Příloha 2
V této příloze jsou soustředěny informace o studijním programu Syntéza a výroba léčiv, který byl připraven pro akreditaci v angličtině s názvem Drug Synthesis and Manufacture. Uveden je úplný seznam předmětů s informacemi o formě vyučování, rozsahu přednášek, cvičení a laboratoří. Dále je uveden způsob zkoušení a váha předmětu ve formě počtu kreditů. Podrobnosti formou anotací předmětů jsou uvedeny jen tehdy, je-li předmět specifický pro studijní program Syntéza a výroba léčiv. Řada předmětů obsažených zejména v bakalářském programu je součástí studijních programů, které již byly v angličtině akreditovány (např. Applied Chemistry and Materials). 
Bachelor’s study programme at the Faculty of Chemical Technology

Study programme: Drug Synthesis and Manufacture
Field of study: Drug Synthesis and Manufacture
Characteristics of the field of study

The study is based on lectures and seminars embracing the fundamentals of chemistry, mathematics and physics. Laboratory training allows students to acquire corresponding practical skills and habits. Chemical-engineering and chemical-technological disciplines follow up the fundamental subjects. Basic chemical-technological education is supplemented and enhanced with more specialized subjects embracing the fundamentals of pharmacology, pharmacochemistry and pharmaceutical technology. Students also study the principles of correct production and laboratory practice, quality assurance and validation of technological processes, and also the process of drugs registration and their patent protection. The study programme is conceived with regard to the specificities of pharmaceutical technologies, which are subject to strict control by the Czech State Institute for Drug Control and the European Medicines Agency. The offer of required optional subjects allows students to pursue the line of chemistry, technology, or organization and management. The programme also prepares students for follow-up Master’s programmes.
Graduate profile

Graduates from this study programme find careers in the development, management and control of chemical and physical processes in pharmaceutical companies manufacturing both their own substances and drug forms. They may find jobs as pharmaceutical technologists, workers providing for quality management in the regime of correct production practice, in the field of development (new generic drugs and semi-production testing), and in drugs registration departments.

Study plans:
Recommended study plans for students wishing to continue their study in follow-up Master’s programmes oriented on 

· Drug synthesis 

· Drug manufacture 

· Materials for pharmaceutical and medicinal purposes 

· Drug biotechnology 

Recommended study plans for students wishing to complete their studies with a Bachelor’s degree in 

· Drug synthesis and manufacture.

Study Year: 1

Winter semester

	Code
	Name of Subject
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory subjects

	N101005
	General and Inorganic Chemistry I
	101
	3
	2
	0
	Exam
	8

	N413002
	Mathematics I
	413
	3
	3
	0
	Exam
	9

	N111009
	Toxicology and Ecology
	111
	2
	0
	0
	Exam
	3

	N111040
	Human Biology
	111
	2
	1
	0
	Exam
	4

	N445001
	Applications of Computer Science
	445
	0
	3
	0
	Exam
	3

	N101002
	Chemical Calculations
	101
	0
	2
	0
	Credit
	2

	N150001
	Introduction to Studies
	150
	1
	0
	0
	Credit
	1


Summer semester

	Code
	Name of Subject
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory subjects

	N110004
	Organic Chemistry I
	110
	2
	2
	0
	Exam
	6

	N444001
	Physics I
	444
	3
	2
	0
	Exam
	7

	N101003
	Inorganic Chemistry: Laboratory I
	101
	0
	0
	4
	Exam
	3

	N834001
	Language I
	834
	0
	2
	0
	Credit
	1

	Optional subjects 1, 2, 3

	N413003
	Mathematics II
	413
	3
	3
	0
	Exam
	8

	N101006
	General and Inorganic Chemistry II
	101
	2
	2
	0
	Exam
	5

	N111041
	Physiology
	111
	1
	1
	0
	Exam
	3

	N832011
	Human Resources Management
	832
	2
	1
	0
	Exam
	4

	N832013
	Fundamentals of Law
	832
	2
	0
	0
	Exam
	3


Study Year: 2

Winter semester

	Code
	Name of Subject
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory subjects

	N111024
	Basic Pharmacology
	111
	2
	0
	0
	Exam
	3

	N403011
	Physical Chemistry I
	403
	3
	2
	0
	Exam
	6

	N320001
	Biochemistry I
	320
	3
	0
	0
	Exam
	5

	N437005
	Enterprise Economics
	437
	2
	1
	0
	Exam
	4

	N110002
	Organic Chemistry: Laboratory I
	110
	0
	0
	4
	Exam
	3

	N444003
	Physics: Laboratory
	444
	0
	0
	3
	Exam
	2

	N834002
	Language II
	834
	0
	2
	0
	Exam
	2

	Optional subjects 4 a 5

	N110005
	Organic Chemistry II
	110
	3
	2
	0
	Exam
	6

	N444006
	Physics II
	444
	2
	2
	0
	Exam
	5

	N105004
	Fundamentals of Chemical Technologies
	105
	2
	0
	0
	Exam
	3

	N108004
	Introduction to Study of Materials
	108
	2
	0
	0
	Exam
	3

	N101004
	Inorganic Chemistry: Laboratory II
	101
	0
	0
	4
	Exam
	4


Summer semester

	Code
	Name of Subject
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory subjects

	N110026
	Introduction into Chemistry of Pharmaceuticals
	110
	3
	0
	0
	Exam
	5

	N409002
	Chemical Engineering I
	409
	2
	3
	0
	Exam
	6

	N402002
	Analytical Chemistry I
	402
	2
	1
	0
	Exam
	4

	N403013
	Physical Chemistry: Laboratory I
	403
	0
	0
	4
	Exam
	3

	Optional subjects 6 a 7

	N403014
	Physical Chemistry II
	403
	3
	2
	0
	Exam
	7

	N320002
	Biochemistry II
	320
	2
	0
	0
	Exam
	3

	N110003
	Organic Chemistry: Laboratory II
	110
	0
	0
	4
	Exam
	4

	N320009A
	Microbiology
	320
	3
	0
	0
	Exam
	5

	N107004
	Characterization Methods for Substances
	107
	2
	2
	0
	Exam
	5

	N413004
	Applied Statistics
	413
	1
	2
	0
	Exam
	4

	N111008
	User Software
	111
	0
	3
	0
	Exam
	3

	N111002
	Chemical Database Systems
	111
	0
	2
	0
	Exam
	2


Study Year: 3

Winter semester

	Code
	Name of Subject
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory subjects

	N111014
	Pharmaceutical Engineering
	111
	2
	2
	0
	Exam
	5

	N111042
	Quality Assessment and Quality Assurance in Chemical Technology
	111
	2
	0
	0
	Exam
	3

	N108022
	Chemistry and Physics of Solid Pharmaceuticals
	108
	2
	0
	0
	Exam
	3

	N143013
	Chemical Informatics
	143
	0
	2
	0
	Credit
	2

	N409013
	Chemical Engineering: Laboratory
	409
	0
	0
	3
	Exam
	2

	N402003
	Analytical Chemistry: Laboratory I
	402
	0
	0
	6
	Exam
	4

	N409004
	Chemical Engineering: Project
	409
	0
	1
	0
	Exam
	2

	Optional subjects 8 a 9

	N108021
	Pharmaceuticals Analysis of Solids
	108
	2
	0
	0
	Exam
	3

	N409003
	Chemical Engineering II
	409
	2
	3
	0
	Exam
	6

	N402004
	Analytical Chemistry II
	402
	2
	1
	0
	Exam
	4

	N403012
	Physical Chemistry: Laboratory II
	403
	0
	0
	3
	Exam
	3


Summer semester 

	Code
	Name of Subject
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory subjects

	N963014
	Bachelor Work
	963
	0
	0
	12
	Credit
	15

	N110025
	Registration of Drugs and Patent Protection
	110
	2
	0
	0
	Exam
	3

	N111045
	Trends in Drug Research and Development
	111
	2
	0
	0
	Exam
	3

	N110006
	Structural Analysis
	110
	2
	1
	0
	Exam
	4


Subject Title: Human biology

Semester: 1st
Weekly load and assessment: 2/1/0, Ex

Credit: 4

Language: English

Course Provider: Charles University in Prague, 1st Faculty of Medicine
Annotation:

1. Prokaryote, eukaryote, organelles of prokaryotic and eukaryotic cells, cyll cycle of eukyryotic cells and its regulation, cellular signalization, differentiation of cells, tissue, organism.

2. Mendelian inheritance, monogenic inheritance, gene, alleles, genotype, phenotype, segregation of Mendelian traits, monohybridism, dihybridism, genetic interaction, exceptions - maternal inheritance and imprinting.

3. Molecular and biochemical bases of genetic diseases. Farmacogenetics. Pedigree drawing, genetic counseling.

4. Cytogenetics: karyotype, chromosomes, chromosome analysis (structural and numerical aberrations in man), staining of chromosomes, in situ hybridization in metaphase and interphase (FISH).

5. Mitosis, meiosis, gametogenesis, faulty distribution of the chromosomes (nondisjunction), syndromes.

6. Meiosis – crossing-over, linkage of the gene loci, linkage analysis, chromosome mapping.

7. Ontogenesis, sex determination and differentiation, disorders of sexual development, teratogenesis.

8. Molecular bases of genetics, nucleotides, nucleic acids, replication, flow of genetic information (transcription and translation), genes and mutations, molecular bases of the genetic diseases.

9. Methods of DNA analysis (PCR, Southern blot, sequencing, DNA chip), DNA diagnostics (direct, indirect), DNA polymorphism.

10. Multifactorial inheritance (quantitative inheritance), genetic and enviromental conditions, polygenic determination, variability, heritability, analysis of multifactorial inheritance, traits and diseases with multifactorial inheritance.

