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Subject: 
RADIOPHARMACY

The course is evaluated with 7 ECTS credits. There are 5 hours of active teaching per week (2 hours of lectures, 1 hour of seminar and 2 hour of work in a small group)
















TEACHING STAFF:

	Department for pharmaceutical biotechnology

	
	Name and surname 
	Email addresses
	Title

	1. 
	Slobodan Novokmet
	slobodan.novokmet@fmn.kg.ac.rs
	Full Professor

	2. 
	Maja Savic
	maja.savic@fmn.kg.ac.rs
	Teaching Assistant

	3. 
	Nevena Lazarevic
	nevena.lazarevic@fmn.kg.ac.rs
	Junior Teaching Assistant

	4. 
	Jelena Terzic
	jelena.terzic@fmn.kg.ac.rs
	Junior Teaching Assistant

	Department for nuclear medicine

	
	Name and surname
	Email addresses
	Title

	1. 
	Vladimir Vukomanovic
	vukomanovic@gmail.com
	Associate Professor

	2. 
	Vesna Ignjatovic
	vesnaivladaignjatovic@gmail.com
	Assistant Professor

	3. 
	Katarina Vuleta Nedic
	kvuleta87@gmail.com
	Teaching Assistant

	4. 
	Jelena Djordjevic
	jeladj997@gmail.com
	Junior Teaching Assistant





COURSE STRUCTURE:

	Name of module
	Week
	Lectures weekly
	Seminar
	Work in a small group
	Teacher - head of the module

	Radiopharmacy
	1 - 5
	2
	1
	2
	Prof. Slobodan Novokmet

	
	6 - 15
	2
	1
	2
	Asoc Prof Vladimir Vukomanovic







EVALUATION:
The grade is equivalent to the number of points earned (see tables). Points are earned in two ways:

PRESENCE AND ACTIVITY DURING THE CLASS: Students are required to actively participate in all forms of teaching. Teachers and teaching assistants will evaluate their knowledge, skills, and attitudes demonstrated during teaching and solving assigned problems. In this way, the student can gain up to 30 points.
FINAL EXAMINATION: oral examination or written examination (FINAL TEST). In this way, the student can gain up to 70 points. 


	Radiopharmacy
	MAXIMUM OF POINTS

	
	solving assigned problems
	Final exam
	Σ

	
	2 × 15
	70
	

	Σ
	30
	70
	100



The final grade is formed as follows: 
To pass the course, the student has to obtain a minimum of 51 points. 



	Number of points 
	Grade 

	0   - 50
	5

	51 - 60
	6

	61 - 70
	7

	71 - 80
	8

	81 - 90
	9

	91 - 100
	10


















LITERATURE:


		Textbook title 
	



	Authors
		Publisher 



		Library 




	Gopal BSaha. Fundamentals of Nuclear Pharmacy. 7th Edition.
	Gopal BS (Ed)
	Springer; 2018
	

	Sampson`s Textbook of Radiopharmacy. 4th revised Edition.
	Theobald T (Ed)
	Pharmaceutical Press; 2011
	

	Radiopharmaceuticals in Nuclear Pharmacy and Nuclear Medicine. 3rd Edition.
	Kowalsky RJ, Falen SW  (Eds)
	American Pharmacists Association; 2011
	

	All lectures can be found on the website of the Faculty of Medicine: www.medf.kg.ac.rs



THE PROGRAM
TEACHING UNIT 1 (FIRST WEEK):
	RADIOLIGAND BINDING

	Lectures: 2 classes
	Seminar : 1 class
	Work in a small group: 2 classes

	Radioligand binding (definition of radioligand binding test-assay; experimental stages in radioligand binding; disadvantages of radioligand binding test-assay; radioligand - definition and stability; radioisotope labeling with tritium (3H) - advantages and disadvantages; radioisotopic labeling with iodine (125I) - advantages and disadvantages )

	Receptor autoradiography.



TEACHING UNIT 2 (SECOND WEEK):
	RADIOLIGAND BINDING

	Lectures: 2 classes
	Seminar : 1 class
	Work in a small group: 2 classes

	Radioligand binding (tissue preparation; isolation of cell preparations; preparation of cell membranes and solubilized receptors; preincubation-washing phase; incubation with radioligand; factors affecting incubation; methods for separation of radioligand-receptor complexes: filtration, centrifugation, dialysis, gel filtration, precipitation, adsorption; problems during separation) 
	Analyzing Radioligand Binding Data.

