
1. COURSE DECRIPTION – GENERAL INFORMATION
1.1. Course teacher Ana Mornar Turk, associated professor
1.2. Associate teachers Miranda Sertić, assistant professor
1.3. Graduate programme pharmacy
1.4. Status of the course elective
1.5. Year of study, Semester 4th year
1.6. Credit value (ECTS) 2.5
1.7. Type of instruction (number of hours

L+E+S+e-learning)
15+0+15

1.8. Expected enrolment in the course 60
1.9. Level of use of e-learning (1, 2, 3 level),

percentage of instruction in the course
on line (20% maximum)

2.

2. COURSE DESCRIPTION

2.1. Course objectives

Student will be introduced in fundamentals of sample preparation techniques: solid-
phase extraction and head space sampling. Analytical techniques used in ADME
(adsorption, distribution, metabolism and elimination) investigation will be defined
and compared. Student will be introduced in fundamentals of chiral chromatography
and bioanalytical methods. Student will understand development of stability
indicating high performance liquid chromatographic (HPLC) methods. Student will be
introduced in implementation of capillary electrophoresis in analytics of active
pharmaceutical ingredients and medicinal products.

2.2. Enrolment requirements and required
entry competences for the course

Pharmaceutical analysis – course attended
Required entry competences: liquid and gas chromatography, mass spectrometry,
basics of capillary electrophoresis

2.3. Learning outcomes at the level of the
study programme to which the course
contributes

* Proposing procedures related to the analysis and quality control of
pharmaceuticals.
* Applying analytical methods to ensure the quality of medicines in accordance with
good laboratory practice and the relevant European directives.

2.4. Expected learning outcomes at the level
of the course (4-10 learning outcomes)

After passing final exam student will be able to:
1. describe and propose the sample preparation procedure for analyzing

formulated pharmaceutical products and biosamples
2. develop stability indicating HPLC methods
3. define and explain application of capillary electrophoresis in development

and quality control of pharmaceuticals
4. apply analytical methods for ADME investigation of active pharmaceutical

ingredients
5. develop bioanalitical methods
6. define and explain analytical techniques used in quality control of

biopharmaceuticals (proteins and peptids)
7. define and explain chiral HPLC method used in quality control of active

pharmaceutical ingredients, impurities' investigation and drug metabolite
profiling

2.5. Course content broken down in detail
by weekly class schedule (syllabus)

LECTURES:
 Sample preparation techniques (Head Space Sampler – HSS, Solid Phase

Extraction – SPE i Solid Phase Microextraction – SPME).
 ADME investigation of active pharmaceutical ingredients.
 Bioanalytical methods and their application in pharmacokinetics.
 Chiral high performance liquid chromatography.
 Development of stability indicating HPLC methods.
 Analytical techniques (LC/MSn) used in quality control of biopharmaceuticals

(peptids and proteins).
 Capillary electrphoresis in development of pharmaceuticals.

ANALYTICS OF THE DEVELOPMENT OF
PHARMACEUTICAL PRODUCTS



LABORATORY EXCERCISES:
 Determination of methanol content in liquid pharmaceutical products by

headspace sampling and gas chromatography (HSS-GC-FID).
 Determination of mitotan and its main metabolites in plasma samples by solid

phase extraction and high performance liquid chromatography (SPE-HPLC).
 Investigation of atorvastatin's impurities by high performance liquid

chromatography and tandem mass spectrometry (LC/MSn).
 Simultaneous analysis of statins by capillary electrophoresis in pharmaceuticals.

2.6. Type of instruction

lectures
seminars
workshops
exercises
online in entirety
mixedm-learning

field work
independent study
multimedia and the internet
laboratory
work with the mentor
(other)

2.7. Student responsibilities
Lectures and laboratory work attendance and taking written exam.

2.8. Screening of student’s work (specify
the proportion of ECTS credits for each
activity so that the total number of CTS
credits is equal to the credit value of
the course)

Class attendance 0.5 Seminar essay
Experimental work 0.5 Oral exam
Essay Project
Tests Practical training
Written exam 1.5 (Other--describe)
Research (Other--describe)
Report (Other--describe)

2.9. Grading and evaluation of student
work over the course of instruction
and at a final exam

Written exam

2.10. Required literature (available at the
library and via other media)

Title Number of
copies at the

library

Availability via
other media

A. Mornar, M. Sertić i B. Nigović: Analitika u
razvoju farmaceutskih proizvoda – praktikum.
Faculty of Pharmacy and Biochemistry University
of Zagreb, Zagreb, Croatia 2013

5

2.11. Optional literature

2.12. Methods of monitoring quality that
ensure acquisition of exit
competences

Outcomes 1-7 are checked by written exam.

2.13. Comments



1. COURSE DECRIPTION – GENERAL INFORMATION
1.1. Course teacher Assoc. Prof.  Maja Šegvić Klarić, PhD
1.2. Associate teachers Assoc. Prof.  Ivan Kosalec, PhD
1.3. Graduate programme Pharmacy integrated study programme
1.4. Status of the course Elective
1.5. Year of study, Semester 4th year, VII semester
1.6. Credit value (ECTS) 2.5
1.7. Type of instruction (number of hours

L+E+S+e-learning)
20+0+10+0

1.8. Expected enrolment in the course 30 students
1.9. Level of use of e-learning (1, 2, 3 level),

percentage of instruction in the course
on line (20% maximum)

2nd level of e-learning (not included in standard hours, but it is used in teaching)

2. COURSE DESCRIPTION

2.1. Course objectives

The student will learn: the application of microbes in the pharmaceutical industry and
biotechnology, the food industry and ecology; the properties of antimicrobial agents
and vaccines, methods for the production of antibiotics, vaccines, human proteins
and enzymes using microbes as well as control of sterility and quality control of such
products; microbiological control in the pharmaceutical industry (GMP); microbial
indicators of fecal contamination of drinking water and water used for
pharmaceutical products; the microbes and their products that represent biological
or chemical hazard in food and food supplements.

2.2. Enrolment requirements and required
entry competences for the course

Enrolled 7th semester, the attended Molecular Biology with Genetic Engineering,
passed exam of of the course Microbiology and Parasitology

2.3. Learning outcomes at the level of the
study programme to which the course
contributes

 The use of expertise and capabilities in the development, production,
analysis and quality control of pharmaceutical products.

 Information and consulting patients about prevention of infectious diseases,
antimicrobial therapy and rational use of antibiotics.

2.4. Expected learning outcomes at the level
of the course (4-10 learning outcomes)

At the end of the course students will be able to:
1. List microbes applied in the production of antibiotics, vaccines, enzymes and

human proteins;
2. Describe the production processes of pharmaceutical products which are

produced by microbes;
3. Relate the specific stages of the production of pharmaceutical products with

the processes of quality control and safety of such products;
4. Determine microbiological control points in the pharmaceutical industry

(GMP);
5. Analyze validity of sterilization procedures;
6. Analyze the effectiveness and content of antibiotics in the pharmaceutical

product microbiological methods;
7. Identify indicators of faecal contamination of water as well as microbes and

their products which are biological or chemical hazard in food and/or food
supplements.

2.5. Course content broken down in detail
by weekly class schedule (syllabus)

LECTURES:
 Introduction to Applied Microbiology; development of microbiology at

different discipline (pharmaceutical, industrial, sanitary, agricultural,
microbial ecology). Taxonomy of microbes according to their application.

 Antimicrobial drugs: classification, producers, mechanism of action,
resistance mechanisms, biosynthetic processes, production, application.

 Vaccines, immunization and production of immunological products: types of
vaccines, routine vaccination, vaccination of risk groups, the development of
new vaccines, production of vaccines, serum immunoglobulin and
preparations for diagnostics, in vivo quality control of immunological

APPLIED MICROBIOLOGY



products.
 Microbes in the pharmaceutical biotechnology: recombinant insulin,

somatostatin, somatotropin, vaccines, antibiotics. The production of amino
acids, enzymes, proteins, polysaccharides, and a microbial pesticide.

 Microbial control in the pharmaceutical industry (GMP).
 Disinfection and sterilization: effectiveness and application of disinfectants

and preservatives, sterilization methods and control of sterilization
procedure, pyrogens and their removal.

 Microbiological tests in the Pharmacopoeia: microbiological quality of non-
sterile pharmaceutical products, demand for the absence of certain
microbes, control of preservative effectiveness.

 Microbiological methods and antibiotics; determine antibiotic activity-
antagonistic microbes; methods of determining the concentration of
antibiotics in the pharmaceutical product.

 Sanitary microbiology: indicators of faecal contamination of water, food
spoilage, bacterial and fungal toxins.

SEMINARS:
 Microbial control in the pharmaceutical industry: the microbiological control

of water and air. Challenge test for preservatives.
 Determination of antibiotic concentration in pharmaceuticals by diffusion

method
 Qualitative and quantitative methods for the detection of bacteria, which

are indicators of faecal contamination of water.
 The use of bacteriophages: treatment of bacterial infections, bioreporters

and biocontrollers.
 Microbes in bioremediation: examples of participation microbes to break

down organic chlorine compounds, oil pollution, PAH compounds,
pesticides, heavy metals and radioactive waste.

 Misuse of microbes: microbes as biological weapons.

2.6. Type of instruction

lectures
seminars

workshops
exercises
online in entirety
mixed e-learning
mixedm-learning

field work
independent study
multimedia and the internet
work with the mentor
(other)

2.7.  Student responsibilities
Students are obligate to attend the lectures and seminars and to actively participate
in the course activity.

2.8. Screening of student’s work (specify
the proportion of ECTS credits for each
activity so that the total number of CTS
credits is equal to the credit value of
the course)

Class attendance 0.5 Seminar essay 0.5
Experimental work Oral exam 1
Essay Project
Tests Practical training
Written exam (Other--describe)
Research (Other--describe)
Report (Other--describe)

2.9.  Grading and evaluation of student
work over the course of instruction
and at a final exam

In grading and evaluation of student work class attendance and active participation in
the course activity and results of oral exam are taken into account.

2.10.  Required literature (available at the
library and via other media)

Title Number of
copies at the

library

Availability via
other media

Hugo and Russell: Pharmaceutical Microbiology
8th Edition, Blackwell Publishing, 2011. eBook-PDF

European Pharmacopoeia 8th Ed, EDQM, 1



Strasbourg
Denyer and Baird. Guide to Microbiological
Control in Pharmaceuticals and Medical Devices
2nd Edition, CRS Press, Taylor & Francis Froup,
2007.

eBook-PDF

2.11.  Optional literature J. Šušković, B. Kos: Mikrobiološke metode za određivanje antibiotika, U: Metode u
molekularnoj biologiji , A. Ambriović Ristov ur.,  Institut Ruđer Bošković, Zagreb,
2008.
e-articles are provided by e-learning system.

2.12. Methods of monitoring quality that
ensure acquisition of exit
competences

Learning outcomes 1-7 are evaluated by oral exam.

2.13. Comments



1. COURSE DECRIPTION – GENERAL INFORMATION
1.1. Course teacher Assistant Professor Ivan Pepić, PhD
1.2. Associate teachers Practice associates
1.3. Graduate programme Pharmacy
1.4. Status of the course Elective course
1.5. Year of study, Semester 5th year, 9th semester
1.6. Credit value (ECTS)
1.7. Type of instruction (number of hours

L+E+S+e-learning)
13+0+7+0

1.8. Expected enrolment in the course 50
1.9. Level of use of e-learning (1, 2, 3 level),

percentage of instruction in the course
on line (20% maximum)

2nd level

2. COURSE DESCRIPTION

2.1. Course objectives

Students will be able to explain the basic principles of retail pharmacy and wholesale
markets. Students will be able to explain of basic structure of revenues (e.g.,
prescription and non-prescription revenue; dispensing fees, revenues from additional
services and insurance) and expenses (e.g., payroll expenses; expenses for rent,
utilities, licences fees, insurance and other overhead) of pharmacies classified in the
pharmacies and pharmacy chains. Students will learn how to calculate the price at
wholesale (manufacturer price, wholesale acquisition cost) and retail pharmacy
(maximum allowable price; gross margins; dispensing fee added to the price) level.
Students will be able to define and explain the external (business conditions which
are determined by national policy as well as various para-fiscal charges) and internal
(business conditions which are determined by pharmacy business strategy - payment
terms, rebates, bulk order discounts, allowance, cash and early payment discounts)
determinants of pharmacy business. Students will be able to design an annual
business plan. Students will learn how to control purchase orders and how to assess
accurate inventory management. Students will be able to explain the basics of
modern pharmacy marketing in terms of appearance, arrangement, assortment and
product positioning.

2.2. Enrolment requirements and required
entry competences for the course

Enrolled 9th semester.

