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EXTRACTS FROM THE CURRICULUM 

1 .  G E N E R A L  P A R A M E T E R S  O F  T H E  D I S C I P L I N E  
Total  

(academic hours): 
210 ECTS: 7 

Auditorium  
classes 

Non-auditorium  
classes 

Auditorium  
ECTS 

Non-auditorium  
ECTS 

105 105 3.5 3.5 
Type of  
Discipline: 

Academic hours per week: 
/lectures + practices/ 

Course: Semester: 

Mandatory 4 + 3 I I 

2 .  S T U D Y  F O R M S  

Auditorium  
classes:            

Academic 
hours 

ECTS 
Non-auditorium  
classes:            

Academic 
hours 

ECTS 

Lectures 60 2.0 Consultation 30 1 
   

Individual work 
- Preparation for collo-
quium 
- Preparation of proto-
cols 
- Preparing for the exam 

 
35 
 

20 
 

20 
 

 
1.5 

 
0.5 

 
0.5 

 

Practices 45 1.5 

3 . E V A L U A T I O N  A N D  C O N T R O L   

Forms of evaluation and control 
Relative share in 

the total score 
Sessional evaluation: exam 0.4 
Semester (ongoing) assessment: 0.6 
Forms of semester control:  
- Attendance at classes 0.25 
- Ongoing testing before each practical lesson 0.125 
- Active participation in classes 0.125 
- Control and tests 0.25 
- Defense of protocols 0.25 
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ANNOTATION 
of the discipline "Chemistry" 

Purpose of the course:  
The course "Chemistry" is designed for students of the specialty "Medicine", full-time form 

of study.  
 
The aim of the Chemistry course is to provide students with knowledge of the basic chem-

ical processes underlying metabolism, biological oxidation and related energy conversion, and 
the regulation, control and integration of chemical processes in organisms. The study of the 
chemical aspects of the molecular basis of life provides insights into the composition, structure 
and function of cellular components, into the chemical reactions and processes occurring in 
cells and their regulation, and explains their significance for the organism in norm and pathol-
ogy. This approach is necessary for understanding and mastering the biochemical processes of 
the human body, pharmacology, clinical medicine and physiology, for discovering the causes 
of disease and prescribing therapy. 

 
Main tasks of the curriculum: 
Mastery of basic chemical concepts concerning the characteristics of metabolic processes in 

the body, in particular: buffer systems, enzymes, biological oxidation, chemical aspects of car-
bohydrate, amino acid and lipid metabolism; basic types of heterocyclic compounds and their 
biologically active derivatives. Introduction to instrumentation for the analysis of biological 
objects. 

 
Structure of learning content: 
• Chemical bond and structure of the molecule.  
• Dispersion systems. 
• Chemical kinetics and chemical equilibrium. 
• Redox processes and redox systems. 
• Hydrocarbons. 
• Hydroxyl derivatives of hydrocarbons and thiols. 
• Carbonyl derivatives of hydrocarbons. 
• Carboxylic acids. 
• Amino derivatives. 
• Amino acids and peptides. 
• Carbohydrates. 
• Lipids. 
• Heterocyclic compounds. 
 
Teaching methods: traditional and innovative teaching methods, explanation, lecture, dis-

cussion, experiment, computer modelling, multimedia presentation, projects, case studies, inci-
dents, teamwork, etc.  

 
Forms of independent work: coursework of a referential type, problems for independent 

solving on topics from practical classes, written control work on sections of the curriculum, 
solving tests, elaboration of protocols for laboratory exercises, colloquia. 

  
Methods of assessment: current control during the classes, colloquia on the main sections 

of the discipline and final control - theoretical exam.  
Prerequisites for students' basic knowledge and skills: 
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Students should have a good basic knowledge of high school chemistry and the ability to 
work with substances, laboratory vessels and apparatus.  

 
Expected results: 
Upon successful completion of the course, students should have the following knowledge 

and skills:  
- Understand the meaning and content of concepts such as concentration of solutions, reac-

tion to the medium (and its determination), the importance and action of buffer systems in the 
body. 

- To know the classification, structure and chemistry of biocatalysts. 
- Know the nature of redox processes in the body (biological oxidation) and the basic prin-

ciples of biological metabolism. 
- Know the type of macroergic compounds and their place in metabolism. 
- Know the chemical aspect of carbohydrate, amino acid and lipid metabolism. 
- Know the main types of heterocyclic compounds and especially the biologically active 

substances based on them (enzymes, vitamins and hormones). 
- To know the type of analysis devices used during the practical classes, to be familiar with 

their capabilities for the analysis of biological objects. 
- To have the skills necessary to find solutions to specific problems, to perform basic oper-

ations and procedures to influence the objects under study, to work with laboratory equipment 
and apparatus, to observe health and safety conditions. 

- To have acquired competences for scientific explanation of facts and phenomena, for ap-
plication of experimental results, competences for observation, modelling, analysis, develop-
ment of logical and creative thinking, development of independence, teamwork, self-control. 

 
 

CURRICULUM CONTENT 
 

LECTURES 
 

Topic hours 

1. Chemical bond and structure of the molecule.  
1.1. Nature of the chemical bond. Covalent bond. Method of valence bonds. Hy-
bridization of atomic orbitals. Delocalized chemical bond. Method of molecular 
orbitals.  
1.2. Ionic bond. Intermolecular interactions. Hydrogen bond - nature, types, mean-
ing. Role of hydrogen bonds in stability and structure formation of molecules. Bi-
ological role. 
1.3. Coordination compounds. Donor-acceptor (coordinative) bond. Classification 
and nomenclature. Spatial structure and isomerism. Stability of the complex ion. 
Chelates - biological significance.  

