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Prerequisites for enrolling in the course or for
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Vsebina (kratek pregled u¢nega nacrta):

Content (syllabus outline):

I. Metode matemati¢nega modeliranja bioloskih
sistemov:

Preprosti modeli za opis celicne vzdraZnosti,
nevrofiziologije, dihanja, kardiovaskularnega
sistema, ledvi¢ne fiziologije in teorije povratne
zveze

Sistemi diferencialnih enacb

Teorija kompleksnih mreZz in njena uporaba na
veclceli€nih sistemih

II. Fiziologija celice:

Biokemijske reakcije (kinetika encimov,
kooperativna vezava ligandov, glikoliza in oscilacije).
Transport preko membrane celice (transport ionov
in vode, regulacija volumna celice)

Dinamika kalcija v citosolu ( difuzija kalcija, kalcijeve
oscilacije, kalcijevi valovi, prenos kalcijevega signala
od agonista do kontrakcije misice)

I. Introduction to methods of mathematical
modelling of biological systems:

Simple models for describing cellular excitability,
neurophysiology, respiration, cardiovascular system,
renal physiology, and the feedback theory

Systems of differential equations

Complex network theory and its application on
multicellular systems

II. Cell physiology:

Biochemical reactions (enzyme kinetics, cooperative
ligand binding, glycolysis and glycolitic oscillations)
Membrane transport (ionic and water transport, cell
volume regulation)

Calcium dynamics (diffusion, oscillations, calcium
waves, calcium signaling from agonist effect to
muscle contraction)

Function of contractile elements
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Delovanje kontraktilnih elementov

[1l. Sistemska fiziologija:

Sklopitev med srcem in Zilami

Sklopitev med dihalnim in sréno-zilnim sistemom
Sklopitev med srénozilnim sistemom in ledvicami
Sklopitev med endokrinimi organi in njihovimi
tarcami

[ll. Systems physiology

Coupling between the heart and vessels,

Coupling between the respiratory and cardiovascular
system

Coupling between the cardiovascular system and the
kidneys

Acid-base balance

Acidobazno ravnovesje.

Temeljni literatura in viri / Reading materials:

Visokosolski uébeniki / Textbooks
— JKeener, J Sneyd: Mathematical Physiology, I: Cellular Physiology, 2nd Ed, Springer, 2008.
— JKeener, J Sneyd: Mathematical Physiology, II: Systems Physiology, 2nd Ed, Springer, 2008
— A Stozer, L Krizanci¢ Bombek, J Dolensek, M Skelin. Izbrana poglavja iz fiziologije : za Studente
medicine : z navodili za vaje. 1. izd. Maribor: Medicinska fakulteta, 2012. 215 str., ilustr. ISBN 978-
961-6739-36-8

Dodatna literatura in viri / Additional References:
Visokosolski uébeniki / Textbooks

— SH Strogatz: Nonlinear Dynamics And Chaos: With Applications To Physics, Biology, Chemistry, And
Engineering, CRC Press, 1st Ed, 2000

— SH Strogatz: SYNC. How order emerges from chaos in the universe, nature, and daily life. Hachette
Books, 1st Ed, 2004.

— J Loscalzo, AL Barabasi, EK Silverman: Network Medicine. Complex systems in human disease and
therapeutics, Harvard university press, 1st Ed, 2017.

— M Newman, AL Barabasi, DJ Watts, The structure and dynamics of networks, Princeton university
press, 1st Ed, 2006.

— A Goldbeter: Biochemical Oscillations and Cellular Rhythms, Cambridge University Press, 1997.

— JD Murray: Mathematical Biology, I: An Introduction, 3rd Ed, Springer, 2007.

— E Carson, C Cobelli: Introduction to Modeling in Physiology and Medicine, Academic Press, 1st Ed,
2008.

— FC Hoppensteadt, C.S. Peskin: Modeling and Simulation in Medicine and Life Sciences, 2nd Ed,
Springer 2004.

— JE Hall. Guyton and Hall Textbook of medical physiology. 13th E, Saunders, 2015.

— Ribaric¢ S. ured. Temelji patoloske fiziologije, 4. izd., Institut za patolosko fiziologijo MF UL, 2017.

— Ribari¢ S. ured. Seminarji iz patoloske fiziologije, 3. izd., Institut za patolosko fiziologijo MF, 2014.