11. Population genetics, Hardy-Weinberg equilibrium, selection, mutations, small populations, genetic drift, consanquinity and inbreeding, evolution.

12. Immunogenetics, immune system, antigenes, cellular and humoral immune response, components (lymphatic organs, macrophages, T cells, B cells), immunoglobulins, receptors.

13. Alloantigenic make up of organisms (blood groups, HLA system), transplantation principles. Immunodeficiency.

14. Oncogenetics, genetic characteristics of tumor cells, protooncogenes, tumor-supressor genes, mutator genes, presymptomatic diagnostics of cancer.

Literature

1. Mueller, R.F., Young, I.D.: Emery´s Elements of Medical Genetics, 9th ed., Churchill Livingstone, Edinburgh 1995

2. Passarge, E: Color Atlas of Genetics with 174 plates by J. Wirth. Thieme Flexibook. Thieme, Stuttgart 2001.

3. Thompson, M.W. et al.: Thompson and Thompson. Genetics in Medicine. 5th ed., Philadelphia, Sounders 2001, 2005.

4. Snustad D.P., Simons, M.J., Jenkins J.B.: Principles of Genetics. John Wiley and Sons, New York 1997.

5. Vogel, F., Motulsky, A.G.: Human Genetics: Problems and Approaches. 3rd completely rev. ed., Springer, Berlin 1997, XXXVI, 851p, 442 figs, 190 tabs.

6. Jorde LB. et al.: Medical Genetics, 3rd ed., Mosby 2000

7. Epstein R.J.: Human Molecular Biology, Cambridge Univ. Press 2003

8. Strachan,T and Read AP: Human Molecular Genetics,

9. Křenová, D., Otová, B.: How to practise biological and medical genetics. Charles University in Prague, The Karolinum Press, Prague 2003

Subject Title: Toxicology and ecology

Semester: 1st
Weekly load and assessment: 2/0/0, Ex

Credit: 3

Language: English

Course Provider: Department of Organic Technology

Annotation:

1. General toxicology. Basic definitions. Xenobiotics. Dose-Concentration-Effect dependence.

2. The fate of the xenobiotics in organism. ADME system. Basic toxicokinetic parameters and relations. 

3. Factors determining mode of xenobiotics action. Mechanism of xenobiotics action.

4. Receptor theory - affinity, internal activity. Types of specific interactions.

5. Ways of xenobiotics administration. Action and types of xenobiotics action.

6. Toxicity of chemical substance determination. Quality and quantity effect determination.

7. Information sources in toxicology. Material and safety data sheets (MSDS). Main toxicology databases.

8. The basic classes of xenobiotics. Mode of action.

9. Regulations, hazards and safety in chemical laboratory and chemical industry.

10. Ecology. Basic definitions. The main contemporary environmental topics.

11. Global warming. The problem of CO2 exhalation.

12. Problem of conventional energy sources. Alternative sources of energy. Nuclear energy.

13. Ozone layer and its decomposition.

14. Problem of industrial exhausts emission. 

Literature:

1. Berile F. A. et al.: Handbook of Toxicology, CRC Press, 2006.

2. Hopkins J. et al.: Clinical Toxicology: Principles and Application, Informa Healtcare, 1998.

Subject Title: Basic pharmacology

Semester: 3rd
Weekly load and assessment: 2/0/0, Ex

Credit: 3

Language: English

Course Provider: Department Organic Technology

Annotation:

1. General pharmacology. Basic definitions. Drug nomenclature.

2. The fate of drug in organism. ADME system. Basic pharmacokinetic parameters and relations. 

3. Receptor theory - affinity, internal activity. Factors determining mode of drug action.

4. Mechanism of drug action. Types of specific interactions. 

5. Ways of drug administration. Abnormal reaction of organism – allergy, placebo reaction etc. 

6. Pharmacs of central nervous system. Psychopharmacs, analgetics, sedatives, hypnotics. 

7. Pharmacs of autonomous nervous system I – sympathetic nervous system. 

8. Pharmacs of autonomous nervous system II – parasympathetic nervous system. 

9. Pharmacs of cardiovascular system. Mode of action. Typical drugs. Pharmacs affecting blood and blood creation. 

10. Pharmacs of respiratory system. Mode of action. Typical drugs. 

11. Pharmacs of urinary system. Mode of action. Typical drugs.

12. Antiphlogistics,  antirheumatics. Hormone based drugs. Mode of action. Typical drugs.

13. Drugs affecting immune system. Mode of action. Typical drugs.

14. Antibiotics. Cytostatics. Antihistaminics. Mode of action. Typical drugs.

Literature:

1. Katzung B.T.: Basic & Clinical Pharmacology, Amazon, 2007.

2. Wingard et al.: Human Pharmacology Molecular to Clinic, Moesby Year Book Inc. St. Louis, 1998.

3. Smith. D. A.: Pharmacokinetics and Metabolism in Drug Design, Wiley VCH, Weinheim 2006.

4. Clark et al.: Medical Pharmacology, Moesby Year Book Inc. St. Louis, 1998.
Subject Title: Microbiology

Semester: 4th
Weekly load and assessment: 3/0/0, Ex

Credit: 5
Language: English

Course Provider: Department of Biochemistry and Microbiology
Annotation:

1. Introduction to microbiology. Microorganisms as cells, microorganisms and their natural environment. Impact of microorganisms on humans.

2. History of microbiology. The historical roots of microbiology. Microbial diversity and the rise of microbiology. The modern era of microbiology.

3. Cell structure and evolutionary history.
4. Microbial diversity. Physiology diversity of microorganisms. Prokaryotic diversity. Eukaryotic microorganisms.

5. Cell structure and function. Microscopy and cell morphology. Cells and cell walls. Surface structures and inclusion of prokaryotes (bacteria) and eukaryotes (yeasts, molds). Microbial locomotion.

6. Essentials of virology. Virus and virion. Growth and quantification. Viral replication. Viral diversity.

7. Nutrition and metabolism of microorganisms. Major catabolic pathways, electron transport and proton motive force. Carbon flow in respiration and catabolic alternatives. Biosynthesis.

8. Metabolic regulation. Regulation of enzyme activity. Negative and positive control of transcription. Global regulatory mechanisms. Other mechanisms of regulation.

9. Microbial growth. Bacterial cell division. Growth of bacterial population. Measuring of bacterial growth. Environmental effects on microbial growth (temperature, pH, water activity, osmolarity, oxygen, pressure).

10. Bacterial genetics. Mutation and recombination. Genetic exchange in prokaryotes.Bacterial genetics and gene cloning (essential information).

11. Microbial evolution and systematics. Phylogenetic overview of Bacteria. Phylogenetic overview of Yeasts. Phylogenetic overview of Molds.

Literature:

1. Brock Biology of Microorganisms, 11th edition (2006), eds. M.T. Madigan, J.M.Martinko and J.Parker, Pearson education L.T.D. ISBN 0-13-144329-1

2. Any other Basic Microbiology printed in USA or UK

Subject Title: Chemistry and physics of solid pharmaceuticals

Semester: 4th
Weekly load and assessment: 2/0/0, Ex

Credit: 3

Language: English

Course Provider: Department of Chemistry of Solid State
Annotation:

1. Solid pharmaceuticals – definition, classification, composition

2. Crystallography of organic phases

3. Weak bond interactions in organic crystals

4. Methods of the solid state analysis

5. Polymorphism and pseudopolymorphism

6. Physical (polymorphic) transformations

7. Crystallisation and crystal engineering

8. Solubility and dissolution rate

9. Active pharmaceutical ingrediences - drug candidate

10. Free molecules, hydrates (solvates)

11. Pharmaceutical salts, cocrystals

12. Amorphous and semicrystalline phases

13. Microstructure, size and shape of particles

14. Chemical degradations of solid pharmaceuticals, stability tests

Literature:

1. Byrn R.S., Pfeiffer R.R. Stowell G.J.: Solid State Chemistry of Drugs. Second Edition. SSCI, Inc. 1999.

2. Bernstein J.: Polymorphism in Molecular Crystals. Clarendon Press. Oxford 2002.

3. Bragga D., Grepioni F. (Eds): Making Crystals by Design. Wiley-VCH Verlag. Wenheim 2007.

4. Zakrzewski A., Zakrzewski M.: Solid State Characterization of Pharmaceuticals. Assa Inc. Danbury 2006.
Subject Title: Pharmaceutical Engineering

Semester: 4th
Weekly load and assessment: 2/2/0, Ex

Credit: 5

Language: English

Course Provider: Department of Organic Technology
Annotation:

1. Chemical technology of batch processes

2. Synthesis of batch processes, scheduling and production planning for multi-purpose batch chemical plants

3. Drug forms and their classification

4. Technology of solid drug forms – process equipments

5. Storage, transport and mixing of  powder materials

6. Homogenization, crushing and milling of powders

7. Granulation of powder materials

8. Technology of solid dosage forms – tablets, pellets, dragee

9. Solid phase extraction, solution and purification of active pharmaceutical ingredients (API)

10. Sterilization processes

11. Biotechnological synthesis of antibiotics

12. Fermentation processes

13. Lyophilisation, solidification of biological materials

14. Fuzzy modelling and drug effect assessment
Literature:

1. Perry R. H., Chilton C. H.: Chemical Engineer’s Handbook, McGraw Hill, New York 1997.

2. Lachman L., Lieberman H. A., Kanig J. L.: The Theory and Practice of Industrial Pharmacy 2nd ed. Lea Felinger Philadelfia 1976.

