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ABOUT PhysioCAFUN DOCUMENT 
 

The document, called Physiology Curriculum for African Universities (PhysioCAFUN), is produced to serve as 
a freely available resource that stakeholders in Africa can consult regarding the desired training and competence 
of a physiologist and other health professions. It will help Universities in some Africa nations where there is 
dearth of Physiologist to freshly draft a curriculum suitable for the local needs. It will also help Universities in 
some Africa nations where physiology programs are already in place to benchmark and revise their curriculum 
accordingly, where necessary. 

It will also help universities to identify the core physiology knowledge and competencies required of some 
medical and health sciences’ programs, including Bachelor of Medicine and Syrgery (MD/MBBS/MBBCH), 
Bachelor of Dentistry (BDS), Bachelor of Pharmacy (B.Pharm), Bachelor of Medical Laboratory sciences 
(BMLS), Bachelor of Radiotherapy (BScRTT), Bachelor of Veterinary Medicine (BVM)  and Bachelor of 
Nursing (BScN) degrees, among others, that require knowledge in physiology modules during their professional 
trainings.  

In addition to the Academic environment, the document will also help employers across various industries and 
policy makers to have a record of the knowledge and competencies expected of a Physiologist, which will enhance 
public understanding and confidence on the expertise of a physiologist. 

It is important for anyone using this curriculum document to understand that its content is far more comprehensive 
than any one program will be able to include in its typical course offerings. It is therefore up to the adopters – the 
individual institutions, programs, or instructors – to first define the knowledge, skills, and behaviors that they 
wish their graduates to achieve, then use their outcomes to select what content from this document they will 
include for their curriculum.  

We do not expect adopters of the curriculum to attempt to teach everything in this document. The outcomes 
expected of bachelor’s students planning to become nurses or laboratory technicians are vastly different from 
those for future physicians or physiologists who will work in the pharmaceutical industry or academia. It is up to 
the directors of these disparate programs to decide what their curriculum should look like. 

Modules 1-15 cover the organ systems and general principles of physiology. Modules 16-23 cover additional 
content and skill development that may be applicable to one program but not another. In the organ system 
modules, we chose to write broad outcomes so that adopters can decide for themselves what level of detail is 
appropriate for their students. Adopters may choose to skip some outcomes completely and may add additional 
content that is not contained in the guidelines. These modules are suggestions, not mandates of content that must 
be covered. Modules are organized as follows. They begin with a summary paragraph that highlights the key 
concepts in the module. This is followed by two sections: 
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Modular Indicative Content 
This section is a brief outline of a suggested sequence for presenting the content to students. We have attempted 
to organize the learning outcomes so that they match the outline. 
 
Modular Learning Outcomes  
All the learning outcomes use verbs that require an action that can be assessed by the instructor. For example, it 
is impossible to tell if a student understands a concept. However, if they understand it then they should be able 
to explain it. 
 
Knowledge and Understanding 

Having successfully completed the module, students should be able to describe and explain: 
 
Cognitive/Intellectual skills/Application of Knowledge 

Having successfully completed the module, students should be able to: 
 
ICT / Numeracy / Analytic Techniques / Practical Skills / General Transferable Skills 

Having successfully completed the module, students should be able to: 
 

The learning outcomes in Modules 1-15 were adapted with permission from The HAPS Physiology Learning 
Outcomes, which are copyrighted by the Human Anatomy & Physiology Society under a Creative Commons 
Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0) license. 

 

 

 

 

                                                                          

__________________________________   __________________________________________ 

Prof. Faadiel Essop, PhD, FRSSAf, FAPS,   Prof. Dee Silverthorn, PhD, FAPS, FAAA, FAAAS 

President, AAPS      Advisor – Physiological Teaching Affairs 
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\CURRICULUM AIMS AND RATIONALE 
 

The physiology curriculum at a Bachelor level aims to train graduates that will have: 

i. High level of understanding of the current models of normal function of the human body; 
ii. High level of understanding of the pathophysiological basis of diseases affecting various body systems; 
iii. Appropriate skills for carrying out clinical measurements and their interpretations in various disorders of 

the body systems and monitor therapeutic efficacy; 
iv. Knowledge and skills to participate in the diagnostic process by supporting clinicians in non-invasive 

clinical measurements; 
v. Highly-developed communication skills and ethical conduct that will optimize the results of clinical 

measurements and patient counselling; 
vi. Management and practical skills needed to actively participate in research collaboration and execution; 
vii. Adequate knowledge and skills enabling them to pursue doctoral studies and carry out a high-profile 

research in medical sciences; and 
viii. Competence in physiology education and biomedical sciences to teach undergraduate students the 

required knowledge of physiology. 
 

 
THE AFRICAN PHYSIOLOGISTS THAT WE WANT (PROGRAM-LEVEL OUTCOMES) 

A. Knowledge and Understanding 

At the end of the training, the students should be able to demonstrate knowledge and understanding of: 

A1.  Physiological mechanisms of the functions of organ-systems of the human body; 

A2.  Pathophysiology, epidemiology, risk factors and treatment options for common diseases of the 
different systems of the human body; 

A3.  Variation in physiological needs depending on age group, physical exercise or different 
pathologic conditions; 

A4.  Non-invasive clinical measurements; 

A5.  Quality control and calibration of clinical measurement equipment; 

A6.  Research and statistical methods used in biomedical sciences; and 

A7.  Biomedical laboratory management skills. 

B. Cognitive/Intellectual skills/Application of knowledge 

At the end of the training, the students should be able to: 
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B1.  Apply the clinical measurement procedures that are appropriate to the individual patient needs; 
B2.  Interpret clinical measurement results and integrate them with clinical information, including 

identification of abnormal results; 

B3.  Accurately record clinical measurements and appreciate records keeping of results; 

B4.  Recognize the limitation of the procedures being used in clinical measurements and laboratory 
research; 

B5.  Supervise scheduled follow-up testing to evaluate therapeutic efficiency; 

B6.  Standardize and manage procedures in a clinical measurement laboratory; 

B7.  Develop Standard Operating Procedures for Clinical measurement laboratories 

B8.  Contribute to innovations of methods in physiology; 

B9.  Critically appraise current scientific information and its applications; 

B10.  Demonstrate skills of scientific communication: proposal/grant writing, scientific presentations 
and writing for publications; 

B11.  Carryout animal experimentations and relate the findings to human situations; and 

B12.  Use molecular methods in research and diagnosis. 

C. Communication/ICT/Numeracy/Analytic techniques/Practical skills 

At the end of the training, the students should be able to: 

C1.  Communicate details of clinical measurement procedures with patients for effective cooperation 
during the process; 

C2.  Correctly perform calibration of equipment and use instruments to carry out clinical 
measurements; 

C3.  Apply safety standards in the use of equipment. 

C4.  Correctly troubleshoot malfunctioning equipment used in clinical measurements; and 

C5.  Provide appropriate community education on human bodily functions. 

D. General transferable skills  

At the end of the training, the graduate of BSc Physiology program should be able to: 

D1.  Demonstrate ability to guide students on procedures for clinical measurements; 

D2: demonstrate effective teaching abilities to students; 

D3.  Demonstrate critical and analytical thinking; 

D4.  Demonstrate ability for decision making; 
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D5.  Demonstrate ethical conduct and professionalism; 

D6.  Demonstrate team work and reflective practice; and 

D7.  Demonstrate confidentiality in the management of information and records. 

E. Personal, Intellectual, and Professional Autonomy 

At the end of the program students should be able to independently work under little or no supervision at 
highest level of performance. 

F. Employability and career development 

Trained physiologists that graduate from this program will have the opportunity to: 

i. Teach Physiology at undergraduate level in medicine and all other health-related courses that need 
Physiology as part of their curriculum in Higher Learning Institutions; 

ii. Work in hospitals, various research laboratories, institutions as well as in Pharmaceutical and sport 
industries where specific investigations on body functions and mechanisms of drug actions are done; 

iii. Set up independent private clinical measurement laboratories as well as in government and non-
governmental agencies with interest in public health and non-communicable diseases; 

iv. Participate actively in epidemiological investigations and control; 
v. Design and execute researches and field works; and 
vi. Handle and experiment with Laboratory animals. 

G. Global citizenship 

At the end of the program, the graduates should be able to work locally and internationally with acceptable 
qualification required of a Physiologist. 

H. Lifelong learning 

At the end of the program, the graduates should be able to; 

(i) Demonstrate acquired skills and knowledge in the practice of physiology and to keep them up-to-date. 
(ii) Accept and respond to constructive feedback from others 

 
(iii) Recognize gaps in their knowledge and understanding and be able to find or ask for help 
(iv)  Demonstrate resilience and flexibility. 

I. Collaboration, Teamwork and Leadership 

At the end of the program, the graduates should be able to; 

(i) Effectively collaborate and work with team members to any desired result 
(ii) Critique others’ work and ideas constructively and respectfully. 
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J. Research, Creativity and Innovation, Scholarship and Enquiry 

At the end of the program, the graduates should be able to think critically and formulate research thoughts to 
solve societal problems. 

K. Ethical, Social and Professional Understanding 

At the end of the program, the graduates should be able to relate with different strata of the society, socially and 
morally with a high professional display of integrity. 

L. Financial literacy 

At the end of the program, the graduates should be able to formulate, execute, and manage budget effectively. 
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CURRICULUM STRUCTURE 
 

Module title 
Achievement of Program Level 
Outcomes 

1. Principles and core concepts of physiology A1-A3; C5; D2-D4 

2. Molecular biology and cell physiology A1-A3; C5; D2-D4 

3. Cell-cell communication and control systems A1-A3; C5; D2-D4 

4. Endocrine Physiology A1-A3; C5; D2-D4 

5. Cellular Neurophysiology A1-A3; C5; D2-D4 

6. Systems neurophysiology A1-A3; C5; D2-D4 

7. Physiology of muscle A1-A3; C5; D2-D4 

8. Blood  A1-A3; C5; D2-D4 

9. Immune Physiology A1-A3; C5; D2-D4 

10. Cardiovascular Physiology A1-A3; C5; D2-D4 

11. Respiratory Physiology  A1-A3; C5; D2-D4 

12. Renal Physiology  A1-A3; C5; D2-D4 

13. Integrated control of fluid-electrolyte and acid-base homeostasis A1-A3; C5; D2-D4 

14. Gastrointestinal and Metabolic Physiology  A1-A3; C5; D2-D4 

15. Reproductive Physiology  A1-A3; C5; D2-D4 

16. Environmental Physiology  A1-A3; C5; D2-D4 

17. Systemic Pharmacology A1-A3; C5; D2-D4 

18. Principles of Animal Experimentation and Biomedical Instrumentation 
A6-A7; B8; B11-B12; C1-C4; D1; 
D5-D7 

19. Epidemiology, Biostatistics and Research Methodology A6; B9-B10; D3-D5 

20. Clinical placements in Laboratories A4-A5; B1-B7; C1-C4; D1; D5-D7 

21. Seminars on Current Topics in Physiology A6; B9-B10; D5-D7 

22. Physiology Entrepreneurship  E, F, G, I, J, L 

23. Research Project A6-A7; B8-B12; D5-D7 
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MODULE 1: PRINCIPLES AND CORE CONCEPTS OF PHYSIOLOGY 

 
The module aims to equip the student with knowledge of the basic principles and core concepts that are the basis 
for physiological functions across all body systems. Students will be exposed to broad concepts that appear in 
multiple physiological organ systems. They will be able to identify these basic principles as they encounter them 
in their subsequent study of body systems. 
 
Module Content 

I. Structure-Function Relationships  
a. Anatomy and levels of organization 
b. Compartmentation 

II. Homeostasis 
III. Mass balance and energy balance 
IV. Gradients and Flow   
V. Energy: types, storage, and use    
VI. Properties of physical systems that affect physiology 
VII. The general concepts of pathophysiology 

 
Modular Learning Outcomes  
 
Knowledge and Understanding 
Having successfully completed the module, students should be able to describe and explain:  
 The major levels of organization in the body and examples of each, 
 The physiological systems of the human body, their major components, and the major functions of each, 
 The general features and functions of the four major tissue types, 
 Homeostasis and its importance for body function, 
 Ten physiological variables for which the body attempts to maintain homeostasis and examples of 

variables that are not subject to homeostatic regulation, 
 A physiological control system model (i.e., input, control center, output), 
 Negative feedback and positive feedback, 
 The difference between equilibrium and steady state, 
 The concepts of agonists and antagonists, 
 The concepts of convergence and divergence,  
 Compartmentation and examples of compartments in the body at different levels of organization, 
 Mass balance and energy balance, 
 How a gradient determines flow, with examples of concentration, osmotic, pressure, or electrical gradients 

in the body, 
 Principles of fluid flow, including the difference between velocity of flow and rate of flow (flux) 
 Physiologically relevant forms of energy (e.g., potential and kinetic; chemical, mechanical, electrical) 
 Processes that require energy in the body across all levels of organization 
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 Short-term and long-term energy storage in the body 
 

 How changes in the size or shape of a structure alter the surface-to-volume ratio of the structure 
 Physical properties that affect body function, such as elastance, compliance, and viscosity 

 
Cognitive/Intellectual skills/Application of Knowledge 
Having successfully completed the module, students should be able to:  
 Explain the adaptive advantages and challenges of compartmentation in the body (e.g., separating 

metabolic processes, moving materials between compartments). 
 Explain how the principle of mass balance and homeostasis are interrelated and describe an example in 

the body. 
 Explain the roles of the following in maintaining body homeostasis: set-point and acceptable range, 

regulated (monitored) variable, controlled variable, negative feedback. 
 Compare and contrast, then explain and give an example of how a system can be a steady-state 

disequilibrium. 
 Describe physiological processes or parameters that cycle in a predictable fashion over a period of time 

(e.g., daily, monthly). 
 Predict how changes in a gradient will affect flow along the gradient.   
 Predict how differences in resistance will affect flow. 
 Predict the direction and magnitude of flow in the presence of two opposing gradients. 
 Describe biological examples of how modifications in cell surface area contribute to the cell’s function 

 
ICT / Numeracy / Analytic Techniques / Practical Skills / General Transferable Skills 
Having successfully completed the module, students should be able to: 
 Recognize core concept and principles when they encounter them in descriptions of physiological function   
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MODULE 2: MOLECULAR BIOLOGY AND CELL PHYSIOLOGY 
 
The module aims to equip the student with knowledge of the general principles of molecular biology and the 
physiology of cells. Students will be exposed to the role of the genome in protein synthesis, the importance of 
protein binding to ligands, principles of membrane transport, and the movement of water and solutes among body 
compartments, including ions responsible for the resting membrane potential. They will be able to explain various 
structural adaptations of cells that influence cell function. 
 