	
	



TEACHING UNIT 3 (THIRD WEEK):
	RADIOLIGAND BINDING

	Lectures: 2 classes
	Seminar : 1 class
	Work in a small group: 2 classes

	Radioligand binding (the law of mass action; dissociation constant (KD) of the complex; diagram of specific ligand binding to receptors; non-specific and specific binding; Scatchard's or Rosenthal's equation and constraints; "Direct fit"; fractional occupation-saturation of receptors; consumption of ligands; separation of specific from non-specific binding)
	Determination of radioligand specific activity and amounts of the radioligand.




TEACHING UNIT 4 (FOURTH WEEK):
	RADIOLIGAND BINDING

	Lectures: 2 classes
	Seminar : 1 class
	Work in a small group: 2 classes

	Radioligand binding (radioligand binding on intact cells; characterization of imidazoline receptors)
	Imidazoline receptors and their ligands.





TEACHING UNIT 5 (FIFTH WEEK):
	BASIC PRINCIPLES OF RADIOCHEMISTRY AND RADIOLABELING METHODS
CHARACTERISTICS OF SPECIFIC RADIOPHARMACEUTICALS


	Lectures: 2 classes	
	Seminar : 1 class
	Work in a small group: 2 classes

	Radiopharmaceuticals and radiolabeling methods (definition; ideal radiopharmaceutical; design of new radiopharmaceuticals; radiolabeling methods and factors affecting radiolabeling)
Characteristics of specific radiopharmaceuticals (radiopharmaceuticals labeled with technetium 99mTc and radioactive iodine 123I, 125I, 131I; PET radiopharmaceuticals

	Methods of labeling with radioactive iodine; Characteristics of radiopharmaceuticals labeled with technetium



TEACHING UNIT 6 (SIXTH WEEK):
	BASIC PRINCIPLES OF NUCLEAR PHYSICS

	Lectures: 2 classes
	Seminar : 1 class
	Work in a small group: 2 classes

	Basic principles of nuclear physics (atom, structure of atoms, chemical bonds); radioactive decay (spontaneous fission, alpha, beta decay (β); equations for calculating radioactive decay, decay half-life).
Instruments for detection and measurement of radioactivity, devices for medical imaging (SPECT, PET)

	Understand the physical basis of radioisotopes and the basic principles of radioactivity and radioactive decay. 
Introduction to the basic characteristics of instruments for detecting and measuring radioactivity. 



TEACHING UNIT 7 (SEVENTH WEEK):
	BASIC PRINCIPLES OF WORK IN NUCLEAR MEDICINE CENTERS

	Lectures: 2 classes
	Seminar : 1 class
	Work in a small group: 2 classes

	Basic principles of work in nuclear medical facilities. Controlled and supervised radiation area. Work organization, role and position of pharmacists in nuclear medicine institutions. Receiving, handling, storage and protection of radioactive materials.
	Introduction to the work of a pharmacist in nuclear medicine.
Documentation, handling, labeling, packaging and transport of radioactive material.



TEACHING UNIT 8 (EIGHTH WEEK):
	PRODUCTION OF RADIOISOTOPES

	Lectures: 2 classes
	Seminar : 1 class
	Work in a small group: 2 classes

	Obtaining radionuclides for medical use. Construction and principle of functioning of nuclear reactor, cyclotron, generator systems. The working principle of the Mo-99/Tc-99m generator. Generators of Ultra-Short Lived Radionuclides for Routine Clinical Applications
	Introduction to working in a laminar flow chamber. Principle and Working Mechanism of Radionuclide 99Mo-99mTc generators. Calculation of the volume of eluate required.  Calculation of individual patient doses. Radioisotope handling.










TEACHING UNIT 9 (NINTH WEEK):
	PREPARATION OF RADIOPHARMACEUTICALS AND QUALITY CONTROL OF RADIOPHARMACEUTICALS

	Lectures: 2 classes
	Seminar : 1 class
	Work in a small group: 2 classes

	Technetium-99m labelling pharmaceuticals and labeling kits. Production and applications of 99mTc radiopharmaceuticals. 
Quality control of radiopharmaceuticals (tests for radiochemical, radionuclidic, and chemical purity, sterility, bacterial endotoxins/ pyrogens, bioaffinity and biodistribution studies). Good clinical and good laboratory practice 
	Procedure for working with radioactivity in the hot laboratory.
Methods of labeling radiopharmaceuticals. Quality control of radiopharmaceuticals.