2.3. Learning outcomes at the level of the
study programme to which the course
contributes

1. Efficiently implement financial, marketing and organisational principles
important for autonomous work and teamwork; participate in and supervise the
distribution of pharmaceuticals; plan and implement pharmaceutical care.

2. Demonstrate autonomy in organisation, coordination and management, as well
as in the development of strategies and business plans relevant to the
profession.

2.4. Expected learning outcomes at the level
of the course (4-10 learning outcomes)

After completing the course students will be able to:
1. Explain the structure of revenues and expenses in pharmacy business.
2. Analyze the retail pharmacy and wholesale market conditions.
3. Explain the basic principles of price calculation at wholesale and retail pharmacy

level.
4. Explain the wholesalers´ pricing and discount models to pharmacies.
5. Explain the basic principles of accurate inventory management and purchase

order control.
6. Analyze the advantage of additional incentives offered by suppliers in ensuring

sustainable pharmacy business.
7. Explain the financial statements and projections that are usually included in

retail pharmacy business plan.
2.5. Course content broken down in detail

by weekly class schedule (syllabus)
Lectures:

 Basic structure and organization in retail pharmacies (2L)

BASICS OF PHARMACY BUSINESS



 Basic structure of revenue and expense in retail pharmacy (2L)
 Market conditions in retail pharmacy (2L)
 Wholesalers´ pricing and discount models to pharmacies (1L)
 Relationships between pharmacies and wholesalers (1L)
 Pharmacy retail pricing (1L)
 Proper inventory management in retail pharmacy (1L)
 Drafting a one-year retail pharmacy business plan (1L)
 Pharmacy marketing (2L)

Seminars:
 Wholesale price calculation (1S)
 Negotiation on wholesalers-pharmacy relation (1S)
 Retail pharmacy price calculation (1S)
 Procedures of monitoring retail pharmacy inventory turns (1S)
 Core components of a typical business plan considering pharmacy and pharmacy

chains (1S)
 Invoicing of prescription and remittances to Croatian Health Insurance Fund (1S)
 The use of information systems in retail pharmacy (1S)

2.6. Type of instruction

lectures
seminars

workshops
exercises
online in entirety
mixed e-learning
mixedm-learning

field work
independent study
multimedia and the internet
work with the mentor
(other)

2.7. Student responsibilities
Regular attendance of lectures and seminars.

2.8. Screening of student’s work (specify
the proportion of ECTS credits for each
activity so that the total number of CTS
credits is equal to the credit value of
the course)

Class attendance Seminar essay
Experimental work Oral exam
Essay Project
Tests Practical training
Written exam (Other--describe)
Research (Other--describe)
Report (Other--describe)

2.9. Grading and evaluation of student
work over the course of instruction
and at a final exam

Written final exam.

2.10. Required literature (available at the
library and via other media)

Title Number of
copies at the

library

Availability via
other media

PDFs of lectures and seminars. Merlin e-
learning system

2.11. Optional literature Maja Vehovec et al. (2014) About health from an economic perspective. Institute of
Economics, Zagreb.

2.12. Methods of monitoring quality that
ensure acquisition of exit
competences

Assessment of learning outcomes through final examination. Analysis of assessment
results to improve the quality of teaching.

2.13. Comments



1. COURSE DESCRIPTION – GENERAL INFORMATION
1.1. Course teacher Assistant Professor Mirza Bojić, PhD
1.2. Associate teachers Hrvoje Rimac, MPharm
1.3. Graduate programme Integrated
1.4. Status of the course Elective
1.5. Year of study, Semester 5th year, 9th semestar
1.6. Credit value (ECTS) 2.5
1.7. Type of instruction (number of hours

L+E+S+e-learning)
15+0+15

1.8. Expected enrolment in the course 20
1.9. Level of use of e-learning (1, 2, 3 level),

percentage of instruction in the course
on line (20% maximum)

2

2. COURSE DESCRIPTION

2.1. Course objectives

Students will get to know biochemical mechanism of toxicity of endobiotics and
xenobiotics with special emphasis on enzymes, enzymatic and transport systems, and
reactive species that are involved in toxicity.

2.2. Enrolment requirements and required
entry competences for the course

Enrolment requirements: audited Biochemistry of Drugs

2.3. Learning outcomes at the level of the
study programme to which the course
contributes

• Assess metabolism and enzymes involved in metabolism of drugs based on their
structural features
• Relate the mechanism of action and side effects to the metabolism of drugs
• Apply knowledge and competences in advising about mode of action, side effects
and interactions of drugs

2.4. Expected learning outcomes at the level
of the course (4-10 learning outcomes)

After completing the course students will be able to
1. List major xenobiotics whose metabolism is basis of their toxicity
2. State major reactions, enzymes, transporters and mechanism if/how they
contribute to the toxicity
3. Explain how polymorphism of enzymes and transporters contributes to the side
effects of drugs and other xenobiotics
4. Understand the role of reactive oxygen and nitrogen species in reactions of
biotransformation
5. Describe the role of endogenous and exogenous antioxidants

2.5. Course content broken down in detail
by weekly class schedule (syllabus)

LECTURES:
• Toxicity of xenobiotics as a consequence of metabolic reactions; idiosyncratic drug
reactions
• Reactions, enzymes, transporters and their involvement to the toxicity
• Genetic polymorphism
• Metabolic activation, toxicophores and models of toxicity
• Free radicals in reactions of biotransformation (examples and mechanism of toxicity
of selected drugs and other xenobiotics)
• Antioxidant system of defence – the role of endogenous and exogenous
antioxidants
• Reactive oxygen and nitrogen species in reactions of biotransformation
SEMINARS:
Individual seminars on
• Pathogenesis and prophylaxis of diseases that are attributed to the generation of
free radicals and other reactive species
• Examples of toxicity of drugs and other xenobiotics that is mediated by
biotransformation reactions
EXPERIMENTAL-INDEPENDENT STUDY:
Interactions and assessment of drug toxicity on the level of cytochromes P450

BIOCHEMICAL BASIS OF TOXICITY OF ENDOBIOTICS
AND XENOBIOTICS



2.6. Type of instruction

lectures
seminars
research
independent study

2.7. Student responsibilities
Attendance and active participation in classes. Writing and presenting a seminar.
Individual study on assessment of clinical significance of in vitro dana that includes
experimental part.

2.8. Screening of student’s work (specify
the proportion of ECTS credits for each
activity so that the total number of CTS
credits is equal to the credit value of
the course)

Class attendance 0,5 Seminar essay 0,5
Experimental work 0,5 Oral exam 0,5
Essay Project 0,5
Tests Practical training
Written exam (Other--describe)
Research (Other--describe)
Report (Other--describe)

2.9. Grading and evaluation of student
work over the course of instruction
and at a final exam

Seminar includes written part, oral presentation and discussion (25% grade ea).
Individual study contributes to 25% of the grade.
If student is not satisfied with a grade, one can take written and oral exam (60+40%
of the grade).

2.10. Required literature (available at the
library and via other media)

Title Number of
copies at the

library

Availability via
other media

Bernard Testa and Stefanie D. Krämer The
Biochemistry of Drug Metabolism. Wilay-VCH,
2010

3

Pavel Anzenbacher and Ulrich M. Zanger
(urednici), Metabolism of Drugs and Other
Xenobiotics,Wiley-VCH, 2012

3

Slobodan Rendić and Marica Medić-Šarić,
Metabolizam lijekova i odabranih ksenobiotika,
Medicinska naklada, 2012

30

Andrew Parkinson, Brian W. Ogilvie, David B.
Buckley, Faraz Kazmi, Maciej Czerwinski and
Oliver Parkinson. Chapter 6: Biotransformation
of Xenobiotics. In: Casarett & Doull’s Toxicology,
The Basic Science of Poisons, 8th edition, Curtis
Klaassen (ed.)

Available from
Xenotech
(https://www.x
enotech.com/zc
ontent-
tree/chapter-6)

2.11. Optional literature

2.12. Methods of monitoring quality that
ensure acquisition of exit
competences

Learning outcomes 1 to 3 are assessed through written seminars. Outcomes 4 and 5
are assessed through seminar presentation and discussion.

2.13. Comments



1. COURSE DECRIPTION – GENERAL INFORMATION

1.1. Course teacher Prof Karmela Barišić
Prof Lada Rumora

1.2. Associate teachers
Assistant Prof Marija Grdić Rajković
Anita Somborac Bačura, PhD
Andrea Hulina, mag. med. biochem.

1.3. Graduate programme Medical Biochemistry
1.4. Status of the course compulsory
1.5. Year of study, Semester 2, 4
1.6. Credit value (ECTS) 10.5
1.7. Type of instruction (number of hours

L+E+S+e-learning)
60 + 45 + 15

1.8. Expected enrolment in the course 30
1.9. Level of use of e-learning (1, 2, 3 level),

percentage of instruction in the course
on line (20% maximum)

2

2. COURSE DESCRIPTION

2.1. Course objectives

Student will acquire fundamental knowledge necessary to understand molecular
logics of biochemical processes in living organisms; recognise dynamics in the
synthesis and degradation of the natural biomacromolecules: proteins,
polysaccharides, lipids and nucleic acids, and will be able to analyse and identify
important factors that are influencing dynamics, control and regulation of cellular
metabolism. Biochemical knowledge and skills acquired are compulsory basis for the
further studies, especially in clinical biochemistry, haematology, pharmacology,
biochemistry of drug metabolism, nutrition, molecular biology and genetic
engineering, molecular diagnostics, identify molecular basis of diseases and therapy
and other lessons dealing with metabolism of endogenic macromolecules, drugs and
other xenobiotic in health and disease.

2.2. Enrolment requirements and required
entry competences for the course

Enrolment requirements: completed study course Biological Chemistry

2.3. Learning outcomes at the level of the
study programme to which the course
contributes

1. Students will be able to apply fundamental biochemical knowledge to explain,
analyse and evaluate procedures related to the research, development and quality
control of diagnostic reagents and diagnostic methods in general.
2. Implementation of the optimal solutions for practical and everyday problems in
monitoring progress of the disease or drug therapy (research and application of new
laboratory diagnostic procedures for therapeutic drug monitoring).
3. Critical evaluation and application of the scientific data and expert knowledge for
the problem solving in biochemical systems.

2.4. Expected learning outcomes at the level
of the course (4-10 learning outcomes)

1. Apply expert knowledge of biochemistry, chemistry and biology in
biochemical problem solving.

2. Describe and apply basic biochemical principles for relating structure and
function of the protein macromolecules.

3. Determine key enzymes regulating reaction rate in the metabolic pathways
and asses what diagnostically measurable biochemical changes might
indicate disorders in the particular enzyme systems. Estimate what genetic
factors might be relevant to diseases and relate enzyme kinetics to
regulatory enzyme characteristics.

4. Explain biochemical mechanism of the DNA replication, generation and
repair of the DNA mutations, recognise role of all elements in the process of
transcription and protein synthesis, in prokaryotes and eukaryotes.

5. Review basic principles of acquiring and processing of data in
pharmacogenetics, transcriptomics and proteomics.

6. Designing and performing biochemical experiments based on grasped

BIOCHEMISTRY



experimental and technical skills.
7. Analyse scientific data bases for the interpretation of the personal results

and presentation to the professional audience.

2.5. Course content broken down in detail
by weekly class schedule (syllabus)

LECTURES AND SEMINARS:
 Dynamic aspects of structure and function of specific proteins: haemoglobin,

myoglobin, collagen, elastin, proteins of the extracellular matrix
 Structure and function of cell membranes in various tissues, transport of

ions, amino acids, sugars
 Methods for exploring proteins and protein sorting
 Generation, transforming and storing of metabolic energy: basic concepts of

metabolism
 Glycolysis
 Oxidative decarboxylation of pyruvate, citric acid cycle
 Cellular bioenergetics and role of ATP generation and expenditure,

respiratory chain and oxidative phosphorylation
 Gluconeogenesis and pentose phosphate pathway
 Glycogen metabolism, glycogenesis and glycogenolysis, reactions and

hormone regulation
 Biochemistry of hormones: insulin, epinephrine and cortisol
 Fatty acid metabolism, degradation and synthesis of triglycerides,

biosynthesis and -oxidation of fatty acid, biosynthesis of ketone bodies
 Protein turnover and amino acid catabolism, urea cycle
 Biosynthesis of macromolecular precursors, amino acids, ribonucleotides

and deoxyribonucleotides
 Information in biological systems: DNA - structure and genetic role, genome

organisation, chromosomes and genes
 Methods for exploring genome
 Histones and DNA packing, conformation of DNA molecule, DNA replication,

fidelity of replication
 DNA mutations and repair
 RNA in translation of genetic message
 Synthesis and modification of functional RNA molecules: mRNA and

transcription, t-RNA, activation and role in protein synthesis, structure of
ribosomes and rRNA

 Genetic code and relation of genes and proteins, protein synthesis
 Control of gene expression in prokaryotes: Lac-operon and Trp-operon
 Chromosomes in eukaryotes and control of gene expression in eukaryotes,

introns and exons
 Integration of biochemical processes in the cell - basic concepts and design,

strategy, control and regulation of metabolism
LABORATORY PRACTICALS:

 Determination of initial velocity vo in acetylcholine reaction
 Alkaline phosphatase
 Homogenisation, differential centrifugation, determination of DNA and

lactate in cellular fractions
 Isolation of plasmid DNA from the transformed bacteria
 Rate of glycolysis in various tissues
 Electrophoresis of haemoglobin
 Evaluation of cytotoxicity with MTT test
 Determination of thiols group and glutathione concentration



2.6. Type of instruction

lectures
seminars

workshops
exercises
online in entirety
mixed e-learning
mixedm-learning

field work
independent study
multimedia and the internet
work with the mentor
laboratory

2.7. Student responsibilities Regular attendance at the lectures, obligatory attendance at the seminars and
laboratory practicals, active participation in seminars with individual presentations.

