
 

 

 

Amar Shaheed Baba Ajit Singh Jujhar Singh Memorial             

COLLEGE OF PHARMACY 
(AN AUTONOMOUS COLLEGE) 

BELA (Ropar) Punjab   

The Pioneer Pharmacy Institute of Punjab 
 

 

 

 

 

 

Program B. Pharmacy 

Semester 1st  

Course/Subject  Human Anatomy, Physiology & Pathophysiology - 1 

Course/ Subject Code BP104T 

Faculty Name Ms. Ravina Kumari 

Mobile No. +918679692189 

Email Id Ravinarajput17@gmail.com  

CO No. Upon successful completion of this course, the students will be able to: 

1 Explain the fundamental concepts of Human Anatomy, Physiology and Pathophysiology. 

2 Explain the gross morphology, structure and functions of various organs of the human body. 

3 
Understand the etiology and pathogenesis of diseases/disorders associated with integumentary 

system, peripheral nervous system and cardiovascular system 

4 Understand the basic mechanism behind inflammation 

5 Identify and differentiate the various tissues and organs of different systems of human body. 

Sr. No.   Learning Outcome CO 

1 
Describe the biochemical distribution of total body water and classify the cellular 

components and fluid constituents of whole blood. 
BP104.3 

2 
Map the regulatory feedback loops of erythropoiesis, the molecular assembly pathways of 

hemoglobin, and the enzymatic cascades of blood coagulation. 
BP104.3 

3 
Apply immunohaematological principles to resolve blood grouping mysteries, Rh 

incompatibilities, and determine safe blood transfusion strategies. 
BP104.3 

4 
Dissect the structural pathways of the lymphatic system, clarifying fluid transport 

mechanics, tissue structures, and inline filtration actions. 
BP104.3 

5 
Analyze the vascular and cellular phases of acute tissue inflammation, mapping out the 

cellular recruitment pathways and chemical mediators. 

BP104.3 

6 
Evaluate clinical hematological profiles to differentiate between microcytic, 

megaloblastic, hemolytic, and hereditary bleeding disorders. 

BP104.3 
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❖ Body Fluids, Blood Morphology, and Hemostasis 

➢ Compartmentalization of Total Body Water (TBW) 

Total Body Water accounts for approximately 60% of total body weight in a 

standard adult male. It is dynamic and split into two major fluid reservoirs: 

• Intracellular Fluid (ICF): Represents roughly two-thirds (67%) of TBW. 

This fluid is enclosed entirely within cell membranes. It is chemically 

dominated by Potassium (K+), Magnesium (Mg2+), and organic Phosphate 

(HPO4
2-) groupings. 

• Extracellular Fluid (ECF): Represents the remaining one-third (33%) of 

TBW. It provides the immediate baseline microenvironment bathing cells. 

ECF is sub-divided into:  

✓ Interstitial Fluid: Occupies 80% of ECF, filling the microscopic gaps 

separating tissue cellular elements.  

✓ Blood Plasma: Occupies 20% of ECF, serving as the liquid vehicle locked 

inside the cardiovascular plumbing. 

 

➢ Whole Blood Composition and Functional Dynamics 

Blood is a specialized liquid connective tissue that maintains systemic 

transport, acid-base balance, and vascular integrity. It features two fractions: 

• Blood Plasma (55% of volume): A straw-coloured fluid matrix containing 

91.5% water and 8.5% dissolved chemical components. 

o Plasma Proteins (7%): Albumin (54% of total; manufactured by the liver to 

generate the vital Blood Colloid Osmotic Pressure - BCOP that pulls fluid 

back into capillaries); Globulins (38%; includes immunoglobulins for antigen 

defense); and Fibrinogen (7%; the soluble clotting precursor). 

o Solutes (1.5%): Ions (Na+, Cl
−, HCO3

−), metabolic waste (urea, creatinine), 

and nutrients. 

• Formed Elements (45% of volume): The cellular fraction. 

o Erythrocytes (RBCs): Biconcave, anucleated discs lacking organelles; packed 

with hemoglobin for gas transport. Normal range: 4.8 − 5.4 million/𝜇L. 

o Leukocytes (WBCs): Immune defenders. Split into Granulocytes 

(Neutrophils, Eosinophils, Basophils) and Agranulocytes (Lymphocytes, 

Monocytes). 
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o Thrombocytes (Platelets): Membrane-bound, anucleated fragments pinched 

off from giant bone marrow Megakaryocytes; essential for hemostasis. 

Normal range: 150,000 − 400,000/𝜇L. 
 

➢ Hemopoiesis and Molecular Hemoglobin Assembly 

• The Hemopoietic Cascade: All blood cells develop from a unique ancestral 

pool of pluripotential stem cells in the red bone marrow called 

Hemocytoblasts. These differentiate into two restricted developmental tracks: 

Myeloid stem cells (producing RBCs, platelets, granulocytes, and monocytes) 

and Lymphoid stem cells (producing T-cells, B-cells, and NK units). 

• Erythropoiesis Regulation: Erythrocyte manufacturing is controlled via a 

negative feedback loop driven by tissue oxygen tension: 

Hypoxia           Renal peritubular cells release Erythropoietin (EPO) 

 

Bone marrow speeds Proerythroblast division 

Developing cells eject their nuclei at the Reticulocyte stage, enter the 

circulation, and transform into mature RBCs within 48 hours. 

• Hemoglobin Structure: Adult hemoglobin (HbA) is a complex quaternary 

protein made of four globin chains (two alpha 𝛼, two beta 𝛽). Each globin 

chain is covalently bonded to a heterocyclic Heme ring pigment. At the exact 

center of each heme ring lies an iron ion in its active ferrous state (Fe2+), 

which binds reversibly to one molecule of oxygen (𝑂2). Thus, one complete 

Hemoglobin molecule carries up to four molecules of 𝑂2. 