TEACHING UNIT 10 (TENTH WEEK):
	DETERMINATION OF THE BIODISTRIBUTION AND BIOKINETICS OF RADIOPHARMACEUTICALS

	Lectures: 2 classes
	Seminar : 1 class
	Work in a small group: 2 classes

	Determination of the biodistribution and biokinetics of radiopharmaceuticals. Factors and drug interactions that cause altered biodistribution of radiopharmaceuticals. Mechanism of radiopharmaceutical localization
Adverse reactions and drug interactions with radiopharmaceuticals.
	Biokinetics and dosimetry of commonly used radiopharmaceuticals in diagnostic nuclear medicine. Adverse Reactions to Radiopharmaceuticals, Drug interactions with radiopharmaceuticals




TEACHING UNIT 11 (ELEVENTH WEEK):
	THE RADIOBIOLOGY OF RADIOPHARMACEUTICALS

	Lectures: 2 classes
	Seminar : 1 class
	Work in a small group: 2 classes

	Biological effects of radiation. Deterministic and stochastic effects of radiation. 
Radiation protection in nuclear medicine. Protection of staff, patients and the general public in
nuclear medicine. Radiation monitoring and decontamination of the working area
	
Ionising radiation dosimetry and principles of measurement. The ionising radiation (medical exposure) regulations. Radiation Safety and Protection.




TEACHING UNIT 12 (ELEVENTH WEEK):
	RADIOIMMUNOASSAY AND IN-VITRO METHODS 

	Lectures: 2 classes
	Seminar : 1 class
	Work in a small group: 2 classes

	Radioimmunoassay (RIA): Requirements, Principle, Procedure, Results, Uses. Quality control. Analytical systems for the measurement biological substances (EIA, LIA, FIA).
	Radioimmunoassay (RIA) Principle. Result Interpretation. Radioimmunoassay (RIA) Applications
Advantages and  Limitations.




TEACHING UNIT 13 (THIRTEENTH WEEK)
	DIAGNOSTIC RADIOPHARMACEUTICALS 1

	Lectures: 2 classes
	Seminar : 1 class
	Work in a small group: 2 classes

	Ideal characteristics of radiopharmaceuticals. Radiopharmaceuticals for PET and SPECT Imaging SPECT and PET radiopharmaceuticals for imaging cardiovascular, CNS and endocrinology diseases 
	Morphological and functional imaging in nuclear medicine. Diagnostic radiopharmaceuticals-examples.



TEACHING UNIT 14 (FOURTEENTH WEEK)
	DIAGNOSTIC RADIOPHARMACEUTICALS 2

	Lectures: 2 classes
	Seminar : 1 class
	Work in a small group: 2 classes

	Radiopharmaceuticals in oncology, hematology, urinary, gastrointestinal system diagnostics
Global Trends in Radiopharmaceuticals. 
	Morphological and functional imaging in nuclear medicine. Diagnostic uses of radiopharmaceuticals in nuclear medicine




TEACHING UNIT 15 (FIFTEENTH WEEK)
	THERAPEUTIC APPLICATIONS OF RADIOPHARMACEUTICALS

	Lectures: 2 classes
	Seminar : 1 class
	Work in a small group: 2 classes

	Research and development in the field of therapeutic radiopharmaceuticals. Therapeutic radionuclides in nuclear medicine Radiopharmaceuticals emerging as new cancer therapy. Radiopharmaceuticals in imaging and theranostics. Safety and minimizing side effects radiopharmaceuticals. Future of radiopharmaceuticals

	Therapeutic applications of radiopharmaceuticals











LECTURE AND SEMINAR SCHEDULE

	









SCHEDULE OF PRACTICE

	I – V 

	




* According to the schedule of Department for pharmaceutical biotechnology
	VI - XV  week
* DEPARTMENT FOR NUCLEAR MEDICINE UNIVERSITY CLINICAL CENTER KRAGUJEVAC

	








	
	






* According to the schedule of Department for Nuclear medicine
Schedule of classes and module tests

	

	week
	type 
	Method unit name
	Teacher

	1
	L
	Radioligand binding
	Prof. Slobodan Novokmet

	
	S
	Radioligand binding
	Prof. Slobodan Novokmet

	
	P
	Receptor autoradiography.
	TA Maja Savic
TA Nevena Lazarevic
Jelena Terzic

	2
	L
	Radioligand binding
	Prof. Slobodan Novokmet

	
	S
	Radioligand binding
	Prof. Slobodan Novokmet

	
	P
	Analyzing Radioligand Binding Data.
	TA Maja Savic
TA Nevena Lazarevic
Jelena Terzic