3. R. B. Bird, W. E. Stewart, E. N. Lightfoot: Transport Phenomena, McGraw Hill, New York 1957.

4. Levin M.: Pharmaceutical process scale up, Decker, New York 2002.

5. Pharmaceutical Technology Europe, selected papers 2004-2007

Subject Title: Introduction into Chemistry of Pharmaceuticals
Semester: 4th
Weekly load and assessment: 3/0/0, Ex

Credit: 5

Language: English

Course Provider: Department of Organic Chemistry
Annotation:

1. Introduction. Basic terms and definitions.

2. Mutual drug and organism interactions. Basic terms in pharmacology.

3. Drug design methods. Registration of drugs. Good manufacturing practice.

4. Analgesics, antipyretics, anti-inflammatory agents.

5. Central nervous system drugs: anaesthetics, sedatives, hypnotics.

6. Central nervous system drugs: psychiatric drugs.

7. Autonomous nervous system drugs: sympathomimetics and sympatholytics.

8. Autonomous nervous system drugs: parasympathomimetics and parasympatholytics. Local anaesthetics and muscle relaxants.

9. Antihistamines and antiallergics. Antitussives and expectorants.

10. Cardiovascular system drugs.

11. Digestive tract therapeutic agents.

12. Antiinfective agents.

13. Chemotherapy of cancer.

14. Vitamins and hormones.

Literatura:

1. Vardanyan R., Hruby V.: Syntheses of Essential Drugs. Elsevier, 2006.

2. Kleemann A.; Engel J. Pharmaceutical Substances, Syntheses, Patents, Applications. 4th ed. Stuttgart : Thieme, 2001.

3. Cannon J. G.: Pharmacology for Chemists. ACS, Washington D.C., 1999.

Subject Title: Chemical Informatics

Semester: 5th
Weekly load and assessment: 0/2/0, Ex

Credit: 2

Language: English

Course Provider: Laboratory of Informatics
Annotation:
1. Introduction, information flow in science

2. Scholar article - structure, citations

3. Excursion in Central Library of ICT Prague

4. Boole algebra, Internet search engines, Web of Science

5. Chemical structures - representation, identifiers, structure editors

6. Chemical abstracts

7. Chemical abstracts

8. Beilstein and Gmelin

9. Tertiary information sources

10. Patents

11. Publishing process - past, present, future

12. Informatics, bioinformatics, classical informatics

13. Standards

Literature

1. GASTEIGER, J.; ENGEL, T. (eds.). Chemoinformatics. 2004. ISBN 9783527601646. http://www3.interscience.wiley.com/cgi-bin/bookhome/107633038 (on-line) (only selected chapters are used)

2. Maizell, Robert E. How to Find Chemical Information: A Guide for Practicing Chemists, Educators, and Students. 3rd ed. Wiley, NY, 1998.

3. Ridley, Damon D. Online Searching: A Scientist's Perspective (A Guide for the Chemical and Life Sciences). Wiley, NY, 1996.
4. Ridley, Damon D. Information Retrieval: SciFinder(r) and SciFinder(r) Scholar, 1st Edition, 2002

Bachelor’s study programme at the Faculty of Food and Biochemical Technology

Study programme: Food and Biochemical Technology
Field of study: Biochemistry and Biotechnology
Characteristics of the field of study:

Study in this field prepares experts for all kinds of professions, both laboratory and technological, where they may apply their broad knowledge of biochemistry, microbiology, cell biology, bioengineering and other disciplines relating to natural sciences, including their application in derived technologies. This applies in particular to laboratories of the biotechnological and food complex, health and pharmaceutical institutions, control and inspection organizations, state administration providing for environmental control, and also business companies dealing in bio-chemicals. Students may either specialize in traditional technologies such as brewing, malting, distilling and wine industries, yeast manufacture, etc., or they may concentrate on technologies relating to the manufacture of bio-pharmaceutics, metabolites and vegetable and animal cell products, as well as environmental technologies. 

Graduate profile:

Graduates may take up all kinds of jobs where they apply their knowledge of biochemistry and related fields. This applies particularly to laboratories of the biotechnological and food complex, health and pharmaceutical institutions, control and inspection organizations, state administration engaged in environmental control, and also business companies dealing in bio-chemicals. Graduates may also work as experts in the field of biotechnological operation and services, such that require a sound knowledge of microbiology, cell biology, biochemistry, bioengineering and other disciplines of natural sciences, including their application in derived technologies. They may focus on traditional technologies such as brewing, malting, distilling and wine industries, yeast manufacture, etc., or they may specialize in technologies relating to the manufacture of bio-pharmaceutics, metabolites and vegetable and animal cell products, as well as environmental technologies. Graduates may also continue their study in follow-up Master’s programmes. 

Study plans: 

Recommended study plans for students wishing to continue their study in follow-up Master’s study programmes oriented on 

· Biotechnology and drug biotechnology 

· Biochemistry and microbiology 

Recommended study plans for students wishing to complete their study with a Bachelor’s degree in:

· biotechnology 

· biochemistry and microbiology 

Study Year: 1

Winter semester

	Code
	Name of Subject
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory subjects

	N101005
	General and Inorganic Chemistry I
	101
	3
	2
	0
	Exam
	8

	N413002
	Mathematics I
	413
	3
	3
	0
	Exam
	9

	N320016
	Biology I
	320
	3
	0
	0
	Exam
	4

	N240011
	Fundamentals of Toxicology and Ecology
	240
	2
	0
	0
	Exam
	3

	N323006
	Introduction to Food Legislation
	323
	2
	0
	0
	Exam
	3

	N101002
	Chemical Calculations
	101
	0
	2
	0
	Credit
	2

	N352001
	Introduction to Studies
	352
	1
	0
	0
	Credit
	1


Summer semester

	Code
	Name of Subject
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory subjects

	N110004
	Organic Chemistry I
	110
	2
	2
	0
	Exam
	6

	N444001
	Physics I
	444
	3
	2
	0
	Exam
	7

	N101003
	Inorganic Chemistry: Laboratory I
	101
	0
	0
	4
	Exam
	3

	N320015
	Biology: Laboratory
	320
	0
	0
	2
	Exam
	1

	N445001A
	Applications of Computer Science
	445
	0
	3
	0
	Exam
	3

	N834001
	Language I
	834
	0
	2
	0
	Credit
	1

	Optional subjects 1 a 2

	N413003
	Mathematics II
	413
	3
	3
	0
	Exam
	8

	N320017
	Biology II
	320
	2
	0
	0
	Exam
	3

	N324002
	Production of Food Raw Materials
	324
	2
	0
	0
	Exam
	3

	N323004
	Sensory Analysis
	323
	2
	1
	0
	Exam
	4


Study Year: 2

Winter semester

	Code
	Name of Subject
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory subjects

	N403011
	Physical Chemistry I
	403
	3
	2
	0
	Exam
	6

	N320001
	Biochemistry I
	320
	3
	0
	0
	Exam
	5

	N320003
	Biochemistry: Seminar I
	320
	0
	1
	0
	Exam
	1

	N342004
	Bioinformatics
	342
	1
	1
	0
	Credit
	2

	N413004A
	Applied Statistics
	413
	1
	2
	0
	Exam
	4

	N110002
	Organic Chemistry: Laboratory I
	110
	0
	0
	4
	Exam
	3

	N444003
	Physics: Laboratory
	444
	0
	0
	3
	Exam
	2

	N834002
	Language II
	834
	0
	2
	0
	Exam
	2

	Optional subjects 3

	N110005
	Organic Chemistry II
	110
	3
	2
	0
	Exam
	6

	N342001
	Bioorganic Chemistry of Natural Compounds
	342
	2
	1
	0
	Exam
	5

	N323007
	Food Commodity Expertise
	323
	2
	0
	0
	Exam
	3

	N437005
	Enterprise Economics
	437
	2
	1
	0
	Exam
	4


Summer semester

	Code
	Name of Subject
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory subjects

	N402002
	Analytical Chemistry I
	402
	2
	1
	0
	Exam
	4

	N403013
	Physical Chemistry: Laboratory I
	403
	0
	0
	4
	Exam
	3

	N402003A
	Analytical Chemistry: Laboratory I
	402
	0
	0
	6
	Exam
	4

	N323001
	Food Chemistry
	323
	2
	1
	0
	Exam
	4

	N320004
	Biochemistry: Seminar II
	320
	0
	1
	0
	Exam
	1

	N320014
	Biochemistry: Laboratory
	320
	0
	0
	6
	Exam
	4

	Optional subjects 4 a 5

	N403016
	Physical Chemistry of Colloidal Systems
	403
	3
	2
	0
	Exam
	7

	N320002
	Biochemistry II
	320
	2
	0
	0
	Exam
	3

	N319003
	Introduction to Biotechnology
	319
	2
	0
	0
	Exam
	3

	N321001
	Food Technology and Biotechnology
	321
	3
	0
	0
	Exam
	3


Study Year: 3

Winter semester

	Code
	Name of Subject
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory subjects

	N409002A
	Chemical Engineering I
	409
	2
	3
	0
	Exam
	6

	N409004
	Chemical Engineering: Project
	409
	0
	1
	0
	Exam
	2

	N320009
	Microbiology
	320
	3
	0
	0
	Exam
	5

	N320013
	Microbiology: Laboratory
	320
	0
	0
	5
	Exam
	3

	N323035
	Analysis of Foods and Natural Substances
	323
	2
	1
	0
	Exam
	4

	N323003
	Analysis of Food and Natural Products: Laboratory
	323
	0
	0
	5
	Exam
	3

	N963005
	Excursions
	963
	0
	0
	0
	Credit
	1

	Optional subjects 6 a 7

	N402004
	Analytical Chemistry II
	402
	2
	1
	0
	Exam
	4

	N320008
	Molecular Genetics
	320
	3
	0
	0
	Exam
	4

	N319002
	Fundamentals of Bioengineering
	319
	2
	1
	0
	Exam
	4

	N323041
	Human Nutrition and Nutritional Policy
	323
	2
	0
	0
	Exam
	3


Summer semester

	Code
	Name of Subject
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory subjects

