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	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	30

	
	Seminars
	-

	
	Practical exercises (school internships)
	15

	Total in-class work
	45

	Out-of-class work
	
	-

	
	Presentation
	10

	
	
	-

	
	
	-

	
	
	-

	
	Library preparation and work with other resources
	35

	
	
	-

	
	
	

	
	
	

	Total out-of-class work
	45

	TOTAL ACADEMIC WORK
	90

	ECTS credits in-class work
	1.5

	ECTS credits out-of-class work
	1.5

	TOTAL ECTS CREDITS
	3.0

	№
	Grade components

	% of the grade

	1. 
	Practical exam (examination in practical skills)
	40

	2. 
	Final exam
	60

	3. 
	
	

	4. 
	
	

	Outline of the course:

	The course is focused to the Мaster students in Medical Physics of the Faculty of Physics. This is a specialized, biological discipline that studies the physicochemical and biological processes responsible for the cellular and metabolic damage. One of the major goals of the cytological research is to clarify the detailed mechanisms of the processes associated with damage to the functions and structures on the cellular level of organization of the organisms. The students are going to achieve common fundamental and specific knowledge, which will be very helpful to the future professionals, in the development of biomedical technologies, designed mostly for diagnostic and therapeutic purposes. A part of the lecture and practical material is devoted to the most frequently applied and/or specialized methods for measuring and testing the indicators of cellular damages in the process of the disease development.


	Preliminary requirements:

	The students need preliminary preparation in Physics, Chemistry and Human biology that are earlier achieved in the following courses: Introduction to biology, Chemistry, Medical biophysics, Basics in human anatomy and physiology, Basics in biochemistry, Cytology.


	Key competences acquired:

	The course prepares the students for operations and cooperations as medical physicists with specialists in various fields such as clinical medical and laboratory practice, monitoring the effects of physical factors, development, implementation and quality control of biomedical technologies designed for diagnostics and therapeutic purposes in hospitals, laboratories, universities and research institutes.


Lessons plan 

	№
	Topic:
	Acad. hours

	
	Lectures
	

	1.
	Damage on the functional and structural systems of the cell: feedback about the pathological changes at the cellular and organismal levels. Necrosis and apoptosis - comparative analysis.
	3

	2.
	Physical and chemical factors causing cell damage - temperature, visible, UV and ionizing radiation, chemical agents, other changes in the environment. The role of the distorted ion homeostasis, systems bioenergetics and biosynthesis in the development of the cellular pathology.
	3

	3.
	Basic biochemical causes for the distortion of the barrier properties of the biomembranes - lipid peroxidation, adsorption of foreign proteins, osmotic divergence of the membrane, others.
	3

	4.
	The role of the phase of the membranous lipids and its amendment in pathology. Activation of the catabolic systems of the cell. Effects of some pharmacological substances.
	3

	5.
	The role of phospholipids in the cell pathology. Biophysical mechanisms and effects of the pharmacological agents on the activity of phospholipases. Basic cellular mechanisms for the recovery of the structure and functions of the biomembranes, after the activity of the phospholipases.
	3

	6.
	Free radicals and their sources in the living systems. Role of the oxidative stress in the pathological process. Biomarkers of oxidative stress.
	3

	7.
	Reactive oxygen species (ROS), properties and metabolism. Protective enzyme systems. Antioxidants and substances with antioxidant effects.
	3

	8.
	Damages on the cell surface and intercellular interactions. Damages on the structure and functions of the biomembranes during the adsorption of proteins and modification of the state of the lipoproteins (the effects of toxins, viruses and antibodies, cholesterol, antibiotics, other specific substances).
	3

	9.
	Basic damage mechanisms to the nucleic acids. Biophysical basics about the reparation from the damage caused to the nucleic acids.
	3

	10.
	Characterization and phases of the metabolism of the xenobiotics. Transportation, disposal and induction of the protective systems.
	3

	
	Practical exercises
	

	1.
	Overview of the basic methods for research in membranology. Physical methods: optical spectroscopy and microscopy (fluorescent probes and markers). Ellipsometry. Electronic (transmission and scanning) microscopy. Submolecular bitmap computer visualization (scanning probe microscopy), STM, AFM and others. Nuclear magnetic (MRI) and electron paramagnetic resonance (EPR). Calorimetry.
	6

	2.
	Bilayer lipid membranes (BLM) and their electrical stability. Models of lipid membranes.
	2

	3.
	Potentiometric redox titration. The recording of the content of the reduced metal form with a valence transition, in the composition of biologically important molecules.
	3

	4.
	Artificial kidney – principle of the device, transport mechanisms and administration.
	2

	5.
	Breathing - mechanism, gas exchange and regulation. Measurement of the concentration of carbon dioxide.
	2


Topics Covered on the Final Exam

	№
	Topic

	1.
	Homeostasis. Necrosis and apoptosis.

	2.
	Physical and chemical factors causing cell damage.

	3.
	Biochemical causes for the distortion of the barrier properties of the biomembranes.

	4.
	The role of the phase of the membranous lipids and its amendment in pathology. 

	5.
	The role of phospholipids in the cell pathology.

	6.
	The oxidative stress in the pathological process. Biomarkers.

	7.
	Damages on the cell surface and intercellular interactions.

	8.
	Basic damage mechanisms to the nucleic acids.

	9.
	Characterization and phases of the metabolism of the xenobiotics.

	10.
	Basic methods for research in membranology

	11.
	Artificial kidney – principle of the device, transport mechanisms and administration.

	12.
	Breathing - mechanism, gas exchange and regulation.
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Notes: Reference and learning of the basic concepts can be supported by all biology textbooks in general and specialized courses.
Author: 

/Head Assist. Prof. Elitsa Pavlova, Ph.D./
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�	 Depending on the course specificity and on the requirements of the teacher, other types of activity can be added or the unnecessary ones can be removed. 