	3
	L
	Radioligand binding
	Prof. Slobodan Novokmet

	
	S
	Radioligand binding
	Prof. Slobodan Novokmet

	
	P
	Determination of radioligand specific activity and amounts of the radioligand.
	TA Maja Savic
TA Nevena Lazarevic
Jelena Terzic

	4
	L
	
Radioligand binding
	Prof. Slobodan Novokmet

	
	S
	
Radioligand binding
	Prof. Slobodan Novokmet

	
	P
	Imidazoline receptors and their ligands.
	TA Maja Savic
TA Nevena Lazarevic
Jelena Terzic

	5
	L
	Radiopharmaceuticals and radiolabeling methods. Characteristics of specific radiopharmaceuticals

	Prof. Slobodan Novokmet

	
	S
	Radiolabeling methods; Characteristics of specific radiopharmaceuticals 

	Prof. Slobodan Novokmet

	
	P
	Methods of labeling with radioactive iodine; Characteristics of radiopharmaceuticals labeled with technetium
	TA Maja Savic
TA Nevena Lazarevic
Jelena Terzic

	6
	L
	Biophysical basis of diagnostic and therapeutic procedures. Imaging systems in nuclear medicine
	Asoc Prof. Dr Vladimir Vukomanović (replacement Asst. Prof. Dr Vesna Ignjatović)

	
	S
	Biophysical basis of diagnostic and therapeutic procedures. Imaging systems in nuclear medicine
	Asoc Prof. Dr Vladimir Vukomanović (replacement Asst. Prof. Dr Vesna Ignjatović

	
	P
	Introduction to the basic characteristics of instruments for detecting and measuring radioactivity.
	Asst. Prof. Dr Vesna Ignjatović 
Asoc Prof. Dr Vladimir Vukomanović 
TA Katarina Vuleta Nedić

	7
	L
	Basic principles of work in nuclear medical facilities. 
Introduction to the work of a pharmacist in nuclear medicine.
	ASoc Prof. Dr Vladimir Vukomanović (replacement Asst. Prof. Dr Vesna Ignjatović

	
	S
	Basic principles of work in nuclear medical facilities. 
Introduction to the work of a pharmacist in nuclear medicine.
	Prof. Dr Vladimir Vukomanović (replacement Asst. Prof. Dr Vesna Ignjatović

	
	P
	Introduction to the work of a pharmacist in nuclear medicine.
	Asst. Prof. Dr Vesna Ignjatović 
Prof. Dr Vladimir Vukomanović 
TA Katarina Vuleta Nedić

	8
	L
	Obtaining radionuclides for medical use. Construction and principle of functioning of nuclear reactor, cyclotron, generator systems.
	Asst. Prof. Dr Vesna Ignjatović (replacement Prof. Dr Vladimir Vukomanović)

	
	S
	Obtaining radionuclides for medical use. Construction and principle of functioning of nuclear reactor, cyclotron, generator systems
	Asst. Prof. Dr Vesna Ignjatović (replacement Prof. Dr Vladimir Vukomanović)

	
	P
	Introduction to working in a laminar flow chamber. Principle and working mechanism of radionuclide 99Mo-99mTc generators.
	Asst. Prof. Dr Vesna Ignjatović 
Asoc Prof. Dr Vladimir Vukomanović 
TA Katarina Vuleta Nedić

	9
	L
	Technetium-99m labelling pharmaceuticals and labeling kits. Production and applications of 99mTc radiopharmaceuticals. Quality control of radiopharmaceuticals 
	Asoc Prof. Dr Vladimir Vukomanović (replacement Asst. Prof. Dr Vesna Ignjatović

	
	S
	Technetium-99m labelling pharmaceuticals and labeling kits. Production and applications of 99mTc radiopharmaceuticals. Quality control of radiopharmaceuticals
	Asoc Prof. Dr Vladimir Vukomanović (replacement Asst. Prof. Dr Vesna Ignjatović

	
	P
	Procedure for working with radioactivity in the hot laboratory. Methods of labeling radiopharmaceuticals. Quality control of radiopharmaceuticals.
	Asst. Prof. Dr Vesna Ignjatović 
Asoc Prof. Dr Vladimir Vukomanović 
TA Katarina Vuleta Nedić