Module Content 

I. Biomolecules 
II. Genes and proteins 

a. Gene structure 
b. From genes to proteins 
c. Modification of gene expression and protein synthesis 

III. Cell biology 
a. Organelle functions  
b. Cell membrane processes 
c. Membrane transporters (channels and carriers) 
d. Vesicular transport  

IV. Body fluid compartments: intracellular and extracellular fluids 
V. Water movement between compartments: osmolarity & tonicity 
VI. Transport of solutes across cell membranes 
VII. Epithelial transport 
VIII. Cell volume regulation  
IX. Electrophysiology of the cell membrane 

a. Ionic basis of membrane potentials 
X. Channelopathies and disorders of molecular transport across cells 

 
Modular Learning Outcomes  
Knowledge and Understanding 
Having successfully completed the module, students should be able to describe and explain: 
 The general molecular structure, building blocks, and properties of the 4 classes of biomolecules;  
 How the properties of molecules (e.g., functional groups, polarity, charge, shape) influence their 

interactions with each other and with ions; 
 Different molecular biology techniques used to isolate, separate, and probe for specific biomolecules; 
 The processes of DNA replication and repair; 
 The gene, a genome, and the relationship of genes and chromosomes in a genome; 
 Various mechanisms by which gene expression is regulated; 
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 The process of protein synthesis using DNA, RNA and ribosomes and the concepts of genetic coding, 
transcription, and translation; 

 Physiological processes that involve proteins binding to ligands (e.g., enzymatic reactions, molecular 
signaling, membrane transport, antibody defenses), 

 Affinity, competition, saturation, and specificity in the context of protein-binding reactions 
 The general functions of the cell [plasma] membrane, cytoplasm, and nucleus of an animal cell 
 The structures and functions of the major intracellular components, including membrane-bound organelles 
 The basic structure and roles of the cytoskeleton 
 The selective permeability of cell membranes 
 Osmosis and mechanisms of water movement across membranes 
 Membrane channel proteins and membrane transporter proteins 
 Simple diffusion, facilitated diffusion, primary (direct) active transport, and secondary (indirect) active 

transport 
 Modes of transmembrane vesicular transport 
 Types of epithelial tissues based on structural characteristics and functions 
 Mechanisms for transepithelial movement of solutes 
 The functional significance of having different transport proteins on the apical and basolateral membranes 

of an epithelial cell (polarized distribution of transporters) 
 Body fluid compartments, including extracellular fluid (ECF), plasma, interstitial fluid (IF), and 

intracellular fluid (ICF) 
 The relative volumes and osmolarities of ICF and ECF 
 The mechanisms for exchange of ions and water between the compartments; 
 The difference between osmolarity and tonicity  
 The effects of hypertonic, isotonic, and hypotonic solutions on a cell’s volume at equilibrium 
 Factors that regulate the volume of body fluid compartments 
 Relative distribution of ions (Na+, K+, Cl-, and Ca2+) between the ICF and ECF 
 The concept of electrochemical disequilibrium between compartments 
 The physiological basis of a cell’s resting membrane potential (RMP), including membrane permeability 

to ions, types of ion channels responsible for the RMP, and the electrochemical gradients for key ions. 
 
Cognitive/Intellectual skills/Application of Knowledge 
 Having successfully completed the module, students should be able to: 
 Explain how differential expression of genes gives rise to different cell types. 
 Describe mechanisms of post-translation modification. 
 Explain the importance of selective membrane permeability in the maintenance of homeostasis. 
 Describe how various factors affect protein-binding activity (temperature, modulators, etc.). 
 Explain how changes in the concentration gradient, surface area, lipid solubility, and molecular size affect 

the rate of diffusion of substances across a membrane [Fick’s Law of diffusion]. 
 Compare and contrast different mechanisms by which substances cross cell membranes. 
 Use the properties of a molecule or ion and its distribution across a membrane to predict which type(s) of 

transport it can utilize. 
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 Apply the principles of epithelial transport to design an epithelium with specific transport properties and 
appropriate membrane transport proteins. 

 Given the composition and osmolarity of a solution, predict whether it will be hypotonic, isotonic, or 
hypertonic to a typical human cell. 

 Predict changes in fluid compartment volumes and osmolarity after loss of or addition of various fluids. 
 Explain the influence of body composition on total body water (TBW) volumes of healthy adults. 
 Predict how the cell’s membrane potential would change given an increase or decrease in the cell’s 

membrane permeability to K+ or Na+. 
 Interpret graphs showing changes in membrane potential over time. 
 Identify limitations of different molecular biology techniques. 

 
ICT / Numeracy / Analytic Techniques / Practical Skills / General Transferable Skills 
Having successfully completed the module, students should be able to: 
 Perform cell and tissue culture procedures. 
 Perform DNA analysis. 
 Perform analysis of enzyme activity. 
 Design methods for body fluids analysis. 
 Interpret laboratory analysis of body fluid components.  
 Predict the appropriate fluid for administration in pathological situations. 
 Record membrane potentials in cells. 
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MODULE 3: CELL-CELL COMMUNICATION AND CONTROL SYSTEMS 
 
The module aims to equip the student with knowledge of the general principles of local and long-distance 
communication and control throughout the body. Students will be exposed to cellular communication, chemical 
signaling, and signal transduction.  
 
Module Content 

I. Local and contact-dependent signaling 
II. Long-distance signaling 

a. Chemical signals 
b. Electrical signals 

III. Signal actions on target cells 
IV. Intracellular receptors 

a. Cell membrane receptors and second messenger systems 
b. Patterns of control pathways 

V. Disorders associated with second messengers 
 

Module Learning Outcomes  
Knowledge and Understanding 
 Having successfully completed the module, students should be able to describe and explain: 
 Modes of local signaling and communication: paracrine, autocrine, and juxtacrine signals; contact-

dependent signaling; gap junctions; 
 Modes of long-distance control systems: electrical and chemical signaling; 
 Transduction and the role of transduction in communication; 
 The general cellular signaling pathways for hydrophilic (lipophobic) signal molecules that cannot enter 

the cell and hydrophobic (lipophilic) signal molecules that are able to enter the cell: 
o mechanisms of action, speed, and signal transduction pathways of the three major types of cell 

membrane receptors: G-protein coupled receptors, catalytic receptors, and receptor-channels 
o the signal transduction pathways mediated by major second messengers: cAMP, cGMP, inositol 

trisphosphate [IP3], diacylglycerol [DAG]), tyrosine kinase 
o mechanisms of action and speed for chemical signals with Intracellular or nuclear receptors 

 Half-life of a signal, methods by which chemical signaling can be terminated, and why signal termination 
is important; 

 Different cellular responses that can result from activation of chemical signal receptors; 
 The processes of activation/inactivation, up-regulation/down-regulation, and sensitization/desensitization 

in relation to signal molecules; 
 The importance of coordinated communication of information in the body; 
 Simple and complex neural, endocrine, and neuroendocrine control pathways; 
 The differences and relative advantages of neural and endocrine signaling; 
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 How negative feedback, positive feedback, and feedforward affect the response of control pathways; 
 Tonic control and antagonistic control with examples; 
 How one body structure can participate in or regulate the function of multiple body systems; 
 How multiple organ systems can work together. 

 
Cognitive/Intellectual skills/Application of Knowledge 
 Having successfully completed the module, students should be able to: 
 Predict outcome(s) when a control pathway is altered or disrupted. 
 Explain how one chemical signal (ligand) can have different effects across a range of target cells. 
 Given a change in the response of a pathway, predict which component(s) of the pathway may have been 

altered or disrupted.   
 Apply knowledge of the steps of a physiological control pathway to the components of a given example, 

then determine if the pathway is associated with the maintenance of homeostasis. 
 
ICT / Numeracy / Analytic Techniques / Practical Skills / General Transferable Skills 
Having successfully completed the module, students should be able to: 
 Measure receptor levels in body tissues 
 Measure ligands in the blood and body tissues 
 Explain how the level of some ligands can be modulated by others 
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MODULE 4: ENDOCRINE PHYSIOLOGY 

 
The module aims to equip the student with knowledge of advanced concepts of normal and patho-physiology of 
the endocrine system. It also includes practical learning of the assessment of various endocrine functions in 
humans. 
 
Module Content 

I. Organization of the endocrine control 
II. Peptide hormones 
III. Steroid hormones 
IV. Amine hormones 
V. Hypothalamic-pituitary axis 
VI. Endocrine regulation of growth 
VII. Thyroid gland  
VIII. Adrenal gland: adrenal cortex and adrenal medulla 
IX. Endocrine pancreas 
X. The parathyroid glands and vitamin D  
XI. Pineal gland 
XII. Pathophysiology of the endocrine system  

 
Modular Learning Outcomes 
Knowledge and Understanding 
Having successfully completed the module, students should be able to describe and explain: 
 The structure and function of endocrine glands compared to exocrine glands; 
 The endocrine system as a regulator of other systems in the body; 
 The chemical classification of hormones; 
 The general pattern for synthesis, transport, and mechanisms of actions of steroid, peptide, and amine 

hormones; 
 The anatomical and functional relationships between the hypothalamus, pituitary gland, and peripheral 

endocrine target organs; 
 The endocrine glands/cells and the hormones each produces: 

o Classic endocrine glands like thyroid, parathyroid, adrenal, pancreas 
o Isolated endocrine cells in the heart, gut, lungs, kidneys, adipose and other tissues 

 For each hormone: 
o the synthesis and metabolism of the hormone 
o the control of hormone production and secretion 
o how the hormone is transported in the blood 
o the target tissues or cells for the hormone 
o the target cell receptors and their second messengers and biochemical actions 
o the physiological processes affected by hormones 
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o the most common pathologies associated with the hormone 

 The role of the autonomic nervous system in endocrine functions 
 The three patterns for endocrine pathophysiology: hypersecretion, hyposecretion, and abnormal tissue 

responsiveness. 
 

Cognitive/Intellectual skills/Application of Knowledge 
Having successfully completed the module, students should be able to: 
 Apply the concepts of positive and negative feedback as they relate to different hormones. 
 Interpret and relate hormonal assay results to various diseases. 
 Design and conduct various studies to investigate the effects of various factors on endocrine functions. 

 
Communication/ICT/Numeracy/Analytic Techniques/Practical Skills / General Transferable Skills 
Having successfully completed the module, students should be able to:     
 Carry out ELISA to estimate levels of various hormones in the blood. 
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MODULE 5: CELLULAR NEUROPHYSIOLOGY 

 
The module aims to equip the students with knowledge of the cell physiology of communication mechanisms 
used by the nervous system. 
 
Module Content 

I. Cells of the nervous system 
a. Neurons 
b. Glial cells 

II. Development of neurons and glial cells 
III. Physiology of neurons 

a. Physiology of ion channels 
b. Neurotransmitters 

IV. Graded potentials and signal transduction in dendrites 
V. Action potentials and their propagation  

a. Initiation, including summation of graded potentials  
b. Phases and ion currents, including ion channel function in each phase 
c. Conduction of action potentials 

VI. Synaptic transmission 
a. Mechanisms of synaptic transmission 
b. Neurotransmitter systems of the brain and peripheral synapses 
c. Neuron-neuron and neuron-target synapses 
d. Plasticity of synapses 
e. Toxins and drugs that affect synaptic transmission 

VII. Elements of neural circuits 
VIII. Disorders associated with synaptic transmissions and neurotransmitters 

 
Modular Learning Outcomes 
Knowledge and Understanding    
 Having successfully completed the module, students should be able to describe and explain: 
 The major structures of a typical neuron and indicate which regions receive input signals and which 

components transmit output signals; 
 The structure, location, and function of the three functional types of neurons (sensory neurons, 

interneurons [association neurons], and motor neurons); 
 The growth and development of neurons (e.g., axon guidance and targeting); 
 The six types of glial cells, their structure, major functions, and locations (i.e., central or peripheral 

nervous system); 
 The structure and function of myelin; 
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 The most common ion channels associated with neurons, their location on the cell, channel type (leak 
channels, voltage-gated, chemically [ligand-] gated, or mechanically gated), and the direction of ion flow 
through the open channel; 

 The structures, synthesis and release, receptors, and mechanisms of action of the major neurotransmitters, 
such as acetylcholine and norepinephrine; 

 Graded potentials: how one is produced, locations where they occur in a typical motor neuron, and stimuli 
that initiate them; 

 The relation between the size of a stimulus signal, the amplitude of the subsequent graded potential 
(strength), and signal decay distance from the stimulation; 

 Action potentials: where they occur in a typical motor neuron, how one is triggered; 
 Temporal and spatial summation and how they influence excitability of the neuron; 
 The phases of an action potential, the ions involved in each phase, changes in the gating of ion channels 

that are responsible for each phase and the direction of ion flow across the membrane; 
 The difference between the relative and absolute refractory periods of an action potential, relating these 

phases to the closure and inactivation of gated ion channels; 
 The role of voltage-gated Na+ and K+ channels in the conduction (propagation) of action potentials along 

the length of an axon; 
 Differences in the conduction (propagation) of action potentials in myelinated versus unmyelinated axons 

or in small versus large diameter axons; 
 The structures and functions of the membrane and cytoplasm comprising the axon terminal in a typical 

motor neuron; 
 The structure of a chemical synapse: cleft, pre- and postsynaptic cells; 
 The events of synaptic transmission from the action potential arrival at the axon terminal of the presynaptic 

cell to the effects of neurotransmitter binding on the postsynaptic cell; 
 Mechanisms for termination of synaptic neurotransmitter activity: reuptake, enzymatic breakdown, 

diffusion; 
 Mechanisms for modulating synaptic transmission (synaptic plasticity); 
 Excitatory postsynaptic potentials (EPSPS) and inhibitory postsynaptic potentials (IPSPS); 
 The mechanisms responsible for fast synaptic responses (e.g., ionotropic receptors) and slow synaptic 

responses (e.g., metabotropic receptors); 
 The components of a neural (neuronal) pathway or circuit, including a monosynaptic pathway and a 

polysynaptic pathway;  
 Neural pathways that illustrate convergence and divergence. 