	N963014
	Bachelor Work
	963
	0
	0
	12
	Credit
	15

	N409013A
	Chemical Engineering: Laboratory
	409
	0
	0
	3
	Exam
	2

	Optional subjects 8, 9 a 10

	N320006
	Bioanalytical Methods
	320
	2
	0
	0
	Exam
	3

	N320010
	Detection of Foodborne Pathogens
	320
	2
	0
	0
	Exam
	3

	N319005
	Traditional Biotechnology
	319
	2
	1
	0
	Exam
	4

	N319004
	Modern Biotechnology
	319
	2
	1
	0
	Exam
	4

	N320011
	Clinical Biochemistry
	320
	2
	0
	0
	Exam
	3

	N409001
	Food Engineering and Bioengineering
	409
	3
	2
	0
	Exam
	6

	N321001
	Food Technology and Biotechnology
	321
	3
	0
	0
	Exam
	3

	N402007
	Analytical Chemistry: Laboratory II
	402
	0
	0
	4
	Exam
	4

	N320018
	Isolation and Characterisation of Biomacromolecules
	320
	3
	1
	0
	Exam
	6

	N319001
	Cell Biology
	319
	2
	0
	0
	Exam
	3

	N319006
	Physiology of Industrial Microorganisms
	319
	2
	0
	0
	Exam
	3


Follow-up Master’s study at the Faculty of Chemical Technology

Study programme: Drug Synthesis and Manufacture
Field of study: Drug Synthesis
Characteristics of the field of study:

Education in this field is based on a sound knowledge of synthetic organic chemistry, which is inevitable for work in the research and development of effective substances synthesis. Attention is focused on organic synthesis, retrosynthesis and stereoselective synthesis. The key subjects teach pharmacology, pharmacochemistry, drug forms, methods of medicines analysis, and medicines design, and they complement students’ knowledge of pharmaceutical technologies. Students enhance their education by the study of optional subjects embracing related fields, e.g. bioorganic chemistry, biologically active natural substances, biomedicines, biomaterials, polymers for pharmacy, glass and ceramic materials for pharmacy and medicine, pharmaceutical microbiology, and pharmaco-economy of medicines.
Graduate profile:

Graduates from this field of Master’s study find careers as highly qualified experts in the research and development of effective substances synthesis, including the transfer of syntheses from laboratory conditions to manufacture. In the pharmaceutical industry they work primarily as research and development experts, or in analytical laboratories of development departments. They may also work in the field of special chemicals production in small amounts.

Study year 1

Winter semester
	Code
	Name of Subject
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory subjects

	N111047
	Pharmacology
	111
	3
	0
	0
	Exam
	5

	N110012
	Organic Synthesis
	110
	3
	1
	0
	Exam
	6

	N402055
	Methods of Pharmaceuticals Analysis
	402
	3
	0
	0
	Exam
	5

	N110032
	Drug Synthesis: Laboratory I
	110
	0
	0
	10
	Credit
	7

	Optional subjects 1

	N126001
	Biomaterials
	126
	2
	0
	0
	Exam
	3

	N110024
	Calculations and Visualization of Molecules
	110
	1
	2
	0
	Exam
	4


Summer semester
	Code
	Name of Subject
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory subjects

	N108023
	Consumer’s Forms of Drugs
	108
	3
	0
	0
	Exam
	5

	N110001
	Pharmacological Chemistry
	110
	3
	0
	0
	Exam
	5

	N110013
	Retrosynthesis
	110
	3
	1
	0
	Exam
	6

	N108019
	Methods of Molecular Structure Determination
	108
	2
	1
	0
	Exam
	4

	N110033
	Drug Synthesis: Laboratory II
	110
	0
	0
	10
	Credit
	7

	N963005
	Field Trip in a Pharmaceutical Company
	963
	0
	0
	0
	Credit
	1

	N963003
	Practical Work in a Company
	963
	0
	0
	0
	Credit
	2

	Optional subjects 2

	N110027
	Bioorganic Chemistry
	110
	2
	1
	0
	Exam
	4

	N111015
	Organic Technology
	111
	3
	0
	0
	Exam
	5

	N342009
	Biologically Active Natural Substances
	342
	3
	0
	0
	Exam
	5

	N110031
	Drug Control
	110
	3
	0
	0
	Exam
	5


Study year 2

Winter semester
	Code
	Name of Subject
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory subjects

	N402056
	Design of Pharmaceuticals
	402
	3
	0
	0
	Exam
	5

	N342016
	Stereoselective Synthesis
	342
	2
	1
	0
	Exam
	4

	N110034
	Drug synthesis: Laboratory III
	110
	0
	0
	12
	Credit
	8

	Optional subjects 3

	N111051
	Drug Development Economics
	111
	3
	0
	0
	Exam
	5

	N320067
	Bio-drugs
	320
	2
	0
	0
	Exam
	3

	N112040
	Polymers for Pharmaceutical Applications
	112
	3
	0
	0
	Exam
	5

	N110010
	Supramolecular Chemistry
	110
	2
	1
	0
	Exam
	4

	N110028
	Toxicology for Chemists
	110
	2
	0
	0
	Exam
	3


Summer semester
	Code
	Name of Subject
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory subjects

	N963008
	Master Thesis
	963
	0
	0
	27
	Credit
	27

	N963009
	Writing Master Thesis
	963
	0
	3
	0
	Credit
	3


Follow-up Master’s Study at the Faculty of Chemical Technology

Study programme: Drug Synthesis and Manufacture
Field of study: Drug Manufacture
Characteristics of the field of study:

The study in this field is focused on process system chemico-pharmaceutical and material engineering, and supplemented with selected subjects from the field of industrial economy. The key subjects embrace engineering of chemico-pharmaceutical technologies, drug forms, medicines design, drugs regulation, drugs pharmaco-economy, biodrugs, polymers for pharmacy, glass and ceramic materials for pharmacy and medicine, pharmaceutical microbiology, pharmacochemistry, and pharmacology. These subjects acquaint students with process-related aspects of pharmaceutical technologies, state-of-the-art analytical methods, biotechnological methods, and with the principles guiding the research, development and registration of drugs and their patent protection. Students are also trained in communicating with authorities supervising the manufacture of active pharmaceutical substances and medicinal preparations. 

Graduate profile:

Graduates from this field of Master’s study may pursue careers as highly qualified technical workers in the management and control of chemical and physical processes in pharmaceutical companies. The may also find jobs in the pharmaceutical industry, primarily as technologists, workers of analytical laboratories charged with quality control, and also in departments focused on trade with pharmaceutically effective substances. They may also work in the field of special chemicals production in small amounts, and in special materials production and development.

Year 1

Winter semester
	Code
	Course name
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory courses

	N111047
	Pharmacology
	111
	3
	0
	0
	Exam
	5

	N402055
	Methods of Pharmaceuticals Analysis
	402
	3
	0
	0
	Exam
	5

	N111048
	Chemical and Pharmaceutical Process Engineering
	111
	2
	2
	0
	Exam
	5

	N111049
	Drug manufacture: Laboratory I
	111
	0
	0
	10
	Credit
	7

	Optional courses 1 and 2

	N111016
	Separation Processes
	111
	2
	2
	0
	Exam
	5

	N112003
	Macromolecular Chemistry
	112
	2
	1
	0
	Exam
	4

	N126001
	Biomaterials
	126
	2
	0
	0
	Exam
	3

	N437008
	Accountancy for Managers
	437
	2
	2
	0
	Exam
	5

	N319008
	Introduction to Bioengineering
	319
	2
	0
	0
	Exam
	3


Summer semester
	Code
	Course name
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory subjects

	N110001
	Pharmacochemistry
	110
	3
	0
	0
	Exam
	5

	N108023
	Consumer’s Forms of Drugs
	108
	3
	0
	0
	Exam
	5

	N111015
	Organic Technology
	111
	3
	0
	0
	Exam
	5

	N111050
	Drug Manufacture: Laboratory II
	111
	0
	0
	10
	Credit
	7

	N963005
	Field Trip in a Pharmaceutical Company
	963
	0
	0
	0
	Credit
	1

	N963003
	Practical Work in a Company
	963
	0
	0
	0
	Credit
	2

	Optional subjects 3 a 4

	N110031
	Drug Control
	110
	3
	0
	0
	Exam
	5

	N110027
	Bioorganic Chemistry
	110
	2
	1
	0
	Exam
	4

	N342009
	Bioactive Compounds
	342
	3
	0
	0
	Exam
	5

	N143014
	Advanced Chemical Informatics
	143
	0
	3
	0
	Credit
	3

	N437001
	Introduction to Logistics
	437
	2
	2
	0
	Exam
	5


Year 2

Winter term

	Code
	Name of Subject
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory subjects

	N111051
	Drug Development Economics 
	111
	3
	0
	0
	Exam
	5

	N320068
	Pharmaceutical Microbiology
	320
	2
	0
	0
	Exam
	3

	N111052
	Drug Manufacture: Laboratory III
	111
	0
	0
	12
	Credit
	8

	Optional subjects 5, 6 and 7

	N402056
	Design of Pharmaceuticals
	402
	3
	0
	0
	Exam
	5

	N320067
	Bio-Drugs
	320
	2
	0
	0
	Exam
	3

	N112040
	Polymers for Pharmaceutical Applications
	112
	3
	0
	0
	Exam
	5

	N107029
	Glass and Ceramic Materials for Medicine and Pharmaceutical Industry
	107
	3
	0
	0
	Exam
	5