— WF Boron, EL Boulpaep. Medical Physiology. Ed. 3., Elsevier, 2016.

lzvirni in pregledni ¢élanki / Original and review papers

— GOSAK, Marko, MARKOVIC, Rene, DOLENSEK, Jurij, RUPNIK, Marjan, MARHL, Marko, STOZER,
AndraZ, PERC, Matjaz. Network science of biological systems at different scales : a review. Physics of
life reviews, ISSN 1873-1457, 2018, vol. 24, str. 118-135, doi: 10.1016/j.plrev.2017.11.003.
[COBISS.SI-ID 512746040]

— DOLENSEK, Jurij, SPELIC, Denis, SKELIN, Masa, ZALIK, Borut, GOSAK, Marko, RUPNIK, Marjan,
STOZER, Andraiz. Membrane potential and calcium dynamics in beta cells from mouse pancreas
tissue slices : theory, experimentation, and analysis. Sensors, ISSN 1424-8220, 2015, vol. 15, iss. 11,
str. 27393-27419, ilustr. http://www.mdpi.com/1424-8220/15/11/27393, doi:
10.3390/s151127393. [COBISS.SI-ID 512558136]

— PERC, Matjaz, RUPNIK, Marjan, GOSAK, Marko, MARHL, Marko. Prevalence of stochasticity in
experimentally observed responses of pancreatic acinar cells to acetylcholine. Chaos, ISSN 1054-
1500, 2009, vol. 19, iss. 3, str.037113-1-037113-6, doi: 10.1063/1.3160017. [COBISS.SI-ID 13698582]
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MARKOVIC, Rene, STOZER, Andraz, GOSAK, Marko, DOLENSEK, Jurij, MARHL, Marko, RUPNIK,
Marjan. Progressive glucose stimulation of islet beta cells reveals a transition from segregated to
integrated modular functional connectivity patterns. Scientific reports, ISSN 2045-2322, vol. 5, 2015,
10 str. http://www.nature.com/srep/2015/150119/srep07845/full/srep07845.html, doi:
10.1038/srep07845. [COBISS.SI-ID 512466488]

STOZER, Andraz, GOSAK, Marko, DOLENSEK, Jurij, PERC, MatjaZ, MARHL, Marko, RUPNIK, Marjan,
KOROSAK, Dean. Functional connectivity in islets of Langerhans from mouse pancreas tissue slices.
PLoS computational biology, ISSN 1553-734X. [Print ed.], Feb. 2013, vol. 9, iss. 2, str. e100292312-1-
€1002923-12, doi: 10.1371/journal.pcbi.1002923. [COBISS.SI-ID 512264760]

STOZER, Andraz, DOLENSEK, Jurij, SKELIN, Ma3a, RUPNIK, Marjan. Cell physiology in tissue slices :
studying beta cells in the islets of Langerhans = Celi¢na fiziologija v tkivnih rezinah : preucevanje celic
beta v Langerhansovih otockih. Acta medico-biotechnica : AMB, ISSN 1855-5640. [Tiskana izd.],
2013, vol. 6, [no.] 1, str. 20-32, ilustr. http://www.actamedbio.mf.uni-
mb.si/03_10id_amb_97_13_v2.pdf. [COBISS.SI-ID 512298296]

STOZER, Andra?. Nernstov potencial in ohmski model membranskega potenciala = Nernst potential
and the Ohmic model of membrane potential. Medicinski razgledi : [medicinski pregledni, strokovni
in raziskovalni clanki], 1ISSN 0025-8121. [Tiskana izd.], jun. 2014, letn. 53, st. 2, str. 193-202.
[COBISS.SI-ID 512415288]

SKELIN, Masa. Akcijski potencial = Action potential. Medicinski razgledi : [medicinski pregledni,
strokovni in raziskovalni ¢lanki], ISSN 0025-8121. [Tiskana izd.], jun. 2014, letn. 53, st. 2, str. 203-
217, ilustr. [COBISS.SI-ID 512415544

DOLENSEK, Jurij. Razumevanje elektroencefalografije s pomocjo prostorskega kota = Solid angle
approach to understanding electroecephalography. Medicinski razgledi : [medicinski pregledni,
strokovni in raziskovalni ¢lanki], ISSN 0025-8121. [Tiskana izd.], mar. 2015, letn. 54, st. 1, str. 41-55,
ilustr. [COBISS.SI-ID 279836928]