 

➢ Enzymatic Cascades of Blood Coagulation 

Hemostasis arrests vascular blood loss through a three-stage response: 

Vascular Spasm (immediate smooth muscle narrowing), Platelet Plug 

Formation (platelet adhesion to exposed collagen via von Willebrand Factor 

followed by ADP/Thromboxane A2 degranulation and aggregation), and 

Blood Coagulation. The clotting cascade progresses through three definitive 

chemical steps: 
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[Extrinsic Pathway]                                                [Intrinsic Pathway]   

(Contact with Collagen)                                                            (Tissue Factor Injury) 

 

 
                                           

                                      [Stage 1] Converge at Factor X 

                                (Forms PROTHROMBINASE complex) 

 
                                    

[Stage 2] Converts PROTHROMBIN 

                                                         (THROMBIN) 

 
 

[Stage 3] Converts soluble FIBRINOGEN 

(Insoluble FIBRIN MESH) 

 

 

 

✓ Stage 1: Prothrombinase Activation: Can be triggered via two distinct entry 

routes that converge at the common pathway: 

• Extrinsic Pathway: Fast, explosive response initiated by tissue injury outside 

the blood vessel. Damaged cells release Tissue Factor (TF) / Thromboplastin, 

which complexes with Factor VII and Ca2+ to directly activate Factor X. 
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• Intrinsic Pathway: Slower, multi-step cascade triggered inside the blood 

vessel by surface contact with exposed subendothelial collagen. Factor XII 

activates Factor XI, which activates Factor IX. Factor IX then complexes with 

Factor VIII and Ca2+ to activate Factor X. 

• The Common Pathway: Once Factor X is activated by either route, it 

combines with Factor V, Ca2+, and phospholipids to form the active enzyme 

complex Prothrombinase. 

✓ Stage 2: Thrombin Generation: Prothrombinase proteolytically cleaves the 

inactive plasma proenzyme Prothrombin (Factor II) into the active serine 

protease Thrombin. 

✓ Stage 3: Fibrin Polymerization: Thrombin cleaves soluble Fibrinogen (Factor 

I) into insoluble Fibrin monomers. Thrombin also activates Factor XIII (Fibrin 

Stabilizing Factor), which cross-links the monomers into a stable, structural 

meshwork that traps blood cells and seals the wound. 

➢ Transfusion Medicine: ABO and Rh Systems 

• ABO Grouping: Classified based on the presence or absence of inherited 

antigenic glycolipids (Agglutinogens A and B) on erythrocyte surfaces, 

balanced by reciprocal antibodies (Agglutinins Anti-A and Anti-B) dissolved 

in plasma: 

o Type A: Antigen A; Anti-B antibody. 

o Type B: Antigen B; Anti-A antibody. 

o Type AB: Antigens A and B; No plasma antibodies (Universal Recipient). 

o Type O: No surface antigens; Both Anti-A and Anti-B antibodies (Universal 

Donor). 

• Rh Factor and Rh Incompatibility: Driven by the presence (+) or absence 

(−) of the surface Rh (D) Antigen. If an Rh-negative mother carries an Rh-

positive fetus, exposure to fetal RBCs during delivery causes maternal 

sensitization, stimulating the production of anti-Rh IgG antibodies. In a 

subsequent Rh-positive pregnancy, these maternal antibodies cross the 

placenta, causing widespread fetal erythrocyte lysis—a condition called 

Erythroblastosis Fetalis / Hemolytic Disease of the Newborn (HDN). This 

is prevented by administering Rho(D) Immune Globulin (RhoGAM) to the 

mother to clear fetal cells before immune recognition occurs. 
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❖ The Lymphatic Infrastructure and Fluid Dynamics 

➢ Capillary Exchange Mechanisms and Lymph Formation 

Fluid exchange across blood capillary beds is governed by the balance of 

Starling’s Forces: 

• Filtration Forces: Driven by Blood Hydrostatic Pressure (BHP) and 

Interstitial Fluid Osmotic Pressure (IFOP), which push fluid out of the 

capillary. 

• Reabsorption Forces: Driven by Blood Colloid Osmotic Pressure (BCOP), 

which pulls fluid back into the capillary lumen. 

Capillaries filter roughly 20 liters of fluid per day into the tissue spaces, but 

reabsorb only 17 liters. The remaining 3 liters of excess fluid left in the 

interstitial matrix cannot be reclaimed by blood capillaries. This fluid enters 

specialized, blind-ended Lymphatic Capillaries through overlapping 

endothelial micro-valves. Once inside the lymphatic system, this fluid is called 

Lymph. 
 

 
 



 

 

 

Amar Shaheed Baba Ajit Singh Jujhar Singh Memorial             

COLLEGE OF PHARMACY 
(AN AUTONOMOUS COLLEGE) 

BELA (Ropar) Punjab   

The Pioneer Pharmacy Institute of Punjab 
 

➢ Structural Pathways and Circulation of Lymph 

Lymph fluid flows through a one-way drainage network back to the venous 

circulation: 

    Lymphatic Capillaries             Afferent Vessels    Lymph Nodes 

                                      
                                                                                                       

                                         Lymphatic Ducts             Lymphatic Trunks 

o The Thoracic (Left Lymphatic) Duct: Empties into the junction of the left 

internal jugular and left subclavian veins, draining the entire lower body and 

the upper left quadrant. 

o The Right Lymphatic Duct: Empties into the right subclavian vein, draining 

the upper right quadrant of the body. 

o Mechanisms of Flow: Because the lymphatic system lacks a central heart-like 

pump, lymph fluid moves slowly against gravity. Flow is maintained by the 

Skeletal Muscle Pump (compression of vessels during movement) and the 

Respiratory Pump (pressure changes during breathing), combined with 

internal one-way valves that prevent backflow. 
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❖ Structural Organs of the Lymphatic System 

• Primary Lymphoid Organs (Sites of Cell Maturation): 

o Red Bone Marrow: The source of all white blood cells and the specific 

environment where B-lymphocytes mature. 

o Thymus Gland: A bilobed mediastinal organ where T-cell progenitors 

undergo strict structural education, filtering out self-reactive clones through 

positive and negative selection to produce mature T-lymphocytes. 