4  

2. Dispersion systems.  
2.1. Solutions and solubility. Concentration of solutions. Solutions of weak and 
strong electrolytes. Equilibrium in solutions of weak electrolytes - dissociation con-
stant. Strong electrolytes - activity and ionic strength. Equilibrium in solutions of 
weakly soluble ionic compounds - solubility product.  

10 
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2.2. Colligative properties of dilute solutions: vapour pressure, boiling point, freez-
ing point. Diffusion and osmosis. Biological significance. 
2.3. Protolysis processes. Brønstedt and Lowry's notions of acids and bases. 
Strength of protoliths - pKа and pKb . Factors on which the strength of protoliths 
depends. Lewis's notions of acids and bases. 
2.4. Hydrolysis processes. Hydrolysis rate and hydrolysis constant. Relationship 
between hydrolysis constant and protolysis constants. Biological significance of 
hydrolysis processes. 
2.5. Autoprotolysis. Ion product of water. Hydrogen index. pH scale. Methods of 
pH determination. Physiological pH-values. 
2.6. pH of buffer solutions - Henderson-Hasselbalch equation for acidic and basic 
buffer solutions. Buffer capacity. Biological significance. Blood buffers. 
2.7. Colloid-dispersed systems. Classification. Structure of colloidal particles. Ki-
netic, optical and electrical properties of colloidal solutions. Solutions of high mo-
lecular weight compounds. Stability and coagulation of colloidal solutions. Biolog-
ical significance. 

3. Chemical kinetics and chemical equilibrium.  
3.1. Chemical reaction rates. Law of action of masses. Rate constant. Mechanism 
of chemical reactions. Molecularity and order. Kinetic equations.  
3.2. Effect of temperature on the rate of chemical reactions. Active complex. Acti-
vation energy - Arrhenius equation. 
3.3. Criteria for determining the direction of chemical processes and the associated 
basic thermodynamic quantities - enthalpy, entropy, free energy. Exergonic, ender-
gonic and energetic processes. Compressed processes. Compounds with macroer-
gic bonds. Examples of energetic reactions in living organisms. 
3.4. Reversibility of chemical processes. Chemical equilibrium. Equation of the 
Vant Hoff reaction isotherm. Factors affecting chemical equilibrium.   

4 

4. Redox processes and redox systems.  
4.1. Degree of oxidation (oxidation number). Oxidation-reduction processes. 
Modes of electron exchange and types of redox processes.  
4.2 Reversible galvanic element. Electromotive force of galvanic elements. Redox 
potential. Nernst equation. Relationship between redox potential and equilibrium 
constant. Direction of redox processes. Features of biological oxidation. 
4.3 Boundary-surface phenomena. Adsorption. Adsorption equilibrium. Adsorp-
tion isotherm. Exchange and selective adsorption. Lyotropic series. Application of 
adsorption processes.    

4 

5. Hydrocarbons.  
5.1. Saturated fatty hydrocarbons. Alkanes - reactivity. Mechanism of radical chain 
substitution reactions (SR ). Cyclohexane - chair and bath conformation, equatorial 
and axial substituents. Free radicals and carcinogenesis.  

4 
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5.2. Unsaturated fatty hydrocarbons (alkenes and alkynes) - properties. Acidity of 
alkynes. Mechanism of electrophilic addition reactions (AE ). Oxidation and 
polymerization of alkenes. 
5.3. Aromatic hydrocarbons - properties. Criteria for aromatic character - Hueckel's 
rule. Mechanism of electrophilic substitution reactions (SE ). Orientation in the ben-
zene nucleus. Activating and deactivating substituents, electronic effects. Polynu-
clear aromatic hydrocarbons with fused nuclei. Concept of carcinogens. 

6. Hydroxyl derivatives of hydrocarbons and thiols.  
6.1. Alcohols and phenols - general characteristics. Reactivity, acidity and basicity. 
Chemical properties of alcohols and phenols. Biooxidation of methanol, ethanol 
and ethylene glycol. Toxicity of phenol.  
6.2. Thioalcohols (mercaptans) - acid properties and oxidation reactions. 

4 

7. Carbonyl derivatives of hydrocarbons.  
Aldehydes and ketones - reactivity. Chemical properties. Mechanism of nucleo-
philic addition reactions(AN ). Oxidation-reduction reactions. Polymerization and 
polycondensation reactions. Role of aldol condensation in biological processes. 
Canicaro reaction. Major representatives of aldehydes and catenates. Quinones - 
structure and properties.  

4 

8. Carboxylic acids.  
8.1. Monocarboxylic acids. Saturated and aromatic monobasic acids. More im-
portant representatives: formic, acetic, propionic, butyric, valerian and benzoic ac-
ids. Chemical properties. Relationship between structure and acidity (pKa).  
8.2. Unsaturated monocarboxylic acids. Chemical properties and representatives: 
acrylic, methacrylic and oleic acids. Essential higher unsaturated fatty acids - lino-
leic, linolenic, arachidonic, eicosapentaenoic and docosahexaenoic acids (vitamin 
F). Role of ω-3 polyunsaturated acids in cardiovascular disease prevention.   
8.3.  Saturated dicarboxylic acids - properties and representatives (oxalic, malonic, 
succinic, glutaric, adipic acids). Unsaturated dicarboxylic acids - maleic and fu-
maric acids. Aromatic dicarboxylic acids - phthalic, isophthalic and terephthalic 
acids. 
8.4. Hydroxycarboxylic acids (fatty and aromatic) - structure and properties. Rep-
resentatives - lactic acid, β-hydroxybutyric acid, tartaric, citric and salicylic acids. 
Drugs - derivatives of salicylic acid. 
8.5. Aldehyde- and ketocarboxylic acids - structure and properties. More important 
representatives - glyoxalic, pyruvic, acetoacetic, oxaloacetic acids. Acids involved 
in the Krebs cycle. Ketone bodies - biological significance. 
8.6. Carbonic acid and derivatives - uric acid, urethanes, urea, ureides, biuret, guan-
idine, creatine, creatine phosphate, creatinine. Biological significance. 

