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	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	45

	
	Seminars
	15

	
	Practical exercises (school internships)
	30

	Total in-class work
	90

	Out-of-class work
	
	-

	
	Presentation
	20

	
	
	-

	
	
	-

	
	
	-

	
	Library preparation and work with other resources
	70

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	90

	TOTAL ACADEMIC WORK
	180

	ECTS credits in-class work
	3.0

	ECTS credits out-of-class work
	3.0

	TOTAL ECTS CREDITS
	6.0

	№
	Grade components

	% of the grade

	1. 
	Practical exam (examination in practical skills)
	35

	2. 
	Final exam
	65

	3. 
	
	

	4. 
	
	

	Outline of the course:

	The course in Medical Biophysics is taught to students with interests in Medical Physics. It is a basic, general biological discipline, which is focused on studying the physical and physic-chemical processes, as grounds of the theoretical and practical clinical medicine. The major aim of the biophysical research is the detailed revelation of the mechanisms of the biological processes. The Biophysics discipline embraces the knowledge on the mechanisms of the physiological phenomena on the level of membranes, cells and the whole organism. The achieved fundamental knowledge is very important about the future professionals, in the aspects of research and development of biomedical technologies, needed for diagnostics and therapy. Each topic starts with a resume of the general and important biophysical principles and interrelations and is followed by a discussion on the processes of the major biological structures – biological membranes, cells, tissues, organs and systems. A part of the lectures, seminars and practical classes are devoted to the most commonly used and specifically applied methods for measurement and research of the physical parameters in biological systems and objects in correlation to clinical practice.


	Preliminary requirements:

	The presented matter demands basic preparation in Physics, Chemistry and Human Biology which is earlier achieved by the students in the following courses: Basics in Biology, Molecular Physics, Chemistry, Basics in Human Anatomy and Physiology, Basics in Biochemistry, Basics in Medical Physics.


	Key competences acquired:

	Physical description of the living systems, basic research, laboratory and medical detection methods.


Lessons plan 
	№
	Topic:
	Acad. hours

	
	Lectures
	

	1.
	Biophysics - subject, tasks and methods. Physical and physic-chemical interpretations of the biological phenomena – processes, laws and regularity in the living systems, hierarchic structure, synergism. Medical aspects in Biophysics. 
	2

	2.
	Thermodynamics of the biological systems. Modes of the thermodynamic systems. First and second laws in thermodynamics. Thermodynamic parameters. Equations of balance and integrity. Entropy, information and biological structuring. Energy-conjugating cell systems. Forces and fluxes. Linear thermodynamics of the irreversible processes. Phenomenological equations of Onzager. Reciprocity correlations. The stationary state. Entropy production in the open systems. The Prigozin theorem. The general evolution criterion. The dissipative function and structures. 
	6

	3.
	Water biophysics. Structure and physic-chemical characteristics of the water. Cooperative effects, water aggregates. Hydration. Cosmotropic and chaotropic agents. The importance of water about the stabilization of bio-structures and the formation of biomembranes. 
	3

	4.
	Biological membranes. Structure components. Chemical contents. The cell border complex and intracellular membranes.  Basic functions of the biological membranes and their specialization; research methods. Membrane phospholipids. Membrane proteins and glycoproteins. The erythrocyte membrane.
	2

	5.
	Dynamics and mobility of the lipid and protein molecules – lateral and transverse diffusion. Types of molecular membrane interactions. State of the water in the membranes. Liquid-crystal state of the lipid bilayer. Phase transition of the phospholipids molecules. Model systems. Applications of the liposomes in medicine.
	3

	6.
	Transport processes through the biological membrane. Classification. Transport of non-electrolytes – diffusion and alleviated diffusion. Free diffusion of uncharged particles and ions.  Lipid pores. Аlleviated diffusion through porous membranes. Osmosis and filtration. 
	2

	7.
	Ion channels (potential-dependent, ligand-controlled, mechanic-sensitive), mobile carriers. Channel-forming agents (including antibiotics and toxins). Active transport. Electrogenic ion pumps: К+-Na+ pump, Са+- channel. Proton transport.
	2

	8.
	Substance transport through multimembrane systems in the organism. Biophysical mechanisms of the absorbance in the digestive system.  Exchange of fluids through the capillary walls. Biophysical mechanisms of the renal excretion. Dialysis and haemodialysis.
	2

	9.
	Biophysics of the cell.

Bioelectrical potentials. Principles, significance and factors for their generation. The Poisson–Boltzmann equation. Trans-membrane gradients: diffusion and membrane potentials. The Nernst-Goldman equation. Action and resting potentials. 
	2

	10.
	Electrical activity of the organs. Biophysical basics of the genesis of the organ bio-potentials. Bio-potentials of the heart. Physical principles of the electrocardiography method. Bio-potentials of the brain. Standard curves of electroencephalograms, statistical characteristics. 
	2

	11.
	Bioenergetics.

Energy transformation in the biological membranes. Basic principles and mechanisms of the electron transfer and tunnel effect. Electron transportation chains. Mechanisms of the energetic conjugation – the electrochemical proton gradient in the mitochondrial membranes. ATP-synthase complex.
	2

	12.
	Biomechanics.

Passive mechanical features of the biological tissues. High-elasticity properties of the bones and muscles.  Biomechanics of the skeleton joints. 
	2

	13.
	Mechanical processes in the human locomotory system. Biophysics of the muscle contraction. Molecular mechanisms.
	2

	14.
	Pathology of the biological membranes. 

Free radicals – chemical characteristics, classification. Reactive oxygen species. Free radicals in the living systems. Biological functions of the free radicals and their metabolites. Oxidative stress. Antioxidant defence system in the human organism.
	3