• Secondary Lymphoid Organs (Sites of Active Immune Responses): 

o Lymph Nodes: Encapsulated, bean-shaped structures packed with B-cells, T-

cells, and macrophages. They act as inline structural filters to clear pathogens 

from circulating lymph. 

o The Spleen: The largest mass of lymphoid tissue. Divided into White Pulp 

(lymphocytes clusters surrounding central arteries to attack blood-borne 

pathogens) and Red Pulp (venous sinuses where macrophages destroy worn-

out erythrocytes—acting as the "RBC Graveyard"—and store platelets). 

o Lymphatic Nodules (MALT): Non-encapsulated lymphoid clusters embedded 

within mucous membranes (e.g., Tonsils, Peyer’s patches in the intestine), 

forming Mucosa-Associated Lymphatic Tissue. 
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❖ Pathophysiology of Tissue Inflammation and Repair 

➢ Classification and Cardinal Signs of Inflammation 

Inflammation is a protective response to tissue injury, cellular stress, or 

pathogen invasion. It isolates or neutralizes the offending agent and clears 

debris to prepare the site for repair. 

➢ Acute Inflammation: Rapid onset, short duration (days). Characterized by 

fluid exudation and the recruitment of Neutrophils as the primary cellular 

defenders. 

The 5 Cardinal Signs of Acute Inflammation: 

1. Rubor (Redness): Driven by local arteriole vasodilation. 

2. Calor (Heat): Driven by increased arterial blood flow carrying core body 

temperature. 

3. Tumor (Swelling): Caused by increased endothelial permeability leading to 

fluid exudation. 

4. Dolor (Pain): Driven by chemical stimulation of nociceptors by 

prostaglandins and bradykinin, and mechanical stretching of tissues. 

5. Functio Laesa (Loss of Function): Caused by local swelling and pain. 

➢ Chronic Inflammation: Prolonged duration (weeks to years). Characterized 

by simultaneous tissue destruction and attempts at healing. Dominated by 

Macrophages, Lymphocytes, and Plasma cells, often leading to the formation 

of a Granuloma (a cluster of epithelioid macrophages enclosing an indigestible 

agent). 
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➢ The Vascular and Cellular Phases of Inflammation 

• The Vascular Phase: Tissue injury triggers local mast cells to release 

Histamine, causing immediate vasodilation and increased capillary 

permeability. Endothelial cells contract, opening microscopic gaps. Protein-

rich fluid (exudate) leaks into the interstitial space, leading to localized edema 

and causing local blood flow to slow down (stasis). 

• The Cellular Phase (The Leukocyte Extravasation Cascade): 

1) Margination: Blood stasis causes leukocytes to move out of the central axial 

column and settle along the outer endothelial margins. 

2) Rolling: Leukocytes roll loosely along the endothelial surface, bound by 

adhesion molecules called Selectins. 

3) Adhesion: Surface Integrins on leukocytes bind firmly to endothelial 

receptors, stopping their movement. 

4) Diapedesis (Emigration): Leukocytes squeeze through open endothelial gaps 

to enter the tissue space. 

5) Chemotaxis: Leukocytes follow a chemical gradient (driven by Leukotriene 

B4, C5a, and chemokines) to reach the exact site of injury. 

6) Phagocytosis: Neutrophils and macrophages recognize, engulf, and destroy 

the target pathogen using lysosomal enzymes and oxidative bursts. 
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➢ Chemical Mediators of Inflammation 

▪ Histamine: Released by mast cells; triggers immediate arteriole vasodilation 

and increases capillary permeability. 

▪ Prostaglandins (PGE𝟐): Synthesized via the Cyclooxygenase (COX) 

pathway; intensifies pain, causes vasodilation, and acts on the hypothalamus 

to induce fever. 

▪ Leukotrienes (LTB𝟒): Synthesized via the Lipoxygenase (LOX) pathway; 

acts as a potent chemoattractant for neutrophil recruitment. 

▪ Bradykinin: Formed via the kinin cascade; directly stimulates nociceptors to 

induce pain and causes vasodilation. 

▪ Cytokines (TNF − 𝜶,IL − 𝟏): Released by macrophages; drives systemic 

acute-phase reactions and increases endothelial adhesion molecule expression. 

▪ Complement Elements (C3a,C5a): Anaphylatoxins that trigger mast cell 

degranulation; C5a also drives leukocyte chemotaxis. 
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❖ Pathophysiology of Hematological and Coagulation Diseases 

➢ Nutritional and Maturational Anemias 

I. Iron Deficiency Anemia (Microcytic, Hypochromic): Iron is the core atom 

required to synthesize the heme ring of hemoglobin. When systemic iron 

stores are depleted (due to chronic blood loss or dietary deficiency), 

erythroblasts cannot manufacture sufficient hemoglobin. As a result, erythroid 

cells undergo extra mitotic divisions in the bone marrow, trying to maximize 

hemoglobin concentration. This produces erythrocytes that are abnormally 

small (Microcytic) and pale (Hypochromic), leading to a significant drop in 

Mean Corpuscular Volume (MCV). 

II. Megaloblastic Anemia (Macrocytic, Normochromic): Driven by a 

deficiency in Vitamin B12 (Cobalamin) or Folic Acid. Both vitamins are 

essential cofactors for DNA synthesis. When they are deficient, hematopoietic 

stem cells experience impaired DNA synthesis and delayed nuclear 

maturation, while RNA synthesis and cytoplasmic growth progress normally. 