POHOREC, Viljem, RUPNIK, Marjan. Funkcija in disfunkcija bazalnih ganglijev = Function and
dysfunction of basal ganglia. Medicinski razgledi : [medicinski pregledni, strokovni in raziskovalni
Clanki], ISSN 0025-8121. [Tiskana izd.], jun. 2014, letn. 53, §t. 2, str. 219-231, ilustr. [COBISS.SI-ID
512415800]

STOZER, Andraz, RUPNIK, Marjan. Akutna respiracijska acidoza in alkaloza : sodobna kvantitativna
interpretacija. Zdravniski vestnik : glasilo Slovenskega zdravniskega drustva, ISSN 1318-0347.
[Tiskana izd.], feb. 2014, letn. 83, st. 2, str. 147-157, ilustr.
http://vestnik.szd.si/index.php/ZdravVest/article/view/1100. [COBISS.SI-ID 512392248]

STOZER, AndraZ, DOLENSEK, Jurij, RUPNIK, Marjan. Fiziologija plju¢ : prvi del = Pulmonary physiology
: part one. Medicinski razgledi : [medicinski pregledni, strokovni in raziskovalni ¢lanki], ISSN 0025-
8121. [Tiskana izd.], 2012, letn. 51, st. 3/4, str. 269-290, ilustr. [COBISS.SI-ID 512246072]

STOZER, AndraZ, RUPNIK, Marjan. Fiziologija plju¢ : drugi del = Pulmonary physiology : part two.
Medicinski razgledi : [medicinski pregledni, strokovni in raziskovalni ¢lanki], ISSN 0025-8121. [Tiskana
izd.], 2012, letn. 51, §t. 3/4, str. 291-308, ilustr. [COBISS.SI-ID 512246328]

STOZER, Andraz, DOLENSEK, Jurij, RUPNIK, Marjan. Fiziologija plju¢ : tretji del = Pulmonary
physiology : part three. Medicinski razgledi : [medicinski pregledni, strokovni in raziskovalni clanki],
ISSN 0025-8121. [Tiskana izd.], 2012, letn. 51, $t. 3/4, str. 309-328, ilustr. [COBISS.SI-ID 512246584]
KRIZANCIC BOMBEK, Lidija. Vid: sinapti¢no povezovanje med nevroni mreZnice in obdelava signalov
= Vision: synaptic connections between retinal neurons and signal processing. Medicinski razgledi :
[medicinski pregledni, strokovni in raziskovalni ¢lanki], ISSN 0025-8121. [Tiskana izd.], 2014, letn. 53,
St. 1, str. 101-114, ilustr. [COBISS.SI-ID 512402488]

KRIZANCIC BOMBEK, Lidija. Vid: mreZnica, fotoreceptorji in fototransdukcija = Vision: retina,
photoreceptors and phototransduction. Medicinski razgledi : [medicinski pregledni, strokovni in
raziskovalni Clanki], ISSN 0025-8121. [Tiskana izd.], dec. 2013, letn. 52, st. 4, str. 441-455, ilustr.
[COBISS.SI-ID 512402232]



https://plus.si.cobiss.net/opac7/bib/512415288?lang=sl
https://plus.si.cobiss.net/opac7/bib/512415544?lang=sl
https://plus.si.cobiss.net/opac7/bib/279836928?lang=sl
https://plus.si.cobiss.net/opac7/bib/512415800?lang=sl
http://vestnik.szd.si/index.php/ZdravVest/article/view/1100
https://plus.si.cobiss.net/opac7/bib/512392248?lang=sl
https://plus.si.cobiss.net/opac7/bib/512246072?lang=sl
https://plus.si.cobiss.net/opac7/bib/512246328?lang=sl
https://plus.si.cobiss.net/opac7/bib/512246584?lang=sl
https://plus.si.cobiss.net/opac7/bib/512402488?lang=sl
https://plus.si.cobiss.net/opac7/bib/512402232?lang=sl
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STOZER, AndraZ, DOLENSEK, Jurij, RUPNIK, Marjan. Fiziologija prebavne cevi. Del 1 = Gastrointestinal
physiology. Part 1. Medicinski razgledi : [medicinski pregledni, strokovni in raziskovalni ¢lanki], ISSN
0025-8121. [Tiskana izd.], 2010, letn. 49, st. 4, str. 371-389. [COBISS.SI-ID 66519809]

