.

1. Role of Minerals as Cofactors

Biochemical Basis: Minerals act as inorganic cofactors for enzymes, facilitating catalysis, electron transfer,
and structural stability. Some enzymes require metal ions to function properly.

Essential Minerals and Their Functions



Mineral Some Important Functions Food Sources
Boron Important in bone retention. Fruits, leafy vegetables,
Unknown nuts, legumes, beans.
Calcium Essential for growth and structural integrity of | Yogurt, milk, cheese,

1,000 - 1,300 mag.

bones and teeth; nerve conduction; muscle
contraction and relaxation.

tofu, fortified juices,
green leafy vegetables.

Chromium?

Participates in CHO and fat metabolism;
muscle function; increases effectiveness of

Whole grains, cheese,
yeast.

50 - 200 ug. . -
insulin.
Copper1 Essential for red blood cell production, MNuts, liver, lobster,
1.5 -3 mg. pigmentation, and bone health. cereals, legumes, dried
fruit.
Iron2 Essential for the production of hemoglobin in Liver, clams, oatmeal,
10 -15 mg. red blood cells and myoglobin in skeletal farina, fortified cereals,

muscle, and enzymes that participate in
metabolism.

soybeans, apricot, green
leafy vegetables.

Magnesium
280 - 350 mg.

Essential for nerve impulse conduction;
muscle contraction and relaxation; enzyme
activation.

Whole grains, artichoke,
beans, green leafy
vegetables, fish, nuts,
fruit.

1

Manganese Essential for formation and integrity of Nuts, legumes, whole
2-5mg. connective tissue and bone, sex hormone grains.

production, and cell function.
Phosphorous Essential for metabolism and bone Fish, milk, meats, poultry,

800 - 1,200 mg.

development. Involved in most biochemical
reactions in the body.

legumes, nuts.

Potassium®

Essential for nerve impulse conduction, fluid
balance, and for normal heart function.

Squash, potatoes, beans,
fresh fruits (bananas,

2,000 mg.
oranges) and vegetables
(tomatoes).
Selenium Antioxidant, works with vitamin E to reduce Meats, seafood, cereals.
55 - 70 ug. oxidation damage to tissues.
Sodium? Essential for nerve impulse conduction, Table salt, canned and

500 - 2,400 mg.

muscle contraction, fluid balance, and acid-

2.Role of Vitamins as Coenzymes

processed foods.

Biochemical Basis: Vitamins act as organic coenzymes, assisting enzymes in metabolism, redox reactions, and
DNA synthesis. Many B-complex vitamins serve as precursors for essential coenzymes.

SUMMARY OF
VITAMINS



Non-vitamins Vitamins e.g.
e.g. haem B complex
(b)
B Chemical Structure Vitamers Coenzyme C Y Pr
vitamin name function
I B, Thiamine N, R,: ~OH, ~OPO *, Thiamine Decarboxylation Cellular respiration,
'g).DAN"\ -OP,0,*, ~OP,0* diphosphate reactions carbohydrate and
/‘\ (+/— adenine nucleotide) nucleic acid
metabolism
0., Riboflavin R,: -OH, -OPO_* Flavin mononucleotide ~ Oxidation-reduction  Cellular respiration
HO, (+/— adenine nucleotide) (FMN) and reactions involving and fatty acid
TOoH flavin adenine two hydrogen atoms  metabolism
~OH dinucleotide (FAD)
N N\fo
XL
o
[0 B, Niacin L R,: ~OH, -NH, NAD* and NADP" Oxidation-reduction  Carbohydrate, lipid,
R,: ribose (+/— adenine reactions involving nucleic acid and
s nucleotide diphosphate: the hydride ion alcohol metabolism
@b +/- —OPO,)
O B, Pantothenate . R,: ~OH, +/- -OPO_*, Coenzyme A Acetyl group and Fatty acid and
+/— adenine nucleotide other acyl group carbohydrate
o diphosphate: +/— -OPO_ > transfer oxidation
OH R,: cysteamine
D B, Pyridoxine o R,: ~OH, -NH, or =O Pyridoxal 5'-phosphate  Amino and carboxyl Amino acid,
HO_ R,: ~OH or -OPO_* group transfer carbohydrate and
@l ®) lipid metabolism
BB Biotin C\,m H o Biotin Carboxylation Lipid, protein and
J é/\/\*oﬁ reactions carbohydrate
metabolism
B Folate o 5 s O i s 5 etrahydrofolic acid ethyl, formyl, ingle carbon unit
5 R, OH, -H, -CH, Tetrahydrofi i Methyl, fe Sing i
Q =CH,~, =CH- (THF) methylene and transfer in nucleic
‘ + formimino group acid and amino
R;: -H, -H, -OH, -H, transfer acid metabolism
HN -CH,", =CH-
(c) B, vitamers B, vitamers
Pyridoxal Pyridoxamine Pyridoxine Niacin Nicotinamide Nicotinamide
(PL) (PM) adenine dinucleotide adenine dinucleotide
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o) H) HO. o
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Z A R = l @ né oM
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- Eeaalies o . o
&
Tips & Tricks:

v'Mnemonic for B-vitamin Deficiencies:

(@)

Cofactors

[ Inorganic |

[©rganic |

Mmeirél elemenl;
e.g. Fe, Mg, Ca

] | Coenzymes

]

“The Rich Never Pay Bills Properly” (Thiamine, Riboflavin, Niacin, Pyridoxine, Biotin, Pantothenic Acid).