This causes erythroblasts to grow abnormally large before dividing, producing 

oversized, fragile erythrocytes called Macroovalocytes. A classic laboratory 

hallmark of this condition is the presence of hypersegmented neutrophils 

(showing ≥ 6 nuclear lobes) in peripheral blood smears. 

➢ Inherited Structural and Quantitative Anemias 

I. Sickle Cell Anemia (HbS): An autosomal recessive genetic disorder caused 

by a single missense point mutation within the sixth codon of the 𝛽-globin 

gene on chromosome 11. This mutation replaces the normal amino acid 

Glutamic Acid with Valine, converting normal hemoglobin (HbA) into 

abnormal Sickle Hemoglobin (HbS). Under conditions of low oxygen tension 

(hypoxia, dehydration), the hydrophobic valine residues align abnormally. 

This causes HbS molecules to polymerize into rigid, crystalline fibers that 

distort the cell into a rigid, sickle-like crescent shape. These rigid RBCs block 

microvascular capillaries, causing Vaso-occlusive Crises, tissue ischemia, 

and severe pain. They are also rapidly destroyed by the spleen, shortening their 

lifespan to just 10–20 days and causing severe hemolytic anemia. 

II. Thalassemia: An inherited genetic disorder characterized by a quantitative 

reduction or complete absence of globin chain synthesis. 
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o 𝜶-Thalassemia: Reduced or absent synthesis of 𝛼-globin chains, typically 

caused by gene deletions on chromosome 16. 

o 𝜷-Thalassemia: Driven by point mutations on chromosome 11 that decrease 

or eliminate 𝛽-chain production. This leaves an excess of unpaired, free 𝛼-

chains that precipitate into insoluble aggregates inside developing RBCs, 

causing widespread destruction within the marrow (ineffective 

erythropoiesis) and hemolytic removal by the spleen. 

➢ Acquired vs. Hereditary Disorders: Hemophilia 

I. Hemophilia A and B: Inherited, X-linked recessive bleeding disorders 

characterized by deficiencies in specific clotting factors within the intrinsic 

pathway. Hemophilia A is caused by a genetic deficiency in Clotting Factor 

VIII, while Hemophilia B is caused by a deficiency in Clotting Factor IX. 

II. Coagulation Breakdown: Because Factors VIII and IX form the essential 

enzyme-cofactor complex required to activate Factor X, their absence halts 

the intrinsic pathway. While the extrinsic pathway remains operational, it 

cannot produce enough stable fibrin on its own to secure large vascular 

breaches. Consequently, patients experience prolonged bleeding following 

minor trauma, spontaneous internal hemorrhages, and bleeding into joint 

cavities (Hemarthrosis). Laboratory profiles show a prolonged Activated 

Partial Thromboplastin Time (aPTT) alongside normal Prothrombin Time 

(PT) and normal platelet counts. 
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Case-Based Learning (CBL) Assessment Modules 

 

         CBL Case Study 1: The Surgical Transfusion Discrepancy 

Clinical Scenario: A 34-year-old female is admitted for an emergency 

splenectomy following a motor vehicle collision. Her blood type is verified as 

Type A-negative (A−). Due to intraoperative hemorrhage, the surgical team 

requests an immediate blood transfusion. Due to an emergency volume 

backlog in the blood bank, a unit of Type A-positive (A+) blood is delivered 

and accidentally administered to the patient. 

▪ Core Assessment Task: Apply the principles of transfusion immunology to 

evaluate immediate and long-term hematological outcomes. 

    Clinical Investigation Questions: 

1. Immediate Evaluation: Analyze the immediate immunological risks of this 

initial transfusion. Will an immediate, acute hemolytic transfusion reaction 

occur within her vascular compartment? Defend your answer based on the 

natural presence or absence of anti-Rh antibodies in an un-sensitized 

individual. 

2. Long-Term Follow-Up: Trace the immunogenic timeline over the next 3 

months. What specific changes will occur in the patient's plasma antibody 

profile, and how will this affect future transfusion requirements? 

3. Obstetric Outlook: If this patient becomes pregnant two years later with an 

Rh-positive fetus, evaluate the risks of Hemolytic Disease of the Newborn 

(HDN) and justify the preventive pharmacological intervention required. 

 

         CBL Case Study 2: The Post-Mastectomy Fluid Deluge 

Clinical Scenario: A 46-year-old female undergoes a radical mastectomy 

along with complete axillary lymph node dissection to treat breast cancer. 

Three weeks post-surgery, she returns to the clinic reporting progressive 

swelling, a feeling of heaviness, and restricted range of motion throughout 

her entire right upper limb. Physical examination reveals non-pitting, 

asymmetrical edema localized to the right arm. She is diagnosed with 

secondary Lymphedema. 

▪ Core Assessment Task: Analyze fluid dynamics and the structural role of 

lymphatic drainage pathways. 
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    Clinical Investigation Questions: 

1. Fluid Dynamics Analysis: Connect Starling's forces with the patient's 

condition. Which specific drainage component was disrupted by the 

surgical removal of the axillary nodes, and how does this disrupt tissue 

fluid balance? 

2. Anatomical Pathway Mapping: Trace the path lymph fluid would 

normally follow from the right hand back to the venous system. Which 

terminal collecting duct is responsible for returning lymph from the upper 

right quadrant of the body into the bloodstream? 

3. Pathological Appraisal: Why is an arm affected by chronic lymphedema 

at a significantly higher risk for opportunistic bacterial infections (e.g., 

cellulitis)? Connect your answer to the filtering role of secondary lymphoid 

organs. 
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Active Problem-Based Learning (PBL) Interactive Board 

       PBL Problem Trigger: The Pale Vegetarian Emergency 

1. The Raw Problem Statement 

A 22-year-old female university student presents to the health center reporting 

progressive shortness of breath during mild exertion, persistent numbness and a 

"pins-and-needles" sensation (paresthesia) across both her feet, and recurring 

bouts of diarrhea. On physical examination, the clinician notes severe pallor of 

her conjunctiva and a smooth, painful, bright red tongue (glossitis). 