 
Cognitive/Intellectual skills/Application of Knowledge 
Having successfully completed the module, students should be able to: 
 Compare and contrast graded and action potentials (location, amplitude [strength], duration, channel 

types, and functions). 
 Describe factors that strengthen and weaken impulse transmission within and between neurons. 
 Apply knowledge of positive feedback to Na+ movement through voltage-gated Na+ channels and explain 

how the positive feedback cycle is terminated. 
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 Explain how summation of graded potentials can alter the amplitude (strength) of a signal arriving at the 
trigger zone and influence excitability of the cell.  

 Compare and contrast temporal and spatial summation.  
 Predict the consequence of an increase or decrease in extracellular potassium (K+) concentration on the 

excitability of a cell. 
 Explain how refractory periods ensure the unidirectional conduction (propagation) of action potentials 

from hillock to axon terminal. 
 Predict the physiological consequences of conditions in which myelination of axons is absent or disrupted. 
 Predict the physiological response of postsynaptic cells when termination of neurotransmitter signaling 

does not occur. 
 Compare and contrast the effects of excitatory and inhibitory neurotransmitters on the postsynaptic cell. 
 Compare and contrast electrical and chemical synapses. 
 Compare a neural network to a simple neural pathway. 

 
ICT / Numeracy / Analytic Techniques / Practical Skills / General Transferable Skills 
Having successfully completed the module, students should be able to: 
 Measure the potentials of membrane 
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MODULE 6: SYSTEMS NEUROPHYSIOLOGY 

 
The module aims to equip the students with knowledge of the functioning of the nervous system in terms of motor, 
sensory and integrative functions in relation to the structure of the CNS.  
 
Module Content 

I. Organization and divisions of the nervous system 
II. CNS anatomy and the neuronal microenvironment 

a. Brain and spinal cord regions 
b. Cerebrospinal fluid 
c. Blood-brain barrier 
d. Glial cells 

III. Regulatory functions 
a. The hypothalamus 

IV. Circuits of the central nervous system 
a. Spinal reflex circuits 
b. Rhythmical activity and central pattern generators 

IV. Central nervous system processes 
a. Learning and memory 
b. The physiology of sleep and wakefulness 

V. Sensory physiology: physiology and anatomy 
a. Somatic senses 

i. The physiology of pain 
b. Special senses 

i. Vision 
ii. Hearing 

iii. Equilibrium 
iv. Smell (olfaction) 
v. Taste (gustation) 

VI. The somatic motor division 
VII. The autonomic nervous system 

VIII. Disorders of the central nervous system 
IX. Disorders of the special senses 
X. Physiological diagnostic procedures 

a. Electroencephalography  
b. Memory and reflex assessments 
c. Diagnosis of neurological diseases 
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Modular Learning Outcomes 
Knowledge and Understanding    
Having successfully completed the module, students should be able to describe and explain: 
 The organization of the nervous systems into sensory division, central nervous system (CNS), and efferent 

divisions (somatic motor and autonomic); 
 The anatomical and functional organization of the CNS; 
 The anatomical and functional organization of the peripheral nervous system (PNS); 
 The anatomical and functional organization of the enteric nervous system; 
 components of the nervous system that function as a control system, including sensory receptors, afferent 

(sensory) pathways, integration centre (e.g., central nervous system), efferent (motor) pathways, and 
targets (effectors); 

 The gross and microscopic anatomy of the CNS, including membranes, glial cells, and spaces within the 
bony environment; 

 The structure and function of the blood/brain barrier; 
 The composition and function of cerebrospinal fluid; 
 The major structures and regions of the brain, and their functions (e.g., cerebrum, cerebellum, thalamus, 

hypothalamus, pons, medulla); 
 The major neurotransmitters of the central nervous system, classified as excitatory or inhibitory; 
 The specific functions of the spinal nerves and how information from the periphery enters and leaves the 

spinal cord; 
 Cross-sectional organization of the spinal cord including locations and functions of spinal nerves, grey 

matter, white matter, dorsal root ganglion; 
 Structure, location, and function of ascending and descending spinal cord tracts; 
 The four lobes of the cerebral cortex and their major function(s); 
 Cerebral nuclei (basal nuclei, basal ganglia), the reticular formation, and limbic system, and the major 

functions associated with each; 
 Organization and control of the somatic motor division of the nervous system; 
 Diagram or describe the relationships among the efferent divisions of the peripheral nervous system: 

autonomic (visceral motor), parasympathetic, somatic motor, and sympathetic;  
 The major functions of the hypothalamus; 
 The nature, architecture and function of various sensory receptors, including proprioceptors, exteroceptors 

and interoceptors; 
 How the central nervous system determines the location of a stimulus and uses labeled line coding to 

determine its modality; 
 Receptor adaptation and its functional significance;   
 Anatomy and function of the two patterns of spinal cord sensory pathways (spinothalamic & dorsal 

column); 
 How information is mapped from sensory receptors to the associated primary sensory regions of the 

cerebral cortex; 
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 The current model of processing, modulation, and perception of painful stimuli; 
 The processes and structures fundamental to vision; 
 The processes and structures fundamental to hearing and equilibrium; 
 The processes and structures fundamental to smell and taste. 

 
Cognitive/Intellectual skills/Application of Knowledge 
Having successfully completed the module, students should be able to: 
 Apply the concept of homeostasis to the nervous system. 
 Compare and contrast the anatomical organization of the central nervous system (CNS) with that of the 

peripheral nervous system (PNS). 
 Explain the functional advantages of the blood-brain barrier in most brain regions and its absence in 

specific regions (e.g., the vomiting centers).  
 Describe the role of astrocytes in maintaining the blood-brain barrier and neuronal environment to 

facilitate neuronal metabolism.  
 Name the cranial nerves, their target organs, and their effects on the target organs. 
 Divide sensory input in terms of sensor type, conduction pathways, speed, and end points. 
 Indicate the brain pathways and domains which are involved in the various types of sensory perception. 
 Distinguish the various integrated and coordinated processes, responsible for: 

o Consciousness (specific stages: alertness, rest, sleep) 
o Cognitive processes (i.e., memory, attention, learning) 
o Subjective processes (i.e., emotions, behavior) 

 Compare and contrast the autonomic and somatic motor divisions with respect to their structural 
organization, targets, and functions. 

 Explain the functional mechanism of the reflex arc and its clinical importance. 
 Compare and contrast the following reflex classification pairs and provide specific examples of each 

reflex: intrinsic versus learned, somatic motor versus autonomic, and cranial versus spinal. 
 Compare and contrast the organization and functions of the parasympathetic and sympathetic divisions of 

the autonomic nervous system (ANS). 
 Apply knowledge of spinal cord sensory pathways to predict possible consequences of disruptions along 

a pathway (e.g., spinal cord lesion at a particular spinal cord level). 
 Initiate and conduct studies to investigate the effects of various factors on neural functions. 

 
Communication/ICT/Numeracy/Analytic Techniques/Practical Skills / General Transferable Skills 
Having successfully completed the module, students should be able to:     
 Effectively communicate with patients with neurological and neuromuscular disorders. 
 Carry out assessment of cranial nerve function, reflexes, motor functions, and nerve conduction, 
 Conduct and do basic interpretation of an electroencephalogram. 
 Perform standard clinical tests to assess sensory function, including audiometry, ophthalmoscopy, and 

visual function tests.  
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MODULE 7: MUSCLE 

 
The module aims to equip the student with knowledge of the general principles of muscle structure and function, 
with emphasis on skeletal and smooth muscle. Details of cardiac muscle are found in Module 10 Cardiovascular 
Physiology. 
 
Module Content  
a. Mechanisms of muscle action potentials 
b. Excitation and contraction of smooth muscle 
c. Excitation and contraction of skeletal muscle 
d.         Mechanisms of muscle relaxation 
e.         Pathophysiology of the muscular excitation and relaxation processes 
 
 

Modular Learning Outcomes  
Knowledge and Understanding 
Having successfully completed the module, students should be able to describe and explain: 
 The major functions of muscle tissue; 
 The gross anatomy, functions, and distribution of skeletal, cardiac, and smooth muscle within the human 

body; 
 The subcellular organization, structures, and functions of a skeletal muscle fiber;  
 The sliding filament mechanism of striated muscle contraction; 
 The relationship among troponin, tropomyosin, and actin, and their interactions with calcium; 
 The role of ATP/ADP and myosin ATPase in the contraction cycle and the rigor state; 
 The structure of a neuromuscular junction between a motor neuron and a skeletal muscle fiber (cell); 
 The events involved in the contraction of a skeletal muscle fiber, including events at the neuromuscular 

junction, excitation-contraction coupling, and the contraction cycle; 
 A motor endplate potential and an action potential in a skeletal muscle fiber (cell); 
 The sequence of events involved in skeletal muscle relaxation, including the role of Ca-ATPase and the 

sarcoplasmic reticulum; 
 The relationship between muscle length/sliding filament overlap and changes in muscle tension (force); 
 Isotonic versus isometric contractions and concentric versus eccentric contractions; 
 A motor unit and how action potential frequency and the recruitment of different size motor units 

progressively increase muscle tension; 
 Muscle fatigue and the factors that may contribute to skeletal muscle fatigue; 
 The importance of glycogen, creatine kinase, and phosphocreatine for ATP production in striated muscles; 
 Muscle fiber types as classified by speed and duration of contraction and resistance to fatigue: slow twitch 

oxidative (Type I), fast twitch oxidative-glycolytic (Type IIa), fast twitch glycolytic (Type IIb/IIx); 
 The role of myoglobin in muscle fibers; 
 The functional arrangement of skeletal muscle groupings, such as flexor and extensor arrangement in 

antagonistic pairs; 
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 The function of levers in the musculoskeletal system; 
 The composition and arrangement of myofilaments in smooth muscle cells; 
 The steps of smooth muscle contraction, beginning with signals that initiate contraction and including the 

roles of calmodulin, myosin light chain kinase (MLCK), and myosin ATPase; 
 

 The neural and chemical control of smooth muscle contraction. 
 
Cognitive/Intellectual skills/Application of Knowledge 
Having successfully completed the module, students should be able to: 
 Compare and contrast the anatomy and intracellular organization of skeletal, smooth, and cardiac muscle. 
 Differentiate the mechanisms of contractions of striated muscle and smooth muscle fibers. 
 Explain the effects of muscle excitation and indicate by which mechanisms contraction force can be 

influenced. 
 Interpret graphs of muscle tension (force) versus stimulus frequency to explain the physiological basis for 

summation of twitches, unfused tetanus, and complete tetanus. 
 Apply knowledge of the difference(s) in ATP production during glycolysis and oxidative phosphorylation 

to compare the duration and fatigue-resistance of muscle contraction in oxidative and glycolytic muscle 
fibre types. 

 Describe the mechanisms for muscle adaptation to load on the short term (aerobic versus anaerobic) and 
on the long term (training, hypertrophy, atrophy, aging).  

 
ICT / Numeracy / Analytic Techniques / Practical Skills / General Transferable Skills 
Having successfully completed the module, students should be able to: 
 Understand the scientific methods that are currently being used to explore muscle function; 
 Design appropriate physiology tests to test muscular functions; 
 Design studies to investigate various factors that affect cell function; 
 Practice different electrophysiological techniques; 
 Perform muscle function tests;  
 Explain the indications for electromyography and interpret electromyograms.  
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MODULE 8: BLOOD 
 
The module describes the composition of blood, the sites of blood cell formation at different ages, formation of 
blood cells, their functions, and their values in health and disease states. It also describes plasma proteins and 
their functions. The role of blood cells and proteins in hemostasis is described in detail.  
Immune functions of leukocytes are covered in Module 9, while the role of the erythrocyte in the transport of gas 
is covered in Module 11 of the AAPS curriculum document. 
 

Module Content 
I. Blood components and their normal values and their formations 
II. Functions of the blood cells and their mechanisms of actions 
III. Regulation of hematopoiesis 
IV. Hemoglobin structure and hemoglobinopathies 
V. Regulation of hemostasis 
VI. Pathophysiology of the blood 
VII. Techniques for measuring hematological parameters 
 

Module Learning Outcomes 
Knowledge and Understanding 
Having successfully completed the module, students should be able to describe and explain: 
 The structure and functions of different blood cells; 
 The various blood components, their formation processes, and regulation by hormones; 
 The hormonal regulation of blood components’ formation processes; 
 The process and regulation of heme and iron synthesis, circulation, and degradation within the body; 
 The function of platelets, calcium ions, thrombin, vitamin K-antagonists and fibrinogen in hemostasis; 
 The difference between the intrinsic and extrinsic activation of hemostasis; 
 The mechanism of hemostasis and blood coagulation and its association with excessive bleeding or 

intravascular clotting.  
 

Cognitive/Intellectual skills/Application of Knowledge 
Having successfully completed the module, students should be able to: 
 Differentiate between normal and abnormal values of hematological parameters; 
 Apply the basic knowledge to provide solution to various hematological problems; 
 Explain the action of anti-coagulation drugs; 
 Explain the principle of measurements of duration of clotting; 
 Indicate the factors that affect the duration of clotting; 
 Explain the physiological basis of various hematological diseases. 

 

Communication/ICT/Numeracy/Analytic Techniques/Practical Skills/ General Transferable Skills 
Having successfully completed the module, students should be able to: 
 Perform various tests to determine different hematological parameters in blood samples. 
 Analyze and interpret results of hematological parameters and relate them to health and diseased 

conditions. 
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MODULE 9: IMMUNE SYSTEM 
 
The module describes the functions of the immune system and the cells and proteins that participate in immune 
responses such as the innate and adaptive responses. 
 