VClinical Tip:

Alcoholics and malnourished patients are often given B-complex supplements to prevent neurological

disorders.

Biochemistry of Heme & Porphyrin Metabolism + Plasma Proteins



Heme and porphyrins are crucial in oxygen transport, electron transfer, and enzymatic reactions. Plasma
proteins, including immunoglobulins, play a vital role in maintaining osmotic pressure, immune defense, and
coagulation.

1. Chemistry of Porphyrins

Biochemical Basis: Porphyrins are cyclic organic molecules composed of four pyrrole rings (tetrapyrrole
structure) linked by methenyl bridges. The central cavity can bind metal ions, forming metalloporphyrins such
as heme (Fe?*) and chlorophyll (Mg?*).

Heme B Chlorophyyll O

Red blood pigment precursor Green pigment in land plants
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linical Relevance:

Porphyrias are disorders of porphyrin metabolism, leading to accumulation of intermediates and
photosensitivity or neurovisceral symptoms.

2. Heme Biosynthesis

Biochemical Pathway: Heme synthesis occurs in the mitochondria and cytoplasm, primarily in bone marrow
(RBCs) and liver (cytochrome enzymes).
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Clinical Case:

A 25-year-old factory worker presents with microcytic anemia, abdominal pain, and neurological symptoms.
Labs show elevated blood lead levels. Diagnosis? Lead Poisoning (ALA Dehydratase & Ferrochelatase
Inhibition).

3. Degradation of Heme & Formation of Bile Pigments

e Step 1: Heme Breakdown (Macrophages of Spleen & Liver)
o Heme Oxygenase converts heme - biliverdin (green) by opening the porphyrin ring.
o Biliverdin Reductase converts biliverdin = bilirubin (yellow-orange).



e Step 2: Transport of Bilirubin in Plasma
o Unconjugated Bilirubin (UCB) is hydrophobic, binds albumin, transported to the liver.
o Clinical Significance: Excess UCB - Neonatal Jaundice, Kernicterus.
e Step 3: Conjugation in the Liver
o Enzyme: UDP-Glucuronyltransferase
o Forms: Conjugated Bilirubin (CB) (water-soluble).
o Deficiency: Crigler-Najjar Syndrome, Gilbert Syndrome (™ UCB levels).
e Step 4: Excretion of Bilirubin
o CBis excreted into bile - intestine - converted to Urobilinogen.
o Some Urobilinogen is reabsorbed, converted to urobilin (urine) and stercobilin (feces, brown
color).
e Types of Jaundice
o Pre-Hepatic (Hemolysis) > > UCB (e.g., Hemolytic Anemia).
o Hepatic (Liver Disease) > I Mixed (e.g., Hepatitis).
o Post-Hepatic (Obstruction) > 1 CB (e.g., Gallstones).

Clinical Case:

A 3-day-old newborn presents with yellow skin, high UCB, and normal liver enzymes. Diagnosis? Physiological
Jaundice (Delayed UDP-Glucuronyltransferase Activation).

Plasma Proteins

Plasma proteins

Major Types:
Albumin (60%)
L Major component of osmotic pressure of plasma
/ e~
/ \ Globulins (35%)
Albumins Fibrinogen ihoding f f ;
25.50 g/l l > Ag Antibodies (immunoglobulin) and transport proteins
Globulins
l l l o Fibrinogens (4%)
| 2 B T Functions in blood clotting
globulins globulins globulins globulins
1-4 g/1 4-8 g/1 6-12 g/1 8-16 g/1 | J
k——w———// J Other (<1%)
65-85 o/l Y Various roles (a-1-antitrypsin, coagulation factors, efc.)

Biochemical Basis: Plasma proteins are synthesized mainly in the liver and are essential for transport,
immune defense, and coagulation.

Classification of Plasma Proteins
Albumin (60%)

e Maintains oncotic pressure.
e Transports hormones, fatty acids, and drugs.
e  C(linical Relevance: Hypoalbuminemia - Edema (Nephrotic Syndrome).