The patient mentions she adopted a strict vegan lifestyle 4 years ago upon 

entering university and consumes no animal or dairy products. An urgent 

complete blood count (CBC) and peripheral blood smear reveal: 

• Hemoglobin: 7.2 g/dL (Severely low) 

• Mean Corpuscular Volume (MCV): 118 fL (Abnormally high; normal: 80 −

100 fL) 

• WBC Morphology: Presence of prominent, hypersegmented neutrophils 

showing 6 to 7 distinct nuclear lobes. 

2. The Student 3-Column Brainstorming Matrix (Template) 
 

WHAT WE KNOW WHAT WE NEED TO KNOW OUR HYPOTHESES 

1. Patient has severe anemia (Hb: 

7.2 g/dL) with large RBC sizes. 

2. Neurological symptoms: 

numbness 

and paresthesia in her feet. 

3. Strict vegan for 4 years. 

4. Glossitis and hypersegmented 

WBCs. 

• Why does a high MCV signify 

big RBC sizes 

(macrocythemia)? 

• What is the link between DNA 

synthesis and nuclear 

segmenting? 

• How does vitamin lack destroy 

myelin sheaths in nerves? 

1. Her strict vegan diet caused a 

severe nutritional Vitamin B12 

deficiency. 

2. Impaired DNA synthesis 

delayed cell division, creating 

giant, fragile macroovalocytes. 

 

    Core Mechanistic Investigative Questions for Presentation: 

1. The Morphological Deconstruction: Analyze the patient's CBC indices. 

Explain the cellular and molecular mechanisms that cause erythrocytes to 

grow abnormally large (Megaloblastic/Macrocytic) when DNA synthesis is 

impaired, while cytoplasm maturation progresses normally. 

2. The Neurological Connection: Differentiate between Vitamin B12 deficiency 

and Folic Acid deficiency based on the patient's symptoms. Which of these 

deficiencies causes Subacute Combined Degeneration of the Spinal Cord, 

leading to the loss of myelin sheaths and neurological symptoms like 

paresthesia? 
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3. The Hematological Verdict: Explain why the presence of hypersegmented 

neutrophils serves as a key diagnostic hallmark for megaloblastic conditions 

under a microscope. 
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Multiple Choice Questions 

 

1. What percentage of Total Body Water 

(TBW) is occupied by the Intracellular Fluid 

(ICF) compartment? 

  A) 20%                     B) 33% 

  C) 50%                     D) 67% 

2. Which plasma protein is primarily 

responsible for generating Blood Colloid 

Osmotic Pressure (BCOP)? 

A) Fibrinogen             B) Albumin 

C) Gamma globulin    D) Prothrombin 

3. What is the normal physiological lifespan 

of a mature human erythrocyte in general 

circulation? 

A) 10–20 days             B) 50 days 

C) 120 days                 D) 280 days 

4. All blood cells develop from a common 

pool of pluripotential bone marrow stem 

cells called: 

A) Proerythroblasts     B) Megakaryocytes 

C) Hemocytoblasts      D) Reticulocytes 

5. Which leucocyte lineage acts as the 

primary "first responder" to acute bacterial 

invasions? 

A) Basophils                 B) Lymphocytes 

C) Neutrophils              D) Monocytes 

6. Thrombocytes (platelets) are direct 

cytoplasmic fragments pinched off from 

large bone marrow cells known as: 

A) Hemocytoblasts       B) Megakaryocytes 

C) Monoblasts              D) Reticulocytes 

7. The hormone Erythropoietin (EPO), which 

regulates red blood cell production, is 

synthesized primarily by the: 

A) Liver                        B) Kidneys 

C) Red bone marrow    D) Spleen 

8. At the center of each heterocyclic Heme 

ring lies an iron ion locked in which active 

state? 

A) Ferric (Fe3+) state   

B) Ferrous (Fe2+) state 

C) Elemental (Fe0) state 

D) Complexed (Fe4+) state 

 

9. The rapid, explosive coagulation cascade 

triggered by tissue trauma outside the blood 

vessel is the: 

A) Intrinsic pathway 

B) Common pathway 

C) Extrinsic pathway 

D) Fibrinolytic pathway 

10. Which mineral cofactor is universally 

required across almost all major steps of the 

blood clotting cascade? 

• A) Iron (Fe2+)           B) Magnesium (Mg2+) 

• C) Calcium (Ca
2+

)    D) Potassium (K+) 

11. Soluble Fibrinogen (Factor I) is 

proteolytically cleaved into insoluble Fibrin 

strands by the active enzyme: 

• A) Prothrombinase    B) Thrombin 

• C) Plasmin                 D) Hageman factor 

• 12. A patient with Type B blood possesses 

which surface agglutinogens and plasma 

agglutinins? 

• A) Antigen A; Anti-B antibody 

• B) Antigen B; Anti-A antibody 

• C) Both Antigens A and B; No antibodies 

• D) Neither Antigen; Both antibodies 

• 13. Which blood group is designated as the 

"Universal Donor" for packed red blood cell 

transfusions? 

• A) Type AB positive    B) Type O positive 

• C) Type O negative      D) Type AB negative 

• 14. Hemolytic Disease of the Newborn 

(HDN) typically manifests during a 

mismatched pregnancy involving an: 

• A) Rh-positive mother and Rh-negative fetus 

• B) Rh-negative mother and Rh-positive fetus 

• C) Rh-negative mother and Rh-negative 

fetus 

• D) Rh-positive mother and Rh-positive fetus 

• 15. The specialized drug preparation 

administered to prevent Rh maternal 

sensitization is called: 

• A) Heparin              B) RhoGAM 

• C) Erythropoietin 

• D) Tissue Plasminogen Activator 
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16. What is the approximate daily net volume 

of interstitial fluid that is left behind by blood 

capillaries and collected by the lymphatic 

system? 