	N319035
	Biotechnology in Pharmaceutical Industry
	319
	2
	1
	0
	Exam
	4

	N437022
	Basic Marketing of Chemical Products
	437
	2
	0
	0
	Exam
	3

	N110028
	Toxicology for Chemists
	110
	2
	0
	0
	Exam
	3


Summer term

	Code
	Name of Subject
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory subjects

	N963008
	Master Thesis
	963
	0
	0
	27
	Credit
	27

	N963009
	Writing Master Thesis
	963
	0
	3
	0
	Credit
	3


Subject Title: Chemical and Pharmaceutical Process Engineering

Semester: 1st
Weekly load and assessment: 2/2/0, C+Ex

Credit: 6
Language: English

Course Provider: Department of Organic Technology
Annotation:
1. Characteristics and characterization of particles and particulate systems

2. Particle size reduction and classification

3. High-shear and fluid wet granulation, tablet compression

4. Compaction, extruding, and follow-up processes

5. Transport, storage, and dosing of powders

6. Transport, storage, and dosing of fluids

7. Characteristics of disperse systems, mixing and separation

8. Heat and mass transfer in pharmaceutical processes

9. Drying, spray-drying, lyophilisation and sterilization

10. Chemical reactors in pharmaceutical industry, batch process scheduling

11. Bioreactors

12. General approaches to scaling up processes

13. Introduction to process control

14. Safety considerations in chemical and pharmaceutical processes
Literature:

1. Hickey A. J., Ganderton D: Pharmaceutical Process Engineering, Marcel Dekker 2001. 

2. Fogler H. S.: Elements of Reaction Engineering, Prentice Hall, New Jersey 2000.
3. Ingham J., Dunn I. J., Heinzle E., Přenosil J. E.: Chemical Engineering Dynamics – Modelling with PC Simulation, VCH, Wienheim 1994. 
Subject Title: Organic Technology

Semester: 2nd
Weekly load and assessment: 3/0/0, Exam

Credit: 5
Language: English

Course Provider: Department of Organic Technology

Annotation:
1. Introduction to the subject. Survey of hydrogenation and dehydrogenation processes

2. Chemical equilibrium and kinetics of hydrogenation and dehydrogenation processes

3. Technical aspects of hydrogenation and dehydrogenation processes

4. Survey of oxidations. Amoxidation

5. Kinetics and mechanism of oxidation, catalytic systems

6. Technical aspects of oxidation. Examples of typical processes

7. Halogenation, mechanism, kinetics and selectivity of chlorination

8. Technical aspects of chlorination, examples of typical processes

9. Fluorization, bromination. Feasible degradation of organic halogencompounds, environmental issues.

10. Sulfonation and sulfatation, nitration - survey of reactions, technical aspects

11. Amonolysis and hydrolysis - kinetics, mechanism, examples of processes

12. Esterification, survey of acid-catalysed reactions, examples of processes

13. Alkylation - mechanism, kinetics, technology

14. Reactions catalysed by metal complexes. Hydroformylation, methatesis

Literature:

Subject Title: Organic Synthesis

Semester: 1st
Weekly load and assessment: 3/2/0, C+Ex

Credit: 7

Language: English

Course Provider: Department of Organic Chemistry

Annotation:
1. Reduction. Catalytic hydrogenation, reduction of multiple bonds.

2. Reduction of functional groups, hydrogenolytic reactions.

3. Oxidation of a nonfunctional carbon atom, hydroxylation, oxidation leading to carbonyl compounds and carboxylic acids. Oxidation of O, N, and S-functional groups, oxidative decarboxylation.

4. Halogenation. Addition and substitution reactions. Substitution of halogenes, O- and N-derivatives.

5. Alkylation a acylation reactions. Nucleophilic substitution, nucleophilic and alkylation reagents, PTC-catalysis.

6. Alkylation of heteroatoms, alkylation of C-acids. Base catalyzed aldolisation reactions. The Wittig and related reactions.

7. Friedel-Crafts alkylation and acylation, halogenmethylation, formylation.

8. Nitration and nitrosation. Application for the synthesis of nitro and nitroso compounds. Sulfonation of  aliphatic and aromatic compounds.

9. Diazonium salts. Diazotation, substitution of the diazo group, coupling reactions.

10. Preparation of organometallic compounds.

11. Aplication of organometallic compounds.

12. Elimination reactions. Mechanisms, dehydration, deoxygenations, elimination of N-, S-groups, halogens, decarboxylation, extrusion.

13. Functional derivatives of carbonyl and carboxylic group. Acetals, nitrogen derivatives. Formation of functional derivatives of carboxylic acids.

14. Principle of protection in organic synthesis. Protection of OH, CO, NH2 and COOH.

Literature:

1. F. A. Carey, R. J. Sundberg: Advanced Organic Chemistry, 4th Ed., Part B, 2001.

Subject Title: Methods of Pharmaceuticals Analysis
Semester: 1st
Weekly load and assessment: 3/0/0, Ex

Credit: 5
Language: English

Course Provider: Department of Analytical Chemistry

Annotation:
1. Analytical chemistry and drugs: methods and approaches
2. GC
3. MS
4. GC-MS
5. HPLC
6. LC-MS
7. Electrophoresis
8. CZE
9. SFC
10. QA systems (GLP, GMP, …)
11. Uncertainty concept
12. Method validation
13. Legislative of analytics in pharmacy
14. Pharmacovigilance

Literature:

1. Method Validation in Pharmaceutical Analysis: A Guide to Best Practice; Joachim Ermer (Editor), John H. McB. Miller (Editor), Wiley, 2005
2. HPLC Methods for Pharmaceutical Analysis, George Lunn; Wiley 1999

Subject Title: Design of Pharmaceuticals
Semester: 3rd
Weekly load and assessment: 3/0/0, Ex

Credit: 5
Language: English

Course Provider: Department of Analytical Chemistry

Annotation:
1. Drug categorization
2. Mechanism of treatment
3. Drug transport mechanism
4. Design of active moiety
5. Design of transport moiety of the drug
6. The synthesis – organic chemistry
7. The synthesis – supramolecular chemistry
8. The synthesis – biochemical
9. The synthesis – biochemical
10. Design of drug form
11. Support compounds
12. The up-scaling of manufacture procedure
13. Testing of new drug
14. Legislative of introducing of new drug

Literature:
1. Synthesis of Essential Drugs; Ruben Vardanyan, Victor Hruby; Elsevier.
Subject Title: Introduction to Bioengineering

Semester: 1st
Weekly load and assessment: 2/0/0, C+Ex

Credit: 3
Language: English

Course Provider: Department of Fermentation Chemistry and Bioengineering 
Annotation:
1. Introduction to biotechnology (definition, historical development, biocatalysis).

2. Introduction to bioengineering (definition, its task and role in biotechnology, history and trends of industrial development).

3. Bioprocess structure (unit operations and auxiliary operations, flowsheet of a general biotechnological production).

4. Cell structures, functions, abilities. Biomembranes and membrane transport.

5. Enzyme kinetics (kinetic constants – significance and determination from experimental data, rate affecting parameters).

6. Kinetics of cell growth and product formation (basic model, growth curve analysis, kinetic constants – significance and determination from batch cultivation experiments).

7. Factors affecting the growth rate (substrate concentration, temperature, pH, substrate inhibition, product inhibition, linear growth, diauxie, polyauxie).

8. Bioprocess characteristics (stoichiometry – mass balance equation, thermodynamics, yields, metabolic quotients, productivity).

9. Cell cultivation types (surface cultivation, submerged cultivation, cultivation on solid substrates, biofilm formation, biological treatment of volatile substrates in flowing gas).

10. Cell culture techniques (batch, fed batch, semicontinuous, continuous).

11. Agitation and oxygen transfer in bioprocesses (impeller types, power input requirements, bottlenecks, oxygen supply and consumption rates, mass transfer equation).

12. Bioreactors (types, design, instrumentation, industrial applications).

13. Upstream processing (materials handling, storage, air preparation, media preparation, media and equipment sterilization, water management).

14. Downstream processing (cell separation and disruption, izolation and purification processes, product stabilization).

Literature:
1. Fung Y.C.: Introduction to bioengineering, Word Scientific, Singapore, 2001

2. Berger S.A.: Introduction to bioengineering, Oxford Univ. Press, New York, 2000

Subject Title: Pharmacochemistry

Semester: 2nd
Weekly load and assessment: 3/0/0, C+Ex

Credit: 5

Language: English

Course Provider: Department of Organic Chemistry

Annotation:
1. Introduction, repetition of general principles from Fundamental Pharmacochemistry.

2. History of drug discovery of organic-chemical drugs – case studies of drugs derived from natural product leads and drugs discovered by optimization of side effects of drugs from different therapeutic classes. 

3. Drugs for Pain Management – modern antimigrenics (Case study).

4. Drugs of the Central Nervous System – modern antidepresives from the oxetine class (Case study).

5. Drugs of the Central Nervous System – benzodiazepines (Case study).

6. Drugs of the Central Nervous System – modern hypnotics (Case study)

7. Drugs of the Vegetative Nervous System – -antiadrenergics and their place in therapy (Case study).

8. Antihistaminics and Antialergics – development in class of H1 antihistaminics (Case study). 

9. Cardiovascular Drugs – statin hypolipidemics (Case study).

10. Cardiovascular Drugs – antihypertensives based on the renin – angiotensin system (Case study of ACE inhibitors, angiotensin II antagonists and renin inhibitors).