Module Content 

I. Anatomy and functions of the immune system 
a. Lymphoid cells, tissues, and organs 
b. Innate and specific immunity 

II. Inflammatory mechanisms and the role of pro- and anti-inflammatory cytokines 
III. Antigen-antibody interactions 
IV. Response of immune system to infectious diseases 
V. Physiological significance of transplantation 
VI. Blood grouping system, genotypes, and blood transfusion  
VII. Disorders of the immune system 
VIII. Disorders associated with the ABO and Rhesus systems 

 
Modular Learning Outcomes 
Knowledge and Understanding 
Having successfully completed the module, students should be able to describe and explain: 
 Immunity and describe the primary function of the immune system. 
 The structure, function, and major locations of lymphatic organs and primary and secondary lymphoid 

structures. 
 The histology and functions of the six major types of leukocytes. 
 Examples of chemical, physical, and mechanical barriers that act as defense mechanisms in the body. 
 Innate (nonspecific) with adaptive (specific) defenses in terms of the timing of response, specificity of 

response, and defenses utilized. 
 How the innate (nonspecific) and adaptive (specific) immune responses coordinate and cooperate in 

resistance to disease. 
 Extravasation (diapedesis), chemotaxis, opsonization, and membrane attack complex formation, and their 

importance for innate (nonspecific) defenses. 
 Antibody-mediated (humoral) and cell-mediated (cellular) immunity in terms of mechanisms of action, 

time course, and response. 
 The major cells that function as antigen-presenting cells (APCs) and the role of APCs in adaptive (specific) 

immunity. 
 The general functions of antibodies in an antibody-mediated (humoral) response and the specific functions 

of the five classes of antibodies. 
 The time course of antibody production and the relative concentrations of antibodies in a primary and a 

secondary immune response and the physiological importance of immunological memory. 
 The causes of the classic signs of inflammation (e.g., heat, swelling, and pain), the benefits of local 

inflammation, and the physiological consequences of systemic inflammation. 
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 Inflammatory mechanisms and the role of pro- and anti-inflammatory cytokines. 
 The function and locations of major histocompatibility complex proteins (MHC; also called human 

leukocyte antigens or HLA). 
 The classifications of blood groups and their roles in blood transfusion and fetal-maternal 

incompatibilities. 
 How the body differentiates between self and non-self, then predicts the consequences of failure to 

recognize self (e.g., autoimmune disorders, blood transfusion reactions, organ donation rejection).    
 How the body develops immune responses and lack of tolerance to non-harmful exogenous substances 

(e.g., gluten, latex). 
 
Cognitive/Intellectual skills/Application of Knowledge 
Having successfully completed the module, students should be able to: 
 Differentiate between innate and adaptive immunity. 
 Explain the physiological basis of various immunological diseases. 
 Using a graph of primary and secondary immune responses, explain how vaccines work and the benefits 

of vaccine boosters.   
 Compare and contrast the body’s responses to a bacterial infection versus a viral infection.   
 Describe mechanical, physical, chemical, and behavioral mechanisms used to protect the body from 

infection (e.g., handwashing, face masks, condoms, water treatment, sanitation). 
 

Communication/ICT/Numeracy/Analytic Techniques/Practical Skills/ General Transferable Skills 
Having successfully completed the module, students should be able to: 
 Perform various tests to determine different hematological parameters in blood samples. 
 Analyze and interpret results of hematological parameters and relate them to health and diseased 

conditions. 
 Design studies to investigate immune functions. 
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MODULE 10: CARDIOVASCULAR PHYSIOLOGY 

 
The module aims to equip the students with knowledge and skills in basic and applied cardiovascular physiology. 
Based on the understanding of the mechanisms of normal function and disturbances that occur in cardiovascular 
diseases, the students will learn basic methods of assessing cardiovascular disorders to assist in their diagnosis. 
 
Module Content 

I. Anatomy and functional overview of the cardiovascular system 
a. Arterial-distribution and venous-collection systems 
b. The heart as a pump 

II. Excitation and contraction of a cardiac myocyte 
III. Initiation of heartbeat and neural control 
IV. Electrocardiography  
V. Cardiac cycle 

VI. Assessment of cardiac output 
VII. Control of stroke volume and cardiac output 

VIII. Hemodynamics: pressure, flow, and resistance 
IX. Vascular smooth muscle and blood vessel anatomy 
X. Microcirculation 

XI. Neural and chemical control of blood vessels 
XII. Coordinated cardiovascular responses: control of mean arterial pressure 

a. Cardiovascular receptors and reflexes  
b. Central control of mean arterial pressure 

i. Fluid movement between blood and tissue (Starling forces) 
ii. Anatomy and functions of the lymphatics  

iii. Special circulations 
iv. Cardiovascular responses to pathological situations  

II. Disorders of the cardiovascular system 
 
Modular Learning Outcomes 
Knowledge and Understanding 
Having successfully completed the module, students should be able to describe and explain: 
 The anatomical and functional organization of the cardiovascular system;  
 The relationship between structure and function of the systemic and pulmonary circulation and the 

differences between them; 
 The basic structure and function(s) of the heart, including the heart’s position within the thorax and the 

pericardial sac; 
 The operation of the heart valves and the functional consequences of their insufficient closure and/or 

opening; 
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 The microscopic anatomy of contractile myocardium, and the anatomical and functional differences 

between contractile myocardium and autorhythmic myocardial cells; 
 Characteristics of cardiac action potentials in autorhythmic and contractile myocardium; 
 The advantages of a long refractory period in contractile myocardium; 
 Mechanisms of excitation-contraction and relaxation in contractile myocardium; 
 The role of calcium in determining the force of myocardial contraction (contractility); 
 The pacemaker function of the sinoatrial (SA) node; 
 The normal conduction pathway of action potentials through the heart and how the electrical conduction 

system functions;  
 The functional importance of conduction through the atrioventricular (AV) node and factors that influence 

conduction velocity through the AV node;  
 The waveforms and segments of a typical electrocardiogram (ECG or EKG) and the electrical events 

represented by each waveform or segment; 
 The association between electrical events on a typical electrocardiogram and mechanical events in the 

myocardium during a cardiac cycle; 
 The cardiac cycle, systole, diastole, end diastolic volume, end systolic volume, stroke volume, and ejection 

fraction;  
 The atrial and ventricular events of the cardiac cycle, and atrioventricular and semilunar valve positions 

during the cycle; 
 Pressure changes and blood flow in the heart chambers and the great vessels in each phase of the cardiac 

cycle;  
 Innervation of myocardial autorhythmic and contractile cells by sympathetic and parasympathetic 

neurons, including neurotransmitters, membrane receptors, and ionic mechanisms; 
 The relationships among myocardial fiber length, end diastolic volume (EDV), cardiac contractility, and 

stroke volume, and how changes in EDV affect stroke volume;  
 Venous return (VR) and the factors that can alter venous return;  
 The functional significance of veins as a volume reservoir; 
 Preload and afterload and the factors that affect them; 
 Cardiac output (CO) and how to calculate CO given stroke volume and heart rate;  
 The relationship between anatomy and function in the major types of blood vessels; 
 The functions of smooth muscle in the blood vessel wall; 
 The structure of the microcirculation and the characteristics of the various vessel types in this area; 
 How blood flow is determined by the pressure gradient; 
 How length, diameter, and viscosity determine resistance to flow through a rigid tube [Poiseuille’s law]; 
 How blood pressure changes as blood flows from the aorta to the venae cavae;   
 The relationship between pressure gradient, flow, and resistance (flow α ΔP/R);  
 The difference between blood flow (rate) and velocity of blood flow;  
 Total cross-sectional area and velocity of blood flow in the systemic arteries, arterioles, capillaries, 

venules, and veins;  
 Systolic arterial pressure, diastolic arterial pressure, pulse pressure and mean arterial pressure; 
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 The role of arterial compliance in maintenance of arterial blood pressure; 
 Total peripheral resistance and which vessels are the primary site of variable (controlled) resistance to 

flow; 
 The effects of epinephrine and norepinephrine on arteriolar resistance and identify the receptor subtype(s) 

for each; 
 The major local (autocrine or paracrine) factors that affect total peripheral resistance and examples when 

local factors help match blood flow to tissue metabolic activity;  
 Myogenic autoregulation and its significance in the local regulation of blood flow; 
 The tonic control of arteriolar diameter by sympathetic neurons; 
 The equation relating mean arterial pressure to CO and total peripheral resistance and how mean arterial 

pressure is affected by changes in these factors or changes in heart rate and stroke volume;  
 The relationship between the volume of blood in the systemic arterial circulation and mean arterial 

pressure; 
 The effects of sympathetic and parasympathetic control on cardiac output, total peripheral resistance, and 

mean arterial pressure;  
 The baroreceptor reflex, including the role of baroreceptors, and how this reflex helps maintain blood 

pressure homeostasis when blood pressure changes; 
 The role of oncotic and hydrostatic pressure in fluid exchange between capillaries and interstitium;  
 The anatomy and major functions of the lymphatic system; 
 The formation, composition and flow of lymph; 
 The factors that affect lymph flow and interstitial fluid balance; 
 The structure and function of coronary blood vessels, their flow pattern during the cardiac cycle, and 

principles of coronary flow regulation;  
 The architecture, location, and functional meaning of specific circulatory systems in liver, lungs, kidneys 

and skin; 
 The mechanisms that help match cerebral blood flow and brain metabolism. 
 How atherosclerosis develops and explain how it contributes to cardiovascular diseases; 
 Changes in cardiovascular functions in health and disease and how functional disturbances result in 

cardiovascular diseases; 
 The beneficial effects of exercise in the prevention and rehabilitation of cardiovascular diseases.  

 
Cognitive/Intellectual skills/Application of Knowledge 
Having successfully completed the module, students should be able to: 
 Predict how a change in ionic currents during the pacemaker potential of an autorhythmic myocardial cell 

would influence the firing rate of action potentials. 
 Distinguish between intrinsic (autoregulation) and extrinsic (extracardiac) regulation and describe how 

each of these mechanisms work. 
 Compare and contrast the events that initiate action potentials in myocardial autorhythmic cells, 

myocardial contractile cells, and skeletal muscle cells. 
 Compare and contrast the influence of sympathetic and parasympathetic divisions on heart rate and 

contractility, specifying which division is dominant at rest or with increased heart rate.  
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 Predict how chemical agonists or antagonists to ion channels and membrane receptors would influence 

heart rate and/or contractility (e.g., beta-1 receptor blockers, calcium channel blockers). 
 Predict the effect of gap junction closure on myocardial contraction, for example when gap junctions close 

because of elevated intracellular Ca2+ in anoxia. 
 Calculate stroke volume and ejection fraction, given values for end diastolic volume and end systolic 

volume. 
 Diagram or describe the relationships among the left atrial and ventricular pressure and volume curves, 

heart sounds, and the electrocardiogram during one cardiac cycle (the Wiggers diagram). 
 List examples of chemical signaling molecules that alter heart rate (positive and negative chronotropic 

agents), describe their effects, and explain their mechanisms. 
 Predict how EDV, end systolic volume, stroke volume, ejection fraction, and CO are affected by an 

increase or decrease in venous return, preload, or afterload. 
 Compare and contrast the effects of sympathetic and parasympathetic control on CO. 
 List examples of chemical signaling molecules that alter contractility (positive and negative inotropic 

agents, describe their effects, and explain their mechanisms. 
 Relate the tissue composition of a blood vessel wall to its specific functions. 
 Make graphical representation of the pressure and volume changes in the heart chambers during a cardiac 

cycle. 
 Name the various mechanisms underlying the normal variation in cardiac rhythm (for instance, respiratory 

arrhythmia). 
 Describe physiological and pathological consequences of cardiac hypertrophy. 
 Given the equation for calculating velocity of flow, produce a diagram or describe the effect of increasing 

total cross-sectional area on velocity of blood flow. 
 Explain the relationship between cardiac function, blood vessel filling, blood pressure and blood flow. 
 Predict how systolic arterial pressure, diastolic arterial pressure, and mean arterial pressure are affected 

by changes in stroke volume, heart rate, or arterial compliance.  
 Predict how changing the resistance of arterioles affects systemic arterial blood pressure and regulates 

tissue blood flow (perfusion). 
 Predict and explain how mean arterial pressure is affected by changes in preload or afterload. 
 Explain how sympathetic control of venous blood volume (the venous reservoir) can be used to increase 

mean arterial pressure. 
 Describe the use of a sphygmomanometer and stethoscope to measure peripheral blood pressure and 

explain the relationship between Korotkoff sounds and pulsatile and laminar flow. 
 Apply understanding of capillary filtration mechanisms to predict how edema develops in the following 

scenarios: venous obstruction, lymphatic obstruction, increased capillary permeability, heart failure, 
histamine release following tissue injury, or protein malnutrition. 

 Describe the mechanisms responsible for different types of shock. 
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Communication/ICT/Numeracy/Analytic Techniques/Practical Skills/General Transferable Skills 
Having successfully completed the module, students should be able to: 
 Explain standard clinical tests for assessment of cardiac and circulatory function.  
 Perform, record, and interpret an electrocardiogram. 
 Take recordings of blood pressure, heart rate and pulse in normal, exercise and diseased conditions. 
 Describe the indications and contraindications to exercise testing and training and the signs and symptoms 

of exercise intolerance. 
 Identify various cardiovascular markers in health and diseases. 
 The electrocardiographic interpretations of various cardiac dysfunctions such as arrhythmias, different 

degrees of heart block, hypertrophy, ischemia, and myocardial infarction etc. 
 Design experiments to investigate cardiovascular conditions under normal and abnormal situations; and 
 Supervise a safe and effective exercise test. 
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MODULE 11: RESPIRATORY PHYSIOLOGY 
 
This module aims to equip the students with knowledge and understanding of the physiology associated with 
human respiratory functions and their applied aspects in health and diseases. Students will also learn about the 
respiratory and non-respiratory functions of the respiratory system. 
 