2.8. Screening of student’s work (specify
the proportion of ECTS credits for each
activity so that the total number of CTS
credits is equal to the credit value of
the course)

Class attendance 0.5 Seminar essay 1.0
Experimental work 2.0 Oral exam 2.5
Essay Project
Tests 1.0 Practical training
Written exam 2.0 Semestral written

tests)
1.5

Research (Other--describe)
Report (Other--describe)

2.9. Grading and evaluation of student
work over the course of instruction
and at a final exam

Seminars are organised as a problem solving practice, teachers are guiding the
discussion and evaluating student achievements. During the lecture course two tests
are organised, and marked for the final grade. Two additional tests are organised for
laboratory practicals, before and after completing exercises. At the end of the
complete lecture program written and oral exam are organised for the whole
program and final grade is decided.

2.10. Required literature (available at the
library and via other media)

Title Number of
copies at the

library

Availability via
other media

JM Berg, JL Tymoczko, L. Stryer: Biochemistry,
7th edition, Školska knjiga, Zagreb, 2013.

30

TM Devlin: Texbook of Biochemistry with Clinical
Correlation, J. Wiley & sons, New York, 2011.

15

2.11. Optional literature C. Smith, AD Marks: MMarks' basic Medical Biochemistry, A Clinical Approach.
Lippincott Williams & Wilkins, Philadelphia, 2005.

2.12. Methods of monitoring quality that
ensure acquisition of exit
competences

Learning outcomes 1 and 6 are tested during experimental work in laboratory
practicals and tests, outcome 7 during seminars, and outcomes 2-5 with written and
oral exam.

2.13. Comments



1. COURSE DECRIPTION – GENERAL INFORMATION

1.1. Course teacher Assoc. Professor Milena Jadrijević-Mladar Takac, PhD
Assist. Profesor Mirza Bojić, PhD

1.2. Associate teachers Assist. Professor Monika Barbarić, PhD, Hrvoje Rimac, mag. pharm., Kristina Pavić,
mag. pharm., Maja Beus, mag. pharm.

1.3. Graduate programme Pharmacy
1.4. Status of the course Obligatory
1.5. Year of study, Semester 4th Year, 8th Semester
1.6. Credit value (ECTS) 8 ECTS
1.7. Type of instruction (number of hours

L+E+S+e-learning)
45 + 15 + 30 + e-learning

1.8. Expected enrolment in the course 130
1.9. Level of use of e-learning (1, 2, 3 level),

percentage of instruction in the course
on line (20% maximum)

2nd level

2. COURSE DESCRIPTION

2.1. Course objectives
Students will gain knowledge about enzymes, biological and chemical changes and
the effects of medicinal substances, other xenobiotics and
endobiotics on the human body that occur as a result of metabolic processes.

2.2. Enrolment requirements and required
entry competences for the course

Attended Pharmaceutical Chemistry 2 and the attended Pharmacology

2.3. Learning outcomes at the level of the
study programme to which the course
contributes

Learning outcomes are better understanding the relationship between chemical
structure of drugs and their metabolic processes as well as specific enzymes that are
involved in their metabolism. Students will be also able to understand the
pharmacological and side effects as a result of metbolic processes. Acquired
knowledge and skills regarding the mechanism of drug activity, side effects and drug-
drug interactions can be successfully applied in patients counseling in health care
system, but also in drug discovery and development of new drugs, as well as in
clarifying the mechanisms of side effects of medicines already present in clinical use.

2.4. Expected learning outcomes at the level
of the course (4-10 learning outcomes)

After passing the course the student will be able to:
o Identify the main metabolic pathways of certain endogenous substances and

drugs;
o Describe the metabolic reactions of Phase I and Phase II
o Know the main enzymatic systems and their role in the biotransformation

reactions;
o Explain the specific pathway of biochemical activation and/or toxicity and

adverse effects as well as interactions;
o Describe the pharmacodynamic and pharmacokinetic properties of certain

drugs and other xenobiotics regarding to specificities of their
biotransformations;

o Predict the potential of interactions of a drug based on the metabolic
pathways as well as the potential of enzyme inhibition or induction;

o Understand the relationship between drug structure and metabolic process
as well as specific enzymes involved in its metabolism;

o Calculate the molecular descriptors and optimize the geometry of the
molecule;

o Describe the formation and to identify the main metabolites of certain
drugs.

2.5. Course content broken down in detail
by weekly class schedule (syllabus)

PREDAVANJA:

o Introduction to biochemistry of drugs and the importance of drug
metabolism research;

o In vitro and in silico tools in the study of metabolism in the discovery and
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early drug development.  Introduction to the seminar and practical training;
o Biological oxidation;
o Reactions of monooxygenation in drug biotransformation. Hydroxylation of

aromatic compounds. NIH-shift;
o Dehydrogenases/reductases;
o N-oxidation catalyzed by CYP and FMO
o Oxidation of S atom catalyzed by CYP and FMO
o Other reactions catalyzed by CYP enzymes
o Aromatization, cyclization and other less common reactions catalyzed by

CYP enzymes
o Other oxidoreductases and their reactions. Monoamine oxidase (MAO)

inhibitors and other aminooxidases; Molibdenoxidases, Aldehyde oxidases
(AO) and Xanthine oxidoreductases, XOR (XDH and XO);

o Biological reduction;
o Biotransformation of endogenous substances;
o Reactions of hydrolysis and their enzymes (Part I and Part II). Pro-drugs;
o Phase II Reactions – Reactions of conjugation and their enzymes:

methylations, sulfonations and phosphorylations of xenobiotics and
endobiotics;

o Phase II Reactions – Reactions of conjugation and their enzymes – Reactions
of glucuronidation and other glycosidations in the biotransformation of
drugs and other xenobiotics;

o Phase II Reactions - Reactions of conjugation and their enzymes -
Glutathione and its reactions;

o Enzyme induction and inhibition;
o Metabolism and bioactivity;
o Metabolism and toxicity (reactive intermediates of biotransformation,

toxicophore moieties – quinones, electrophyle species, etc.);
o Inter- and intra-individual factors affecting drug metabolism.

SEMINARS:

o Mathematical modeling, SAR, QSAR and QSPR, graph theory;
o Lipophilicity, experimental and computational methods for logP assessment;
o Plasma protein binding of drugs;
o Evaluation of cytochrome P450 enzymes responsible for metabolism of

xenobiotics;
o Drug-drug interactions;
o The role of the CYP enzymes in the biosynthesis of steroids;
o The basic principles of biotransformation - Repetitorium

EXCERCISES:

o Investigation of the relationship between the chemical structure, physical-
chemical properties, drug-likeness scores and biological activity (QSAR)

o Prediction of the metabolic reactions of antimicrobe sulfonamides catalyzed
by CYP enzymes using MedChem Studio and ADMET PredictorTM software
packages

o Study of the drug plasma protein binding - Binding of drugs to human serum
albumin (HSA)

o Biotransformation of acetylsalicylic acid and salicylamide
o Evaluation of potential drug-drug interactions based on predicted metabolic

reactions catalyzed by CYP enzymes



2.6. Type of instruction

lectures
seminars

workshops
exercises
online in entirety
mixed e-learning
mixed m-learning

field work
independent study
multimedia and the internet
work with the mentor
(other)

2.7. Student responsibilities

2.8. Screening of student’s work (specify
the proportion of ECTS credits for each
activity so that the total number of CTS
credits is equal to the credit value of
the course)

Class attendance 1 Seminar essay 0.5
Experimental work 0.5 Oral exam 2.5
Essay Project
Tests 1 Practical training
Written exam 2 (Other--describe)
Research (Other--describe)
Report 0.5 (Other--describe)

2.9. Grading and evaluation of student
work over the course of instruction
and at a final exam

After completing practicum students take colloquium.
Preliminary exam is a prerequisite for taking the written examination.
Passing the written exam is a prerequisite for taking the oral exam.

2.10. Required literature (available at the
library and via other media)

Title Number of
copies at the

library

Availability via
other media

Milena Jadrijević-Mladar Takač, Mirza Bojić,
handouts of lecture and seminar presentations

available at
Merlin system

S.Rendić i M.Medić-Šarić,
Metabolizam lijekova i odabranih ksenobiotika,
Medicinska naklada, Zagreb, 2013./
ISBN 978-953-176-587-9).

30

B. Testa, S.D. Krämer,
The Biochemistry of Drug Metabolism: Volume
1: Principles, Redox Reactions, Hydrolyses,
Wiley-VCH, Verlag GmbH, Weinheim, 2008.

1

B. Testa, S.D. Krämer, The Biochemistry of Drug
Metabolism: Volume 2: Conjugations,
Consequences of Metabolism, Influencing
Factors, Wiley-VCH, Verlag GmbH, Weinheim,
2010.

1

M. Jadrijević-Mladar Takač, Exercises in Drug
Biochemistry. FBF 2015 ( ISBN 978-953-6256-84-
6)

1 available at
Merlin system

2.11. Optional literature
2.12. Methods of monitoring quality that

ensure acquisition of exit
competences

Outcomes 1st - 7th are checked by written and oral examination, the outcome 8th is
checked during seminars while the outcome 9th by colloquium after exercises.

2.13. Comments



1. COURSE DECRIPTION – GENERAL INFORMATION

Course teacher Assoc. Prof. Milena Jadrijević-Mladar Takač
Assist. Prof. Monika Barbarić

Associate teachers -
Graduate programme Integrated
Status of the course Compulsory
Year of study, Semester 4th Year/8th Semester
Credit value (ECTS) 5
Type of instruction (number of hours
L+E+S+e-learning)

30 + 30 + 0 + e-learning

Expected enrolment in the course 25
Level of use of e-learning (1, 2, 3 level),

percentage of instruction in the course on
line (20% maximum)

2

2. COURSE DESCRIPTION

Course objectives

Students will gain knowledge about biochemical changes of drugs, other chemical
substances and endobiotics, and the effects of these metabolic changes in the body.
Furthermore, students will gain insights into biochemical processes that involve
drugs, mechanisms and the relationships between drug structure and
biotransformation process and biological effect, as well as the features of enzymes
and enzyme systems relevant for toxic effects, and the drug-drug and drug-other
chemical substance interactions, as well.

Enrolment requirements and required entry
competences for the course

The required entry competence are Medicinal Chemistry and Pharmacology.

Learning outcomes at the level of the study
programme to which the course contributes

Students will be able to:
 Define, analyse and to propose the procedures relevant to research and
implementation of new laboratory tests in disease discovery and disease monitoring,
as well as in monitoring of therapeutic outcomes and the effectiveness of the
therapy, using the knowledge of xenobiotics biotransformation in the body;
 Apply an acquired knowledge of metabolic pathways and enzymes involved in
xenobiotics biotransformation in diagnostic tests and laboratory procedures, in
assessment of clinical significance of biochemical and molecular biology indicators, in
detecting the source of errors and variability of the results of laboratory analysis and
the interpretation of results by biochemical and clinical aspects.

Expected learning outcomes at the level of
the course (4-10 learning outcomes)

After completing the course students will be able to:
1. Identify the main metabolic pathways for particular endogenous substances and
drugs,
2. List the major enzyme systems and their role in biotransformation reactions,
3. Explain the specific pathway of biochemical activation and/or toxicity occurrence,
as well as side effects and interactions,
4. Describe the pharmacodynamic and pharmacokinetic properties of certain drugs
and xenobiotics regarding the specificity of their biotransformation,
5. Link the drug structure with metabolic pathways and specific enzymes involved in
biotransformation,
6. Predict the major biotransformation products (metabolites) of certain drugs and to
describe their formation.