	15.
	Photobiophysics. 

Classification of the photo-biological processes. Electron transitions and spectra of absorbance and emission.  Mechanisms of the energetic transfer. Primal photo-chemical reactions.
	2

	16.
	Photo-medicine. Photo-biological effects and their applications in therapy and ecology. Photodynamic therapy.
	2

	17.
	Ultra-weak chemiluminescence in the living systems. Practical applications of the activated chemiluminescence and bioluminescence in biology and medicine. Bioluminescence. Bioluminescence induced by firefly and bacterial luciferase. Medical and ecological applications.
	2

	18.
	Effects of the physical factors on human beings. 

Temperature. Atmospheric pressure. Mechanical effects – vibrations, sound waves, infrasound and ultrasound. Static electrical and magnetic fields. Electromagnetic fields. Visible and ultraviolet light.
	2

	19.
	Radiation biophysics.

Ionizing radiation. Dependence of the biological effects on the absorbed dose of the ionizing radiation. Direct and indirect effects of the ionizing radiation. Cell reactions. Biological effects of the small dose. Late effects from the irradiation.
	2

	
	Seminars
	

	1.
	Transport processes in the human organism. Transport through the epithelium.
	2

	2.
	Conductivity of the human tissues and organs. Principles and mechanisms for the generation of the electrocardiographic signal – the Eindhoven model.
	2

	3.
	Passive biomechanical processes in the tissues and organs. Biomechanical phenomena in the lungs, external breathing. Mechanical stability of the alveoli. 
	2

	4.
	Biophysics of the sensor systems. Photo-perception. Chemical perception. Signaling.
	2

	5.
	Biological effects of the ionizing and non-ionizing irradiation.
	2

	6.
	Information, feed-back and regulation in the living systems.
	2

	7.
	Basic experimental approaches and methods in Biophysics.
	3

	
	Practical exercises
	

	1.
	Research approach in Biophysics and statistical processing of the experimental data.
	3

	2.
	PH-measurements. Types and working regulations of the pH-electrodes. Calibration procedures. Measurement of the buffer constant. Differential titration.
	3

	3.
	Basics of conductometry. Conductivity of the biological fluids in health and pathology. The application of the conductivity method in medicine and ecology. 
	3

	4.
	Periodic biological processes. Periodic autocatalytic chemical reactions. The Belousov-Zhabotinsky reaction. Consecutive enzyme reactions with various direct and reverse feed-backs.
	3

	5.
	Colloid-osmotic haemolisys. Spectrophotometric measurements of the osmotic resistance and velocity of the haemolitic process. 
	3

	6.
	Acid resistance of the erythrocyte membranes. 
	3

	7.
	Free-radical lipid peroxidation. Measurement of the TBA-reactive substances generated in the biological membranes by the lipid oxidation process. Antioxidants.
	4

	8.
	Ultra-weak chemiluminescence in the living systems. Activated chemiluminescence – physical and chemical probes of the chemiluminescent emission. 
	4

	9.
	Measurement of the bio-potentials in the cerebrum.
	4


Topics Covered on the Final Exam

	№
	Topic

	1.
	Biophysics - subject, tasks. Physical and physic-chemical interpretations of the biological phenomena – hierarchic structure, synergism.

	2.
	Thermodynamics of the biological systems. Equations of balance and integrity. Entropy, information and biological structuring. Entropy production in the open systems. The Prigozin theorem. The general evolution criterion.

	3.
	Water biophysics. Structure and physic-chemical characteristics of the water. 

The importance of water about the stabilization of bio-structures and the formation of biomembranes.

	4.
	Biological membranes. Structure components. Basic functions of the biological membranes and their specialization; research methods.

	5.
	Dynamics and mobility of the lipid and protein molecules in the biomembranes. State of the water in the membranes. Liquid-crystal state of the lipid bilayer. Model systems.

	6.
	Transport processes through the biological membrane. Classification.

	7.
	Active transport.

	8.
	Substance transport through multimembrane systems in the organism. 

Dialysis and haemodialysis.

	9.
	Bioelectrical potentials. Principles, significance and factors for their generation. The Poisson–Boltzmann equation. The Nernst-Goldman equation.

	10.
	Electrical activity of the organs. 

Bio-potentials of the heart. Bio-potentials of the brain.

	11.
	Energy transformation in the biological membranes.

	12.
	Mechanical processes in the human musculoskeletal system. 
Biophysics of the muscle contraction.

	13. 
	Biomechanical processes in the lungs.

	14. 
	Pathology of the biological membranes. 

Free radicals – chemical characteristics, classification. Reactive oxygen species. 
Oxidative stress. Antioxidants and antioxidant enzymes.

	15.
	Classification of the photo-biological processes. 
Electron transitions and spectra of absorbance and emission.  

	16.
	Photo-biological effects and their applications in therapy and ecology. Photodynamic therapy.

	17.
	Ultra-weak chemiluminescence in the living systems. 
Practical applications of the activated chemiluminescence and bioluminescence.

	18.
	Ionizing radiation. Dependence of the biological effects on the absorbed dose of the ionizing radiation.
Effects of the physical factors on human beings. 

	19.
	PH-measurements. Types and working regulations of the pH-electrodes. Calibration procedures.

	20.
	The application of the conductivity method in medicine and ecology.

	21.
	Periodic biological processes. The Belousov-Zhabotinsky reaction. 

	22.
	Haemolisys. Spectrophotometric measurements of the resistance and velocity of the haemolitic process.
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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. 
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