A) 20 liters                    B) 17 liters 

C) 3 liters                      D) 5 liters 

17. The primary terminal collecting duct 

that drains lymph from the entire lower half 

of the human body is the: 

• A) Right lymphatic duct    B) Thoracic duct 

• C) Cisterna chyli    D) Left subclavian trunk 

• 18. Lymph flow through low-pressure, 

gravity-opposing channels is maintained by 

internal one-way valves and the action of the: 

• A) Cardiovascular heart pump 

• B) Skeletal muscle pump 

• C) Splenic contraction loop 

• D) Renal filtration gradient 

• 19. Which of the following is categorized 

anatomically as a primary lymphoid organ? 

• A) Spleen                       B) Lymph node 

• C) Thymus                     D) Tonsil 

• 20. The dynamic maturation and structural 

"education" of T-lymphocytes takes place 

within the: 

• A) Red bone marrow     B) Spleen 

• C) Thymus gland           D) Peyer's patches 

• 21. Which specific region of the spleen acts 

as the "RBC Graveyard," destroying worn-

out, ruptured red blood cells? 

• A) White pulp                B) Red pulp 

• C) Germinal center        D) Marginal zone 

• 22. Non-encapsulated lymphoid clusters 

distributed throughout the mucous 

membranes of the digestive tract are termed: 

• A) Lymph nodes 

• B) White pulp cavities 

• C) Mucosa-Associated Lymphatic Tissue 

(MALT) 

• D) Primary nodules 

• 23. What primary class of white blood cells 

dominates the cellular infiltration phase of 

chronic inflammation? 

• A) Neutrophils        B) Eosinophils 

• C) Macrophages and Lymphocytes 

• D) Basophils 

24. The development of a localized 

"Granuloma" tissue structure is a 

characteristic feature of: 

A) Acute inflammation 

B) Primary wound intention 

C) Chronic inflammation 

D) Immediate vascular spasm 

25. Which chemical mediator is released 

during mast cell degranulation to drive 

immediate vasodilation? 

A) Bradykinin             B) Leukotriene B4 

C) Histamine               D) Thromboxane A2 

26. The movement of white blood cells out 

of the central axial flow to settle along the 

outer endothelial surface during stasis is 

termed: 

A) Diapedesis              B) Chemotaxis 

C) Margination            D) Phagocytosis 

27. Loose rolling interactions between 

traveling leukocytes and the vascular 

endothelial wall are mediated by: 

A) Integrins                 B) Selectins 

C) Fibrinogens            D) Immunoglobulins 

28. The firm, structural binding of a 

leukocyte to the endothelial wall before 

emigration is mediated by: 

A) Selectins                 B) Integrins 

C) Histamines              D) Chemokines 

29. Leukocytes squeeze through open 

endothelial cell gaps to enter the tissue space 

in a process called: 

A) Margination            B) Chemotaxis 

C) Diapedesis (Emigration)  

D) Opsonization 

30. Leukocytes travel toward the exact focus 

of tissue injury by following a chemical 

gradient in a process called: 

A) Diapedesis              B) Chemotaxis 

C) Adhesion                 D) Margination 

31. Which inflammatory mediator acts 

directly on the preoptic area of the 

hypothalamus to induce Fever? 

A) Histamine               B) Leukotriene B4 

C) Prostaglandin E2 (PGE2) 

D) Heparin 
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32. Which metabolite of the lipoxygenase 

(LOX) pathway serves as a potent 

chemoattractant for neutrophils? 

A) Prostaglandin E2 

B) Leukotriene B4 (LTB4) 

C) Prostacyclin 

D) Thromboxane A2 

33. The plasma protease responsible for 

directly stimulating nociceptors to induce 

pain sensations is: 

A) Thrombin               B) Bradykinin 

C) Plasmin                  D) Fibrinogen 

34. Iron Deficiency Anemia leads to the 

production of erythrocytes that are 

morphologically: 

A) Macrocytic, Normochromic 

B) Microcytic, Hypochromic 

C) Macrocytic, Hypochromic 

D) Microcytic, Hyperchromic 
35. A significant elevation in Mean 

Corpuscular Volume (MCV) above 100 fL is 

a hallmark clinical indicator of: 

A) Iron Deficiency Anemia 

B) Thalassemia minor 

C) Megaloblastic Anemia 

D) Sickle Cell Trait 

36. Megaloblastic anemia is characterized 

under a microscope by the presence of large 

erythrocytes and leukocytes showing: 

A) Hyposegmented nuclei 

B) Hypersegmented neutrophils (≥ 6 lobes) 

C) Complete loss of nuclear margins 

D) Basophilic toxic granules 

37. Sickle Cell Anemia is caused by a genetic 

point mutation within the 𝛽-globin gene that 

substitutes: 

A) Valine with Glutamic Acid 

B) Glutamic Acid with Valine 

C) Lysine with Alanine 

D) Glycine with Valine 

38. Under conditions of low oxygen tension, 

abnormal Sickle Hemoglobin (HbS) 

molecules undergo: 

A) Immediate chemical denaturation 

B) Polymerization into rigid crystalline rods 

C) Enzymatic breakdown by plasma 

proteases 

D) Spontaneous reversion to alpha chains 

39. Inherited anemias driven by a 

quantitative reduction or complete absence 

of globin chain synthesis are called: 

A) Megaloblastic Anemias 

B) Thalassemias 

C) Aplastic Anemias 

D) Hereditary Spherocytosis 

40. Hemophilia A is an inherited bleeding 

disorder caused by a genetic deficiency in 

which clotting factor? 

