
 

                                                                           
 

 

UČNI NAČRT PREDMETA / COURSE SYLLABUS 

Ime predmeta: Kronobiologija kot temelj sodobne farmacije in personalizirane farmakoterapije 

Course title: Chronobiology as a foundation for modern pharmacy and personalized 
pharmacotherapy 
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Nosilec predmeta / Course 
coordinator: 

doc. dr. Tomaž Martini, mag. farm. 

 

Jeziki /Languages: Predavanja / Lectures: slovenski/Slovenian 

Vaje / Tutorial: slovenski/Slovenian 

 
Pogoji za vključitev v delo oz. za opravljanje 
študijskih obveznosti: 

 
 

 
Prerequisites for enrolling in the course or for 
performing study obligations: 

/  / 

 
Vsebina (kratek pregled učnega načrta):  

  
Content (syllabus outline): 

Biološki ritmi niso zgolj ozadje fiziologije, temveč 
so ključni za preživetje, saj lahko pomenijo razliko 
med življenjem in smrtjo kot odziv na enak dražljaj. 
Ustrezno upoštevanje bioloških ritmov lahko 
globoko vpliva na klinične izide; že preprosta 
prilagoditev časa dajanja zdravila lahko znatno 
poveča 5-letno preživetje onkoloških bolnikov ali 
dramatično zmanjša pojavnost miokardnega 
infarkta pri kardiovaskularnih bolnikih. Vsebina 
zajema temeljne mehanizme bioloških ritmov, 

Biological rhythms are not merely the background of 
physiology but are critical for survival, as they can 
determine the difference between life and death in 
response to an identical stimulus. Proper 
consideration of biological rhythms can profoundly 
influence clinical outcomes; even a simple 
adjustment in the timing of drug administration can 
significantly increase the 5-year survival of oncology 
patients or dramatically reduce the incidence of 
myocardial infarction in cardiovascular patients. The 
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različne pristope in modele za njihovo preučevanje 
ter vpliv cirkadianih in drugih ritmov na biologijo, 
fiziologijo in patofiziologijo. Poseben poudarek je 
namenjen razumevanju časovne dimenzije 
farmakoloških posegov ter vlogi zunanjih časovnih 
signalov (npr. svetloba, prehrana) pri uravnavanju 
ritmov v eksperimentalnih in kliničnih okoljih. 
Pomen časovnih ritmov je dodatno ponazorjen z 
zgledi časovnih motenj pri miših (npr. jet lag, 
genske spremembe), ki vodijo v hude patologije, 
ter pri delavcih v izmenah, kjer so obravnavane 
pojavnost patoloških stanj, njihovi osnovni 
mehanizmi in možne strategije za njihovo omilitev. 
Obravnavani so izbrani terapevtski agensi (klasična 
in biološka zdravila), pri katerih ima čas dajanja 
odločilen vpliv na učinkovitost in varnost 
zdravljenja. Klinični primeri vključujejo stopnje 
preživetja pri onkoloških bolnikih, pojavnost 
akutnih kardiovaskularnih dogodkov, astmo, 
hipertenzijo, sladkorno bolezen tipa 2, revmatoidni 
artritis in depresijo, pri čemer se upoštevajo tudi 
okoljski dejavniki in individualni kronotipi. Posebna 
pozornost je namenjena vlogi zunanjih časovnih 
signalov pri kritično bolnih v enotah intenzivne 
terapije ter pri psihiatričnih bolnikih, kjer lahko 
njihova prisotnost ali odsotnost odločilno vpliva na 
izide zdravljenja. 
 
Študenti imajo priložnost predstaviti svoje 
doktorske raziskave in raziskovalne načrte ob 
vključevanju koncepta biološkega časa. Pričakuje 
se, da bodo pregledali relevantno literaturo na 
svojem področju, prepoznali, kje je treba 
upoštevati biološke ritme, ocenili posledice 
njihovega neupoštevanja ter raziskali strategije za 
vključitev tega znanja v in vitro, in vivo ali klinične 
raziskave. Ustrezne metodologije lahko vključujejo 
časovno sinhronizacijo celičnih kultur ali vzorčenje 
v različnih časovnih točkah v eksperimentalnih 
modelih ali kliničnih študijah. 

content covers the fundamental mechanisms of 
biological rhythms, various approaches and models 
for their study, and the influence of circadian and 
other rhythms on biology, physiology, and 
pathophysiology. Special emphasis is placed on 
understanding the temporal dimension of 
pharmacological perturbations, as well as the role of 
external time cues (e.g., light, nutrition) in rhythm 
regulation across experimental and clinical contexts. 
The significance of temporal rhythms is further 
illustrated through examples of temporal 
perturbations in mouse models (e.g., jet-lag, genetic 
modifications) that lead to severe pathologies, and 
in shift workers, where the occurrence of 
pathological conditions, their underlying 
mechanisms, and potential mitigation strategies are 
discussed. Selected therapeutic agents (classical and 
biological drugs) for which the timing of 
administration has a decisive impact on treatment 
efficacy and safety are examined, with clinical 
examples including oncology survival rates, 
incidence of acute cardiovascular events, asthma, 
hypertension, type 2 diabetes, rheumatoid arthritis, 
and depression, while also considering 
environmental factors and individual chronotypes. 
Special attention is given to the role of external time 
cues in critically ill patients in intensive care units 
and in psychiatric patients, where their presence or 
absence can critically influence treatment outcomes. 
 