8 

9. Amino derivatives. 
Amines. Fatty and aromatic amines. Basic nature of amines (pKb ). Physical and 
chemical properties. Biogenic amines. Amides of medicinal importance - phenac-
etin and paracetamol. Biologically important amino alcohols - collamine, choline. 

2 
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Acetylcholine - biological role. Catecholamines - dopamine, adrenaline, noradren-
aline.                                                                                                                                                                                                                                                           

10. Amino acids and peptides. 
10.1. Amino acids - classification, representatives. Essential amino acids. Chemical 
properties - reactions associated with the amine and carboxyl group. Heating be-
havior. Lactam-lactam tautomerism. Biological significance of amino acids. 
10.2. Peptides - peptide bond stereochemistry. Biologically important peptides - 
glutathione, vasopressin, oxytocin, insulin. 

2 

11. Carbohydrates. 
11.1. Carbohydrates. Classification. Monosaccharides - structure, representatives 
(mannose, galactose, fructose, ribose and deoxyribose), stereoisomerism. Semi-ac-
etal forms of monosaccharides. Structure of vitamin C and its role as an antioxidant. 
11.2. Chemical properties of monosaccharides - oxidation reactions, reduction to 
polyvalent alcohols, reactions for carbonyl and hydroxyl groups. Biologically im-
portant esters. Alkylation and formation of glycosides.   
11.3. Disaccharides. Types of binding of monosaccharide residues. Reducing and 
non-reducing disaccharides - structure and properties. Homopolysaccharides and 
heteropolysaccharides - structure and properties. Representatives. 

4 

12. Lipids. 
12.1. Lipids - classification. Hydrolyzable lipids - structure, properties, representa-
tives. Chemical aspects of biological oxidation of fats. Phospholipids - types and 
biological significance. 
12.2. Non-hydrolyzable lipids. Terpenes and steroids. More important representa-
tives of biological importance - carotene and retinol (vit. A). Retinal - chemical 
aspects of visual perception. Cholesterol and vitamin D. 

2 

13. Heterocyclic compounds. 
13.1. Heterocyclic compounds - classification. Heterocyclic compounds with a 
pentatomic ring and one heteroatom (furan, pyrrole, thiophene). Structure and 
chemical properties. Biologically active substances with pyrrole structure. 
13.2. Heterocyclic compounds with a pentatomic ring and two heteroatoms (pyra-
zole, imidazole and thiazole). Structure and more important chemical properties. 
Biologically active substances with pyrazole, imidazole and thiazole structures. 
13.3 Heterocyclic compounds with a hexatoms ring and one heteroatom (pyridine). 
Structure and basic chemical properties. Biologically active substances with pyri-
dine structure. 
13.4. Heterocyclic compounds with a six-atom ring and two heteroatoms. Pyrimi-
dine. Barbituric acid and barbiturates. Pyrimidine bases - cytosine, uracil, thymine. 
13.5 Bicyclic heterocyclic compounds with fused nuclei. Pteridine - structure and 
properties. Purine group. Structure and properties of purine. Oxygen derivatives of 
purine - hypoxanthine, xanthine and picric acid. Purine bases - adenine and gua-
nine. 

8 
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13.6. Nucleic acids (DNA and RNA) - concept. Alkaloids - general characteristics. 
Nicotine, atropine, cocaine, quinine and morphine. Morphine derivatives - codeine 
and heroin. Physiological action. 

  

Total: 60 
hours 

 
 

OPERATIONS 
Topic Hours 

1. Rules for work in the laboratory. Safety technique. Solutions. Concentration of 
solutions - types. Conversion of molar to normal concentration. Preparation of so-
lutions of specified concentration. 

3 

2. Acid-base interactions. Brønsted-Lowry theory. Protolysis constants. Hydrogen 
index. Methods for calculating and measuring the pH of solutions. Acid-base indi-
cators and pH-meters. 

3 

3. Buffers. Definition and biological significance. Henderson-Hasselbach equa-
tion. Preparation of buffers. 

3 

4. Redox interactions. Oxidants as disinfectants in medical practice. Potassium per-
manganate - application in medicine and analytical chemistry. Permanganometry. 

3 

5. Complexation processes. EDTA - structure and properties of polydentate ligand. 
Chelate complexes. Experimental determination of total water hardness. 

3 

6. Rate of chemical reactions. Law of action of masses. Rate constant. Effect of 
temperature on the rate of chemical reactions. 
Dependence of chemical reaction rates on the concentration of reactants. 

3 

7. Reversibility of chemical processes. Chemical equilibrium. Equation of the re-
action isotherm of Vant Hoff. Factors affecting chemical equilibrium.  Preparation 
of potassium chromate. 

3 

8. Colloquium I. 3 

9. Hydroxyl derivatives. Comparative consideration of alcohols and phenols. An-
alytical reactions in glycerol and phenol. 

3 

10. Carbonyl derivatives. Reactivity of aldehydes and ketones. Mechanism of AN 
reactions. Analytical reactions for aldehyde group, aldol condensation, Canizzaro 
reaction, detection of acetone in urine - Legall's sample. 

3 

11. Carboxyl derivatives. Acidic properties - protolysis constants. Mechanism of 
SN reactions. Esterification. Decarboxylation. 

3 

12. Amines. Basic properties - protolysis constants. Comparison of fatty and aro-
matic amines. Interaction with nitrous acid. 

3 

13. Amino acids. Essential α-amino acids. Isoelectric point. Peptides. Structure of 
a peptide bond. 

3 

14. Carbohydrates. Monosaccharides - structure, optical activity and chemical 
properties. Relation of glucose and fructose to weak oxidants. Reducing and non-
reducing disaccharides. Polysaccharides. 