Module Content 
I. Anatomy and functions of the respiratory system 

a. Pulmonary circulation 
b. Non-respiratory functions of the lung 

II. Mechanics of ventilation 
a. Lung volumes, capacities, and flows 
b. intrathoracic, intrapulmonary and intrapleural pressures 

III. Gas exchange in the lungs 
IV. Ventilation and perfusion of the lungs 
V. Transport of oxygen and carbon dioxide in blood 

a. The role of the erythrocyte in the transport of gases 
VI. Control of ventilation 
VII. Respiratory function and adaptation in special environments 
VIII. Lung function tests for diagnosis and monitoring  
IX. Pathophysiology of the respiratory system 
 
Module Learning Outcomes 
Knowledge and Understanding 
Having successfully completed the module, students should be able to describe: 
 The major functions of the respiratory system. 
 The major steps required for the movement of atmospheric gases between the environment and the body's 

cells. 
 The structural and functional relationships of the airways, lungs, pleura, and muscles of ventilation. 
 Properties of the pulmonary circulation with respect to blood pressures, relative blood volumes, blood 

flow rate, and resistance. 
 The anatomy and functions of the mucociliary escalator. 
 Ventilation, inspiration (inhalation), expiration (exhalation). 
 Passive and active respiratory movements and how they relate to air exchange with the atmosphere. 
 The role of airway diameter in airway resistance, sites of greatest resistance and of variable resistance in 

a healthy person, and factors influencing airway resistance. 
 The source, composition and function of pulmonary surfactant and its role in lung compliance. 
 The relationship between respiratory force, lung volume and intrapleural pressure, and the influence of 

respiratory pattern on these parameters. 
 A typical spirogram, indicating the pulmonary volumes and the four respiratory capacities.  
 The forced vital capacity (FVC) and FEV1 (forced expiratory volume in 1 second). 
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 The difference between anatomical and physiological dead space and factors that determine the volumes 

of these compartments. 
 The typical atmospheric, alveolar, arterial, and venous blood PO2 and PCO2 values, and how they create 

the gradients and direction of diffusion for O2 and CO2 in alveolar and systemic capillaries. 
 The influence of respiratory volume and respiratory frequency on air composition in the alveolar space 

and in expired air. 
 The difference between total pulmonary (minute) ventilation and alveolar ventilation. 
 Hypoventilation, hyperventilation, eupnea, dyspnea, apnea, and hyperpnea. 
 Factors that influence the rate of gas exchange in the lung.  
 Local control mechanisms designed to match ventilation and pulmonary perfusion (the V/Q ratio)  
 The relationship between cardiac output and gas transport. 
 The methods of O2 transport in blood (dissolved and bound to hemoglobin), and the percentage of total 

O2 transported by each method. 
 The relationship between plasma oxygen tension and hemoglobin binding of oxygen as shown in the O2-

Hb saturation curve. 
 The relationship between the molecular structure of hemoglobin (Hb) and its function as an oxygen carrier. 
 The physiological advantages of the Haldane-effect and Bohr-effect on hemoglobin transport of oxygen 

and carbon dioxide. 
 The methods of CO2 transport in blood (dissolved, as bicarbonate, and as carbaminohemoglobin [Hb-

CO2]), and the percentage of total CO2 transported by each method.  
 Hypercapnia and hypocapnia and how they influence ventilation. 
 The organization and functions of the respiratory regulatory centers in the CNS. 
 The locations and functions of the central and peripheral chemoreceptors associated with the control of 

ventilation.  
 The reflex control of ventilation, including the major stimuli, sensors, neural control pathways, and targets 

that maintain homeostasis of arterial PO2 and PCO2. 
 The pulmonary reflexes initiated by irritants or hyperinflation. 
 The changes in heart function and circulation during insufficient pulmonary function. 

 
Cognitive/Intellectual skills/Application of Knowledge 
Having successfully completed the module, students should be able to: 
 Apply the concept of homeostasis to the functions of the respiratory system. 
 Apply understanding of oncotic pressure, hydrostatic pressure, and capillary filtration/reabsorption to 

explain why fluid does not usually accumulate in the interstitial compartment of the lungs (pulmonary 
edema). 

 Compare and contrast air flow in the respiratory system to blood flow in the cardiovascular system, 
including: the pump, direction(s) of flow, properties of the fluid flowing, factors influencing resistance to 
flow, neural control of flow and resistance. 

 Graph or describe the change in intrapleural pressure, alveolar pressure, airflow, and lung volume during 
a normal quiet breathing cycle, identifying the onset of inspiration, cessation of inspiration, onset of  
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 expiration, cessation of expiration, and the timepoints where atmospheric pressure is equal to alveolar 

pressure. 
 Predict the change in alveolar PCO2 and PO2 after two minutes of hypoventilation, hyperventilation, or 

rebreathing air from a paper bag. 
 Apply understanding of anatomic dead space to explain the effect of using a snorkel or mechanical 

ventilation (e.g., CPAP) on alveolar ventilation. 
 Explain the effect of posture on ventilation and perfusion. 
 Explain practical application of static and dynamic lung compliance.  
 Enumerate the factors that determine the diffusion capacity. 
 Explain the effect of bronchiolar smooth muscle contraction (bronchoconstriction) on the work of 

breathing. 
 Compare and contrast restrictive and obstructive lung disease, explain possible causes, and predict how 

obstructive and restrictive lung diseases alter the outcomes of pulmonary function tests, including the 
FEV1 (forced expiratory volume in 1 second). 

 Describe the effects of exercise, altitude, and diving on blood gas tensions.  
 Describe respiratory changes during stress and exercise.  
 Predict how anemia affects arterial PO2, oxyhemoglobin saturation, and the shape of the oxyhemoglobin 

dissociation curve. 
 Predict how carbon monoxide poisoning affects arterial PO2, oxyhemoglobin saturation, and the shape of 

the oxyhemoglobin dissociation curve.  
 Interpret the shape of the fetal oxyhemoglobin saturation curve to explain the influence of fetal Hb on O2 

delivery to fetal tissues. 
 Predict and explain how changes in the levels of CO2, O2, and/or pH in the plasma or cerebrospinal fluid 

will impact ventilation. 
 Explain why it is possible to hold one’s breath longer after hyperventilating than after eupnea (normal 

breathing). 
 Describe the physiological basis of shallow water blackout during a breath-hold dive that follows 

intentional hyperventilation.   
 Describe the basis of oxygen toxicity and the protective mechanisms of the erythrocyte. 
 Describe the body’s adaptation to chronic hypercapnia and the consequences. 
 Predict the effect of reduced excitability of the respiratory centers. 
 Establish the physiological basis of various respiratory disorders. 

 
Communication/ICT/Numeracy/Analytic Techniques/Practical Skills/General Transferable Skills 
Having successfully completed the module, students should be able to: 
 List the normal and abnormal values of respiratory parameters in various conditions.  
 Perform and interpret spirometry under varied conditions, such as exercise and in disease states.  
 Perform clinical tests to determine pulmonary diffusion capacity. 
 Design experiments to investigate respiratory conditions under normal and abnormal situations. 
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MODULE 12: RENAL PHYSIOLOGY 

 
The module aims to equip the students with knowledge and skills in renal physiology. Based on the understanding 
of the mechanisms of normal function and disturbances that occur in renal disease, the students learn renal 
mechanisms and testing methods and the link between disease and dysfunction, enabling them to contribute to 
diagnosis of disease and follow-up of the patient. The endocrine control of renal function is covered in the next 
module on fluid-electrolyte and acid-base balance. 
 
Module Content 
I. Anatomy and functions of the urinary system 
II. Glomerular filtration and its control 
III. Tubular reabsorption  
IV. Tubular secretion 
V. Clearance  
VI. Micturition and excretion 
VII. Metabolism of the kidney 
VIII. Pathophysiology: renal functions in disease conditions 
IX. Laboratory estimation of renal functions 

IX. Principles of renal dialysis, urography, and other techniques   
 
Module Learning Outcomes 
Knowledge and Understanding 
Having successfully completed the module, students should be able to describe: 
 The major functions of the kidneys and the urinary tract. 
 The macroscopic and microscopic structures of the kidney and their functions. 
 The vascular elements associated with the nephron. 
 Renal blood flow and renal plasma flow. 
 Renal filtration, reabsorption, and secretion: the direction of solute or water movement and the renal tubule 

segments where each process occurs.  
 How the integration of renal filtration, reabsorption, and secretion determines the volume and composition 

of the urine. 
 The layers comprising the glomerular filtration barrier of the renal corpuscle and their properties.  
 The roles of blood pressure (hydrostatic pressure), capsule fluid pressure, and colloid osmotic (oncotic) 

pressure in determining net filtration pressure. 
 The composition of glomerular filtrate compared to blood plasma. 
 The relationship between glomerular filtration rate (GFR) and filtration fraction, and typical values for 

each.  
 Tubuloglomerular feedback (TGF) and the mechanism of TGF that mediates autoregulation of glomerular 

filtration rate. 
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 The endocrine and neural control of renal arteriolar resistance, including neurotransmitters and their 

receptors. 
 Examples of direct active transport, indirect (secondary) active transport, and passive transepithelial renal 

transport. 
 The renal handling of electrolytes, organic molecules, and xenobiotics, and how that happens in each 

segment of the nephron.  
 How filtrate osmolarity changes as the filtrate passes through each segment of the nephron and the range 

of possible urine osmolarities leaving the collecting duct. 
 The concepts of saturation, renal threshold, and transport maximum (Tm) in the context of protein-

mediated reabsorption of a solute in the proximal tubule. 
 The concepts of renal clearance of a substance, renal handling of the substance, and renal excretion rate 

of a substance. 
 The micturition (urination) reflex, including the role of stretch receptors and somatic, sympathetic, and 

parasympathetic neurons.  
 The typical components of urine. 
 Pathophysiology, epidemiology, and risk factors of common diseases of the renal systems. 
 Molecular markers of renal processes and dysfunction. 
 Diagnostic methods used for renal systems. 

 
Cognitive/Intellectual skills/Application of Knowledge 
Having successfully completed the module, students should be able to: 
 Explain how the concept of homeostasis relates to the renal system. 
 Compare and contrast the pressures responsible for glomerular filtration to the pressures that drive fluid 

reabsorption in the peritubular capillaries. 
 Describe factors that might change renal blood pressure, capsule fluid pressure, and colloid osmotic 

(oncotic) pressure (e.g., hypotension, protein malnutrition), and predict their effect on GFR. 
 Predict the effect of changes in the resistance of the afferent or efferent arteriole on renal blood flow and 

GFR.  
 Explain how inulin clearance and creatinine clearance can be used to determine GFR. 
 Apply the clearance equation to estimate renal plasma flow and renal blood flow for an appropriate 

compound. 
 Predict how renal clearance of a solute changes if filtration, reabsorption, or secretion of the solute are 

altered. 
 Interpret the net renal handling of a solute from a graph showing the effect of solute plasma concentration 

on the solute’s filtration rate, reabsorption rate, secretion rate, and urinary excretion rate. 
 Explain how specificity and competition for a transporter can be used to enhance or inhibit excretion of a 

substance (e.g., concurrent administration of probenecid with penicillin to decrease penicillin secretion). 
 Describe how drugs that act as transporter antagonists can be used to alter excretion of a substance (e.g., 

SGLT2 antagonists). 
 Apply renal physiology knowledge to the diagnosis of many renal diseases. 
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Communication/ICT/Numeracy/Analytic Techniques/Practical Skills / General Transferable Skills 
Having successfully completed the module, students should be able to: 
 Describe the methods used to quantify kidney functions. 
 Interpret results of renal function tests.  
 Perform and analyze measurement of plasma clearance of substances. 
 Perform and analyze urinalysis and other renal function tests in different conditions. 
 Design studies investigating various factors that affect renal function(s). 
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MODULE 13: INTEGRATED CONTROL OF FLUID-ELECTROLYTE AND ACID-BASE 

HOMEOSTASIS 
 
The module aims to equip the student with knowledge of how fluid, electrolytes and pH are regulated by the body. 
The role of the kidneys in calcium and phosphate homeostasis is discussed with parathyroid hormone in Module 
4. 
 
Module Content 

I. Overview of regulation of plasma volume, body fluid and osmolarity 
a. Endocrine control of water balance and osmolarity homeostasis 
b. Endocrine control of electrolyte balance: Na+ and K+ 

II. Regulation of blood volume and blood pressure 
a. Reflexes triggered by volume and pressure receptors 
b. The role of the kidney in the regulation of blood pressure 

III. Acid-base physiology 
a. Buffer mechanisms of tissues and body fluids 
b. Renal regulation of acid-base homeostasis: H+, bicarbonate ion 
c. Pulmonary regulation of acid-base homeostasis 

IV. Disorders associated with fluid, electrolyte, acid, and base balance 
 

Module Learning Outcomes 
Knowledge and Understanding 
Having successfully completed the module, students should be able to describe: 
 The typical physiological routes of body water entry and loss. 
 The role of the kidney in maintaining osmotic homeostasis: the concept of diuresis - antidiuresis. 
 The contributions of the nephron loop [of Henle] to the formation of concentrated (hyperosmotic) urine. 
 The role of the ascending limb of the nephron loop [of Henle] in producing a high renal interstitial fluid 

osmolarity and a dilute urine. 
 How a net water loss or gain will change body fluid volume and osmolarity, and how these disturbances 

in turn alter the volume and osmolarity of the urine. 
 The reflex release of vasopressin (ADH, antidiuretic hormone), including stimuli, location and role of 

relevant sensors, locations of vasopressin synthesis and release, target tissue(s), and response(s).   
 The action of vasopressin (ADH) on the distal nephron (distal tubule and collecting duct) and its effect on 

the final concentration of urine. 
 The cellular mechanism by which vasopressin (ADH) increases tubule permeability to water, including 

the role of aquaporin channels and membrane recycling.  
 Behavioral mechanisms that help maintain body osmolarity (e.g., thirst, salt appetite). 
 The typical physiological routes of sodium (Na+) loss from the body. 
 Sodium distribution in the body fluid compartments. 
 The role of Na+ in maintaining extracellular fluid volume. 
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 The relationship between sodium balance, blood volume, and arterial blood pressure. 
 The renal tubule sites of Na+ reabsorption and describe which locations are subject to endocrine or neural 

control. 
 Potassium (K+) distribution in the body fluid compartments and the major routes of K+ excretion. 
 The importance of maintaining potassium homeostasis regarding membrane potential and list examples 

of dysfunction that occur when plasma potassium levels are elevated (hyperkalemia) or too low 
(hypokalemia). 

 The renal tubule sites of K+ reabsorption and secretion, and describe which locations are subject to 
endocrine or neural control. 