11. Drugs of the Gastrointestinal System – laxatives and obstipants (Case study).

12. Drugs of the Gastrointestinal System – antiulcerative drugs of the prazole family (Case study). 

13. Antiinfectives – antibacterial quinolones (Case study). 

14. Antineoplastics – targeted drugs (Case study). 

Subject Title: Separation Processes

Semester: 1st
Weekly load and assessment: 2/2/0, C+Ex

Credit: 5

Language: English

Course Provider: Department of Organic Technology

Annotation:
1. Introduction and the course justification. Specific position of small-scale technologies in chemical industry, features of pharmaceutical processes, scale-up in engineering of pharmaceutical processes, design and optimization of batch processes, more complex cases of process development.

2. Material and Enthalpy Balances. Rules for formulation of balances, derivation of equations, a typical apparatus - a column with the counter-current flow of phases, solution of equations.

3. Liquid Extraction (Solvent Extraction). Solvent selection, types of extractors, process design, mass balance, solutions of non-linear equations, a case study.

4. Solid -- Liquid Extraction (Leaching, Percolation, Infusion). Definition (mechanism, process methods), examples of applications, types of extractors, process design, mass balance, numerical solution of non-linear equations, process control, an example of calculation.

5. Supercritical Extraction. Definition, thermodynamic basis, types of extractors, process design, process control, industrial applications.

6. Liquid Chromatography. Introduction and definitions, classification, techniques (methods), equipment, stationary and mobile phases.

7.  Adsorption. Definitions and basic quantities, Gibbs adsorption isotherm, models of adsorption isotherms, multicomponent adsorption isotherms, estimation of isotherm parameters.

8. Preparative Liquid Chromatography. Models of chromatographic columns, process design, equilibrium data acquisition.

9. Adsorption Processes. Microporous adsorbents, basic characteristics of the processes, cyclic batch systems (CBS), desorption (regeneration) methods for CBS, continuous countercurrent systems (CCS), comparison of chromatographic processes and CCS.

10. Freeze Drying (Lyophilisation). Introduction, benefits of freeze drying, freezing, freeze drying, rates of freeze drying, process equipment.

11.  Membranes and Mass Transfer. Introduction, fundamentals, principles of membrane processes, mass transfer in membranes, types of membranes .

12. Membrane Separation Processes. Types of membrane processes, preparation and membrane module construction, concentration polarisation and membrane fouling.

13. Crystallisation. Basic definitions, phase equilibrium, basic balances, formation of nuclei, kinetics of crystal growth, hydrodynamic properties of suspensions, control of crystal shape, product properties, methods of crystallisation, sublimation and desublimation.

14. Crystallisers. Classification of crystallisers, design of crystallisers.

Literature:

1. J. D. Seader, E. J. Henley: Separation Process Principles. Second Edition, John Wiley & Sons, New York (2006).
2. R. B. Bird, W. E. Stewart, E. N. Lightfoot: Transport Phenomena, Second Edition, John Wiley & Sons, New York (2007). 

3. N. M. Li, A. G. Fane, W. S. Winston Ho, T. Matsuura (Eds.): Advanced Membrane Technology and Applications, John Wiley & Sons, New Jersey (2008).

4. R. C. Reid, J. M. Prausnitz, B. E. Poling: The Properties of Gases & Liquids, 4th edition, McGraw-Hill, Boston (1987). 

5. D. M. Ruthven: Principles of Adsorption and Adsorption Processes, John Wiley & Sons, New York (1984). 

6. R. Taylor, R. Krishna: Multicomponent Mass Transfer, John Wiley & Sons, New York (1993). 

Subject Title: Pharmaceutical Microbiology

Semester: 3rd
Weekly load and assessment: 2/0/0, Exam

Credit: 3

Language: English

Course Provider: Department of Biochemistry and Microbiology

Annotation:
1. Biology of microorganisms. Introduction to pharmaceutical microbiology. Fundamental features of biological agents: bacteria, fungi, viruses, protozoa.

2. Basic principles of microbial pathogenicity and epidemiology.

3. Basic aspects of structure and function of the immune system. Vaccination and immunization.

4. Antimicrobial agents. Types of antibiotics and synthetic antimicrobial agents. Laboratory evaluation of antimicrobial agents. Mechanisms of action of antibiotic and synthetic anti-infective agents. Bacterial resistance to antibiotics. Clinical uses of antimicrobial drugs.

5. Microbial aspects of pharmaceutical processing. Microorganisms affecting pharmaceutical industry. Microbial spoilage, infection risk and contamination control. Chemical disinfectants, antiseptics and preservatives. Non-antibiotics antibacterial agents: mode of action and resistance. Sterile pharmaceutical products. Sterilization procedures and sterility. Manufacture of antibiotics. The manufacture and quality control of immunological products. Pharmaceutical biotechnology.

Literature:

1. Hugo and Russell’s Pharmaceutical Microbiology, 7th edition (2008) eds.S.P.Denyer, N.A.Hodges and S.P.Gorma, Blackwell Science,  ISBN 978-0-632-06467-0

Subject Title: Macromolecular chemistry

Semester: 1st
Weekly load and assessment: 2/1/0, Exam

Credit: 4
Language: English

Course Provider: Department of Polymers
Annotation:
1. Introduction and historical development, nomenclature of polymers

2. Structure of macromolecules, molecular weight

3. Molecular structure and properties of polymers

4. Polymerizability of low molecular substances

5. Free radical polymerization – elemental reactions

6. Kinetics of free radical polymerization

7. Free radical copolymerization

8. Ionic polymerization and copolymerization

9. Insertion polymerization, polymerization practice

10. Ring-opening polymerization 

11. Step-growth polymerization – characterization, reactivity of monomer functional groups

12. Polycondensation - mechanism and kinetics, molecular weight distributions

13. Polyadditions - typical syntheses
14. Reactions of polymers

Literature

1. Stevens M.P.: Polymer Chemistry – An Introduction. Oxford University Press, Inc., New York 1999. ISBN 0-8493-7384-0

2. Chanda M.: Introduction to Polymer Science and Chemistry. A Problem Solving Approach. CRC Press Boca Raton 2006. ISBN 0-19-51

Subject Title: Polymers for pharmaceutical applications

Semester: 3rd
Weekly load and assessment: 3/0/0, Exam

Credit: 5

Language: English

Course Provider: Department of Polymers

Annotation:
1. Introduction, basic terms in macromolecular chemistry, nomenclature of polymers.

2. Structure of macromolecules – constitution, configuration, conformation.

3. Molar mss of polymers, distribution of molar mass, methods used for the determination molar mass.

4. Thermal properties of polymers.

5. Solubility of polymers, polymer gels, hydrogels.

6. Rheology of polymer systems.

7. Evaluation of mechanical properties.

8. Polymer materials in pharmacy.

9. Polymers as wrapping materials, application possibilities.

10. Biodegradable polymers: synthetic, natural and modified natural.

11. Polymers as subsidiary substances in pharmacy.

12. Polymers for controlled drug delivery.

13. Use of polymers in controlled drug release.

14. Future trends of polymer materials in pharmaceutical applications.

Literature

1. Biopolymers for Medical and Pharmaceutical Applications, Volume 1, Steinbuckel A., Marchessault R.H., Wiley – VCH Verlag 2005.

Subject Title: Retrosynthesis

Semester: 3rd
Weekly load and assessment: 3/0/0, Exam

Credit: 5

Language: English

Course Provider: Department of Organic Chemistry

Annotation:
1. The disconnection approach. Basic principles.

2. Oxidation states of organic compounds. Linear and convergent synthesis.

3. One group C-X disconnections.

4. Two group C-X disconnections.

5. One group C-C disconnections: alcohols.

6. One group C-C disconnections: carbonyl compounds.

7. Alkene and alkyne synthesis.

8. Disconnection between sp2 and sp carbon atoms; palladium couplings; metathesis.

9. Two group disconnections. 1,3- and 1,5-difunctionalised compounds.

10. Two group disconnections. 1,2-, 1,4- and 1,6-difunctionalised compounds.

11. Strategy of ring synthesis. Baldwin's rules. 3-, 4- and 5-membered rings.

12. Six-membered rings.

13. Heterocycles.

14. Stereoselective synthesis.

Literature:

1. Warren S.: Organic synthesis - the disconnection approach, John Wiley, Cornwall 2002.

Subject Title: Calculations and visualization of molecules

Semester: 3rd
Weekly load and assessment: 1/2/0, Exam

Credit: 4

Language: English

Course Provider: Department of Organic Chemistry

Annotation:
1. Overview of commercial ((Gaussian, GaussView, Turbomol, Hyperchem, Spartan, Jaguar, etc.) and non-commercial (Gamess, PCGamess, Molekel, Molden, Mask, ArgusLab, etc.) computational and visualization programs. Computational methods (molecular mechanics, semiempirical, SCF ab initio, post-SCF (configurational interaction, MC SCF, Møller-Plesset perturbation method) and DFT methods.

2. Short overview of theoretical background of the computational methods, summary of the principle and approximations used for the MO-LCAO method. Variational principal, Hartree-Fock method, Roothaan-Hall equations, basis sets, fundamental principles of post-SCF methods including electron correlation, basic principals of DFT methods, pure and hybrid functionals.

3. Gaussian03W program, basic keywords, input of geometry of molecules using Z matrix. Program GaussView as an interface for Gaussian03W, molecule builder, input of commands for the Gaussian03W program. Choice of computational method and basis set depending on time available, molecule size and required accuracy.

4. Calculation of the energy of the molecule, optimization of the molecule geometry. Calculation of vibration frequencies for the saddle point evaluation, visualization of calculated infrared and Raman spectra, calculations of thermodynamic properties of molecules, zero point energy. Project 1 – optimization, frequency calculation, visualization of orbitals of simple inorganic or organic molecule.

5. Visualization of the results of calculations, canonical and localized orbitals using the GaussView program. NBO method, calculation and visualization of electrostatic potential, various methods for the calculations of charges on individual atoms. Search for the global minimum, ADMP and BOMP methods.