Course content broken down in detail by
weekly class schedule (syllabus)

LECTURES:

o Introduction to Biochemistry of drugs and the importance of drug
metabolism research

o Phase I Reactions – Oxidoreduction reactions  and oxidoreductases (EC1)
playing a major or secondary role in xenobiotic and endobiotic metabolism
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o Catalytic mechanism of cytochrome P450 (CYP) enzymes and flavin
monooxygenases (FMOs).

o Phase I Reactions – Oxidations (biooxidations): CYP-catalyzed sp3-C-, sp2-C-
and sp-C-oxidation of the examples of drugs. Mechanisms of olefine and
aromatic monooxygenation of C=C bond. Regioselectivity and substrate and
product stereoselectivity in monooxygenase-mediated drug activation and
inactivation.

o Phase I Reactions - Oxidation of N- and S-atoms catalyzed by CYPs and
FMOs. N-oxygenation of basic or weakly basic tertiary, secondary and
primary amines, aromatic amides and toxicity of N-aryl-N-hydroxyamides, as
well as S-oxidation of thiols and disulfides. Other reactions catalyzed by CYPs
– Peroxidase reactions

o Phase I Reactions - Reductions (bioreductions) – Reactions of reductive
dehalogenation catalyzed by CYPs – catalytic mechanism and examples of
xenobiotic biotransformations. Other reductions catalyzed by CYPs and/or
NADPH-CYP reductase (drug examples). Other oxidoreductases and their
reactions: monoamine oxidase (MAO), diamineoxidase (DAO) and
semicarbazide-sensitive amaine oxidases (SSAO), as well as aldehyde
oxisidase (AO) and xanthine oxidoreductase, XOR (XDH and XO) involved in
biotransformation of drugs.

o Phase I Reactions – Drug biotransformations catalyzed by peroxidases and
prostaglandin G/H synthase (PGHS). Dehydrogenases/reductases important
in the drug metabolism: alcohol dehydrogenase (ADH), aldehyde
dehydrogenase (ALDH), aldo-keto reductase (AKR), short-chain
dehydrogenase/reductase (SDR), carbonyl reductase (CR) and quinine
reductase (NQO), as well as catalytic mechanism and bioactivation of
antitumor drugs by NQO.

o Reactions of hydrolysis and their enzymes (Part I and Part II). Pro-drugs.
o Phase II Reactions – Reactions of conjugation and their enzymes:

methylations, sulfonations and phosphorylations of xenobiotics and
endobiotics.

o Phase II Reactions – Reactions of conjugation and their enzymes – Reactions
of glucuronidation and other glycosidations in the biotransformation of
drugs and other xenobiotics.

o Phase II Reactions - Reactions of conjugation and their enzymes -
Glutathione and its reactions.

o Enzyme induction and inhibition
o Metabolism and bioactivity
o Metabolism and toxicity (reactive intermediates of biotransformation,

toxicophore moieties – quinones, electrophyle species, etc.)
o Inter- and intra-individual factors affecting drug metabolism

EXCERCISES:

o Investigation of the relationship between the chemical structure, physical-
chemical properties, drug-likeness scores and biological activity (QSAR)

o Prediction of the metabolic reactions of antimicrobe sulfonamides catalyzed
by CYP enzymes using MedChem Studio and ADMET PredictorTM software
packages

o Study of the drug plasma protein binding - Binding of drugs to human serum
albumin (HSA)

o Biotransformation of acetylsalicylic acid and salicylamide
o Evaluation of potential drug-drug interactions based on predicted metabolic

reactions catalyzed by CYP enzymes



Type of instruction

lectures
seminars

workshops
exercises
online in entirety
mixed e-learning
mixedm-learning

field work
independent study
multimedia and the internet
work with the mentor
(other)

2.7. Student responsibilities
Class attendance and active participation in theoretical part (lectures), practical part
(exercises), and passed preliminary exam.

Screening of student’s work (specify the
proportion of ECTS credits for each activity
so that the total number of CTS credits is
equal to the credit value of the course)

Class attendance 1.0 Seminar essay
Experimental work 0.5 Oral exam 2.0
Essay Project
Tests 0.5 Practical training
Written exam 1.0 (Other--describe)
Research (Other--describe)
Report (Other--describe)

2.9.  Grading and evaluation of student
work over the course of instruction and at a
final exam

The student's activity is evaluated during the teaching process. The final assessment
is made on the basis of the success achieved in the written and oral exam. After
completing the excersises students must take colloquium which is a prerequisite for
written exam and the passed written exam is a prerequisite for taking the oral exam.

2.10. Required literature (available at the
library and via other media)

Title Number of
copies at the
library

Availability via
other media

Milena Jadrijević-Mladar Takač, Monika Barbarić,
handouts are available through the Merlin e-
learning system

available at
Merlin system

S.Rendić i M.Medić-Šarić,
Metabolizam lijekova i odabranih ksenobiotika,
Medicinska naklada, Zagreb, 2013./
ISBN 978-953-176-587-9).

30

B. Testa, S.D. Krämer,
The Biochemistry of Drug Metabolism: Volume
1: Principles, Redox Reactions, Hydrolyses,
Wiley-VCH, Verlag GmbH, Weinheim, 2008.

1

B. Testa, S.D. Krämer, The Biochemistry of Drug
Metabolism: Volume 2: Conjugations,
Consequences of Metabolism, Influencing
Factors, Wiley-VCH, Verlag GmbH, Weinheim,
2010.

1

M. Jadrijević-Mladar Takač, Exercises in Drug
Biochemistry. FBF 2015 ( ISBN 978-953-6256-84-
6)

1 available at
Merlin system

2.11.  Optional literature
Methods of monitoring quality that ensure
acquisition of exit competences
Comments Outcomes 1-5 are checked by written and oral exams, while the outcome 6 during

the exercise by final colloquium.



1. COURSE DECRIPTION – GENERAL INFORMATION

1.1. Course teacher Prof Karmela Barišić
Prof Lada Rumora

1.2. Associate teachers
Assistant Prof Marija Grdić Rajković
Anita Somborac Bačura, PhD
Andrea Hulina, mag. med. biochem.

1.3. Graduate programme Pharmacy
1.4. Status of the course compulsory
1.5. Year of study, Semester 2, 4
1.6. Credit value (ECTS) 8.5
1.7. Type of instruction (number of hours

L+E+S+e-learning)
60 + 30 + 10

1.8. Expected enrolment in the course 130
1.9. Level of use of e-learning (1, 2, 3 level),

percentage of instruction in the course
on line (20% maximum)

2

2. COURSE DESCRIPTION

2.1. Course objectives

Student will acquire fundamental knowledge necessary to understand molecular
logics of biochemical processes in living organisms; recognise dynamics in the
synthesis and degradation of the natural biomacromolecules: proteins,
polysaccharides, lipids and nucleic acids, and will be able to analyse and identify
important factors that are influencing dynamics, control and regulation of cellular
metabolism. Biochemical knowledge and skills acquired are compulsory basis for the
further studies, especially in clinical biochemistry, haematology, pharmacology,
biochemistry of drug metabolism, nutrition, molecular biology and genetic
engineering, molecular diagnostics, identify molecular basis of diseases and therapy
and other lessons dealing with metabolism of endogenic macromolecules, drugs and
other xenobiotic in health and disease.

2.2. Enrolment requirements and required
entry competences for the course

Enrolment requirements: completed study course Biological Chemistry

2.3. Learning outcomes at the level of the
study programme to which the course
contributes

1. Students will be able to apply fundamental biochemical knowledge to explain,
analyse and evaluate procedures related to the research, development and
production of drugs.
2. Development and implementation of the optimal solutions for practical and
everyday problems in monitoring progress of the drug therapy (research and
application of new laboratory diagnostic procedures for therapeutic drug
monitoring).
3. Critical evaluation and application of the scientific data and expert knowledge for
the problem solving in biochemical systems.

2.4. Expected learning outcomes at the level
of the course (4-10 learning outcomes)

1. Apply expert knowledge of biochemistry, chemistry and biology in biochemical
problem solving.

2. Describe and apply basic biochemical principles for relating structure and
function of the protein macromolecules.

3. Determine key enzymes regulating reaction rate in the metabolic pathways and
asses what diagnostically measurable biochemical changes might indicate
disorders in the particular enzyme systems. Estimate what genetic factors might
be relevant to diseases and relate enzyme kinetics to regulatory enzyme
characteristics.
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4. Explain biochemical mechanism of the DNA replication, generation and repair of
the DNA mutations, recognise role of all elements in the process of transcription
and protein synthesis, in prokaryotes and eukaryotes.

5. Review basic principles of acquiring and processing of data in pharmacogenetics,
transcriptomics and proteomics

6. Designing and performing biochemical experiments based on grasped
experimental and technical skills.

7. Analyse scientific data bases for the interpretation of the personal results and
presentation to the professional audience.

2.5. Course content broken down in detail
by weekly class schedule (syllabus)

LECTURES AND SEMINARS:
 Dynamic aspects of structure and function of specific proteins: haemoglobin,

myoglobin, collagen, elastin, proteins of the extracellular matrix
 Structure and function of cell membranes in various tissues, transport of

ions, amino acids, sugars
 Methods for exploring proteins and protein sorting
 Generation, transforming and storing of metabolic energy: basic concepts of

metabolism
 Glycolysis
 Oxidative decarboxylation of pyruvate, citric acid cycle
 Cellular bioenergetics and role of ATP generation and expenditure,

respiratory chain and oxidative phosphorylation
 Gluconeogenesis and pentose phosphate pathway
 Glycogen metabolism, glycogenesis and glycogenolysis, reactions and

hormone regulation
 Biochemistry of hormones: insulin, epinephrine and cortisol
 Fatty acid metabolism, degradation and synthesis of triglycerides,

biosynthesis and -oxidation of fatty acid, biosynthesis of ketone bodies
 Protein turnover and amino acid catabolism, urea cycle
 Biosynthesis of macromolecular precursors, amino acids, ribonucleotides

and deoxyribonucleotides
 Information in biological systems: DNA - structure and genetic role, genome

organisation, chromosomes and genes
 Methods for exploring genome
 Histones and DNA packing, conformation of DNA molecule, DNA replication,

fidelity of replication
 DNA mutations and repair
 RNA in translation of genetic message
 Synthesis and modification of functional RNA molecules: mRNA and

transcription, t-RNA, activation and role in protein synthesis, structure of
ribosomes and rRNA

 Genetic code and relation of genes and proteins, protein synthesis
 Control of gene expression in prokaryotes: Lac-operon and Trp-operon
 Chromosomes in eukaryotes and control of gene expression in eukaryotes,

introns and exons
 Integration of biochemical processes in the cell - basic concepts and design,

strategy, control and regulation of metabolism
LABORATORY PRACTICALS:

 Determination of initial velocity vo in acetylcholine reaction
 Alkaline phosphatase
 Homogenisation, differential centrifugation, determination of DNA and

lactate in cellular fractions
 Isolation of plasmid DNA from the transformed bacteria
 Rate of glycolysis in various tissues



 Electrophoresis of haemoglobin

2.6. Type of instruction

lectures
seminars

workshops
exercises
online in entirety
mixed e-learning
mixedm-learning

field work
independent study
multimedia and the internet
work with the mentor
laboratory

2.7. Student responsibilities

2.8. Screening of student’s work (specify
the proportion of ECTS credits for each
activity so that the total number of CTS
credits is equal to the credit value of
the course)

Class attendance 0.5 Seminar essay
Experimental work 1.5 Oral exam 2.5
Essay Project
Tests 0.5 Practical training
Written exam 2.0 Semestral written tests 1.5
Research (Other--describe)
Report (Other--describe)

2.9. Grading and evaluation of student
work over the course of instruction
and at a final exam

Seminars are organised as a problem solving practice, teachers are guiding the
discussion and evaluating student achievements. During the lecture course two tests
are organised, and marked for the final grade. Two additional tests are organised for
laboratory practicals, before and after completing exercises. At the end of the
complete lecture program written and oral exam are organised for the whole
program and final grade is decided.

2.10. Required literature (available at the
library and via other media)

Title Number of
copies at the

library

Availability via
other media

JM Berg, JL Tymoczko, L. Stryer: Biochemistry, 7th

edition, Školska knjiga, Zagreb, 2013.
30

TM Devlin: Texbook of Biochemistry with Clinical
Correlation, J. Wiley & sons, New York, 2011.

15

2.11. Optional literature C. Smith, AD Marks: MMarks' basic Medical Biochemistry, A Clinical Approach.

Lippincott Williams & Wilkins, Philadelphia, 2005.

2.12. Methods of monitoring quality that
ensure acquisition of exit
competences

Learning outcomes 1 and 6 are tested during experimental work in laboratory
practicals and tests, outcome 7 during seminars, and outcomes 2-5 with written and
oral exam.