A) Factor VII                B) Factor VIII 

C) Factor IX                 D) Factor X 

41. Hemophilia B (Christmas Disease) is 

caused by an inherited genetic deficiency in: 

A) Factor VIII              B) Factor XI 

C) Factor IX                 D) Factor XII 

42. Spontaneous bleeding into joint cavities 

seen in severe hemophilia cases is termed: 

A) Epistaxis                 B) Hemarthrosis 

C) Hematemesis          D) Petechiae 

43. The liquid fraction of blood isolated 

before clotting occurs is called: 

A) Serum                     B) Plasma 

C) Lymph                    D) Interstitial exudate 

44. Which cell lineage gives rise to T-

lymphocytes, B-lymphocytes, and Natural 

Killer cells? 

A) Myeloid stem lineage 

B) Lymphoid stem lineage 

C) Granulocytic progenitor group 

D) Erythroid blast group 

45. The active enzyme complex formed at the 

convergence of the intrinsic and extrinsic 

pathways is: 

A) Thrombin         B) Prothrombinase 

C) Fibrin stabilizing factor 

D) Thromboplastin 

46. An individual lacking both surface 

Antigen A and Antigen B on their RBCs has 

which ABO blood type? 

A) Type A             B) Type B 

C) Type AB          D) Type O 
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47. Which force acts as the primary driving 

pressure pushing fluid out of blood 

capillaries into the tissues? 

A) Blood Colloid Osmotic Pressure (BCOP) 

B) Interstitial Fluid Hydrostatic Pressure 

(IFHP) 

C) Blood Hydrostatic Pressure (BHP) 

D) Interstitial Fluid Osmotic Pressure (IFOP) 

48. The blind-ended initial vessels of the 

lymphatic system are called: 

A) Lymphatic trunks       B) Afferent vessels 

C) Lymphatic capillaries D) Lacteals 

49. The active plasma enzyme that degrades 

and dissolves fibrin clots during tissue 

healing is: 

A) Thrombin                  B) Plasmin 

C) Heparin                      D) Prothrombinase 

50. Postmenopausal osteoporosis is driven 

by an uncoupling of bone remodelling due to 

a deficiency in: 

A) Testosterone 

B) Estrogen 

C) Calcitonin 

D) Insulin 

ANSWER KEY (MCQs) 1. D | 2. B | 3. C | 4. C | 5. C | 6. B | 7. B | 8. B | 9. C | 10. C | 11. B 

| 12. B | 13. C | 14. B | 15. B | 16. C | 17. B | 18. B | 19. C | 20. C | 21. B | 22. C | 23. C | 24. 

C | 25. C | 26. C | 27. B | 28. B | 29. C | 30. B | 31. C | 32. B | 33. B | 34. B | 35. C | 36. B | 37. 

B | 38. B | 39. B | 40. B | 41. C | 42. B | 43. B | 44. B | 45. B | 46. D | 47. C | 48. C | 49. B | 50. 

B. 
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Very Short Answer (2- Marks) 

1) State the functional compartment housing two-thirds of total body water. 

(Bloom’s Level 1: Remember)  

A. Intracellular Fluid. 

2) Name the primary liver-derived protein that maintains capillary BCOP. 

(Bloom’s Level 1: Remember) 

 A. Albumin. 

3) Identify the multipotent ancestral stem cell for all blood lineages.  

(Bloom’s Level 1: Remember)  

A. Hemocytoblast. 

4) Name the immediate nucleated precursor cell that matures into an RBC. 

(Bloom’s Level 1: Remember)  

A. Reticulocyte. 

5) Which coagulation entry track is initiated by external Tissue Factor release? 

(Bloom’s Level 1: Remember)  

A. Extrinsic pathway. 

6) State the blood type designated as the universal recipient.  

      (Bloom’s Level 1: Remember)  

A. Type AB-positive. 

7) Identify the maternal IgG-driven pathology that destroys fetal erythrocytes. 

(Bloom’s Level 1: Remember)  

A. Erythroblastosis Fetalis. 

8) Name the force pulling fluid back into capillaries from the tissues.  

(Bloom’s Level 1: Remember)  

A. BCOP. 

9) Which lymphatic duct drains the lower extremities and left thorax?  

(Bloom’s Level 1: Remember)  

A. Thoracic duct. 

10) Identify the primary organ where T-lymphocytes undergo selection. 

(Bloom’s Level 1: Remember)  

A. Thymus gland. 

11) Name the dominant phagocytic cell type found in acute inflammation. 

(Bloom’s Level 1: Remember)  

A. Neutrophil. 
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12) Give the clinical term for localized swelling caused by fluid exudation. 

(Bloom’s Level 1: Remember)  

A. Edema. 

13) Name the arachidonic acid metabolite that induces fever in the 

hypothalamus. (Bloom’s Level 1: Remember)  

A. Prostaglandin E2. 

14) Classify the morphological cell appearance of Iron Deficiency Anemia. 

(Bloom’s Level 2: Understand)  

A. Microcytic hypochromic. 

15) Identify the missing coagulation factor that causes classic Hemophilia A. 

(Bloom’s Level 1: Remember)  

A. Factor VIII. 

16) Classify the structural bone category of the human patella.  

(Bloom’s Level 2: Understand) 

 A. Sesamoid bone. 

17) Give the exact medical term for a functionally immovable joint. 

 (Bloom’s Level 2: Understand)  

A. Synarthrosis. 

18) Classify the knee joint according to its structural synovial subtype. 

(Bloom’s Level 2: Understand)  

A. Hinge joint. 

19) What cell type is derived from monocytes to execute bone resorption? 

(Bloom’s Level 2: Understand)  

A. Osteoclast. 

20) Name the baseline structural and functional unit of a muscle myofibril. 