3 

15. Colloquium II. 3 

Total: 45 

hours 
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BACKGROUND  

for Chemistry exam  
for students of the specialty "Medicine" 

 
1. Nature of the chemical bond. Covalent bond. Method of valence bonds. Hybridization 

of atomic orbitals. Delocalized chemical bond. Method of molecular orbitals.   
2. Ionic bond. Intermolecular interactions. Hydrogen bond - nature, types, meaning. Role 

of hydrogen bonds in stability and structure formation of molecules. Biological role. 
3. Coordination compounds. Donor-acceptor (coordinative) bond. Classification and no-

menclature. Spatial structure and isomerism. Stability of the complex ion. Chelates - biological 
significance.  

4. Solutions and solubility. Concentration of solutions. Solutions of weak and strong elec-
trolytes. Equilibrium in solutions of weak electrolytes - dissociation constant. Strong electro-
lytes - activity and ionic strength. Equilibrium in solutions of weakly soluble ionic compounds 
- solubility product.  

5. Colligative properties of dilute solutions: vapour pressure, boiling point, freezing point. 
Diffusion and osmosis. Biological significance. 

6. Protolysis processes. Brönsted and Lowry's notions of acids and bases. Strength of 
protoliths - pKа and pKb . Factors on which the strength of protoliths depends. Lewis's notions 
of acids and bases. 

7. Hydrolysis processes. Degree of hydrolysis and hydrolysis constant. Relationship be-
tween hydrolysis constant and protolysis constants. Biological significance of hydrolytic pro-
cesses. 

8. Autoprotolysis. Ion product of water. Hydrogen index. pH scale. Methods of pH deter-
mination. Physiological pH-values. 

9. pH of buffer solutions - Henderson-Hasselbalch equation for acidic and basic buffer 
solutions. Buffer capacity. Biological significance. Blood buffers. 

10. Colloid-dispersed systems. Classification. Structure of colloidal particles. Kinetic, op-
tical and electrical properties of colloidal solutions. Solutions of high molecular weight com-
pounds. Stability and coagulation of colloidal solutions. Biological significance. 

11. Chemical kinetics. Rate of chemical reactions. Law of action of masses. Rate constant. 
Mechanism of chemical reactions. Molecularity and order. Kinetic equations. 

12. Effect of temperature on the rate of chemical reactions. Active complex. Activation 
energy - Arrhenius equation. 

13. Criteria for determining the direction of chemical processes and related basic thermo-
dynamic quantities - enthalpy, entropy, free energy. Exergonic, endergonic and energetic pro-
cesses. Compressed processes. Compounds with macroergic bonds. Examples of energetic re-
actions in living organisms. 

14. Reversibility of chemical processes. Chemical equilibrium. Equation of the reaction 
isotherm of Vant Hoff. Factors affecting chemical equilibrium.   

15. Degree of oxidation (oxidation number). Oxidation-reduction processes. Modes of 
electron exchange and types of redox processes.  

16. Reversible galvanic element. Electromotive force of galvanic elements. Redox poten-
tial. Nernst equation. Relationship between redox potential and equilibrium constant. Direction 
of redox processes. Features of biological oxidation. 

17. Boundary-surface phenomena. Adsorption. Adsorption equilibrium. Adsorption iso-
therm. Exchange and selective adsorption. Lyotropic series. Application of adsorption pro-
cesses. 
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18. Saturated fatty hydrocarbons. Alkanes - reactivity. Mechanism of radical chain sub-
stitution reactions (SR ). Cyclohexane - "chair" and "tub" conformation, equatorial and axial 
substituents. Free radicals and carcinogenesis. 

19. Unsaturated fatty hydrocarbons (alkenes and alkynes) - properties. Acidity of alkynes. 
Mechanism of electrophilic addition reactions (AE ). Oxidation and polymerization of alkenes. 

20. Aromatic hydrocarbons - properties. Criteria for aromatic character - Hueckel's rule. 
Mechanism of electrophilic substitution reactions (SE ). Orientation in the benzene nucleus. 
Activating and deactivating substituents, electronic effects. Polynuclear aromatic hydrocarbons 
with fused nuclei. Concept of carcinogens. 

21. Alcohols and phenols - general characteristics. Reactivity, acidity and basicity. Chem-
ical properties of alcohols and phenols. Biooxidation of methanol, ethanol and ethylene glycol. 
Toxicity of phenol. 

22. Thioalcohols (mercaptans) - acidic properties and oxidation reactions. 
23. Aldehydes and ketones - reactivity. Chemical properties. Mechanism of nucleophilic 

addition reactions(AN ). Oxidation-reduction reactions. Polymerization and polycondensation 
reactions. Role of aldol condensation in biological processes. Canicaro reaction. Major repre-
sentatives of aldehydes and catenates. Quinones - structure and properties. 

24. Monocarboxylic acids. Saturated and aromatic monobasic acids. More important rep-
resentatives: formic, acetic, propionic, butyric, valerian and benzoic acids. Chemical properties. 
Relationship between structure and acidity (pKa). 

25. Unsaturated monocarboxylic acids. Chemical properties and representatives: acrylic, 
methacrylic and oleic acids. Essential higher unsaturated fatty acids - linoleic, linolenic, arachi-
donic, eicosapentaenoic and docosahexaenoic acids (vitamin F). Role of ω-3 polyunsaturated 
acids in cardiovascular disease prevention. 

26. Saturated dicarboxylic acids - properties and representatives (oxalic, malonic, suc-
cinic, glutaric, adipic acids). Unsaturated dicarboxylic acids - maleic and fumaric acids. Aro-
matic dicarboxylic acids - phthalic, isophthalic and terephthalic acids. 

27. Hydroxycarboxylic acids (fatty and aromatic) - structure and properties. Representa-
tives - lactic acid, β-hydroxybutyric acid, tartaric, citric and salicylic acids. Drugs - derivatives 
of salicylic acid.  