2.13. Comments



1. COURSE DECRIPTION – GENERAL INFORMATION
1.1. Course teacher Prof. Tonči Matulić, PhD
1.2. Associate teachers Dr. Mislav Kutleša, PhD
1.3. Graduate programme Medical Biochemistry
1.4. Status of the course Obligatory
1.5. Year of study, Semester Firs Year, Second Semester
1.6. Credit value (ECTS) 2
1.7. Type of instruction (number of hours

L+E+S+e-learning)
15+0+5

1.8. Expected enrolment in the course 25
1.9. Level of use of e-learning (1, 2, 3 level),

percentage of instruction in the course
on line (20% maximum)

1.

2. COURSE DESCRIPTION

2.1. Course objectives

Introduction to the basic principles of biomedical ethics. Recognition of ethical and
bioethical challenge in biomedical science and practice. Arguing about ethical and
bioethical dimensions of biomedical and medical-biochemistry practice. Application
of bioethical principles on concrete scientific, biomedical and social cases with value
charge.

2.2. Enrolment requirements and required
entry competences for the course

None.

2.3. Learning outcomes at the level of the
study programme to which the course
contributes

Knowledge of ethics and bioethics in biomedical sciences and practice.

2.4. Expected learning outcomes at the level
of the course (4-10 learning outcomes)

Knowledge of basic ethical and bioethical notions.
Knowledge of role of ethics and bioethics in biomedical sciences in general and
medical biochemistry particular.
Knowledge of ethical committee and institutional review board.
Knowledge of main ethical and bioethical conventions and declarations.
Recognition of ethical and bioethical challenge in biomedical science and practice.
Arguing on the basis of ethical and bioethical principles.

2.5. Course content broken down in detail
by weekly class schedule (syllabus)

2.6. Type of instruction

lectures
seminars

workshops
exercises
online in entirety
mixed e-learning
mixed m-learning

field work
independent study
multimedia and the internet
work with the mentor
(other)

2.7. Student responsibilities

2.8. Screening of student’s work (specify
the proportion of ECTS credits for each
activity so that the total number of CTS
credits is equal to the credit value of
the course)

Class attendance 0,5 Seminar essay 0,5
Experimental work Oral exam
Essay Project
Tests Practical training
Written exam 1 (Other--describe)
Research (Other--describe)
Report (Other--describe)

2.9. Grading and evaluation of student
work over the course of instruction

Engaged participation in discussion during lectures and seminars, seminar paper and
written exam.
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and at a final exam
2.10. Required literature (available at the

library and via other media)
Title Number of

copies at the
library

Availability via
other media

Matulić, Tonči (²2012.), Bioetika, Zagreb, GK.
Nacionalno bioetičko povjerenstvo za medicinu -
Medicinski fakultet Sveučilišta u Zagrebu (2003.),
Etika u medicinskim istraživanjima i kliničkoj
praksi, Zagreb, Medicinska naklada.
Medicinski fakultet Sveučilišta u Zagrebu (2007.),
Medicinska etika, Zagreb,  Merkur A.B.D.

2.11.  Optional literature Schwarz, Lisa – Preece, E. Paul – Hendry, A. Robert (2002.), Medical Ethics: A Case-
Based Approach, Edinburgh – London – New York, Saunders.
Bioetika (2011.), scripta ad usum privatum studentorum, Zagreb 2011.

2.12. Methods of monitoring quality that
ensure acquisition of exit
competences

Through final examination.

2.13. Comments None.



1. COURSE DECRIPTION – GENERAL INFORMATION
1.1. Course teacher Associate Professor Sanja Dabelić

1.2. Associate teachers

Professor Jerka Dumić
Associate Professor Gordana Maravić Vlahoviček
Assistant Professor Sandra Šupraha Goreta
Associate Professor Olga Gornik
Toma Keser, PhD

1.3. Graduate programme Integrated study of Medical Biochemistry
1.4. Status of the course Obligatory
1.5. Year of study, Semester 2th year
1.6. Credit value (ECTS) 6
1.7. Type of instruction (number of hours

L+E+S+e-learning)
30+15+15+0 (e-learning - is not included in standard hours, but is used in teaching)

1.8. Expected enrolment in the course 25
1.9. Level of use of e-learning (1, 2, 3 level),

percentage of instruction in the course
on line (20% maximum)

3

2. COURSE DESCRIPTION

2.1. Course objectives

To acquire the basic knowledge on the structure of biological macromolecules.To
understand structure-function relationships of biological macromolecules,
arrangement of biological membranes and transport across them, mechanisms of
enzyme activity, and reaction-coupling in a living organism. To describe the principles
of basic analytical and preparative biochemical techniques.

2.2. Enrolment requirements and required
entry competences for the course

Passed exam Cellular biology with genetics
Input Competence: application of high school knowledge of chemistry, physics,
mathematics and biology; understanding the structure and physiology of prokaryotic
and eukaryotic cells, as well as the basic principles, theories and mechanisms of
heredity.

2.3. Learning outcomes at the level of the
study programme to which the course
contributes

 Applying basic knowledge of biochemistry in the laboratory diagnosis, in defining,
analysing and proposing actions related to the research, production and quality
assurance and implementation of new laboratory methods for the detection and
monitoring of diseases and therapy-outcome.

 Assessing the clinical significance of biochemical and molecular biological
indicators, detecting variability of laboratory analysis results.

 Optimizing and conducting laboratory analyses in different areas of health care.
 Critical assessment and application of scientific knowledge and available

information in order to improve the profession, problem solving, application of
new technologies and improving the existing ones.

2.4. Expected learning outcomes at the level
of the course (4-10 learning outcomes)

After successfully completing the course, students will be able to:
1. Describe the structure of biological molecules / macromolecules and biological

membranes.
2. Correlate the characteristics of individual functional groups, as well as the overall

properties of biological molecules / macromolecules and biological membranes
with their function.

3. Analyse the modes of transport across biological membranes.
4. Give examples of the abnormal structure / localization / activity of biological

macromolecules that lead to the development of the disease or are used for the
diagnosis / treatment of diseases.

5. Explain the principles of bioenergetics, thermodynamics and kinetics of reactions
occuring in living organisms.

6. Describe the course of enzymatic reactions and mechanisms of enzyme catalysis.
7. Compare the mechanisms of modulation of enzymatic activity.
8. Define the principles of basic biochemical analysis techniques and protein
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purification.
9. Perform simple biochemical analysis – detect particular biological

macromolecules in biological samples, purify proteins using fundamental
purification methods, extract lipids and determine Vm and Km of enzymes.

2.5. Course content broken down in detail
by weekly class schedule (syllabus)

LECTURES
 Introductory lecture; Biochemistry - the logic of life, coupling of biochemistry and

molecular life sciences; Biochemistry as a basis of biomedical sciences. Life
conditions. The chemical composition of cells (elemental composition of living
matter, the properties of water, functional groups and structure of biomolecules,
properties of biological macromolecules: directionality, modular design,
conformational dynamics, information, meaning (importance) of non-covalent
forces, complementarity and molecular structure of cells).

 Amino acids. Proteogenic amino acids. Ionization properties of amino acids. The
chemical properties of amino acids. Classification of amino acids according to the
various properties. Modification of proteogenic amino acids. Biologically
important non-proteogenic amino acids. Buffers in biological systems and buffer
capacity.

 Theoretical basis of potentiometric titration of amino acids, biochemical
techniques, enzyme kinetics, structure of carbohydrates, lipids and nucleic acids
(preparation to access to the laboratory exercises).

 Peptide bond. The properties of peptide bond. Biologically important peptides.
Proteins. Protein classification. Primary, secondary, tertiary and quaternary
structure. The functional and structural domains.

 Proteins - native conformation and denaturation of proteins. Fibrous proteins -
keratin, collagen, silk. Globular proteins - myoglobin, hemoglobin,
immunoglobulins. The evolution of protein structure. Post-translational
modifications of proteins.

 Biochemical techniques for protein purification. Sedimentation technique.
Chromatographic techniques. Electrophoretic techniques. Determination of the
protein primary structure.

 Nucleic acid - nucleotides, nucleic acid structure. Complementarity of DNA double
helix. DNA conformations. Thermic denaturation of DNA. Types of RNA.
Secondary, tertiary structure of RNA. The flow of genetic information.

 Carbohydrates. Monosaccharides. The stereochemistry of monosaccharides.
Cyclization of monosaccharides. Chemical reactions of monosaccharides.
Reductive properties of carbohydrates. Biologically important derivatives of
monosaccharides. The glycosidic bond. Disaccharides. Oligosaccharides.
Polysaccharides. The biological roles of carbohydrates.

 Lipids - classification of lipids. Fatty acids. Triacylglycerols (neutral lipids). Waxes.
Phospholipids and sphingolipids. Chemical reactions and properties of lipids.
Soaps and detergents. Isoprenoid lipids - steroids, carotenoids, isoprenoid
vitamins. Eicosanoids.

 Glycoconjugates - classification, structural and functional characteristics.
Synthesis of glycan / glycoconjugates. Glycoproteins. Proteoglycans. Glycolipids.
Glycocylphosphatidyl-inositol anchors. Lectins. Glycan-lectin-interactions as a
basis of many important biological processes. Examples of glycans in health,
disease, diagnosis and treatment of disease.

 The structural and functional characteristics of the membrane lipids. Biological
membranes - supramolecular structures with many functions. Micelles, lipid
bilayers, liposomes. Physical and chemical properties of biological membranes.
Membrane proteins. Transport across the membrane. The transport mechanisms
(passive, facilitated/assisted, active). Thermodynamics / energetics and kinetics
of membrane transport. Concentration and electrochemical gradients.

 Bioenergetics. Life - non-equilibrium steady state. Thermodynamics of biological
reactions -Energy potential of reactions. Metastability of open system, the driving
force of biological reactions.Cellular concentration ratios. Thermodynamic laws



govern biological processes. Coupling endergonic and exergonic reactions. ATP -
the energy currency.Potential of group transfer.

 Enzymes - biological catalysts. Classification of enzymes. Active centre. Specificity
and acceleration. Isoenzymes. Coenzymes - role of coenzymes.

 Enzyme catalysis. The mechanisms of enzyme catalysis. Thermodynamics of
enzyme-catalysed reactions. Rate of the enzymatic reaction.

 Michaelis-Menten kinetics. Inhibition of enzymatic reactions. Regulation of
metabolism.

SEMINARS
 Problems: ionization properties and titration curves of amino acids and small

peptides at different pH, buffer capacity.
 Problems: protein purification techniques –precipitation with ammonium

sulphate, types of chromatography, electrophoresis – native and SDS-PAGE.
 Problems: nitrogenous bases -structure and numbering of atoms, complementary

base pairing, shares of nitrogenous bases in nucleic acids, the size of molecules.
Properties of nucleosides and nucleic acids. Structure carbohydrates -
stereochemistry of saccharides, reductive properties, glycosidic bond, properties
of polysaccharides.

 Problems: structure of lipids and glycoconjugates - classification, structure-
function relationship, glycans as diagnostic markers and potential target of
pharmacologically active substances.

 Problems: transport of substances across the cell membrane and bioenergetics.
 Problems: enzymes, mechanisms of enzyme kinetics; enzyme kinetics - the time

course of enzyme reactions, steady state, Michaelis-Menten kinetics, the effect of
enzyme and substrate concentration, and pH on the enzymatic reactions

 Overview of processed chapters of Biological Chemistry –additional clarification
of certain problems / concepts based on student queries.

EXERCISES:
 Potentiometric titration of amino acids - ionization properties of amino acids,

assessment (determination) of the molecular weight of amino acides, the
determination of the buffer capacity.

 Gel-filtration of haemoglobin.Purification of immunoglobulin G from human
serum (selective precipitation and desalting by gel-filtration).

 Purification of immunoglobulin G from human serum (ion-exchange
chromatography, detecting the presence and estimation of purity of IgG).

 Enzyme kinetics - the time course of the enzymatic reaction, the dependence of
the initial rate of enzyme reaction on the concentration of substrate and enzyme.

 Carbohydrates-detection of starch, carbohydrates, reductive carbohydrates,
proteins, glucose in biological samples, degradation of disaccharides to
monosaccharides.

2.6. Type of instruction

lectures
seminars

workshops
exercises
online in entirety
mixed e-learning
mixed m-learning

field work
independent study
multimedia and the internet
work with the mentor
(other)

2.7. Student responsibilities
The students are required to attend classes that take place in the form of lectures,
seminars and practical classes (exercises).
To be eligible to attend exercise, the students are required to describe basic
macromolecule structure and principles of methods that are related to the exercise
subject. The students, for the achievement of credits and grades in specified courses,
are required to take the written and oral exam and pass them both successfully.