	10
	L
	Determination of the biodistribution and biokinetics of radiopharmaceuticals
Biokinetics and dosimetry of commonly used radiopharmaceuticals in diagnostic nuclear medicine.
	Asst. Prof. Dr Vesna Ignjatović (replacement Asoc Prof. Dr Vladimir Vukomanović)

	
	S
	Determination of the biodistribution and biokinetics of radiopharmaceuticals
Biokinetics and dosimetry of commonly used radiopharmaceuticals in diagnostic nuclear medicine.
	Asst. Prof. Dr Vesna Ignjatović (replacement Asoc Prof. Dr Vladimir Vukomanović)

	
	P
	Biokinetics and dosimetry of commonly used radiopharmaceuticals in diagnostic nuclear medicine.
	Asst. Prof. Dr Vesna Ignjatović 
Prof. Dr Vladimir Vukomanović 
TA Katarina Vuleta Nedić

	11
	L
	Biological effects of radiation.
Radiation protection in nuclear medicine. 
	Asst. Prof. Dr Vesna Ignjatović (replacement  Asoc Prof. Dr Vladimir Vukomanović)

	
	S
	Biological effects of radiation.
Radiation protection in nuclear medicine. 
	Asst. Prof. Dr Vesna Ignjatović (replacement Asoc Prof. Dr Vladimir Vukomanović)

	
	P
	Ionising radiation dosimetry and principles of measurement.
	Asst. Prof. Dr Vesna Ignjatović Asst. Asoc Prof. Dr Vladimir Vukomanović 
TA Katarina Vuleta Nedić

	12
	L
	Radioimmunoassay (RIA). Quality control. Analytical systems for the measurement biological substances
	Asst. Prof. Dr Vesna Ignjatović (replacement Asoc sst. Prof. Dr Vladimir Vukomanović)

	
	S
	Radioimmunoassay (RIA). Quality control. Analytical systems for the measurement biological substances
	Asst. Prof. Dr Vesna Ignjatović (replacement Asst. Prof. Dr Vladimir Vukomanović)

	
	P
	Radioimmunoassay (RIA). Quality control. Analytical systems for the measurement biological substances
	Asst. Prof. Dr Vesna Ignjatović 
Asoc Prof. Dr Vladimir Vukomanović 
TA Katarina Vuleta Nedić

	13
	L
	Radiopharmaceuticals for PET and SPECT Imaging 
Morphological and functional imaging in nuclear medicine.
	Asoc sst. Prof. Dr Vladimir Vukomanović (replacement Asst. Prof. Dr Vesna Ignjatović

	
	S
	Radiopharmaceuticals for PET and SPECT Imaging 
Morphological and functional imaging in nuclear medicine.
	Asoc. Prof. Dr Vladimir Vukomanović (replacement Asst. Prof. Dr Vesna Ignjatović)

	
	P
	Morphological and functional imaging in nuclear medicine.
	Asst. Prof. Dr Vesna Ignjatović
 Asoc Prof. Dr Vladimir Vukomanović 
TA Katarina Vuleta Nedić

	14
	L
	Radiopharmaceuticals in oncology, hematology, urinary, gastrointestinal system diagnostics
Global Trends in Radiopharmaceuticals. 
	Asst. Prof. Dr Vesna Ignjatović (replacement Asoc. Prof. Dr Vladimir Vukomanović)

	
	S
	Radiopharmaceuticals in oncology, hematology, urinary, gastrointestinal system diagnostics
Global Trends in Radiopharmaceuticals.
	Asst. Prof. Dr Vesna Ignjatović (replacement Asoc. Prof. Dr Vladimir Vukomanović)

	
	P
	Morphological and functional imaging in nuclear medicine.
	Asst. Prof. Dr Vesna Ignjatović 
Asoc. Prof. Dr Vladimir Vukomanović 
TA Katarina Vuleta Nedić

	15
	L
	Research and development in the field of therapeutic radiopharmaceuticals. Therapeutic radionuclides in nuclear medicine.
	Asoc. Prof. Dr Vladimir Vukomanović (replacement Asst. Prof. Dr Vesna Ignjatović

	
	S
	Research and development in the field of therapeutic radiopharmaceuticals. Therapeutic radionuclides in nuclear medicine.
	Asoc. Prof. Dr Vladimir Vukomanović (replacement Asst. Prof. Dr Vesna Ignjatović

	
	P
	Therapeutic applications of radiopharmaceuticals.
	Asst. Prof. Dr Vesna Ignjatović 
Asoc. Prof. Dr Vladimir Vukomanović 
TA Katarina Vuleta Nedić
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