STOZER, Andraz, DOLENSEK, Jurij, RUPNIK, Marjan. Fiziologija prebavne cevi. Del 2 = Gastrointestinal
physiology. Part 2. Medicinski razgledi : [medicinski pregledni, strokovni in raziskovalni ¢lanki], ISSN
0025-8121. [Tiskana izd.], 2010, letn. 49, st. 4, str. 391-424. [COBISS.SI-ID 66520065]

RUPNIK, Marjan. Fiziologija ledvic. Medicinski razgledi : [medicinski pregledni, strokovni in
raziskovalni clanki], ISSN 0025-8121. [Tiskana izd.], 2005, letn. 44, st. 3, str. 235-256.
http://www.medrazgl.si/e107 files/public/datoteke/mr05 3 03.pdf. [COBISS.SI-ID 2191423]

DOLENSEK, Jurij, POHOREC, Viljem, RUPNIK, Marjan, STOZER, Andra?. Pancreas physiology. V:
SEICEAN, Andrada (ur.). Challenges in pancreatic pathology. Rijeka: InTech. cop. 2017, str. [19]-52,

ilustr.

https://cdn.intechopen.com/pdfs-wm/53020.pdf,

doi: 10.5772/65895. [COBISS.SI-ID

512723000]

Prosto dostopni viri na spletu / Open web sources
—  https://www.khanacademy.org/
—  https://phy.percipio-big-data.com/
—  https://www.osmosis.org/
—  https://estudij.um.si/
—  http://medicinec.viidea.net/fiziologija/

Cilji in kompetence:

Objectives and competences:

Predmet je usmerjen v osvojitev metod
matemati¢nega modeliranja razli¢cnih fizioloskih
procesov v Cloveskem telesu. Poglavitni cilj je
poglobljen studij izbranih in za temo relevantnih
fizioloskih procesov z metodami matemati¢nega
modeliranja. Studij oziroma raziskava mora
vsebovati elemente izvirnosti. Tako bi naj ta
predmet praviloma predstavljal uvod v raziskave na
ravni doktorskega dela. Zato so med vsebinami
navedeni nekateri klasicni zgledi za uvajanje,
konkretni  primeri aplikacije = matematicnega
modeliranja s strani naSe skupine, kakor tudi
nekateri aktualni problemi, ki omogocajo izvirni
prispevek znanosti.

A student is acquainted with a basic knowledge of
mathematical modelling of various physiological
processes in the human body. However, the major
aim is to study selected physiological processes
which are relevant for student’s thesis, in details by
this method so that research could lead to an original
contribution to science, and concomitantly, to the a
work on doctoral thesis. Therefore, the syllabus
outline contains traditional examples, case studies of
applying mathematical modelling by our research
group, as well as some actual problems focused on
current research.

Predvideni Studijski rezultati:

Intended learning outcomes:

Znanje in razumevanje:

Razumevanje in prakti¢no obvladovanje fizioloSkih
procesov na ravni simulacije matemati¢nega
modela.

DosezZeno znanje izbranega fizioloSkega procesa v
smislu poznavanja aktualne problematike, ki
omogoca nadaljnje raziskave.

Knowledge and understanding:

Understanding and  practical application of
physiological processes by computer simulation of a
mathematical model.

Knowledge of the process studied in such details
which may lead to further research.

Prenosljive/kljuéne spretnosti in drugi atributi:
Formuliranje matemati¢nega modela izbranega
problema in racunalniska simulacija modelnih
enacb.
Poznavanje in
nomenklature.

uporaba ustrezne podrocne

Transferable/key competences and other abilities:
Ability of mathematical modelling and computer
simulating of the model.