@ Globulins (Immunoglobulins, Transport Proteins)



al-Globulins (Antitrypsin, Thyroxine-binding globulin).
a2-Globulins (Haptoglobin, Ceruloplasmin).
B-Globulins (Transferrin, LDL).
y-Globulins (Immunoglobulins — IgG, IgA, IgM, IgE, 1gD).
o Fibrinogen & Coagulation Factors
e Involved in blood clotting (Fibrinogen - Fibrin by Thrombin).

Immunoglobulins (Antibodies)
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IgG — Most abundant, crosses placenta (passive immunity).
IgA — Found in mucosal secretions (breast milk, saliva).

IgM — First antibody produced in infections.

IgE — Involved in allergic reactions, mast cell degranulation.
IgD — Unclear function, B-cell receptor.

Clinical Relevance:

o  Multiple Myeloma: Excess Ig production - Monoclonal M spike on electrophoresis.
e Nephrotic Syndrome: Albumin loss - Generalized edema.

Clinical Case:

A 50-year-old male presents with recurrent infections and low 1gG levels. Diagnosis? Common Variable
Immunodeficiency (CVID).

Clinical Relevance of Leukocytes, Plasma Proteins & Immunoglobulin Disorders

Leukocytes (WBCs) and plasma proteins play a crucial role in immune defense, inflammation, and
homeostasis. Alterations in their levels can indicate infection, malignancy, immune disorders, or nutritional
deficiencies.

1. Significance of Altered Levels of Leukocytes (WBCs)

Biochemical Basis: Leukocytes (WBCs) include neutrophils, lymphocytes, monocytes, eosinophils, and
basophils. Their normal count ranges from 4,000 — 11,000 cells/uL. An increase or decrease in WBCs can
indicate infection, inflammation, or hematological malignancies.

e Leukocytosis (I WBC Count > 11,000/pL)



Neutrophilia (" Neutrophils) - Bacterial infections, inflammation, stress.
Lymphocytosis (T Lymphocytes) = Viral infections, leukemia, tuberculosis.
Monocytosis (" Monocytes) = Chronic infections (TB), autoimmune diseases.
Eosinophilia (1 Eosinophils) = Parasitic infections, allergies, asthma.
Basophilia (1 Basophils) = Chronic myeloid leukemia (CML), allergies.
Leukopenia (4, WBC Count < 4,000/pL)

Neutropenia > Chemotherapy, viral infections, bone marrow failure.
Lymphopenia = HIV/AIDS, corticosteroid use, malnutrition.

Clinical Case 1: A 30-year-old male presents with fever, sore throat, and fatigue. Blood tests show WBC count
of 15,000/uL with increased lymphocytes. Diagnosis? Viral infection (likely Mononucleosis due to EBV).

Clinical Case 2: A 50-year-old woman undergoing chemotherapy develops fever and mouth ulcers. Her blood
test shows WBC count of 2,000/uL with neutropenia. Diagnosis? Chemotherapy-induced neutropenia,
making her prone to infections.

Clinical Disorders Associated with Plasma Proteins & Immunoglobulins

Plasma proteins, including albumin, globulins, and clotting factors, maintain oncotic pressure, immune
defense, and transport functions. Their abnormalities can result in edema, malnutrition, and plasma cell
disorders like multiple myeloma.

A. Edema

[x] The picture con e displayed

Bi

ochemical Basis: Edema is the abnormal accumulation of fluid in interstitial spaces due to:

e 1. J Plasma Oncotic Pressure (J, Albumin) — Seen in liver disease, nephrotic syndrome, malnutrition.
e 2. Capillary Permeability — Inflammation, burns.

e 3. M Hydrostatic Pressure — Heart failure, venous obstruction.

e 4, Lymphatic Obstruction — Cancer, filariasis (elephantiasis).



Clinical Case: A 5-year-old child with a distended abdomen and swollen legs presents with low albumin levels
and a history of malnutrition. Diagnosis? Kwashiorkor (Protein Deficiency = Hypoalbuminemia - Edema).

McaQ:

Which of the following is the primary cause of edema in nephrotic syndrome?
A) I Capillary permeability

B) { Plasma oncotic pressure

C) Lymphatic obstruction

D) Sodium retention

(Answer: B) { Plasma oncotic pressure due to albumin loss.

B. Malnutrition (Protein Deficiency Disorders)

10 Differences between Kwashiorkor and Marasmus
www.majordifferences.com

Kwashiorkor

Comparison Table
Protuberant
belly Kwashiorkor Marasmus
It develops in children whose diets Itis due to deficiency of proteins and Marasmus
are deficient of protein. calories. .
It occurs in children between 6 Itis common in infants under 1year of ::::::nml
months and 3 years of age. age.
Subcutaneous fat is preserved. Subcutaneous fat is not preserved. T
Oedema is present. Oedema is absent / insub-
" cutaneous
Enlarged fatty liver. No fatty liver,
Ribs are not very prominent. Ribs become very prominent.
Lethargic Alert and irritable.
Muscle wasting mild or absent. Severe muscle wasting
Itchy rash | Poor appetite. Voracious feeder,
The person suffering from The person suffering from Marasmus
Kwashiorkor needs adequate needs adequate amount of protein, :
Xerosis amounts of proteins. fats and carbohydrates. -
Kwashiorkor vs Marasmus

Poor wound healing dli

nical Case:

A 2-year-old child from a refugee camp presents with swollen feet, irritability, and skin changes. Labs show
low albumin and total protein. Diagnosis? Kwashiorkor.