28. Aldehyde- and ketocarboxylic acids - structure and properties. More important repre-
sentatives - glyoxalic, pyruvic, acetoacetic, oxaloacetic acid. Acids involved in the Krebs cycle. 
Ketone bodies - biological significance. 

29. Carbonic acid and derivatives - uric acid, urethanes, urea, ureides, biuret, guanidine, 
creatine, creatine phosphate, creatinine. Biological significance. 

30. Amines. Fatty and aromatic amines. Basic nature of amines (pKb ). Physical and 
chemical properties. Biogenic amines. Amides of medicinal importance - phenacetin and para-
cetamol. Biologically important amino alcohols - collamine, choline. Acetylcholine - biological 
role. Catecholamines - dopamine, adrenaline, noradrenaline. 

31. Amino acids - classification, representatives. Essential amino acids. Chemical prop-
erties - reactions related to amine and carboxyl group. Heat relationships. Lactam-lactam tau-
tomerism. Biological significance of amino acids. 

32. Peptides - peptide bond stereochemistry. Biologically important peptides - glutathi-
one, vasopressin, oxytocin, insulin. 

33. Carbohydrates. Classification. Monosaccharides - structure, representatives (man-
nose, galactose, fructose, ribose and deoxyribose), stereoisomerism. Semi-acetal forms of mon-
osaccharides. Structure of vitamin C and its role as an antioxidant. 

34. Chemical properties of monosaccharides - oxidation reactions, reduction to polyva-
lent alcohols, reactions for carbonyl and hydroxyl groups. Biologically important esters. Alkyl-
ation and formation of glycosides.  



11 
 

35. Disaccharides. Types of binding of monosaccharide residues. Reducing and non-re-
ducing disaccharides - structure and properties. Homopolysaccharides and heteropolysaccha-
rides - structure and properties. Representatives. 

36. Lipids - classification. Hydrolyzable lipids - structure, properties, representatives. 
Chemical aspects of biological oxidation of fats. Phospholipids - types and biological signifi-
cance. 

37. Non-hydrolyzable lipids. Terpenes and steroids. More important representatives of 
biological importance - carotene and retinol (vit. A). Retinal - chemical aspects of visual per-
ception. Cholesterol and vitamin D. 

38. Heterocyclic compounds - classification. Heterocyclic compounds with a pentatomic 
ring and one heteroatom (furan, pyrrole, thiophene). Structure and chemical properties. Biolog-
ically active substances with pyrrole structure. 

39. Heterocyclic compounds with a pentatomic ring and two heteroatoms (pyrazole, im-
idazole and thiazole). Structure and more important chemical properties. Biologically active 
substances with pyrazole, imidazole and thiazole structures. 

40. Heterocyclic compounds with a six-atom ring and one heteroatom (pyridine). Struc-
ture and basic chemical properties. Biologically active substances with pyridine structure. 

41. Heterocyclic compounds with a six-atom ring and two heteroatoms. Pyrimidine. Bar-
bituric acid and barbiturates. Pyrimidine bases - cytosine, uracil, thymine. 

42. Bicyclic heterocyclic compounds with fused nuclei. Pteridine - structure and proper-
ties. Purine group. Structure and properties of purine. Oxygen derivatives of purine - hypoxan-
thine, xanthine and picric acid. Purine bases - adenine and guanine. 

43. Nucleic acids (DNA and RNA) - concept. Alkaloids - general characteristics. Nico-
tine, atropine, cocaine, quinine and morphine. Morphine derivatives - codeine and heroin. Phys-
iological action. 
 
 
BIBLIOGRAPHY 
 
1. Gadjeva V., Zheleva A., Medical Chemistry for English Speaking Students, 2021, ISBN  

978-954-338-175-3 
2. Ivanov I., Nikolov M., Matova, M., Tomova R., Tsanova Ts., Medical Chemistry Theoretical 

Course for Students, Pedagog 6, 2014, ISBN  978-954-324-103-3 
3. Makedonski L., Peycheva K., Stancheva M., Laboratory Manual for general and Organic 

Chemistry Students of Medicine, Steno, Varna, 2011 
4. Karen C. Timberlake, Chemistry- An introduction to General, Organic and biologica Chem-

istry, Tenth Edition, Person education, Inc. New Jesey, 2009 
5. Karen C. Timberlake, Laboratory manual for General, Organic and Biological Chemistry:  

Structure of Life, Person Education, Inc. New Jesey, 2007 
6. John McMurry, Organic Chemistry, Sixth Edition, Thomson Learning, Inc. United States, 

2004 
7. Benjamin Abelow, Understanding Acid-Base, Williams &Wikins, Maryland, 2007 
8. Ouellette R J, Introduction to General, Organic and Biological Chemistry, Prentice-Hall 1997 

and new editions 
9. Bruice P.Y., Organic Chemistry, 2003, Prentice Hall PTR eight and previous editions 
 
Students can use any other textbook in chemistry covering above topics. 
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EXTRACTS FROM THE CURRICULUM 

1 .  G E N E R A L  P A R A M E T E R S  O F  T H E  D I S C I P L I N E  

Total  
(academic hours): 270 ECTS: 9 

Auditorium 
classes  

 
Non-auditorium classes 

Auditorium 
ECTS 

 

Non-auditorium  
ECTS 

105 165 3.5 5.5 

Type of 
Discipline 

Number of hours per week: 
/lectures + practicals/ Cours: Semester: 

Mandatory 2/2 + 2/2 I I, II 

2 .  S T U D Y  F O R M S  

Auditorium 
classes:                                               

Academic 
hours ECTS Non-auditorium 

classes: 
Academic 
hours ECTS 

   Consultations 45 1.5 

Lectures 60 2 Individual work 
   

   - preparation for 
colloquiums 45 1.5 

   - preparation for 
seminars - discussions 15 0.5 

   - preparation of 
protocols 15 0.5 

Practical sessions 45 1.5 - preparing an essay  45 1.5 

3 .  A S S E S S M E N T  A N D  C O N T R O L  

Forms of assessment and control Relative share in 
the total score 

Sessional evaluation: exam 0,4 
Semester (ongoing) assessment: 0.6 
Forms of semester control:  
- practical exam 0.4 
- colloquiums 0.2 
- tests 0.2 
- defence of essay 0.2 
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ANNOTATION 

of the discipline "Human biology" 

Purpose of the course 

The "Human biology" course is intended for students of the specialty "Medicine", first 
year, full-time form of study. 