2.8. Screening of student’s work (specify
the proportion of ECTS credits for each

Class attendance 1 Seminar essay 0.5
Experimental work 0.5 Oral exam 3



activity so that the total number of CTS
credits is equal to the credit value of
the course)

Essay Project
Tests Practical training
Written exam 1 (Other--describe)
Research (Other--describe)
Report (Other--describe)

2.9. Grading and evaluation of student
work over the course of instruction
and at a final exam

The students are evaluated according to the performance in the written (20%) and
oral examination (80%), which can be accessed only after the attended lectures,
seminars and practical exercises. On the final exam students are required to
demonstrate knowledge of all areas covered by the program of the course, at the
level of skilled information management and integration.

2.10. Required literature (available at the
library and via other media)

Title Number of
copies at the

library

Availability via
other media

Dumić, J., Dabelić, S., Gornik, O., Maravić
Vlahoviček, G., Novak, R., Šupraha Goreta, S.
Biološka kemija – praktikum, Farmaceutsko-
biokemijski fakultet Sveučilišta u Zagrebu,
Zagreb, 2010., ISBN 978-953-6256-61-7.

1 In pdf form
available at the
e-learning
platform

J. M. Berg, J. L. Tymoczko, L. Stryer, Biokemija,
Školska knjiga, Zagreb, 6. englesko izdanje, 1
hrvatsko, 2013., ISBN 978-953-0-309928-9

30

Dabelić S. and Dumić J. Biological Chemistry
Powerpoint presentations – for the present
academic year

0 In pdf form
available at the
e-learning
platform

2.11. Optional literature D. L. Nelson, M.M. Cox, Lehninger, Principles of Biochemistry, W.H. freeman and Co,
Sixth Ed, 2013.
Voet, Voet – Biochemistry, John Wiley&Sons, Second Ed, 1995 (or later editions)
G.M. Cooper, R.E Hausmann, Stanica: molekularni pristup, Medicinska naklada, Peto
izdanje, 2010. ISBN 953-176-248-1

2.12. Methods of monitoring quality that
ensure acquisition of exit
competences

Outcomes 1,2,6,8 and 9 are checked orally before and during laboratory exercise,
outcomes 1-9 are checked through oral problem-solving tests during seminars, and
outcomes 1-9 are checked by written and oral exam.

2.13. Comments e-learning - is not included in standard hours, but is used in teaching and contains
exams for knowledge-self-evaluation with solutions, links to different pages, video
and audio materials (some produced by the teacher in collaboration with SRCE), etc.



1. COURSE DECRIPTION – GENERAL INFORMATION
1.1. Course teacher Associate Professor Sanja Dabelić

1.2. Associate teachers

Professor Jerka Dumić
Associate Professor Gordana Maravić Vlahoviček
Assistant Professor Sandra Šupraha Goreta
Associate Professor Olga Gornik
Toma Keser, PhD

1.3. Graduate programme Integrated study of Pharmacy
1.4. Status of the course Obligatory
1.5. Year of study, Semester 2th year
1.6. Credit value (ECTS) 3.5
1.7. Type of instruction (number of hours

L+E+S+e-learning)
30+15+0+0 (e-learning - is not included in standard hours, but is used in teaching)

1.8. Expected enrolment in the course 130
1.9. Level of use of e-learning (1, 2, 3 level),

percentage of instruction in the course
on line (20% maximum)

3

2. COURSE DESCRIPTION

2.1. Course objectives

To acquire the basic knowledge on the structure of biological macromolecules.To

understand structure-function relationships of biological macromolecules,

arrangement of biological membranes and transport across them, mechanisms of

enzyme activity, and reaction-coupling in a living organism. To describe the principles

of basic analytical and preparative biochemical techniques.

2.2. Enrolment requirements and required
entry competences for the course

Passed exam Cellular biology with genetics
Input Competence: application of high school knowledge of chemistry, physics,

mathematics and biology; understanding the structure and physiology of prokaryotic

and eukaryotic cells, as well as the basic principles, theories and mechanisms of

heredity.

2.3. Learning outcomes at the level of the
study programme to which the course
contributes

 Defining, analyzing and proposing actions related to research, development,
production, analysis and quality control of drugs by applying the fundamentals of
biochemistry.

 Critical assessment and application of scientific knowledge and available
information in order to improve the profession, problem solving, application of
new technologies and improving the existing ones.

2.4. Expected learning outcomes at the level
of the course (4-10 learning outcomes)

After successfully completing the course, students will be able to:
1. Describe the structure of biological molecules / macromolecules and biological

membranes.
2. Correlate the characteristics of individual functional groups, as well as the overall

properties of biological molecules / macromolecules and biological membranes
with their function.

3. Analyse the modes of transport across biological membranes.
4. Give examples of the abnormal structure / localization / activity of biological

macromolecules that lead to the development of the disease or are used for the
diagnosis / treatment of diseases.

BIOLOGICAL CHEMISTRY



5. Explain the principles of bioenergetics, thermodynamics and kinetics of reactions
occuring in living organisms.

6. Describe the course of enzymatic reactions and mechanisms of enzyme catalysis.
7. Compare the mechanisms of modulation of enzymatic activity.
8. Define the principles of basic biochemical analysis techniques and protein

purification.
9. Perform simple biochemical analysis – detect particular biological

macromolecules in biological samples, purify proteins using fundamental
purification methods, extract lipids and determine Vm and Km of enzymes.

2.5. Course content broken down in detail
by weekly class schedule (syllabus)

LECTURES
 Introductory lecture; Biochemistry - the logic of life, coupling of biochemistry and

molecular life sciences; Biochemistry as a basis of biomedical sciences. Life
conditions. The chemical composition of cells (elemental composition of living
matter, the properties of water, functional groups and structure of biomolecules,
properties of biological macromolecules: directionality, modular design,
conformational dynamics, information, meaning (importance) of non-covalent
forces, complementarity and molecular structure of cells).

 Amino acids. Proteogenic amino acids. Ionization properties of amino acids. The
chemical properties of amino acids. Classification of amino acids according to the
various properties. Modification of proteogenic amino acids. Biologically
important non-proteogenic amino acids. Buffers in biological systems and buffer
capacity.

 Theoretical basis of potentiometric titration of amino acids, biochemical
techniques, enzyme kinetics, structure of carbohydrates, lipids and nucleic acids
(preparation to access to the laboratory exercises).

 Peptide bond. The properties of peptide bond. Biologically important peptides.
Proteins. Protein classification. Primary, secondary, tertiary and quaternary
structure. The functional and structural domains.

 Proteins - native conformation and denaturation of proteins. Fibrous proteins -
keratin, collagen, silk. Globular proteins - myoglobin, hemoglobin,
immunoglobulins. The evolution of protein structure. Post-translational
modifications of proteins.

 Biochemical techniques for protein purification. Sedimentation technique.
Chromatographic techniques. Electrophoretic techniques. Determination of the
protein primary structure.

 Nucleic acid - nucleotides, nucleic acid structure. Complementarity of DNA double
helix. DNA conformations. Thermic denaturation of DNA. Types of RNA.
Secondary, tertiary structure of RNA. The flow of genetic information.

 Carbohydrates. Monosaccharides. The stereochemistry of monosaccharides.
Cyclization of monosaccharides. Chemical reactions of monosaccharides.
Reductive properties of carbohydrates. Biologically important derivatives of
monosaccharides. The glycosidic bond. Disaccharides. Oligosaccharides.
Polysaccharides. The biological roles of carbohydrates.

 Lipids - classification of lipids. Fatty acids. Triacylglycerols (neutral lipids). Waxes.
Phospholipids and sphingolipids. Chemical reactions and properties of lipids.
Soaps and detergents. Isoprenoid lipids - steroids, carotenoids, isoprenoid
vitamins. Eicosanoids.

 Glycoconjugates - classification, structural and functional characteristics.
Synthesis of glycan / glycoconjugates. Glycoproteins. Proteoglycans. Glycolipids.
Glycocylphosphatidyl-inositol anchors. Lectins. Glycan-lectin-interactions as a
basis of many important biological processes. Examples of glycans in health,
disease, diagnosis and treatment of disease.

 The structural and functional characteristics of the membrane lipids. Biological
membranes - supramolecular structures with many functions. Micelles, lipid



bilayers, liposomes. Physical and chemical properties of biological membranes.
Membrane proteins. Transport across the membrane. The transport mechanisms
(passive, facilitated/assisted, active). Thermodynamics / energetics and kinetics
of membrane transport. Concentration and electrochemical gradients.

 Bioenergetics. Life - non-equilibrium steady state. Thermodynamics of biological
reactions -Energy potential of reactions. Metastability of open system, the driving
force of biological reactions.Cellular concentration ratios. Thermodynamic laws
govern biological processes. Coupling endergonic and exergonic reactions. ATP -
the energy currency.Potential of group transfer.

 Enzymes - biological catalysts. Classification of enzymes. Active centre. Specificity
and acceleration. Isoenzymes. Coenzymes - role of coenzymes.

 Enzyme catalysis. The mechanisms of enzyme catalysis. Thermodynamics of
enzyme-catalysed reactions. Rate of the enzymatic reaction.

 Michaelis-Menten kinetics. Inhibition of enzymatic reactions. Regulation of
metabolism.

EXERCISES:
 Potentiometric titration of amino acids - ionization properties of amino acids,

assessment (determination) of the molecular weight of amino acides, the
determination of the buffer capacity.

 Gel-filtration of haemoglobin.Purification of immunoglobulin G from human
serum (selective precipitation and desalting by gel-filtration).

 Purification of immunoglobulin G from human serum (ion-exchange
chromatography, detecting the presence and estimation of purity of IgG).

 Enzyme kinetics - the time course of the enzymatic reaction, the dependence of
the initial rate of enzyme reaction on the concentration of substrate and enzyme.

 Carbohydrates-detection of starch, carbohydrates, reductive carbohydrates,
proteins, glucose in biological samples, degradation of disaccharides to
monosaccharides.

2.6. Type of instruction

lectures
seminars

workshops
exercises
online in entirety
mixed e-learning
mixed m-learning

field work
independent study
multimedia and the internet
work with the mentor
(other)

2.7. Student responsibilities
The students are required to attend classes that take place in the form of lectures
and practical classes (exercises).
To be eligible to attend exercise, the students are required to describe basic
macromolecule structure and principles of methods that are related to the exercise
subject. The students, for the achievement of credits and grades in specified courses,
are required to take the written and oral exam and pass them both successfully.

2.8. Screening of student’s work (specify
the proportion of ECTS credits for each
activity so that the total number of CTS
credits is equal to the credit value of
the course)

Class attendance 1 Seminar essay
Experimental work 0.5 Oral exam 1.5
Essay Project
Tests Practical training
Written exam 0.5 (Other--describe)
Research (Other--describe)
Report (Other--describe)

2.9. Grading and evaluation of student
work over the course of instruction
and at a final exam

The students are evaluated according to the performance in the written (20%) and
oral examination (80%), which can be accessed only after the attended lectures and
practical exercises. On the final exam students are required to demonstrate
knowledge of all areas covered by the program of the course, at the level of skilled



information management and integration.
2.10. Required literature (available at the

library and via other media)
Title Number of

copies at the
library

Availability via
other media

Dumić, J., Dabelić, S., Gornik, O., Maravić
Vlahoviček, G., Novak, R., Šupraha Goreta, S.
Biološka kemija – praktikum, Farmaceutsko-
biokemijski fakultet Sveučilišta u Zagrebu,
Zagreb, 2010., ISBN 978-953-6256-61-7.

1 In pdf form
available at the
e-learning
platform

J. M. Berg, J. L. Tymoczko, L. Stryer, Biokemija,
Školska knjiga, Zagreb, 6. englesko izdanje, 1
hrvatsko, 2013., ISBN 978-953-0-309928-9

30

Dabelić S. and Dumić J. Biological Chemistry

Powerpoint presentations – for the present

academic year

0 In pdf form
available at the
e-learning
platform

2.11. Optional literature D. L. Nelson, M.M. Cox, Lehninger, Principles of Biochemistry, W.H. freeman and Co,
Sixth Ed, 2013.
Voet, Voet – Biochemistry, John Wiley&Sons, Second Ed, 1995 (or later editions)
G.M. Cooper, R.E Hausmann, Stanica: molekularni pristup, Medicinska naklada, Peto
izdanje, 2010. ISBN 953-176-248-1

2.12. Methods of monitoring quality that
ensure acquisition of exit
competences

Outcomes 1,2,6,8 and 9 are checked orally before and during laboratory exercise and
outcomes 1-9 are checked by written and oral exam.

2.13. Comments e-learning - is not included in standard hours, but is used in teaching and contains
exams for knowledge-self-evaluation with solutions, links to different pages, video
and audio materials (some produced by the teacher in collaboration with SRCE), etc.