@ THINK TANK:



Why does Kwashiorkor cause a fatty liver but Marasmus does not?
MCQ:

Which condition is characterized by muscle wasting without edema?
A) Kwashiorkor

B) Marasmus

C) Nephrotic Syndrome

D) Liver Cirrhosis

(Answer: B) Marasmus

C. Multiple Myeloma (Plasma Cell Dyscrasia)
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Bone marrow

Biochemical Basis: Multiple Myeloma is a cancer of plasma cells leading to excessive production of abnormal
monoclonal immunoglobulins (1gG, IgA). This causes hyperviscosity, bone damage, renal failure.

e Pathophysiology:
o 1. Bone Pain & Fractures — Due to osteoclast activation (1 IL-6, RANKL).
o 2. Hypercalcemia — From bone resorption.
o 3. Kidney Damage (Myeloma Kidney) — Due to Bence-Jones proteinuria (light chains).
o 4. Infections — Due to immune suppression.
e Diagnostic Markers:
o M Spike on Serum Protein Electrophoresis (Monoclonal IgG/IgA).
o Bence-Jones Proteins in Urine.
o Punched-out bone lesions on X-ray.

Clinical Case:A 65-year-old male presents with bone pain, recurrent infections, and fatigue. Labs show
anemia, hypercalcemia, and an M spike on electrophoresis. Diagnosis? Multiple Myeloma.

THINK TANK:

Why does Multiple Myeloma cause hypercalcemia and renal damage?
MCQ:

Which finding is most characteristic of Multiple Myeloma?

A) Low Ig levels



B) Bence-Jones Proteinuria

C) Hypocalcemia

D) Increased Albumin

(Answer: B) Bence-Jones Proteinuria
Quick Recap Mnemonics:

v'Leukocytosis Causes: “NLMEB” - Neutrophilia (Bacteria), Lymphocytosis (Virus), Monocytosis (TB),
Eosinophilia (Parasites), Basophilia (CML).

v'Multiple Myeloma Symptoms: CRAB - Calcium 4, Renal failure, Anemia, Bone lesions.
v Kwashiorkor vs. Marasmus: “Kwashiorkor = Edema, Marasmus = Muscle Wasting”.
EXTRA RESOUCRCES FOR STUDY

Video Lectures:

1. Osmosis Biochemistry Playlist: Osmosis offers concise and informative videos covering various
biochemistry topics suitable for medical students.

2. Khan Academy Biochemistry Playlist: Khan Academy provides comprehensive tutorials on fundamental
biochemistry concepts, including molecular structures and metabolic pathways.

3. Armando Hasudungan's Biochemistry Videos: Armando uses hand-drawn illustrations to explain complex
biochemistry topics, making them easier to understand.

4. Interactive Biochemistry Animations by Wiley: These animations offer visual representations of
biochemical processes, enhancing comprehension of dynamic mechanisms.

5. Harvard University's Biochemistry Lectures: Access in-depth lectures from Harvard University covering
various aspects of biochemistry, from basic principles to advanced topics.

6. Med School Simplified is a YouTube channel dedicated to providing high-quality medical education content
tailored for MBBS students

7. Ninja Nerd provides detailed and engaging biochemistry lectures with clear explanations and visuals,
covering topics like metabolism, enzyme kinetics, and biochemical pathways.

8. Armando Hasudungan creates hand-drawn educational videos that simplify complex biochemical
processes, making topics like carbohydrate metabolism and lipid digestion easy to understand.

9. Dr. Najeeb’s Lectures provide in-depth, visually enriched medical tutorials covering biochemistry and other
subjects with detailed explanations, making complex concepts easy to understand.

Standard Textbooks:

1. Lippincott lllustrated Reviews: Biochemistry — A well-illustrated and student-friendly book with conceptual
clarity and clinical correlations.

2. Harper’s lllustrated Biochemistry — Comprehensive and detailed, ideal for understanding biochemical
pathways and clinical applications.



Review Books & Exam Preparation:
6. Rapid Review Biochemistry (by Goljan) — Concise and high-yield for exam preparation.

7. Biochemistry for the Medical Sciences (by Michael Lieberman & Rick Ricer) — A great summary book with
key concept.
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