 
Objectives 

The aim of the biology course is to form: 

1. The understanding that living systems, including man, have hierarchically arranged levels of 
organization with their own peculiarities and regularities that determine biological properties and 
functions. 

2. The understanding that man as a product of biological evolution is ecologically related to the 
nature and development of the biosphere as a whole. 

3. The ability to apply biological laws as a natural science theory and methodology of medicine. 

4. Practical ability to work in a research and clinical setting, and theoretical knowledge of basic 
biological research methods with application to medicine. 

5. The understanding that the disorders in the molecular-biological, cellular-biological and 
immunological mechanisms are related to the development of pathology in humans. 

6. Knowledge of modern methods of diagnosis and treatment based on medico-biological 
principles. 
 

Structure of the learning content 

The course "Biology" provides an opportunity to acquire knowledge and skills in the 
following basic biological concepts: 

• Molecular basis of life - biological macromolecules; 
• Realization of genetic information - genetic code; 
• Organization of genetic material in the cell; 
• Karyotype; 
• Mutational variability – types of mutations 
• Genetic Engineering; 
• Cell Biology; 
• Reproduction of Organisms; 
• Individual Development; 
• Immunological Homeostasis; 
• Morphology and biological cycle of the most medically important parasites. 
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Methods of teaching 

The training is carried out through lectures and practical exercises according to the specified 
curriculum. The following aids are used: microscopes, permanent and temporary microscope 
preparations, multimedia presentations, tools and technical means for visualization and 
implementation of molecular-biology, cell-biology and immunology techniques, study notebooks 
and test books.  

 
Forms of independent work 

Participation in discussions, preparation and delivery of presentations on assigned topics, 
solving test tasks, preparation of protocols from laboratory exercises. 

 

Assessment methods 

Current control and final exam on students' knowledge of the discipline "Human Biology". 

The grade of the current control is formed by the average grade from the colloquiums for each 
section, the practical exam and the grade from the semester combined test exam. The final 
determining of the assessment is also influenced by participation and performance in the various 
forms of independent work. 

 

The final exam is held in the summer session of the 1st year (after the second semester) and 
includes questions from the lecture course from both semesters. 

 

Expected results 

Upon completion of the biology course and successful completion of the examination, 
students should have the following competencies: 

• In the field of theoretical knowledge - in-depth theoretical knowledge of the molecular 
foundations of life - biological macromolecules, the realization of genetic information, 
the натуре of the genetic code and organization of the genetic material in the cell; gene 
and chromosomal mutations and related human diseases, genetic engineering, cell 
biology, biology of parasites, reproduction of organisms, individual development, 
immunological homeostasis, 

• In the field of practical skills - microscopy, preparation of non-perishable microscopic 
preparations, determination of blood groups, mastering of immunological methods, 
skills for identification of main parasites of medical importance in humans, 
familiarization with the in vitro method and related modern assisted reproduction 
methods, recognition of normal and pathological human karyotype. 
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CURRICULUM CONTENT 
LECTURES 

 

№ Topic hours 
1. Primary structure of DNA. Bonds in and between nucleotides. Secondary 

structure of DNA.  
2 

2. RNA structure. Types of RNA and function. 2 
3. DNA replication. Mechanism of replication. DNA reparation. 2 
4. Transcription – mechanism, steps, factors. RNA polymerases. Maturation of 

RNA. 
2 

5.  Genetic code. Translation. Structure and function of proteins. 
Posttranslational modifications, аging and degradation of proteins. 

 

2 

6.  Genome organization in prokaryotic and eukaryotic cells. Regulation 
of gene expression.  

 

2 

7. Submicroscopic structure of chromosomes. Normal and abnormal karyotype.  
 

2 
8. Mutational variation. Gene mutations and diseases. Structural and 

numerical chromosome mutations. Cytoplasmic mutations. 
Mutational variability. Gene mutations and diseases. Chromosome 
mutations. Genomic mutations. Cytoplasmic mutations. 

2 

9. Cell reproduction. Cell growth and division. Cell cycle - interphase, 
mitosis. Stages and mechanism of mitosis. Control of cell division. 

2 

10. Sexual reproduction. Meiosis. Gametogenesis. Oogenesis. 2 
11. Spermatogenesis. Fertilization. Assisted reproduction.  2 
12. Individual development. Embryonic development in mammals and human. 

Postembryonic period – aging and death. 
 

2 

13. Apoptosis. Mechanism. Genetic control of apoptosis. 2 
14. Tumor biology. 2 
15. Genetic engineering at the population, organismal and cellular level. 

Cloning. 
2 

16. Recombinant DNA technologies (genetic engineering). Gene cloning. 
Gene therapy. 

2 

17. Methods in molecular biology - in situ hybridization, PCR, qPCR, DNA 
sequencing. Genome editing. SNPs. Pharmacogenetics. 

2 

18. Epigenetics. Mechanisms. 2 
19. Immune homeostasis. Innate immunity. Mechanical, chemical and 

physiological barriers. Phagocytosis. Inflammation. Soluble and cellular 
factors. 