6. Calculations using post-SCF methods (configurational interactions, MC SCF, Møller-Plesset perturbation method), a choice of functional and appropriate basis set for DFT methods. Computations of NMR shielding and coupling constants using DFT methods, visualization of NMR spectra. Simulation of the reaction mechanisms, transition state search using traditional (Berny) and modern (QST2, QST3) methods.

7. IRC calculation, visualization of the reaction mechanism using GaussView program, export do standard graphic program (MovieMaker) with subsequent export to presentations (Powerpoint). Fixation of bond lengths, bond angles and torsion angles for reaction mechanism study and potential energy surfaces.

8. Compound methods (G1, G2, CBS-Q, CBS-4) for the calculations of exact thermochemical data, atomization energies, electron affinities, ionization potentials and proton affinities. Calculations of molecules in simulated solvents, SCRF methods (Onsager, PCM and SCF-PCM methods).

9. Multilayer methods (QM: MM, ONIOM) as methods for obtaining sufficiently accurate data for large systems. Project 2 – finding transition state of simple inorganic or organic reaction in simulated solvent, visualization of the reaction mechanism.

10. Calculations of periodic systems – linear polymers, 2D surfaces, 3D crystallographic structures, visualization of the results. Import of data from Cambridge Crystallographic Data Centre or crystallographic experiments, docking of the substrate in the enzyme. Project 3 – computation of the large systém using the ONIOM method or of polymer structure or docking of ligand in the enzyme.

11. Most common free-of-charge available computational programs, Gamess and PCGamess. Installation of PCGamess and its use, keywords, input of starting geometry using Z matrix. Free-of-charge programs for the molecule build: ChemSketch, ArgusLab and Mask, conversion program OpenBabel, their use for the input for PCGamess.

12. The use of PCGamess program for computations of localized molecular orbitals and reaction mechanisms (IRC). Different variants of orbital localization in PCGamess (Edmiston-Ruedenberg a Pipek-Mezey). Use of PCGamess in Project 1 (computation and visualization of localized orbitals) and Project 2 (computation and visualization of the reaction paths).

13. Freely available visualization programs Molekel, Molden, ArgusLab and Mask. Installation and use. Visualization of the results of calculations of localized molecular orbitals and reaction mechanisms, calculated by Gaussian03W or PCGamess programs using the above-mentioned programs. Export of animations into standard graphic programs (MovieMaker) and presentations. 

14. The use of program ArgusLab for the calculations of docking of substrate into the molecule of the enzyme. Import of crystallographic data of enzymes from Cambridge Crystallographic Data Centre. Visualization of the results using ArgusLab program. 

Subject Title: Supramolecular Chemistry

Semester: 3rd
Weekly load and assessment: 2/1/0, Exam

Credit: 4

Language: English

Course Provider: Department of Organic Chemistry

Annotation:
1. What is supramolecular chemistry? Introduction and basic definitions. Chemistry of crownethers – complexation of cationts

2. Noncovalent intermolecular interactions

3. Anion complexation

4. Binding of neutral molecules

5. Modular approach – the coordination chemistry of bipyridines

6. Calix[n]arenes and similar macrocycles

7. Cyclodextrins, cucurbiturils

8. Chemistry of fullerenes

9. Dendrimers

10. The evaluation of the complexation ability – complexation constants

11. Self-assembly

12. Topological isomers, nanomachines

13. Liquid crystals

14. Surfactants and interfacial ordering

Literature:

1. Steed J. W., Atwood J. L.: Supramolecular Chemistry, John Wiley & Sons, Chichester, 2000, Anglie, ISBN 0-471-98791-3

2. Beer P. D., Gale P. A., Smith D. K.: Supramolecular Chemistry, Oxford Chemistry Primers, Oxford University Press 1999, ISBN 0-19-850447-0

Subject Title: Toxicology for Chemists

Semester: 3rd
Weekly load and assessment: 2/0/0, Exam

Credit: 3

Language: English

Course Provider: Department of Organic Chemistry

Annotation:
1. Toxicology, toxicity, intoxication, poison. Definition of the terms; position of toxicology among other sciences, brief history.

2. Mechanisms of toxicity, the receptor theory, xenobiotics, their interactions with biologically important target molecules.

3. Fate of xenobiotics in the organism: absorption, distribution, biotransformation, excretion.

4. Biotransformation of xenobiotics and toxicity. Types of biotransformation reactions, detoxification, metabolic activation, biotransformation enzymes.

5. Toxic effects, acute versus chronic, local versus systemic; neurotoxicity, immunotoxicity, mutagenicity, carcinogenicity, target organ toxicity.

6. How to assess toxicity. Experiments in vitro and in vivo, computer models.

7. Searching the literature for toxic properties. Toxicological data (LD, LC, NOAEL, LOAEL, etc.) toxicological databases, Material Safety Data Sheets

8. Structure and effect. Toxic effect as one of the compound properties, its assessment (SAR), scope and limitations.

9. Biological monitoring. Indicators of the dose and of the effect. Metabolites, protein adducts, DNA adducts.

10. Experimental toxicology – chemical view (monitoring the fate of xenobiotics, studies on absorption, distribution, metabolism and excretion

11. Experimental toxicology – biological view. Monitoring changes of living organism after the absorption of xenobiotics.

12. Special classes of toxic compounds. Poisons of plant and animal origin, psychoactive compounds, warfare chemicals, ecotoxic compounds, biocides and pesticides.

13. Carcinogenic compounds, epigenetic carcinogens, possibilities of the assessment of carcinogenic potential based on the structure and biotransformation.

14. Risk assessment

Literature:

1. S.E. Manahan: Toxicological Chemistry, Lewis Publ. 1989

2. C.D. Klaasen, J.B. Watkins III: Casarett and Doull´s Essentials of Toxicology. McGraw-Hill 2003. (Mainly Unit 1, Chapter 2 and 4, Unit 2, Unit 3, Chapter 8, Unit 6, Unit 7,Chapter 31 and 33).

Subject Title: Bioactive Compounds

Semester: 3rd
Weekly load and assessment: 3/0/0, Exam

Credit: 5

Language: English

Course Provider: Department of Chemistry of Natural Substances
Annotation:
1. History of the subject, basic terms. Pharmacognosy and chemosystematics.

2. Cellular and molecular targets of biological activity.

3. Polysacharides: fibers, gums, mucillages and pectins. Plants: Acacia sp., Astragallus gummifer, Ceratonia siliqua, Psilium sp., Agar agar.
4. Specifically active proteins: enzymes, lectins, protein sweeteners. Plants: Carica papaya, Canavalia ensiformis, Ricinus communis, Abrus precatorius, Thaumatococcus sp.

5. Alkaloids I: generalities, taxonomical occurance, protoalkaloids.

6. Alkaloids II: selected types of alkaloids and their biological activities. Plants: Atropa belladona, Erythroxylon cocca, Nicotiana sp., Areca catechu, Conium maculatum,Papaver somniferum, Cataranthus roseus, Strychnos nux-vomica, Physostigma venenosum

7. Alkaloids III: ergot alkaloids, pseudoalkaloids, purine alkaloids. Plants: Claviceps purpurea, Aconitum sp. Veratrum sp., Coffea arabice, Camelia sinensis, Theobroma cacao, Ilex paraguayensis.
8. Glycosylation. Specific examples of bioactive glycosides: Cardiac glycosides, saponins, glucosinolates, cyanogenic glycosides. Plants: Digitalis sp, Drimia maritima, Glycyrrhiza glabra, Aesculus hippocastanum, Hedera helix, Brassica sp., Manihot esculenta.

9. Phenolics I: Generalities. Phenolic acids and their esters, coumarins. Plants: Myroxylon balsamum, Rosmarinus officinalis, salix sp., Meliotus officinalis, Heracleum sp.

10. Phenolics II: Flavonoids and lignans. Phytoestrogens. Plants: Silybum marianum, Fagopyrum esculentum, Glycine max., Trifolium sp, Linum usitatisimum.
11. Phenolics III. Tannins. Quinones and floroglucinols. Plants: Quercus sp., Juglans regia, Lawsonia inermis, Cassia sp., Rhamnus frangula, Humulus lupulus, Cannabis sp.

12. Terpenoids I: Monoterpenes and essential oils. Toxic diterpenes. Plants: Lavandula sp., Mentha sp., Thymus sp, Carum carvi, Citrus aurantium, Taxus sp., Croton sp., Daphne mezerum

13. Terpenoids II: Triterpenoids, steroids and carotenoids. Vitamin A and retinoids. Plants: Betula sp., Cucurbita sp., Capsicum annuum, Crocus sp.
14. Excursion (Botany Garden).

Literature:
1. Jean Bruneton: Pharmacognosy. Lavoisier Publishing Inc., Paris, 1999, reprint 2001. ISBN: 1-898298-63-7.
2. Paul M. Dewick: Medicinal Natural Products – A Biosynthetic Approach. John Wiley & Sons Ltd., Chichester, England. 2002. ISBN 0471 49641 3.
3. Joanne Barnes, Linda A. Anderson, J. David Philipson: Herbal Medicines. Pharmaceutical Press, London, UK 2007. ISBN 978 0 85369 623 0

Subject Title: Glass and Ceramic materials for medicine and pharmaceutical industry

Semester: 3rd
Weekly load and assessment: 3/0/0, Exam

Credit: 5

Language: English

Course Provider: Department of Glass and Ceramics 

Annotation:
1. Glass, ceramics, glass-ceramics – basic definitions and structure

2. Fundamentals of technology of inorganic non-metallic materials (INM)

3. Comparison of properties of INM, metallic and polymeric materials

4. Fundamental physico-chemical processes occurring during preparation and application of INM (diffusion, heat conduction, convection and radiation, sintering, dissolution, crystallization)
5. Glasses for pharmaceutical laboratories and containers

6. Bioinert materials

7. Bioactive and bioresorbable materials

8. Interaction of glass and ceramics with aqueous solutions (models of congruent and incongruent dissolution, crystallization from supersaturated solutions)

9. Functional layers for glass and ceramics, glassy layers on metals (layers increasing chemical durability, bioactive layers, antibacterial layers)

Literature:

1. Mann S.: Biomineralization. Principles and Concepts in Bioinorganic Chemistry. Oxford University Press 2001

2. Cauley R.A.: Corrosion of Ceramics. Marcel Dekker, Inc. New York 1995

3. Helebrant A.: Kinetics of glass corrosion. Ceramics-Silikáty 41, 147-151 (1997)

Subject Title: Bioorganic Chemistry

Semester: 2nd
Weekly load and assessment: 3/0/0, Exam

Credit: 5

Language: English

Course Provider: Department of Organic Chemistry

Annotation:
1. Introduction: basic principles of molecular interactions in chemistry and biology, short introduction to cellular biology.