 The major physiological stimuli that cause release of aldosterone from the adrenal cortex (suprarenal gland 
cortex). 

 The effect of aldosterone on the nephron, including the tubule segments involved and the transport 
mechanisms that are altered by aldosterone. 

 The factors that initiate renin release, the pathway from angiotensinogen to angiotensin II (ANGII), and 
the effects of ANGII on target tissues. 

 The stimuli that cause release of natriuretic peptide hormones (e.g., ANP, BNP), their sites of synthesis, 
and their effects on the nephron and other target tissues (e.g., adrenal cortex). 

 The types and locations of sensors (receptors) in the cardiovascular, nervous, endocrine, and urinary 
systems that monitor blood volume, blood pressure, or osmolarity. 

 The average and healthy pH range for arterial blood and normal ranges for arterial blood PCO2 and HCO3. 
 The major buffer systems of the different body compartments. 
 Metabolic and respiratory sources of acid and explain the typical physiological routes of acid loss from 

the body. 
 The relationship between transport of carbon dioxide in the blood and the bicarbonate buffer system of 

the plasma. 
 How changes in alveolar ventilation (e.g., hypoventilation, hyperventilation) affect arterial blood PO2, 

arterial blood PCO2, arterial blood pH, and arterial blood HCO3
-. 

 The reflex pathways that link changes in plasma PCO2 or pH to changes in ventilation. 
 The proximal tubule mechanisms for reabsorbing filtered bicarbonate ions and the role of carbonic 

anhydrase in this process. 
 The mechanism by which type A and type B intercalated cells in the collecting duct help maintain 

homeostasis during acidosis and alkalosis, respectively. 
 The mechanisms by which the nephron secretes or reabsorbs hydrogen ions, including the role of urinary 

buffers. 
 Metabolic and respiratory causes of pH imbalances and the general mechanisms of respiratory and renal 

compensations for disruptions of pH homeostasis. 
 The K+ shift between intracellular and extracellular compartments caused by acidosis. 
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Cognitive/Intellectual skills/Application of Knowledge 
Having successfully completed the module, students should be able to: 
 Apply understanding of the action of vasopressin (ADH) on the kidney to predict the major consequences 

of vasopressin (ADH) deficiency or hypersecretion.  
 Compare and contrast central (CNS-based) and nephrogenic diabetes insipidus based on plasma 

vasopressin (ADH) levels and for each condition, predict the response to an injection of vasopressin 
(ADH).    

 Apply the concept of mass balance to explain why the kidneys can compensate for excess fluid (water) 
intake but cannot correct a state of water deficiency. 

 Predict how a net NaCl loss or gain changes body fluid volume and osmolarity, and how these disturbances 
in turn alter the rate of urine production and the osmolarity of the urine.   

 Apply knowledge of the typical action of aldosterone to predict the signs and symptoms of aldosterone 
deficiency or hypersecretion.  

 Diagram or describe the integrated response to hemorrhage (blood volume decreases, osmolarity is 
unchanged).  

 Diagram or describe the body’s integrated response to excessive salt ingestion (no change in body water 
volume, osmolarity increases). 

 Diagram or describe the body’s integrated response to ingestion of hypertonic saline (NaCl) (volume 
increases, osmolarity increases). 

 Diagram or describe the body’s integrated response to ingestion or infusion of isotonic saline (NaCl) 
(volume increases, osmolarity is unchanged). 

 Diagram or describe the body’s integrated response to dehydration, such as due to sweat loss or diarrhea 
(volume decreases, osmolarity increases). 

 Diagram or describe the body’s integrated response to excessive water ingestion (volume increases, 
osmolarity decreases). 

 Diagram or describe the body’s integrated response to sweat loss replaced by drinking water (volume is 
unchanged, osmolarity decreases). 

 Using the equation CO2 + H2O ↔ H+ + HCO3
- predict how plasma pH changes when arterial blood PCO2 

and HCO3
- concentrations change. 

 Predict how increasing or decreasing blood PCO2 affects blood pH and the concentrations of bicarbonate 
and hydrogen ions. 

 Apply knowledge of the equation for the bicarbonate buffer system to predict how changing the 
bicarbonate concentration or blood pH affects the PCO2 of plasma. 

 Given arterial blood values for PCO2, pH, and HCO3
- predict the changes to acid-base balance (e.g., 

acidosis or alkalosis), and if the cause of the pH disturbance is metabolic or respiratory. 
 

Communication/ICT/Numeracy/Analytic Techniques/Practical Skills / General Transferable Skills 
Having successfully completed the module, students should be able to:  
 Measure the levels of electrolyte in body fluids 
 Measure the pH of fluids across the body 
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MODULE 14: GASTROINTESTINAL AND METABOLIC PHYSIOLOGY 

 
The module aims to equip the student with knowledge of concepts of digestive function, nutrition, and hormonal 
regulation of metabolic pathways. The module offers knowledge and methods for the measurement of basal and 
activity metabolisms (energy expenditure), efficiency of energy metabolism, conducting physical exercise tests, 
and interpreting results. 
 
Module Content 
I.  Anatomy and functions of the digestive system and its accessory organs 
II.  Secretion of saliva and mastication  
III.  Swallowing process 
IV.  Gastrointestinal motility 
V.  Regulation of gastrointestinal functions 
VI.  Cephalic phase of digestion 
VII.  Gastric phase of digestion 
VIII.  Intestinal phase of digestion 
IX.  Digestion and absorption of carbohydrates and proteins 
X.  Digestion and absorption of dietary fats 
XI.  Intestinal water and electrolyte transport 
XII.  Absorption of water-soluble vitamins and minerals 
XIII.  Structure and function of the liver 
XIV.  Structure and functions of the large intestine 
XV.  The gut microbiome 
XVI.  Nutrients and metabolism 
XVII.  Hormonal modulation of metabolic pathways  
XVIII.  Energy balance and factors that control hunger and satiety 
XIX. Thermoregulation  
XX. Pathophysiology of gastrointestinal functions and metabolism 
 
Modular Learning Outcomes 
Knowledge and Understanding 
Having successfully completed the module, students should be able to describe and explain: 
 The primary functions of the digestive system (i.e., digestion, absorption, secretion, and motility) and 

identify the locations where each process occurs. 
 Role of positive and negative feedback in the gastrointestinal system. 
 Fluid balance in the digestive system, identifying the sources and relative volumes of fluid entering and 

exiting the gastrointestinal tract daily.  
 The organs of the gastrointestinal tract and the accessory organs of the GI tract. 
 The function of sphincters relevant to the GI tract and accessory organs. 
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 The salivary glands, their function, and the functions of each chemical component of saliva (e.g., mucus, 

water, salivary amylase). 
 The cellular processes involved in secretion of saliva by salivary gland epithelium.  
 The process of mastication and how structures of the oral cavity contribute to mechanical digestion.  
 The steps of the deglutition (swallowing) reflex, including the actions of the tongue, soft palate, pharynx, 

epiglottis, esophagus, and esophageal sphincters. 
 The process and regulation of vomiting. 
 The general structure of the wall of the gut and the functions of each of these structures. 
 The components and organization of the enteric nervous system (ENS) and its relationship to the 

autonomic nervous system. 
 Segmental contractions, peristaltic contractions, and the migrating motor complex (MMC) of the digestive 

tract and the functions of each.  
 The neural reflex pathway (short-loop pathway) within the enteric nervous system (ENS) including the 

location of sensory receptors, integration center, role of enteric neurons, targets, and target responses. 
 The integration of information between the enteric nervous system (ENS) and the central nervous system 

(CNS) in the regulation of digestive function.  
 The general effects of sympathetic and parasympathetic innervation on digestive function. 
 The source, stimuli for release, targets, and target responses of the major gastrointestinal (GI) tract 

hormones.  
 The cephalic phase of digestion and how it is a feedforward reflex. 
 The general functions of the stomach and how gastric secretions and motility contribute to digestion. 
 The general functions of the small intestine. 
 The integration of cephalic and gastric phases of digestion through long-loop [vagal] and short-loop [local] 

reflex pathways. 
 Feedback loops between the stomach and duodenum that match intestinal digestion to the rate of gastric 

emptying, enzyme secretion, and acid (HCl) secretion.  
 The structural and functional relationships among intestinal villi, microvilli, brush border, crypts, lacteals, 

and blood vessels. 
 The sources and functions of secretions released into the intestinal lumen (e.g., digestive enzymes, bile, 

bicarbonate, mucus, and isotonic NaCl solution). 
 The most important digestive hormones, including their functions, cell of origin and target cells. 
 The products of digestion of carbohydrates, proteins, and fat in the stomach and intestine and the roles of 

various GI and accessory organ secretions in the processes. 
 The microscopic organization of a liver lobule including hepatocytes, associated blood vessels, and bile 

ducts. 
 The structure and functional significance of the hepatic portal system and the entero-hepatic circulation. 
 The role of bile salts in fat digestion. 
 The mechanisms and routes of absorption of the main nutrients and end products across the gut. 
 The mechanisms for intestinal absorption of Na+, K+, Cl-, ions, iron, and water. 
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 The mechanisms for absorption of fat-soluble and water-soluble vitamins, and the role of intrinsic factor 

in the absorption of vitamin B12. 
 The general functions of the large intestine. 
 The nervous and hormonal communication between various parts of the gastrointestinal tract. 
 The feedback processes which influence the motor and secretion function of the gut. 
 The process of feces formation, comparing the volume and composition of chyme entering the large 

intestine with the usual volume and composition of feces. 
 Mass movement in the colon and the defecation reflex. 
 The immune functions of the GI tract, including the roles of gut-associated lymphoid tissue (GALT), 

Peyer patches (lymphoid nodules), and microfold (M) cells. 
 The gut microbiome and its significance in human health and disease. 
 The functional relationship between the enteric nervous system and immune system. 
 The storage and conversion of energy from nutrients, including the relative amounts of chemical bond 

energy stored in different molecules (e.g., lipids, ATP, glycogen). 
 The metabolic pathways used for energy conversion (e.g. Glycolysis, gluconeogenesis, glycogenolysis, 

glycogenesis, β-oxidation and ketogenesis) and the circumstances under which each of them is important. 
 The differences between aerobic and anaerobic energy conversion. 
 The role of the liver, fat tissue, muscle tissue and brain in the storage and use of nutrients, and how they 

are liberated from their stores. 
 The differences in metabolism in the fed (absorptive, postprandial) and fasted (post-absorptive, 

preprandial) states. 
 The metabolic effects and major targets of insulin, glucagon, thyroid hormone, catecholamines, growth 

hormone, and glucocorticoids.  
 The inputs and outputs that determine energy balance in the body (e.g., diet, heat, work) and the factors 

that influence them (e.g., hunger, exercise). 
 The relationship between oxygen consumption and metabolic rate, and factors that affect metabolic rate. 
 Energy balance in different conditions (resting, exercise, and diseased conditions). 
 A current model of factors that influence appetite, food intake, and satiety (e.g., leptin and ghrelin). 
 Thermoregulation and the role of the thermoregulatory center and the central and peripheral sensors. 
 Epidemiology, etiology, risk factors, pathophysiology, and key clinical findings for the metabolic 

syndrome. 
  
Cognitive/Intellectual skills/Application of Knowledge 
Having successfully completed the module, students should be able to: 
 Compare and contrast the anatomy of the different regions of the GI tract. 
 Compare the average volume of fluid ingested in a day to the volume secreted by the digestive tract and 

its accessory organs in a day.  
 Apply knowledge of secretion of isotonic NaCl and bicarbonate solutions in the digestive system to predict 

the physiological consequences of defective CFTR channels (cystic fibrosis transmembrane regulator 
channels). 
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 Explain the importance of inactive enzymes (zymogens, proenzymes) in the digestive system (e.g., 

pepsinogen, trypsinogen) and identify locations where they are found. 
 Explain the adaptive significance of brush border enzymes anchored to the apical membrane of the 

enterocyte. 
 Explain why the recycling of bile salts is essential for adequate fat digestion. 
 Explain how pathogenic bacteria such as E. coli can live in the large intestine without causing illness. 
 Describe the role of the gut microbiome and colonocytes in bile acid recycling. 
 Compare and contrast the integrated feedback between the small intestine and stomach in regulation of 

gastric enzyme and acid secretion for a protein meal versus a carbohydrate meal. 
 Explain how diarrhea and constipation can occur. 
 Determine the energy need of the body in different conditions. 
 Describe a method that can be used to estimate a person’s metabolic rate (e.g., indirect calorimetry). 
 Apply knowledge of the metabolic effects of insulin and glucagon to explain why ingestion of a pure 

protein meal (no carbohydrates) will trigger the release of both insulin and glucagon. 
 Diagram or describe the interactions between metabolic pathways for carbohydrates, lipids, and proteins 

contributing to the maintenance of blood glucose homeostasis. 
 Graph or describe the time course for the onset and duration of the biological actions of insulin following 

ingestion of a meal.  
 Diagram or describe the effects of a change in blood glucose concentration on insulin and glucagon 

secretion.  
 Predict the metabolic and physiological effects of insulin deficiency (type 1 diabetes mellitus), insulin 

excess, or decreased tissue responsiveness to insulin (insulin resistance, type 2 diabetes mellitus). 
 Determine the dietary requirement of various nutrients in various human conditions. 
 Explain the physiological basis of various gastrointestinal diseases and metabolic disorders. 
 Describe how and which nutrients are delivered from the gastrointestinal tract to specific organs and stored 

in the body. 
 Describe the relationship between the metabolism of carbohydrates, fat and proteins as related to their 

storage (metabolic pool). 
 Describe disorders of malnutrition, including micronutrient malnutrition: iodine, zinc, iron, vit A. 

 
Communication/ICT/Numeracy/Analytic Techniques/Practical Skills / General Transferable Skills 
Having successfully completed the module, students should be able to:     
 Carry out assays of various gastrointestinal peptides and secretions. 
 Initiate and carry out studies to investigate the effect of various factors on gastrointestinal and metabolic 

functions in the body. 
 Measure metabolic rates in humans and animals. 
 Interpret graphs of glucose tolerance tests (GTT) from a sample of individuals (e.g., healthy, insulin-

deficient/resistant) and explain the mechanisms responsible for differences in responses. 
 Perform smooth muscle experiments to determine gastrointestinal wall motility; and 
 Perform simple anthropometry: evaluate body composition (percent body fat).  
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MODULE 15: REPRODUCTIVE PHYSIOLOGY 

 
The module aims to equip the student with knowledge of the concepts and mechanisms of the reproductive system 
in males and females. It also includes practical learning of the assessment of various reproductive parameters in 
humans. 
 