2 

20. Adaptive immunity. Structure and function of antibodies. Main classes  
of immunoglobulins. Polyclonal and monoclonal antibodies.  

 

2 

21. Antigens. Haptens. АВО(Н) system. Biosynthesis of АВО(Н)-antigens. 
Rhesus system. Immunological conflict “mother - fetus”. 

2 

22. Central and peripheral lymphoid organs. Phases and nature of immune 
response. Primary and secondary immune response. Immunological 
memory.  

 

2 
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23. Cells of the immune response. Cellular interactions in immune response. 2 
24. Т-cell receptor. Major histocompatibility complex (МНС).   

 

2 
25. Transplantation. Types and immunologic mechanisms. Mechanisms of 

transplant rejection. Graft versus host reaction. 
 

2 

26. Tumor immunology. 2 
27. Immune tolerance. Reproductive immunology. 2 
28. Genetics of antibody synthesis. Complement system. 2 
29. Hypersensitivity reactions. 2 
30. Immunobiology of HIV and SARS-CоV. Immunology of stress.  2 

 TOTAL: 60 
 

 
                             

PRACTICAL SESSIONS 
 

№ Topic hours 
 1st semester  

1. Medico-biological devices and techniques. Light microscope - structure 
and operation. 

 
 

2 

2. DNA and chromatin. Giant chromosomes from Chironomus larvae. Sex 
(Х) chromatin in cells from buccal mucosa. 

2 

3. Cell cycle and cell division. Mitosis, atypical forms of mitosis. 2 

4. Organization of genetic material in the cell. Karyotype. 
 

2 

5.  Cellular basis of sexual processes. Meiosis. Gametogenesis. 
 

 

2 

6.  Mammalian fertilization. In vitro fertilization. 
 

 

2 

7. Immunogenetics. ABO (Н) system. Determination of blood groups 
(agglutination). Inheritance of blood groups – building a phylogenetic tree. 

 

2 

8. Immunological reactions. Agglutination, inhibition of agglutination, 
precipitation, immunofluorescence, immunoelectophoresis, ELISA, RIA. 

2 

9. Colloquium.  
 

1 

 2nd semester - parasitology  
10. Introduction to parasitology. Relationships between parasites and hosts. 2 
11.  Phylum Sarcomastigophora. Subphyla Mastigophora (Flagellata). 

Trichomonas hominis. Trichomonas vaginalis. Lamblia intestinalis 
(Giardia lamblia). 

2 

12. Phylum Sarcomastigophora. Subphyla Mastigophora (Flagellata). 
Trypanosoma rhodesiense & Trypanosoma gambiense, (Trypanosoma 
brucei). Leishmania donovani. Leishmania tropica. Subphyla Sarcodina. 
Entamoeba histolytica. Entamoeba coli, Entamoeba hominis. 

 

2 

13. Phylum Sporozoa (Apicomplexa). Plasmodium vivax. Plasmodium 2 
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malariae. Plasmodium falciparum.  
 

14. Phylum Sporozoa (Apicomplexa). Toxoplasma gondii. Phylum Ciliophora. 
Class Ciliata. Balantidium coli.  

 

2 

15. Phylum Platyhelminthes (Plathelminthes). Class Trematoda. Fasciola 
hepatica. Dicrocoelium lanceatum (Dicrocoelium dendriticum). 
Opisthorchis felineus. Genus Schistosoma.  

 

2 

16. Phylum Platyhelminthes. Class Cestoda. Taenia solium. Taeniarhynchus 
saginatus (Taenia saginata). Diphyllobothrium latum. Hymenolepis nana. 
Echinococcus granulosus.  

 

2 

17. Phylum Nematoda. Ascaris lumbricoides. Enterobius vermicularis. 
Trichocephalus trichiurus. Trichinella spiralis. Strongyloides stercoralis. 
Ancylostoma duodenale.  

 

2 

18. Phylum Nematoda. Dracunculus medinensis. Wuchereria bankrofti. Loa 
loa. Phylum Arthropoda. Subphyla Crustacea. Class Cyclops. Class 
Arachnoidea (Arachnida, arachnid).  

 

2 

19. Phylum Arthropoda. Class Arachnoidea (Arachnida. arachnid). Order  
Acari (ticks) – Sarcoptes scabiei, genus Dermatophagoides. 

 

2 

20. Phylum Arthropoda. Ticks - carriers of transmissible diseases: Ixodes 
ricinus, Dermacentor marginatus, Hyalomma plumbeum, Rhipicephalus 
sanguineus, Class Insecta. Pediculus hominis. Phthirius pubis. 

 

2 

21. Phylum Arthropoda. Class Insecta. Cimex lectularius. Pulex irritans. Genus 
Culex and genus Anopheles. Phlebotomus papatasii.  

 

2 

22. Role of insects in the spread of transmissible diseases. Role of insects as 
mechanical carriers of infectious and parasitic diseases. 

 

2 

23. Parasitology colloquium 2 
 TOTAL: 45 

 
 
 
 

EXAMINATION QUESTIONNAIRE 

Human biology for specialty “Medicine” 
„MASTER“ degree, professional qualification „DOCTOR“ 

 
I. MOLECULAR AND CELL BIOLOGY  

1. Primary structure of DNA. Bonds in and between nucleotides. Secondary structure of DNA.  
2. RNA structure. Types of RNA and function.  
3. DNA replication. Mechanism of replication.  
4. DNA reparation. 
5. Transcription – mechanism, steps, factors.  
6. RNA polymerases.  
7. Maturation of RNA. 
8. Genetic code. Translation.  
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9. Structure and function of proteins.  
10. Posttranslational modifications, aging and degradation of proteins. 
11. Genome organization in prokaryotic and eukaryotic cells.  
12. Regulation of gene expression. 
13. Submicroscopic structure of chromosomes.  
14. Normal and abnormal karyotype. 
15. Mutational variation. Gene mutations and diseases.  
16. Chromosome and genomic mutations. Cytoplasmic mutations. 
17. Cell reproduction. Cell growth and division. Cell cycle - interphase, mitosis.  
18. Stages and mechanism of mitosis. Control of cell division. 
19. Sexual reproduction. Meiosis.  
20. Gametogenesis. Oogenesis. Spermatogenesis.  
21. Fertilization. Assisted reproductive technology. 
22. Individual development. Embryonic development in mammals and human.  
23. Postembryonic period – aging and death. 
24. Apoptosis. Mechanism.  
25. Genetic control of apoptosis. 
26. Tumor biology. 