(Bloom’s Level 2: Understand)  

A. Sarcomere. 
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Short Answer Questions (5- Marks) 

1) Enumerate the diverse cellular and liquid fractions of blood and outline their 

primary homeostatic functions. (Bloom's Level 1: Remember) 

2) Classify the distribution of Total Body Water across the major body 

compartments and list the principal electrolytes dominating each. (Bloom's 

Level 2: Understand) 

3) Describe the negative feedback loops that regulate Erythropoiesis in response 

to tissue hypoxia. (Bloom's Level 2: Understand) 

4) Explain the chemical layout and structural assembly of an adult Hemoglobin 

molecule. (Bloom's Level 2: Understand) 

5) Outline the initial physiological stages of Hemostasis: Vascular Spasm and 

Platelet Plug Formation. (Bloom's Level 2: Understand) 

6) Differentiate between the primary activation mechanisms of the Extrinsic 

Coagulation Pathway and the Intrinsic Coagulation Pathway. (Bloom's Level 

4: Analyze) 

7) Explain the immunohaematological rules of the ABO blood grouping system 

and list compatible donor options for each type. (Bloom's Level 2: 

Understand) 

8) Detail the pathogenesis of Erythroblastosis Fetalis and explain the preventive 

mechanism of RhoGAM prophylaxis. (Bloom's Level 4: Analyze) 

9) Apply Starling's Law of the Capillaries to explain how mechanical pressures 

drive the daily generation of Lymph. (Bloom's Level 3: Apply) 

10) Differentiate between Primary Lymphoid Organs and Secondary 

Lymphoid Organs based on their developmental roles. (Bloom's Level 4: 

Analyze) 

11) List the five cardinal signs of acute tissue inflammation and outline the 

vascular adjustments responsible for each. (Bloom's Level 1: Remember) 

12) Dissect the vascular phase of acute inflammation, detailing the roles of 

histamine and fluid exudation. (Bloom's Level 4: Analyze) 

13) Detail the cellular and bone marrow alterations that produce microcytic, 

hypochromic erythrocytes in Iron Deficiency Anemia. (Bloom's Level 4: 

Analyze) 

14) Analyze the molecular and genetic errors that lead to abnormal erythrocyte 

sickling in Sickle Cell Anemia. (Bloom's Level 4: Analyze) 
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15) Explain the coagulation factor defects and laboratory diagnostic profiles 

characteristic of Hemophilia A and B. (Bloom's Level 4: Analyze) 
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Long Answer Questions (10- Marks) 

 

1) Write a detailed compendium on the fluid compartments of the human body 

and the biological composition of whole blood. Discuss how specific plasma 

proteins maintain systemic blood volume and osmotic balance, supported by 

structural flowcharts. (Bloom's Level 2: Understand) 

Chronologically trace the entire pathway of adult Hemopoiesis. Diagram the 

cellular lineages arising from Myeloid and Lymphoid stem lines, and analyze 

the individual stages of erythropoiesis down to reticulocyte maturation. 

(Bloom's Level 4: Analyze) 

2) Provide a detailed mechanistic account of the Blood Coagulation Cascade. 

Compare the Extrinsic and Intrinsic pathways, detail the enzymatic activation 

steps of the Common Pathway, and discuss how clotting is localized. (Bloom's 

Level 4: Analyze) 

3) Discuss Transfusion Medicine in the human clinical setting. Analyze the 

immunohaematological rules of the ABO and Rh systems, evaluate the 

pathogenesis of Erythroblastosis Fetalis, and justify the clinical administration 

of RhoGAM. (Bloom's Level 5: Evaluate) 

4) Write a comprehensive essay on the anatomical architecture and fluid 

dynamics of the human Lymphatic System. Diagram how lymph forms based 

on Starling's capillary pressures, and trace its circulation back to the venous 

angles. (Bloom's Level 3: Apply) 

5) Compare and contrast the structural anatomy, cellular zones, and 

immunogenic filtering roles of Primary vs. Secondary Lymphoid Organs and 

Tissues. (Bloom's Level 4: Analyze) 

6) Chronologically detail the entire vascular and cellular phase cascade of the 

Acute Inflammatory Response. Diagram the leukocyte extravasation pathway 

from initial margination to ultimate phagocytosis. (Bloom's Level 4: Analyze) 

7) Evaluate the biosynthetic origins, biochemical classifications, and principal 

pathophysiological actions of the chemical mediators of inflammation. 

(Bloom's Level 5: Evaluate) 

8) Compare and contrast the complete etiologies, cellular pathways, tissue 

modifications, and clinical laboratory indices of Iron Deficiency Anemia vs. 

Nutritional Megaloblastic Anemia. (Bloom's Level 4: Analyze) 
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9) Provide a detailed pathophysiological account of the inherited 

hemoglobinopathies: Sickle Cell Anemia and Thalassemias. Analyze their 

underlying genetic mutations, structural modifications, and clinical 

consequences. (Bloom's Level 5: Evaluate) 

10) Analyze the structural organization, genetic inheritance patterns, and 

coagulation failures involved in Hemophilia A and B. Compare their 

molecular targets and discuss their clinical and laboratory diagnostic profiles. 

(Bloom's Level 5: Evaluate) 

11) Write a comprehensive essay on the physiological and cellular mechanisms 

that maintain human Blood Glucose Homeostasis, detailing the opposing 

homeostatic pathways triggered by Hyperglycemia and Hypoglycemia. 

(Bloom's Level 5: Evaluate) 

12) Chronologically evaluate the four overlapping physiological phases of 

structural tissue repair and remodeling that occur during Cutaneous Wound 

Healing by Secondary Intention. (Bloom's Level 5: Evaluate) 

13) Evaluate the physiological consequences of targeted toxicological 

interventions on the Neuromuscular Junction (NMJ). Map out the cellular 

alterations that occur when the NMJ is exposed to Organophosphate nerve 

agents, Botulinum toxin, and Curare. (Bloom's Level 5: Evaluate) 

14) Discuss how the skeletal, articular, and muscular systems interact as a 

coordinated functional framework during biological movement. Describe the 

mechanical components of a biological lever system and outline how the body 

balances leverage against speed. (Bloom's Level 3: Apply) 
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