Module Content 

I. Sexual differentiation 
II. Male reproductive system 

a. Male reproductive anatomy 
b. Hypothalamic-pituitary-gonadal axis and control of male sexual functions 
c. The production, metabolism, and action of testosterone 
d. Spermatogenesis and semen 
e. Puberty development and male secondary characteristics 

III. The female reproductive system 
a. Female reproductive anatomy 
b. Hypothalamic-pituitary-gonadal axis and control of the female menstrual rhythm 
c. The ovarian steroids 
d. The ovarian cycles: oogenesis, ovulation, and formation of corpus luteum 
e. The endometrial cycle 
f. Female life stages: puberty and menopause 

IV. Fertilization, pregnancy, and lactation 
a. Male and female sex act 
b. Transport of gametes and fertilization 
c. Implantation of the developing embryo 
d. Physiology of the placenta 
e. The maternal-placental-fetal unit 
f. Response of the mother to pregnancy 
g. Parturition 
h. Lactation 

V. Fetal and neonatal physiology 
a. Biology of fetal growth 
b. Neonatal physiology 

V. Male factor infertility and associated risk factors 
VI. Female infertility and associated risk factors 

 
Modular Learning Outcomes 
Knowledge and Understanding 
Having successfully completed the module, students should be able to describe and explain: 
 The role of chromosomes (X & Y), genes and alleles, and gene expression in sex determination. 
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 Developmental differences and homologous structures in the functional anatomy of the male and female 
reproductive systems. 

 Similarities and differences in the roles of hormones in male and female reproduction. 
 The anatomy and functions of the male gonads, spermatic cord, transporting ducts, accessory glands, and 

external genitalia. 
 The hypothalamic-pituitary-gonad axis and the feedback loops that control production and regulation of 

androgens, inhibin, and androgen-binding protein in the testis. 
 The major target organs and tissues of testosterone and related androgens and explain the hormonal 

mechanisms of action and the target responses. 
 The steps of spermatogenesis in the seminiferous tubule, including the roles of nurse (sustentacular, 

[Sertoli]) and interstitial [Leydig] cells. 
 The endocrine control of spermatogenesis. 
 The composition of semen and the functions of the components. 
 The anatomy and functions of the ovary, transporting ducts, uterus, and female external genitalia.  
 The hypothalamic-pituitary-gonad axis and the feedback loops that control production and regulation of 

estrogens, progesterone, and inhibin in the ovary. 
 The major targets of estrogens and progesterone, then explain the hormonal mechanism of action and the 

target responses (e.g., oogenesis, breast development, fat deposition). 
 The stages of oogenesis in the ovary, including the roles of granulosa and theca cells. 
 Phases of the ovarian cycle and the cyclic patterns of blood concentrations of GnRH, FSH, LH, estrogen, 

progesterone, and inhibin throughout the cycle. 
 The phases of the uterine cycle and the structural changes in the uterine lining associated with each phase. 
 Endocrine control of oogenesis and folliculogenesis by FSH, LH, estradiol, and inhibin, including the 

feedback loops. 
 Changes in basal body temperature through the ovarian cycle. 
 Changes in the hypothalamic-pituitary-gonad axis that occur at the onset of puberty and development of 

secondary sex characteristics in males and females, including the average ages of onset and completion at 
maturity. 

 Physiological changes in the female reproductive system and changes in hormones of the hypothalamic-
pituitary-gonad axis that occur at menopause. 

 Age-associated physiological changes in the male reproductive system. 
 The four phases of the human sexual response cycle. 
 The neural and vascular components of the erection reflex,  
 Emission and ejaculation in the context of a sexual response cycle.  
 The physiological responses of cardiovascular and respiratory systems during a sexual response cycle.  
 The physiological mechanisms of common methods of birth control (e.g., rhythm, barrier, hormonal, 

chemical, surgical). 
 The process and specific events occurring before and at fertilization (e.g., sperm capacitation, acrosomal 

reaction, corona radiata penetration, zona pellucida penetration, fusion of the oocyte and sperm plasma 
membranes). 
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 The timing and pattern of cell division occurring during transport of the dividing zygote to the uterus up 
until implantation.  

 The endocrine and circulatory functions of the placenta and the role of hCG.  
 The dominant hormone(s) in each trimester of pregnancy and their source(s).   
 Fetal circulation: how oxygen delivery to the fetus occurs and the functions of the ductus arteriosus and 

the foramen ovale. 
 The three phases of labor. 
 The roles of oxytocin, estrogen, relaxin, and prostaglandins during late pregnancy in preparation for 

parturition. 
 The structure and functions of the mammary glands, including mammary gland development during 

pregnancy and the role of prolactin. 
 The endocrine regulation of lactation. 
 The composition of milk. 
 The neuroendocrine reflex (the let-down reflex) responsible for milk ejection. 
 Physiological basis of infertility and other reproductive disorders in men and women. 

 

Cognitive/Intellectual skills/Application of Knowledge 
Having successfully completed the module, students should be able to: 
 Apply the concept of positive and negative feedback as it relates to the reproductive system. 
 Predict the consequences of hypersecretion and hyposecretion of testosterone and related androgens in 

childhood, at puberty, and in reproductive life stages. 
 Graph or describe how estrogens and progesterone function to coordinate the timing of ovarian and uterine 

cycles into a menstrual cycle. 
 Relate gonadotropins, ovarian hormones, structural changes in the endometrium, and ovarian follicle 

development during a menstrual cycle.  
 Describe possible causes of amenorrhea or anovulatory cycles. 
 Predict ovulation based on hormonal profile. 
 Predict the consequences if a blastocyst implants outside the uterus (e.g., ectopic pregnancy).  
 Explain the principle of in-vitro fertilization. 
 Track maternal changes during pregnancy.  
 Explain the development of the various fetal organ systems. 
 Identify appropriate contraceptive methods. 
 Use various markers to predict fertility. 
 Explain the significance of the ductus arteriosus or foramen ovale failing to close after birth. 

 

Communication/ICT/Numeracy/Analytic Techniques/Practical Skills / General Transferable Skills 
Having successfully completed the module, students should be able to:     
 Carry out hormonal assays of various reproductive hormones using different methods. 
 Carry out semen analysis and interpretation.  
 Carry out and interpret pregnancy tests. 
 Initiate and conduct studies to investigate the effects of various factors on reproductive functions. 
 Conduct public health campaigns on infertility. 
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MODULE 16: ENVIRONMENTAL PHYSIOLOGY 

 

This module aims to equip students with the knowledge of environmental factors that affect human body functions 
and health, and to inform them about how to solve health problems associated with environmental factors. 
 

 
Module Content 

⮚ Deep sea Diving physiology 
⮚ High-altitude physiology 
⮚ Flight and space physiology 
⮚ Space physiology 
⮚ Body responses to hyperbaric environment 
⮚ Body responses to hypobaric environment 
⮚ Diseases associated with environmental pollution 
⮚ Temperature regulatory mechanisms 
⮚ Management of environment-associated disorders 

 

Modular learning Outcomes 

Knowledge and Understanding 

Having successfully completed the module, students should be able to describe and explain: 

⮚ The influence of environmental factors on body functions; 
⮚ The adaptation of human body to special environments; 
⮚ The disorders in humans associated with special environments; 
⮚ The temperature regulation mechanism in different environments; and 
⮚ The physiological basis of management of environment-associated disorders. 

Cognitive/Intellectual skills/Application of Knowledge 

Having successfully completed the module, students should be able to: 

⮚ Apply the knowledge to understand the influence of environmental factors; 
⮚ Apply the knowledge to solve human health problems related to the environment; 
⮚ Understand adaptation at different environment; and 
⮚ Apply the knowledge to design studies of human adaptation to climate change. 

Communication/ICT/Numeracy/Analytic Techniques/Practical Skills / General Transferable Skills 

Having successfully completed the module, students should be able to:     

⮚ Determine environmental factors that can affect human health 
⮚ Be involved in community outreach on adaptation to climate change; and 
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⮚ Conduct studies of environmental effects on human and experimental animals. 
 

MODULE 17: SYSTEMIC PHARMACOLOGY 
 
This module aims to equip students with the knowledge of mechanisms of actions of drugs relevant to the 
treatment of some bodily disorders in various body systems. 

Module Content 

i. General pharmacology 
a. Absorption, distribution, metabolism and elimination of drugs, routes of drug administration  
b. Basic principles of drug action  
c. Adverse reactions to drugs  
d. Factors modifying drug response  

ii. Autonomic nervous system and peripheral nervous system drugs 
a. Neurohumoral transmission  
b. Sympathetic nervous system - sympathomimetics, sympatholytics 
c. Parasympathetic - cholinergics, anticholinergics, ganglion stimulants and blockers  
d. Skeletal muscle relaxants 
e. Local anesthetics  

iii. Central Nervous System 
a. General principles - neurotransmitters, definition and common transmitters  
b. Drug therapy of various CNS disorders like epilepsy, depression, Parkinson’s disease, 

schizophrenia, neuro- degeneration etc.  
c. Pharmacotherapy of pain  
d. General anesthetics 
e. Drugs for arthritis & gout  

iv. Autacoids 
a. Histamines and antihistamines 
b. Prostaglandins, leukotrienes, and thromboxanes 
c. Substance P and bradykinin 

v. Cardiovascular system  
a. Drug therapy of hypertension, shock, angina, cardiac arrhythmias  
b. Renin angiotensin system  
c. Diuretics  
d. Coagulants and anticoagulants, antiplatelet drugs  
e. Hypo-lipidemics  

vi. Gastrointestinal and respiratory system 
a. Emetics and antiemetics  
b. Drugs for constipation and diarrhea  
c. Drug treatment of peptic ulcer  
d. Drug therapy of bronchial asthma  
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e. Pharmacotherapy of cough  
 
 
vii. Hormones 

a. Reproductive hormones - testosterone, estrogen, progesterone, contraceptives  
b. Drug therapy of Diabetes  
c. Thyroid hormones  
d. Pituitary-hypothalamic axis  
e. Corticosteroids  
f. Oxytocin and drugs acting on uterus  
g. Drugs affecting calcium balance 

viii. Chemotherapy 
a. General principles of antimicrobial chemotherapy, rational use of antibiotics  
b. Chemotherapeutic agents - penicillins, cephalosporins, fluoroquinolones, macrolides,  
c. aminoglycoside, tetracyclines, chloramphenicol and polypeptide antibiotics etc.  
d. Chemotherapy of tuberculosis, leprosy, UTI  
e. Chemotherapy of parasitic infection  
f. Chemotherapy of fungal infections  
g. Cancer Chemotherapy  

ix. Miscellaneous 
a. Immunomodulators 
b. Drug therapy of glaucoma and cataract  
c. Treatment of poisoning. 

Modular Learning Outcomes 

Knowledge and Understanding 

Having successfully completed the module, students should be able to describe and explain: 
⮚ the general principles of drug actions relative to drug absorption, metabolism and excretion; 
⮚ the definition and description of pharmacodynamics terms; agonist, antagonist, affinity, efficacy, potency, 

molecular targets for drugs, graded and quantal dose response curves and a drug therapeutic range; 
⮚ the definition and description of pharmacokinetics terms; absorption, routes of administration, 

bioavailability, bioequivalence, first pass metabolism and zero and first order kinetics; and 
⮚ the classification of drugs that affect body systems. 

 

Cognitive/Intellectual skills/Application of Knowledge 

Having successfully completed the module, students should be able to: 
⮚ apply the knowledge of pharmacology in research; 
⮚ describe the physiological basis of drugs dosage in experimental processes; and 
⮚ initiate and carry out studies to investigate the mechanisms of action of drugs on various body systems. 
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Communication/ICT/Numeracy/Analytic Techniques/Practical Skills / General transferable skills 

Having successfully completed the module, students should be able to:     

⮚ test various agonists and antagonists to unravel receptors relevant for various body functions; 
⮚ carryout Dose response testing; 
⮚ test effects of drugs on cells and organs in the body; 
⮚ demonstrate ethical conduct and appropriate communication skills in a professional environment; 
⮚ construct dose-response curves; and 
⮚ determine drug dosages and effects. 
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MODULE 18: PRINCIPLES OF ANIMAL EXPERIMENTATION & BIOMEDICAL 
INSTRUMENTATION 

 
The course enables students to understand the basic principles and ethics in using experimental animals as 
alternatives to human subjects in physiological research. Students will be introduced to a range of laboratory 
animals (mammals, amphibians, and flies) and will be equipped on factors that may guide the choice of these 
animals. The students will also learn biometry and principles of operation of some biomedical research equipment.  
 

Module Content 

i. Definition and principles of animal experimentation including arguments for/against animal use 
research 

ii. Ethical issues in animal experimentation 
iii. Handling of laboratory animals 
iv. Classification of animal research. In vivo and in vitro preparations 
v. Choice of animals and/or isolated tissue 
vi. Husbandry of common laboratory animals such as mice, rats, guinea pigs, etc. 
vii. Drosophila melanogaster as an alternative laboratory animal 
viii. Introduction to laboratory methods and design in physiological experimentation 
ix. Biological assay techniques interpretation and statistical analysis of results 
x. Euthanasia and animal waste disposal 
xi. Blood sampling volumes and techniques in experimental animals 
xii. Choice of anesthesia in animal experimentation 
xiii. Extrapolation of animal data for human trials situation 
xiv. Comparative physiology across different animal species 
xv. Principle of operation of biomedical equipment 
xvi. Operation and maintenance of biomedical equipment. 

 

Modular learning Outcomes 

Knowledge and Understanding 

Having successfully completed the module, students should be able to describe and explain: 

⮚ Ethical issues in animal experimentation; 
⮚ The use of animal models for biological experiments; 
⮚ Drug dosage and administration routes in animals; 
⮚ Blood sampling sites and volumes in experimental animals; 
⮚ Animal experimental design; and 
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⮚ Biomedical instrumentations – Principles and functions. 
 