1. COURSE DECRIPTION – GENERAL INFORMATION
1.1. Course teacher Prof. Lada Rumora, PhD.
1.2. Associate teachers Assistant Prof. Erim Bešić, PhD.
1.3. Graduate programme Integrated Pharmacy Study Programme
1.4. Status of the course elective
1.5. Year of study, Semester 3. year of study, 5. semester
1.6. Credit value (ECTS) 2.5
1.7. Type of instruction (number of hours

L+E+S+e-learning)
15 (L) + 0 (E) + 15 (S) + 0 (e-learning)

1.8. Expected enrolment in the course FS: 40 – 45 ( +  MBS: 15 – 20)
1.9. Level of use of e-learning (1, 2, 3 level),

percentage of instruction in the course
on line (20% maximum)

2.

2. COURSE DESCRIPTION

.1. Course objectives

Understand the structure of biological membranes, define the general principals of

intracellular signalling and mechanisms of interactions between signalling molecules,

identify various families of transport proteins and specify different modes of

transport through biological membranes, recognize signalling molecules as potential

therapeutic targets. Apply the gained knowledge and skills in other courses of

Medical Biochemistry as well as Pharmacy that include in their study programmes

drug transport and delivery through biological membranes, drug interactions with

plasma membrane receptors and/or with intracellular molecules, diagnostics of

various diseases and personalized therapeutic approaches to the patients

(personalized medicine).

.2. Enrolment requirements and required
entry competences for the course

Biochemistry course attendance.

.3. Learning outcomes at the level of the
study programme to which the course
contributes

 Implementation of gained knowledge in laboratory diagnostics, in defining,

analysing and recommendation of the procedures in the research, production

and quality control as well as implementation of new laboratory procedures for

diagnostics of diseases, follow-up of the diseases progression and therapeutic

effects.

 Critical evaluation and application of scientific data and expert knowledge for the

problem solving in biochemical systems.

.1. Expected learning outcomes at the level
of the course (4-10 learning outcomes)

The learning outcomes after attending this course:

1. Understand dynamic aspects of structure and function of biological

membranes.

2. Recognize the relationship of membrane structure and transport of ions

and various molecules through membrane bilayers.

3. Identify main classes of transport proteins integrated within biological

membranes and compare different types of transport across the

BIOLOGICAL MEMBRANES AND CELL SIGNALLING



membranes.

4. Define different modes of cell death.

5. Select appropriate methods for cell viability and cell death determination.

6. Compare various mechanisms of signal transduction.

7. Analyse signal transduction pathways and understand the implications of

signalling activations on the final biological response of the cell.

8. Recognize the importance of signalling molecules in diagnostics and

therapeutics approaches.

.2. Course content broken down in detail
by weekly class schedule (syllabus)

LECTURES AND SEMINARS:

 Programmed cell death – apoptosis: morphological characteristic of

apoptotic cells; cell viability methods

 Caspases: activation and inhibition of caspases' cascades; caspases and

apoptosis; caspases as therapeutic targets

 Mitogen-activated protein kinases (MAPKs): MAPK signalling pathway,

regulation of MAPK activation: kinases that activate MAPKs, phosphatases

that inhibit MAPKs; MAPKs as therapeutic targets

 Bcl-2 proteins: role of  Bcl-2 proteins in cell survival; interrelationships

between Bcl-2 proteins, MAPKs and caspases; Bcl-2 proteins as therapeutic

targets

 Heat shock proteins (Hsps): role of Hsps in cell survival, Hsps as therapeutic

targets

 Dynamic and structural organisation of biological membranes: lipids and

proteins

 Membrane proteins: classes of membrane proteins, integral proteins,

peripheral proteins, different modes of peripheral proteins interconnections,

synthesis, organisation and transport of lipids through asymmetric lipid

bilayers; red blood cell membrane

 Carbohydrates and lipids of biological membranes: carbohydrates and

selectins, modifications of carbohydrates in Golgi apparatus, purpose of

glycosylation, specific glycosylation of lysosomal enzymes – diseases related

to inappropriate glycosylation

 Transport of small molecules across plasma membranes: type of transport

through biological membranes, gradients and forces involved in the

transport process, carrier proteins, protein channels, ion channels, control of

opening and closing of tight junctions, acetylcholine receptor, structure of

Na+ channel, structure of K+ channel, three types of transport through

carriers, role and function of Na+/K+ ATPase



 Different families of transport proteins: ATPases, ABC transport proteins,

CFTR, MDR drug transporters, transport of glucose; mechanisms of

transport, asymmetry of transporters distribution

 Intercellular and intracellular signalling: signalling pathways that involve

cAMP or cGMP, G proteins – molecular switches, Ca2+ as an intracellular

messenger, role and function of protein kinase C

.3. Type of instruction

lectures
seminars

workshops
exercises
online in entirety
mixed e-learning
mixedm-learning

field work
independent study
multimedia and the internet
work with the mentor
(other)

2.7.  Student responsibilities
Regular attendance of the classes, individual presentation of the topic selected after
searching for adequate literature data, active retrospection on other students'
presented topics.

2.8. Screening of student’s work (specify
the proportion of ECTS credits for each
activity so that the total number of CTS
credits is equal to the credit value of
the course)

Class attendance 0.3 Seminar essay 1
Experimental work Oral exam
Essay Project
Tests Practical training
Written exam 1.2 (Other--describe)
Research (Other--describe)
Report (Other--describe)

2.9.  Grading and evaluation of student
work over the course of instruction
and at a final exam

Written exam, individual presentation of the topic selected after searching for
adequate literature data.

2.10.  Required literature (available at the
library and via other media)

Title Number of
copies at the

library

Availability via
other media

Lodish, Berk, Matsudaira, Kaiser, Krieger, Scott,
Zipursky, Darnell; Molecular Cell Biology. 7th
edition, 2012
Gerhard Krauss; Biochemistry of Signal
Transduction and Regulation. 4th expanded and
improved edition, 2008

2.11.  Optional literature Up-to-date review papers regarding the course topics.

2.12. Methods of monitoring quality that
ensure acquisition of exit
competences

All learning outcomes are checked by written exam, and the understanding of the
course topics is additionally checked during course's seminars.

2.13. Comments



1. COURSE DECRIPTION – GENERAL INFORMATION
1.1. Course teacher Prof. Lada Rumora, PhD.
1.2. Associate teachers Assistant Prof. Erim Bešić, PhD.
1.3. Graduate programme Integrated Medical Biochemistry Study Programme
1.4. Status of the course elective
1.5. Year of study, Semester 3. year of study, 5. semester
1.6. Credit value (ECTS) 2.5
1.7. Type of instruction (number of hours

L+E+S+e-learning)
15 (L) + 0 (E) + 15 (S) + 0 (e-learning)

1.8. Expected enrolment in the course MBS: 15 – 20 ( +  FS: 40 – 45)
1.9. Level of use of e-learning (1, 2, 3 level),

percentage of instruction in the course
on line (20% maximum)

2.

2. COURSE DESCRIPTION

.1. Course objectives

Understand the structure of biological membranes, define the general principals of

intracellular signalling and mechanisms of interactions between signalling molecules,

identify various families of transport proteins and specify different modes of

transport through biological membranes, recognize signalling molecules as potential

therapeutic targets. Apply the gained knowledge and skills in other courses of

Medical Biochemistry as well as Pharmacy that include in their study programmes

drug transport and delivery through biological membranes, drug interactions with

plasma membrane receptors and/or with intracellular molecules, diagnostics of

various diseases and personalized therapeutic approaches to the patients

(personalized medicine).

.2. Enrolment requirements and required
entry competences for the course

Biochemistry course attendance.

.3. Learning outcomes at the level of the
study programme to which the course
contributes

 Implementation of gained knowledge in laboratory diagnostics, in defining,

analysing and recommendation of the procedures in the research, production

and quality control as well as implementation of new laboratory procedures for

diagnostics of diseases, follow-up of the diseases progression and therapeutic

effects.

 Critical evaluation and application of scientific data and expert knowledge for the

problem solving in biochemical systems.

.1. Expected learning outcomes at the level
of the course (4-10 learning outcomes)

The learning outcomes after attending this course:

1. Understand dynamic aspects of structure and function of biological

membranes.

2. Recognize the relationship of membrane structure and transport of ions

and various molecules through membrane bilayers.

3. Identify main classes of transport proteins integrated within biological

membranes and compare different types of transport across the
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membranes.

4. Define different modes of cell death.

5. Select appropriate methods for cell viability and cell death determination.

6. Compare various mechanisms of signal transduction.

7. Analyse signal transduction pathways and understand the implications of

signalling activations on the final biological response of the cell.

8. Recognize the importance of signalling molecules in diagnostics and

therapeutics approaches.

.2. Course content broken down in detail
by weekly class schedule (syllabus)

LECTURES AND SEMINARS:

 Programmed cell death – apoptosis: morphological characteristic of

apoptotic cells; cell viability methods

 Caspases: activation and inhibition of caspases' cascades; caspases and

apoptosis; caspases as therapeutic targets

 Mitogen-activated protein kinases (MAPKs): MAPK signalling pathway,

regulation of MAPK activation: kinases that activate MAPKs, phosphatases

that inhibit MAPKs; MAPKs as therapeutic targets

 Bcl-2 proteins: role of  Bcl-2 proteins in cell survival; interrelationships

between Bcl-2 proteins, MAPKs and caspases; Bcl-2 proteins as therapeutic

targets

 Heat shock proteins (Hsps): role of Hsps in cell survival, Hsps as therapeutic

targets

 Dynamic and structural organisation of biological membranes: lipids and

proteins

 Membrane proteins: classes of membrane proteins, integral proteins,

peripheral proteins, different modes of peripheral proteins interconnections,

synthesis, organisation and transport of lipids through asymmetric lipid

bilayers; red blood cell membrane

 Carbohydrates and lipids of biological membranes: carbohydrates and

selectins, modifications of carbohydrates in Golgi apparatus, purpose of

glycosylation, specific glycosylation of lysosomal enzymes – diseases related

to inappropriate glycosylation

 Transport of small molecules across plasma membranes: type of transport

through biological membranes, gradients and forces involved in the

transport process, carrier proteins, protein channels, ion channels, control of

opening and closing of tight junctions, acetylcholine receptor, structure of

Na+ channel, structure of K+ channel, three types of transport through

carriers, role and function of Na+/K+ ATPase



 Different families of transport proteins: ATPases, ABC transport proteins,

CFTR, MDR drug transporters, transport of glucose; mechanisms of

transport, asymmetry of transporters distribution

 Intercellular and intracellular signalling: signalling pathways that involve

cAMP or cGMP, G proteins – molecular switches, Ca2+ as an intracellular

messenger, role and function of protein kinase C

.3. Type of instruction

lectures
seminars

workshops
exercises
online in entirety
mixed e-learning
mixedm-learning

field work
independent study
multimedia and the internet
work with the mentor
(other)

2.7. Student responsibilities
Regular attendance of the classes, individual presentation of the topic selected after
searching for adequate literature data, active retrospection on other students'
presented topics.

2.8. Screening of student’s work (specify
the proportion of ECTS credits for each
activity so that the total number of CTS
credits is equal to the credit value of
the course)

Class attendance 0.3 Seminar essay 1
Experimental work Oral exam
Essay Project
Tests Practical training
Written exam 1.2 (Other--describe)
Research (Other--describe)
Report (Other--describe)

2.9. Grading and evaluation of student
work over the course of instruction
and at a final exam

Written exam, individual presentation of the topic selected after searching for
adequate literature data.

2.10. Required literature (available at the
library and via other media)

Title Number of
copies at the

library

Availability via
other media

Lodish, Berk, Matsudaira, Kaiser, Krieger, Scott,
Zipursky, Darnell; Molecular Cell Biology. 7th
edition, 2012
Gerhard Krauss; Biochemistry of Signal
Transduction and Regulation. 4th expanded and
improved edition, 2008

2.11. Optional literature Up-to-date review papers regarding the course topics.

2.12. Methods of monitoring quality that
ensure acquisition of exit
competences

All learning outcomes are checked by written exam, and the understanding of the
course topics is additionally checked during course's seminars.