2. Structure and functions of nucleic acids: structures of DNA and RNA, genetic information, other functions of RNA, triplexes and quadruplexes, complexes of nucleic acids with proteins, binding of small molecules, DNA damage.

3. Biosynthesis and metabolism of nucleic acids and their components: biosynthesis of DNA (replication) and RNA (transcription) and their further modifications, catabolism of nucleic acids, biosynthesis and catabolism of nucleobases, nucleosides and nucleotides.

4. Chemical and enzymatic syntheses of nucleic acids and their components: chemical synthesis and modifications of nucleobases, nucleosides and nucleotides, chemical synthesis of oligonucleotides on solid-support, biocatalytical synthesis and construction of oligonucleotides and nucleic acids (primer extension, PCR).

5. Structure and functions of proteins: structures of proteins (primary to quaternary), conformations, conjugates (glyco-, phospho-, metalloproteins etc.), isolation and analysis of proteins, structure and function of peptides.

6. Biosynthesis and metabolism of proteins: biosyntheses and metabolism of amino acids, biosynthesis of proteins (translation), posttranslation modifications, cleavage and catabolism of proteins, protein engineering, regulation of gene expression.

7. Chemical and biotechnological syntheses of peptides and proteins: chemical syntheses of peptides in solution and on solid support, protecting and activating groups, combination of chemical and enzymatic approaches, recombinant method, peptidomimetics, combinatorial approaches.

8. Enzymes and mechanisms of enzymatic reactions: enzymes, cofactors, mechanisms and regulation of enzymatic reactions, thermodynamics and kinetics of enzymatic reactions, inhibition.

9. Biocatalytical and biotechnological methods in organic synthesis: use of enzymes, antibodies and whole microorganisms and cell cultures in organic synthesis, enzyme engineering and biotechnology.

10. Carbohydrates: structure and functions of carbohydrates and oligosaccharides, metabolism and basic principles in chemical syntheses of oligosaccharides and glycosides, saccharide code, synthetic vaccines.

11. Membranes and regulation processes: structures and functions of biomembranes, transports of ions and molecules through membranes, regulation processes - hormones, receptors and signal transduction cascades.

12. Biosynthesis and metabolism of other classes of natural compounds: metabolism of lipids, terpenoids, alkaloids, polyketides etc., biomimetic total syntheses of natural compounds.

13. Chemical biology: use of chemical means in studying and modulation of biological processes, structural analogues of biomolecules (antimetabolites), chemical genetics, construction of artificial bioanalogous systems, principles of “in vitro selection”.

14. Basic principles of modern methods of biochemistry and molecular biology: chemical principles and insight into production, isolation and analysis of nucleic acids and proteins, sequencing, blotting, PCR etc. 

Subject Title: Introduction to Logistics

Semester: 3rd
Weekly load and assessment: 2/2/0, Exam

Credit: 5

Language: English

Course Provider: Department of Economics and Management of Chemical and Food Industries

Annotation:
1. Logistics: systems, chains

2. Logistics goals, Customer service

3. Logistics: activities, costs and capital expenses

4. Structure of the purchasing process, types of purchasing situations

5. Economic Order Quantity (EOQ) model: lead time

6. Manufacturing process management: batch size, manufacturing cycle

7. Principles of production planning and management

8. Push and pull manufacturing systems

9. Distribution chain: role of distribution in logistics systems

10. Distribution chain structure: basic distribution strategies

11. Transportation packaging: pallets, containers 

12. Storage systems: technology, management, stock management

13. Transportation systems, selecting optimal transportation method

14. Plant logistics

Literature:

1. R. H. Ballou: Business Logistics Management, Prentice Hall 1999 

Subject Title: Basic Marketing of Chemical Products

Semester: 3rd
Weekly load and assessment: 2/0/0, Exam

Credit: 3
Language: English

Course Provider: Department of Economics and Management of Chemical and Food Industries
Annotation:
1. The role of marketing in organisations. Marketing Concept.

2. Marketing environment - consumers, competition, intermediaries. Technological, cultural, societal, economic trends in macroenvironment.

3. Consumer behaviour.

4. Industrial (Business) markets buying behaviour.

5. Market segmentation. Targeting.

6. Product positioning. Quality, packaging, services.

7. Product development and testing.

8. Pricing.

9. Distribution channels for chemical products.

10. Marketing communication. Public relations.

11. Customer relationship management.

12. Personal selling.

13. Market Intelligence and Marketing Research for chemical products.
Literature:

1. Mahin P.: Business to Business Marketing. Allyn and Bacon, 1991.
Follow-up Master’s study at the Faculty of Food and Biochemical Technology
Study programme: Drug Synthesis and Manufacture
Field of study: Drug Biotechnology
Characteristics of the field of study:

This field embraces a complete set of biological and engineering disciplines followed up by specialized technological subjects that allow for overall understanding of processes applied in the pharmaceutical industry. The key subjects, which characterize the biological aspect (biological factor) of these processes, include Biochemistry II, Microbiology for Pharmacists, Molecule Genetics, Gene Engineering, etc. Problems relating to engineering and control are embraced in the subjects Bioengineering, Molecule Isolation and Separation, Bioanalytical Methods, Correct Laboratory/Production Practice, etc. In each semester, a large part of teaching is devoted to independent experimental work. The provided subjects allow for more narrow specialization in the field of research, development and control, or in the management of biotechnological processes in the pharmaceutical industry.

Graduate profile:

Graduates from this field of Master’s study pursue careers as highly qualified experts in research and development of biotechnological processes, or as specialists and technical workers in the management and control of biotechnological processes in pharmaceutical companies. They may also work in the pharmaceutical industry, primarily as (bio) technologists, workers of analytical laboratories charged with quality control, and also in departments focused on trade with pharmaceutically effective substances. They may also find jobs in the production of special biochemicals, and in the development and manufacture of special materials.

Study year: 1

Winter semester
	Code
	Name of Subject
	Dpt.
	Lec.
	Sem.
	Lab
	Assessment
	Credits

	Compulsory subjects

	N111047
	Pharmacology
	111
	3
	0
	0
	Exam
	5

	N319008
	Bioengineering I
	319
	2
	0
	0
	Exam
	3

	N319037
	Biotechnology: Laboratory I
	319
	0
	0
	10
	Credit
	7

	N323045
	Analysis of Bioactive Compounds
	323
	3
	0
	0
	Exam
	5

	Optional subjects 1 a 2

	N342007
	Isolation and Separation of Molecules
	342
	2
	1
	0
	Exam
	4

	N319007
	Molecular Biology
	319
	3
	0
	0
	Exam
	5

	N320052
	Hygienic-clinical Microbiology
	320
	2
	0
	0
	Exam
	3


Summer semester

	Code
	Name of Subject
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory subjects

	N110001
	Pharmacochemistry
	110
	3
	0
	0
	Exam
	5

	N108023
	Drug Forms
	108
	3
	0
	0
	Exam
	5

	N319034
	Biotechnological Applications of Microorganisms
	319
	2
	0
	0
	Exam
	3

	N319038
	Drug Biotechnology: Laboratory II
	319
	0
	0
	10
	Credit
	7

	Optional subjects 3 a 4

	N323046
	Analysis of Bioactive Compounds: Laboratory
	323
	0
	0
	4
	Credit
	3

	N342009
	Bioactive compounds
	342
	3
	0
	0
	Exam
	5

	N320006
	Bio-analytical Methods
	320
	2
	0
	0
	Exam
	3

	N319011
	Biochemistry of Secondary metabolites
	319
	2
	1
	0
	Exam
	4


Study year: 2

Winter semester
	Code
	Name of Subject
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory subjects

	N319035
	Biotechnology in Pharmaceutical Manufacture
	319
	2
	1
	0
	Exam
	4

	N320067
	Bio-drugs
	320
	2
	0
	0
	Exam
	3

	N320051
	Gene Engineering
	320
	2
	0
	0
	Exam
	3

	N319039
	Biotechnology of Drugs: Laboratory III
	319
	0
	0
	12
	Credit
	8

	Optional subjects 5 a 6

	N111051
	Pharmacoeconomics and Drug Development Economics
	111
	3
	0
	0
	Exam
	5

	N320011
	Clinical Biochemistry
	320
	2
	0
	0
	Exam
	3

	N320030
	Industrial Microbiology and Gene Engineering
	320
	2
	0
	0
	Exam
	3


Summer semester

	Code
	Name of Subject
	Dpt.
	Lec.
	Sem.
	Lab.
	Assessment
	Credits

	Compulsory subjects

	N963008
	Master thesis
	963
	0
	0
	27
	Credit
	27

	N963009
	Writing master thesis
	963
	0
	3
	0
	Credit
	3