 

 

 

Cognitive/Intellectual skills/Application of Knowledge 

Having successfully completed the module, students should be able to: 

⮚ Generate data from real-life situations using animal models; 
⮚ Determine the appropriate animal model for various studies of interest; 
⮚ Derive hypothetical data for human trials; 
⮚ Show proficiency in animal handling and care; 
⮚ Be effective in drug efficacy testing and mechanism of action; and 
⮚ Prepare samples for transport and use for molecular analysis. 

Communication/ICT/Numeracy/Analytic Techniques/Practical Skills / General Transferable Skills 

Having successfully completed the module, students should be able to:     

⮚ Breed and maintain animals for research purpose; 
⮚ Take blood samples and tissues from animals; 
⮚ Use animals effectively for research; 
⮚ Troubleshoot cause of malfunctioning of biomedical instruments; 
⮚ Implement the ethics in biomedical research; and 
⮚ Operate some biomedical research equipment. 
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MODULE 19: EPIDEMIOLOGY, BIOSTATISTICS AND RESEARCH METHODOLOGY 

 

This module will provide essential concepts, methods, and tools needed for descriptive and analytical research 
and design of a study protocol in biomedical sciences. It will also support the students to develop their research 
project and define their inquiry model. 

Module Content 

i. Applied Computing: 
a. Creating views or questionnaires using Epi-Info, SPSS, and other tools. 
b. Exploring, transforming and managing data using Epi-Info, SPSS and other tools. 
c. Data analysis and summarizing key findings using Epi-Info and SPSS. 

ii. Descriptive epidemiology:  
a. Applying measure of disease frequency and adjusted (standardized) rates 
b. Concepts of epidemiologic study design   
c. Presentation and summarizing of data 
d. Disease surveillance 
e. Preparedness for outbreaks 
f. Global Health 

iii. Descriptive biostatistics: 
a. Computing different types of data using principles of statistical inference: Point and Interval 

Estimation 
b. Calculation and summarizing standard normal scores and resulting probabilities. 
c. Summarizing probabilities using the binomial and Poisson distributions 

iv. Demography: 
a. Demographic structures (age, sex, marital status…) and population trends (growth, migration, 

mortality) 
b. Applying and interpreting the methods of mortality, methods of fertility, nuptiality and migration 

analysis 
v. Analytical epidemiology 
vi. Different types of studies (descriptive, cohort, case-control, etc.) And their use: 

a. Concepts on random (chance), bias, confounding factors and their application 
b. Application and evaluation of the principles of validity, precision, causality in a given study 

vii. Analytical biostatistics: 
a. Testing the hypothesis that the population mean is equal to a specific value 
b. Paired and unpaired data 
c. Testing a hypothesis and interpreting the p-value for a mean difference of paired data and for the 

difference between two independent means and proportions 
d. Analytical tests of association and prediction.   
e. Nonparametric tests for numerical data not normally distributed and their use 
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viii. Modelization: 

a. Multiple linear regressions. 
b. Logistic regression. 

ix. Literature survey 
x. Research design 
xi. Proposal and manuscript writing 
xii. Data collection techniques and interpretation 
xiii. Operational and evaluative research 
xiv. Ethics in research on human subjects 
xv. Qualitative research methods 
xvi. Presentation of research findings 
xvii. Scientific writing. 

 
Modular learning Outcomes 

Knowledge and Understanding 

Having successfully completed the module, students should be able to describe and explain: 

⮚ Demographic structures (age, sex, marital status…) and population trends (growth, migration, mortality); 
⮚ Basics concepts in data management and analysis; 
⮚ Principles of epidemiology; 
⮚ The natural history and outcome of diseases; 
⮚ Hypothesis testing; 
⮚ Study design; 
⮚ Causal relationship and measures of associations; 
⮚ Effects of bias and confounding factors in different types of study; 
⮚ Ethic principles of research on human subjects; 
⮚ Different components of research protocol; 
⮚ Survey methodology; 
⮚ Designing and conducting operational research; 
⮚ Designing, collecting and analyzing qualitative and quantitative studies; and 
⮚ Current software in statistical analysis. 

 
Cognitive/Intellectual skills/Application of Knowledge 

Having successfully completed the module, students should be able to: 

⮚ Identify and measure the causal factors of community health problem; 
⮚ Define and calculate measures of disease frequency; 
⮚ Analyze demographic indices and data to the conception and assessment of health programs; 
⮚ Create, manage and transform health problems related data using modern software; 
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⮚ Understand the fundamental concepts in inferential statistics, mainly hypothesis testing; 
 

⮚ Detect confounding, bias, and interactions in epidemiologic data; 
⮚ Measure association between two or several variables; 
⮚ Carry out literature search; 
⮚ Carry out critical appraisal of scientific publications; 
⮚ Design a research proposal;  
⮚ Calculate sample size in different study designs; 
⮚ Recognize and apply key ethical concepts in the conduct of research on human subjects; and 
⮚ Constructive interpretation of analyzed data. 

 
Communication/ICT/Numeracy/Analytic Techniques/Practical Skills / General Transferable Skills 

Having successfully completed the module, students should be able to:     

⮚ Correctly select and apply appropriate descriptive and analytical epidemiological and statistical measures 
of health problems; 

⮚ Plan and implement statistical analysis of epidemiologic data using computer technology; 
⮚ Use correctly epidemiology and biostatistics to describe and analyze health problems; 
⮚ Correctly design and implement a research study; 
⮚ Judge analyzed data; 
⮚ Work successfully in groups; 
⮚ Use epidemiological and statistical measures to describe and analyze health-related problems; 
⮚ Make a presentation of research findings; 
⮚ Write a manuscript as for publication; 
⮚ Apply epidemiology and biostatistics concepts to laboratory management; 
⮚ Apply concepts required in the responsible conduct of a research; and 
⮚ Make confident pronouncements on experimental results. 
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MODULE 20: CLINICAL PLACEMENTS IN LABORATORIES 

 

The clinical laboratory placement strengthens the experience of the student in performing, recording, and 
interpreting various clinical measurement procedures used in assisting diagnosis of various organ functions in a 
non-invasive form. The students assist in carrying out these procedures and thereafter, they perform the 
procedures, report the results and discuss them with clinicians. 

Modular Indicative Content 
 

i. Hands-on skills acquisition in electrocardiography laboratory 
a. Recording and interpreting a standard resting 12-lead electrocardiogram. 
b. Interpreting the electrocardiogram (Heart Rate, Rhythm, including Atrioventricular blocks, Axis, 

Hypertrophy, Ischemia and Infarction, miscellaneous) 
ii. Hand-on skills acquisition in echocardiography laboratory 
iii. Hands-on skills acquisition in spirometry laboratory 

a. Perform the common lung function testing: Lung volumes including, Forced Vital Capacity, Forced 
Expiratory Volume in the 1st second, Flow-volume curves, gas exchange, provocation tests, use of 
beta-mimetics for diagnosis of reversibility of obstruction; etc 

b. Ergospirometry and its indication 
iv. Hands-on skills acquisition in electroencephalography and electromyography laboratory 

a. Electroencephalography and the clinical significance (normal EEG, monitor brain activity, Petit mal, 
grand mal, stroke, tumors, encephalitis, degenerative diseases, influence of age, effect of drugs on 
EEG) 

v. Hands-on skills acquisition in sensory organ laboratory  
a. Audiometry 
b. Ophthalmoscopy 
c. Gustatory testing 

vi. Hands-on skills acquisition in chemical pathology laboratory  
a. Measurement of hormones and functional markers of health and diseased states 
b. Measurement of body biochemical parameters  

vii. Hands-on skills acquisition in molecular biology laboratory  
a. Molecular biology techniques (e.g. PCR, microscopy, HPLC, fluorescence, spectrophotometry, 

etc) 
Modular learning Outcomes 

Knowledge and Understanding 

Having successfully completed the module, students should be able to describe and explain: 

⮚ The procedures in electrocardiography;  
⮚ The procedures in echocardiography; 
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⮚ The procedures in spirometry; 
⮚ The procedures in electroencephalography; 
⮚ The procedures in electromyography; 
⮚ The procedures in sensory functions’ testing; 
⮚ The procedures in measuring some biochemical parameters; and 
⮚ The procedures in molecular biology methods. 

 

Cognitive/Intellectual skills/Application of Knowledge 

Having successfully completed the module, students should be able to: 
⮚ Conduct and do basic interpretation of electrocardiogram;  
⮚ Conduct and do basic interpretation of spirometry; 
⮚ Conduct and do basic interpretation of electroencephalogram; 
⮚ Conduct and do basic interpretation of electromyography; 
⮚ Conduct and do basic testing of sense organs’ functions; 
⮚ Measure and interpret basic biochemical profile parameters; and 
⮚ Carry out some molecular analysis and have basic knowledge of their interpretation. 

Communication/ICT/Numeracy/Analytic Techniques/Practical Skills / General transferable skills 
Having successfully completed the module, students should be able to:     

⮚ Relate electrocardiogram to cardiovascular health;  
⮚ Relate spirometry to lung function; 
⮚ Relate electroencephalogram to brain health; 
⮚ Relate audiometry and ophthalmoscopy to ear and eyes functions; 
⮚ Relate biochemical profile results to the health status of some body organs; and 
⮚ Use molecular techniques optimally. 
⮚ Demonstrate hands-on skills to carry out various clinical measurements related to physiology. 
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MODULE 21: SEMINARS ON CURRENT TOPICS IN PHYSIOLOGY 

 
The objective of the Seminar module is to make the student capable of doing extensive literature review of 
relevant topics and come up with a critical analysis and presentation of the findings for understanding of the 
scientific community. It will also prepare the students for their dissertation. 
 
Module Content 

⮚ Literature search and different search engines 
⮚ The proper use of the library and referencing styles 
⮚ How to write research proposal 
⮚ How to do reviews of articles and meta-analysis of available data 
⮚ How to do data collection 
⮚ How to present scientific findings 
⮚ Principles of academic writing in biomedical sciences 
⮚ How to write manuscripts. 

 

Modular learning Outcomes 

Knowledge and Understanding 

Having successfully completed the module, students should be able to describe and explain: 

⮚ Literature review as an important academic and research activity; and 
⮚ Modern methods of arranging and acquiring literature references. 

Cognitive/Intellectual skills/Application of Knowledge 

Having successfully completed the module, students should be able to: 

⮚ Apply knowledge of literature review to research conception, design, and execution; 
⮚ Critically assess published papers and identify scientific facts;  
⮚ Identify gaps in scientific literatures and articles; and 
⮚ Accept plagiarism as a serious scientific offence. 

Communication/ICT/Numeracy/Analytic Techniques/Practical Skills 

Having successfully completed the module, students should be able to:     

⮚ Search and review literatures; 
⮚ Prepare postal and oral presentations of research findings; 
⮚ Do a meta-analysis of published data; 
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⮚ Contribute to solving new problems through own research; and 
⮚ Write a manuscript for publication. 

 
MODULE 22: PHYSIOLOGY ENTREPRENEURSHIP 

 

The objective of the module is to expose students to the principles of entrepreneurship and make them to be job 
creators and self-reliant, thereby reducing the trend of unemployment. 

 
Module Content 

 Concepts of entrepreneurship 
 Entrepreneurial knowledge, skills and attitudes needed in the 21st century in the field of Physiology 
 Definition and modes of businesses (micro, small, medium, and large-scale businesses) 
 Concepts of team-work and partnership in business operation 
 Strengths and weaknesses of different modes of businesses,  
 Trends expected of successful business models 
 Specialization and diversification of businesses: lessons from various models 
 Ethics and social responsibility of businesses  
 Entrepreneurial opportunities in various areas of Physiological sciences 
 Case studies of existing businesses in Physiological sciences 
 Proposal development on physiological businesses 
 

Modular learning Outcomes 

Knowledge and Understanding 

Having successfully completed the module, students should be able to describe and explain: 

 the role of entrepreneurship in Physiology in the 21st century;  
 entrepreneurship knowledge, skills and attitudes and their roles for a successful business in Physiology  

Cognitive/Intellectual skills/Application of Knowledge 

Having successfully completed the module, students should be able to: 

 propose business ideas in the areas of Physiological sciences; 
 collaborate with others to manage businesses in the areas of Physiological sciences; 
 identify do’s and don’ts for a successful entrepreneurial journey in Physiological sciences  
 
Communication/ICT/Numeracy/Analytic Techniques/Practical Skills 
Having successfully completed the module, students should be able to:    

 develop professional communication skills in the business environment  
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 predict and identify business risks 
 weigh potential gains and losses in business for decision making 
 

MODULE 23: RESEARCH PROJECT 
 
The objective of the dissertation module is to make the students capable of doing research at the edge of 
knowledge in the specialty of physiology and biomedical sciences. All along their dissertation research, they 
acquire the methodology and the scientific approach to find a solution to a research problem. 

Modular learning Outcomes 

Knowledge and Understanding 

Having successfully completed the module, students should be able to describe and explain: 

⮚ Biomedical science research as it applies to Physiology; 
⮚ The formulation, design and execution of biomedical research. 

 

Cognitive/Intellectual skills/Application of Knowledge 

Having successfully completed the module, students should be able to: 

⮚ Design a research project that can contribute to solving health problems in the country; 
⮚ Carry out basic biomedical research related to health problems; 
⮚ Use statistics to compress complex data and create meanings; and 
⮚ Be proficient in research problem formulation and designing protocols of investigations.  

Communication / ICT/ Numeracy / Analytic Techniques / Practical Skills / General Transferable Skills 

Having successfully completed the module, students should be able to:     

⮚ Design and execute research to solve health problems; 
⮚ Contribute to solving new problems through own research; 
⮚ Present research findings using different dissemination means; and 
⮚ Write thesis and manuscripts publishable in reputable journals. 

 

Modular Indicative Content 

i. All components of a dissertation: problem statement and contextual framework, literature review, 
materials and methods, data analysis, interpretation and discussion of results, conclusions and 
recommendations, references.  

ii. Proposal writing and defense 
iii. Presentation of findings in a seminar 
iv. Presentation and defense of the dissertation before the examiners. 
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