 
II. MODERN DIAGNOSTIC AND SCIENTIFIC APPROACHES 

27. Genetic engineering at the population, organismal and cellular level.  
28. Cloning.  
29. Recombinant DNA technologies (genetic engineering).  
30. Gene cloning. Gene therapy. 
31. Methods in molecular biology - in situ hybridization,  
32. PCR, qPCR, DNA sequencing.  
33. Genome editing. SNPs.  
34. Pharmacogenetics. 
35. Epigenetics. 

 
III. BASICS OF IMMUNITY  

36. Immune homeostasis. Innate immunity. Mechanical, chemical and physiological barriers. 
Phagocytosis. 

37.  Inflammation. Soluble and cellular factors. 
38.  Adaptive immunity. Structure and function of antibodies. Main classes of 

immunoglobulins. 
39. Polyclonal and monoclonal antibodies. 
40. Antigens. Haptens.  
41. АВО(Н) system. Biosynthesis of АВО(Н)-antigenes.  
42. Rhesus system. Immunological conflict “mother - fetus”. 
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43. Central and peripheral lymphoid organs.  
44. Phases and nature of immune response. Primary and secondary immune response. 
45. Immunological memory. 
46. Cells of the immune response. 
47. Cellular interactions in immune response. 
48. Т-cell receptor. Major histocompatibility complex (МНС). 
49. Transplantation. Types of transplantation and immunologic basis of transplantation.  
50. Mechanisms of transplant rejection. Graft versus host reaction. 
51. Tumor immunology. 
52. Immune tolerance.  
53. Reproductive immunology. 
54. Genetics of antibody synthesis.  
55. Complement system. 
56. Hypersensitivity reactions. 
57. Immunobiology of HIV and SARS-CоV. 
58. Immunology of stress. 

 

IV. BIOLOGY OF PARASITES  
59. Characteristics of primates. Phylum Sarcomastigophora. Subphyla Mastigophora 

(Flagellata). Leishmania donovani. Leishmania tropica.  
60. Phylum Sarcomastigophora. Lamblia intestinalis (Giardia lamblia).  
61. Phylum Sarcomastigophora. Trichomonas hominis. Trichomonas vaginalis. 
62. Phylum Sarcomastigophora. Trypanosoma rhodesiense and Trypanosoma gambiense.  
63. Subphyla Sarcodina. Entamoeba histolytica. Entamoeba coli. Entamoeba hominis. 
64. Phylum Sporozoa (Apicomplexa). Plasmodium vivax. Plasmodium malariae. 

Plasmodium falciparum. Types of malaria.  
65. Phylum Sporozoa (Apicomplexa). Toxoplasma gondii.  
66. Phylum Ciliophora. Class Ciliata. Balantidium coli.  
67. Phylum Plathelminthes (Platyhelminthes). Class Trematoda. Fasciola hepatica.  
68.  Class Trematoda. Dicrocoelium lanceatum (Dicrocoelium dendriticum).  
69. Class Trematoda. Opistorchis felineus. Genus Schistosoma.  
70. Class Cestoda. Taenia solium. 
71. Class Cestoda. Taeniarhynchus saginatus (Taenia saginata).  
72. Class Cestoda. Diphyllobothrium latum. Hymenolepis. 
73. Class Cestoda. Echinococcus granulosus.  
74. Phylum Nematoda. Ascaris lumbricoides.  
75. Phylum Nematoda. Enterobius vermicularis. Trichocephalus trichiurus.  
76. Phylum Nematoda. Trichinella spiralis.  
77. Phylum Nematoda. Strongyloides stercoralis. Ancylostoma duodenale.  
78. Phylum Nematoda. Dracunculus medinensis. Wuchereria bankrofti. Loa loa.  
79. Phylum Annelida. Lumbricus terrestris. Hirudo medicinalis.  
80. Phylum Arthropoda. Class Crustacea - common feature. Class Arachnoidea 

(Arachnida, arachnid).  
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81. Order Acari (ticks) - Sarcoptes scabiei, genus Dermatophagoides. Ticks – carriers of 
transmissible diseases: Ixodes ricinus, Dermacentor marginatus, Hyalomma plumbeum, 
Rhipicephalus sanguineus.  

82. Class Insecta (insects). Pediculus hominis (Pediculus humanus). Phthirius pubis. Ci-mex 
lectularius. Pulex irritans.  

83. Genus Culex and genus Anopheles – morphological differences. Phlebotomus papatasii. 
84. Role of insects in the spread of transmissible diseases. Role of insects as mechanical 

carriers of infectious and parasitic diseases. 
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http://www.amazon.de/Abul-K.-Abbas/e/B001IYTV84/ref=dp_byline_cont_book_1
http://www.amazon.de/Abul-K.-Abbas/e/B001IYTV84/ref=dp_byline_cont_book_1
http://www.amazon.de/s/ref=dp_byline_sr_book_2?ie=UTF8&text=Andrew+H.+Lichtman&search-alias=books-de-intl-us&field-author=Andrew+H.+Lichtman&sort=relevancerank
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Additional literature 
1. Human Biology by Starr C. and McMillan B. 2014; 10th edition; Yolanda Cossio; ISBN-13 
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