Understanding and using the vocabulary relevant for
the field.



https://plus.si.cobiss.net/opac7/bib/66519809?lang=sl
https://plus.si.cobiss.net/opac7/bib/66520065?lang=sl
http://www.medrazgl.si/e107_files/public/datoteke/mr05_3_03.pdf
https://plus.si.cobiss.net/opac7/bib/2191423?lang=sl
https://cdn.intechopen.com/pdfs-wm/53020.pdf
https://doi.org/10.5772/65895
https://plus.si.cobiss.net/opac7/bib/512723000?lang=sl
https://www.khanacademy.org/
https://phy.percipio-big-data.com/
https://www.osmosis.org/
https://estudij.um.si/
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Analiza, vizualizacija in interpretacija kvantitativnih| | Analysis, visualisation, and interpretation of
in grafi¢nih podatkov. quantitative and graphical data.

Kriti€no razmisljanje, timsko delo, kreativnost, ustno| |Critical thinking, teamwork, creativity, oral and
in pisno komuniciranje, reSevanje problemov in| |written communication, problem solving and self-

samokontrola. control.

Metode poucevanja in ucenja: Learning and teaching methods:

Predavanja Lectures

Seminariji Seminars

Samostojno delo Individual work

Nacini ocenjevanja: Delez (v %)/ |Assessment methods:
Share (in %)

Nacin (pisni izpit, ustno izprasevanje, Method (written or oral exam, coursework,

naloge, projekt) project):

Seminarska naloga 50 % Coursework

Projekt 50 % Project

Reference nosilca / Course coordinator's references:

STERK, Marko, DOLENSEK, Jurij, KRIZANCIC BOMBEK, Lidija, MARKOVIC, Rene, ZAKELSEK, Darko, PERC,
Matjaz, POHOREC, Viljem, STOZER, AndraZz, GOSAK, Marko. Assessing the origin and velocity of Ca2+ waves
in three-dimensional tissue : insights from a mathematical model and confocal imaging in mouse pancreas
tissue slices. Communications in Nonlinear Science and Numerical Simulation, ISSN 1007-5704, Feb. 2021,
vol. 93, art. 105495, str. 1-17, doi: 10.1016/j.cnsns.2020.105495. [COBISS.SI-ID 26793987], [JCR, SNIP, WoS
do 27.5. 2021: st. citatov (TC): 3, Cistih citatov (Cl): O, Cistih citatov na avtorja (CIAu): 0, Scopus do 4. 6. 2021:
$t. citatov (TC): 4, Cistih citatov (Cl): 3, Cistih citatov na avtorja (ClAu): 0.33] kategorija: 1A1 (Z, A", A', A1/2);
uvrstitev: SCI, Scopus, MBP; tip dela je verificiral OSICN

GOSAK, Marko, STOZER, Andra?, MARKOVIC, Rene, DOLENSEK, Jurij, PERC, MatjaZ, RUPNIK, Marjan, MARHL,
Marko. Critical and supercritical spatiotemporal calcium dynamics in beta cells. Frontiers in physiology, ISSN
1664-042X, 2017, vol. 8, str. 1-17, ilustr., doi: 10.3389/fphys.2017.01106. [COBISS.SI-ID 512760376], [JCR,
SNIP, WoS do 13. 10. 2019: st. citatov (TC): 9, Cistih citatov (Cl): 6, istih citatov na avtorja (CIAu): 0.86, Scopus
do 29. 8. 2019: st. citatov (TC): 9, Cistih citatov (Cl): 6, Cistih citatov na avtorja (CIAu): 0.86] kategorija: 1A1
(z, A', A1/2); uvrstitev: SCI, Scopus, MBP; tip dela je verificiral OSICM toc¢ke: 14.32, st. avtorjev: 7

ZMAZEK, Jan, SKELIN, Masa, MARKOVIC, Rene, DOLENSEK, Jurij, MARHL, Marko, STOZER, Andraz, GOSAK,
Marko. Assessing different temporal scales of calcium dynamics in networks of beta cell populations.
Frontiers in physiology, ISSN 1664-042X, Mar. 2021, vol. 12, 16 str., ilustr., doi: 10.3389/fphys.2021.612233.
[COBISS.SI-ID 56986115], [ICR, SNIP, WoS do 27. 4. 2021: &t. citatov (TC): 0, Cistih citatov (Cl): O, Cistih citatov
na avtorja (ClAu): 0] kategorija: 1A1 (Z, A', A1/2); uvrstitev: SCI, Scopus, MBP; tip dela je verificiral OSICM
tocke: 14.54, st. avtorjev: 7