2.13. Comments



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

�1�.�1�.�C�o�u�r�s�e� �t�e�a�c�h�e�r
�F�u�l�l� �P�r�o�f�e�s�s�o�r� �J�e�l�e�n�a� �F�i�l�i�p�o�v�i���-�G�r�
�i���,� �P�h�D
�A�s�s�o�c�i�a�t�e� �P�r�o�f�e�s�s�o�r� �A�n�i�t�a� �H�a�f�n�e�r�,� �P�h�D
�A�s�s�o�c�i�a�t�e�P�r�o�f�e�s�s�o�r� �J�a�s�m�i�n�a� �L�o�v�r�i���,� �P�h�D

�1�.�2�.�A�s�s�o�c�i�a�t�e� �t�e�a�c�h�e�r�s
�M�a�r�i�n�a�J�u�r�e�t�i���,� �M�P�h�a�r�m
�S�a�b�i�n�a� �K�e�s�e�r�,� �M�P�h�a�r�m
�Z�o�r�a� �R�u�k�a�v�i�n�a�,� �M�P�h�a�r�m

�1�.�3�.�G�r�a�d�u�a�t�e� �p�r�o�g�r�a�m�m�e �P�h�a�r�m�a�c�y
�1�.�4�.�S�t�a�t�u�s� �o�f� �t�h�e� �c�o�u�r�s�e �O�b�l�i�g�a�t�o�r�y� �c�o�u�r�s�e
�1�.�5�.�Y�e�a�r� �o�f� �s�t�u�d�y�,� �S�e�m�e�s�t�e�r �3�r�d�y�e�a�r�;�6�t�h� �s�e�m�e�s�t�e�r
�1�.�6�.�C�r�e�d�i�t� �v�a�l�u�e� �(�E�C�T�S�) �5
�1�.�7�.�T�y�p�e� �o�f� �i�n�s�t�r�u�c�t�i�o�n� �(�n�u�m�b�e�r� �o�f� �h�o�u�r�s

�L�+�E�+�S�+�e�-�l�e�a�r�n�i�n�g�)
�1�5�+�3�0�+�1�5�+�0

�1�.�8�.�E�x�p�e�c�t�e�d� �e�n�r�o�l�m�e�n�t� �i�n� �t�h�e� �c�o�u�r�s�e�1�4�5
�1�.�9�.�L�e�v�e�l� �o�f� �u�s�e� �o�f£�-�l�e�a�r�n�i�n�g� �(�1�,� �2�,� �3� �l�e�v�e�l�)�,

�p�e�r�c�e�n�t�a�g�e� �o�f� �i�n�s�t�r�u�c�t�i�o�n� �i�n� �t�h�e� �c�o�u�r�s�e
�o�n� �l�i�n�e� �(�2�0�%� �m�a�x�i�m�u�m�)

�2�n�d� �l�e�v�e�l

�2�.� �C�O�U�R�S�E� �D�E�S�C�R�I�P�T�I�O�N

�2�.�1�.�C�o�u�r�s�e� �o�b�j�e�c�t�i�v�e�s

�S�t�u�d�e�n�t� �w�i�l�l� �a�d�o�p�t� �f�u�n�d�a�m�e�n�t�a�l�s� �o�f�b�i�o�p�h�a�r�m�a�c�e�u�t�i�c�s� �a�n�d� �u�n�d�e�r�s�t�a�n�d� �t�h�e
�r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �d�r�u�g� �a�b�s�o�r�p�t�i�o�n�,� �d�i�s�t�r�i�b�u�t�i�o�n�,� �m�e�t�a�b�o�l�i�s�m� �a�n�d� �e�l�i�m�i�n�a�t�i�o�n
�p�r�o�c�e�s�s�e�s� �a�n�d� �e�f�f�i�c�a�c�y�/�s�a�f�e�t�y� �o�f� �d�r�u�g� �a�d�m�i�n�i�s�t�r�a�t�i�o�n�;� �s�t�u�d�e�n�t� �w�i�l�l� �u�n�d�e�r�s�t�a�n�d� �t�h�e
�i�n�f�l�u�e�n�c�e� �o�f� �d�o�s�a�g�e� �f�o�r�m�,� �r�o�u�t�e� �o�f� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �a�n�d� �d�o�s�a�g�e� �r�e�g�i�m�e�n� �o�n� �t�h�e�r�a�p�e�u�t�i�c
�o�u�t�c�o�m�e�s�.
�A�c�c�o�m�p�l�i�s�h�e�d� �k�n�o�w�l�e�d�g�e� �a�n�d� �s�k�i�l�l�s� �r�e�p�r�e�s�e�n�t�r�e�q�u�i�r�e�d� �e�n�t�r�y� �c�o�m�p�e�t�e�n�c�e�s�f�o�r
�c�o�u�r�s�e�s� �D�r�u�g� �f�o�r�m�u�l�a�t�i�o�n�,� �P�h�a�r�m�a�c�o�l�o�g�y�,� �C�l�i�n�i�c�a�l� �p�h�a�r�m�a�c�y� �a�n� �p�h�a�r�m�a�c�o�t�h�e�r�a�p�y�,
�P�h�a�r�m�a�c�e�u�t�i�c�a�l� �c�a�r�e� �a�n�d�V�o�c�a�t�i�o�n�a�l�t�r�a�i�n�i�n�g� �f�o�r� �p�h�a�r�m�a�c�i�s�t�.

�2�.�2�.�E�n�r�o�l�m�e�n�t� �r�e�q�u�i�r�e�m�e�n�t�s� �a�n�d� �r�e�q�u�i�r�e�d
�e�n�t�r�y� �c�o�m�p�e�t�e�n�c�e�s� �f�o�r� �t�h�e� �c�o�u�r�s�e

�E�n�r�o�l�m�e�n�t� �r�e�q�u�i�r�e�m�e�n�t�s�:� �P�h�a�r�m�a�c�e�u�t�i�c�s� �c�o�u�r�s�e� �c�o�m�p�l�e�t�e�d
�E�x�a�m�:� �p�a�s�s�e�d� �e�x�a�m�i�n�a�t�i�o�n� �i�n� �P�h�a�r�m�a�c�e�u�t�i�c�s

�2�.�3�.�L�e�a�r�n�i�n�g� �o�u�t�c�o�m�e�s� �a�t� �t�h�e� �l�e�v�e�l� �o�f� �t�h�e
�s�t�u�d�y� �p�r�o�g�r�a�m�m�e� �t�o� �w�h�i�c�h� �t�h�e� �c�o�u�r�s�e
�c�o�n�t�r�i�b�u�t�e�s

· �S�e�l�e�c�t� �a�n�d� �a�p�p�l�y� �t�e�c�h�n�o�l�o�g�i�c�a�l� �p�r�o�c�e�s�s�e�s� �i�n� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �p�h�a�r�m�a�c�e�u�t�i�c�a�l�s�.
· �C�r�i�t�i�c�a�l� �s�k�i�l�l�s� �i�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �s�o�l�u�t�i�o�n�s� �f�o�r� �p�r�a�c�t�i�c�a�l

�p�r�o�b�l�e�m�s� �i�n� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �p�h�a�r�m�a�c�e�u�t�i�c�a�l�s� �a�n�d� �t�h�e� �m�o�n�i�t�o�r�i�n�g� �o�f� �s�a�f�e� �a�n�d
�a�p�p�r�o�p�r�i�a�t�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �p�h�a�r�m�a�c�e�u�t�i�c�a�l�s�.

· �I�n�f�o�r�m�i�n�g� �a�n�d� �a�d�v�i�s�i�n�g� �p�a�t�i�e�n�t�s� �o�n� �t�h�e� �e�f�f�e�c�t�s� �a�n�d� �p�r�o�p�e�r� �a�p�p�l�i�c�a�t�i�o�n� �o�f
�p�h�a�r�m�a�c�e�u�t�i�c�a�l�s� �a�s� �w�e�l�l� �a�s� �m�o�n�i�t�o�r�i�n�g� �t�h�e� �t�r�e�a�t�m�e�n�t� �c�o�u�r�s�e� �a�n�d� �o�u�t�c�o�m�e�s�.

· �A�p�p�l�y� �e�x�p�e�r�t� �k�n�o�w�l�e�d�g�e� �a�n�d� �s�k�i�l�l�s� �t�o� �p�r�o�v�i�d�e� �a�d�v�i�c�e� �o�n� �p�h�a�r�m�a�c�o�t�h�e�r�a�p�y�.

�2�.�4�.�E�x�p�e�c�t�e�d� �l�e�a�r�n�i�n�g� �o�u�t�c�o�m�e�s� �a�t� �t�h�e� �l�e�v�e�l
�o�f� �t�h�e� �c�o�u�r�s�e� �(�4�-�1�0� �l�e�a�r�n�i�n�g� �o�u�t�c�o�m�e�s�)

�A�f�t�e�r�c�o�m�p�l�e�t�i�n�g� �t�h�e� �c�o�u�r�s�e�s�t�u�d�e�n�t� �w�i�l�l� �b�e� �a�b�l�e� �t�o�:
�1�. �C�o�r�r�e�l�a�t�e� �t�h�e� �p�r�o�c�e�s�s�e�s� �o�f� �a�b�s�o�r�p�t�i�o�n�,� �d�i�s�t�r�i�b�u�t�i�o�n�,� �m�e�t�a�b�o�l�i�s�m� �a�n�d� �e�l�i�m�i�n�a�t�i�o�n

�w�i�t�h� �e�f�f�i�c�a�c�y�/�s�a�f�e�t�y� �o�f� �d�r�u�g�a�d�m�i�n�i�s�t�r�a�t�i�o�n�.
�2�. �C�o�m�p�a�r�e� �d�i�f�f�e�r�e�n�t� �r�o�u�t�e�s� �o�f� �d�r�u�g� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �a�n�d� �e�x�p�l�a�i�n� �t�h�e� �p�o�s�s�i�b�i�l�i�t�i�e�s� �a�n�d

�l�i�m�i�t�a�t�i�o�n�s� �o�f� �e�a�c�h� �o�n�e�.
�3�. �D�i�s�c�u�s�s� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �d�o�s�a�g�e� �f�o�r�m�,� �r�o�u�t�e� �o�f� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �a�n�d� �d�o�s�a�g�e� �r�e�g�i�m�e�n

�o�n� �t�h�e�r�a�p�e�u�t�i�c� �o�u�t�c�o�m�e�s�.
�4�. �C�a�l�c�u�l�a�t�e� �a�b�s�o�l�u�t�e� �a�n�d�r�e�l�a�t�i�v�e� �b�i�o�a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �t�h�e� �d�r�u�g�.
�5�. �C�a�l�c�u�l�a�t�e� �(�r�e�c�o�m�m�e�n�d�)� �t�h�e� �d�o�s�a�g�e� �r�e�g�i�m�e�n� �f�o�r� �s�i�n�g�l�e�/�m�u�l�t�i�p�l�e� �i�n�t�r�a�v�e�n�o�u�s�/�o�r�a�l

�d�r�u�g� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �u�s�i�n�g� �p�o�p�u�l�a�t�i�o�n�/�i�n�d�i�v�i�d�u�a�l� �p�h�a�r�m�a�c�o�k�i�n�e�t�i�c� �p�a�r�a�m�e�t�e�r�s�.
�6�.�C�a�l�c�u�l�a�t�e� �p�l�a�s�m�a� �d�r�u�g� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�t� �s�i�n�g�l�e�/�m�u�l�t�i�p�l�e� �i�n�t�r�a�v�e�n�o�u�s�/�o�r�a�l� �d�r�u�g

�a�d�m�i�n�i�s�t�r�a�t�i�o�n� �p�r�i�o�r� �t�o� �o�r� �a�t� �s�t�e�a�d�y�-�s�t�a�t�e�.

�2�.�5�.�C�o�u�r�s�e� �c�o�n�t�e�n�t� �b�r�o�k�e�n� �d�o�w�n� �i�n� �d�e�t�a�i�l
�b�y�w�e�e�k�l�y� �c�l�a�s�s� �s�c�h�e�d�u�l�e�(�s�y�l�l�a�b�u�s�)

�L�E�C�T�U�R�E�S�:
· �I�n�t�r�o�d�u�c�t�i�o�n� �t�o� �b�i�o�p�h�a�r�m�a�c�e�u�t�i�c�s� �a�n�d� �p�h�a�r�m�a�c�o�k�i�n�e�t�i�c�s
· �B�a�s�i�c� �p�r�i�n�c�i�p�l�e�s� �o�f� �b�i�o�p�h�a�r�m�a�c�e�u�t�i�c�s
· �F�a�t�e� �o�f� �d�r�u�g�s� �i�n� �t�h�e�b�o�d�y� �(�a�b�s�o�r�p�t�i�o�n�,� �d�i�s�t�r�i�b�u�t�i�o�n�,� �m�e�t�a�b�o�l�i�s�m�,� �e�l�i�m�i�n�a�t�i�o�n�)
· �O�r�a�l� �d�r�u�g� �a�d�m�i�n�i�s�t�r�a�t�i�o�n

�B�I�O�P�H�A�R�M�A�C�E�U�T�I�C�S� �A�N�D�P�H�A�R�M�A�C�O�K�I�N�E�T�I�C�S
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