Students are given the opportunity to present their 
doctoral research and study designs while 
integrating the concept of biological time. They are 
expected to review relevant literature in their field, 
identify where biological rhythms need to be 
considered, assess the consequences of neglecting 
these rhythms, and explore strategies to integrate 
this knowledge into in vitro, in vivo, or clinical 
experimentation. Appropriate methodologies may 
include temporal synchronization of cell cultures or 
sampling at different time points in experimental 
models or clinical studies. 
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Temeljni literatura in viri / Reading materials: 

• Cornelissen, G. (ed.) (2024). Chronobiology and Chronomedicine: From Molecular and Cellular Mechanisms 
to Whole Body Interdigitating Networks. Royal Society of Chemistry. 

• Lévi, F. et al. (2024). Circadian regulation of drug responses: Toward sex-specific and personalized 
chronotherapy. Annual Review of Pharmacology and Toxicology, 64, 89–114.  

• Martini, T., Naef, F., & Tchorz, J. S. (2023). Spatiotemporal metabolic liver zonation and consequences on 
pathophysiology. Annual Review of Pathology: Mechanisms of Disease, 18, 439–466. 

• Cederroth, C. R., et al. (2019). Medicine in the Fourth Dimension. 

 
Cilji in kompetence: 

  
Objectives and competences: 

Študenti se bodo seznanili z osnovnim konceptom 
gensko programiranih mehanizmov ohranjanja 
časa, tj. z molekulsko uro, prisotno v vseh tkivih 
človeškega telesa. S tem bodo pridobili 
razumevanje pogojev odvisne regulacije 
transkripcije genov in homeostaze proteinov. 
Kandidat bo poglobljeno spoznal patologije, ki 
nastanejo kot posledica časovnih motenj, vključno 
z vsakodnevnimi pojavi, kot je socialni jet-lag, pri 
čemer se bo osredotočil na farmakološke vidike 
zdravljenja in vpliv časa na farmakodinamiko in 
farmakokinetiko zdravil. Študijski program bo 
spodbujal razumevanje, logično razmišljanje in 
sposobnost načrtovanja raziskav brez potrebe po 
obsežnem faktografskem znanju. Študenti se bodo 
seznanili z analizo znanstvenih člankov, objavljenih 
v najprestižnejših revijah, in na izbranih kliničnih 
primerih. Študenti se bodo na ta način seznanili s 
state-of-the-art raziskovalnimi metodami ter bodo 
pridobili kompetence kritičnega branja, 
razumevanja in vrednotenja sodobnih raziskav. 
Poseben poudarek bo na razumevanju, kako se 
loss-of-function (izguba funkcije) in gain-of-
function (pridobitev funkcije) perturbacije v 
eksperimentalnih sistemih uporabljajo za dokaz 
mehanističnih povezav, kako se raziskave dizajnira, 
kako interpretirati rezultate in kako pripraviti 
rezultate za objavo. 

Students will be introduced to the basic concept of 
genetically programmed timekeeping mechanisms, 
i.e., the molecular clock present in all tissues of the 
human body. They gain an understanding of 
condition-dependent regulation of gene 
transcription and protein homeostasis. Candidates 
will acquire in-depth knowledge of pathologies 
arising from temporal disturbances, including 
everyday phenomena such as social jet lag, with a 
focus on the pharmacological aspects of treatment 
and the impact of timing on drug 
pharmacodynamics and pharmacokinetics. The 
study program is designed to foster understanding, 
logical reasoning, and the ability to plan research, 
without requiring extensive factual memorization. 
Additionally, students will be intrduced to the 
critical assessment of scientific articles published in 
top-tier journals and selected clinical cases. In this 
way, students will be exposed to state-of-the-art 
research methods and develop competencies in 
critical reading, understanding, and evaluating 
contemporary studies. Special will be emphasis is 
placed on understanding how loss-of-function and 
gain-of-function perturbations in experimental 
systems are used to demonstrate mechanistic links, 
how research is designed, how to interpret results, 
and how to prepare findings for publication. 

 
Predvideni študijski rezultati: 

 
 

 
Intended learning outcomes: 

Študent na primeru izbranega študijskega primera 
oz. publikacije (1) povzame pomen bioloških ritmov 
na opisanem področju, (2) razloži uporabljene 
metode za študij ritmov v publikaciji, (3) pojasni, 
zakaj je upoštevanje bioloških ritmov v tem 
študijskem primeru ključno, (4) navede zaplete in 
lažno pozitivne in negativne rezultate kot posledico 
neupoštevanja bioloških ritmov v danem primeru 
in (5) razvije načrt, kako opisano metodologijo 
uporabi v svojem lastnem raziskovalnem delu. 

 Using the selected case study or publication, the 
student will: (1) summarize the importance of 
biological rhythms in the described field, (2) explain 
the methods used to study rhythms in the 
publication, (3) clarify why considering biological 
rhythms is crucial in this case study, (4) identify 
complications as well as false positive and false 
negative results that may arise from not taking 
biological rhythms into account in the given case, 
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 and (5) develop a plan for how to apply the 
described methodology in their own research work. 

 
Metode poučevanja in učenja: 

 
 

 
Learning and teaching methods: 

- predavanja 
- seminarji 

 - lectures 
- seminars 

 
Načini ocenjevanja: 

Delež (v %) / 
Share (in %) 

 
Assessment methods: 

seminarska naloga 
 

100% seminar paper 
 

 
Reference nosilca / Course coordinator's references:  

Izbrane publikacije s področja / Selected publications from the field: 
1. Martini, T., Gobet, C., Salati, A., Blanc, J., Mookhoek, A., Reinehr, M., Knott, G., Sordet-Dessimoz, J., & 
Naef, F. (2024). A sexually dimorphic hepatic cycle of periportal VLDL generation and subsequent 
pericentral VLDLR-mediated re-uptake. Nature Communications, 15, 8422. 
 
2. Martini, T., Naef, F., & Tchorz, J. S. (2023). Spatiotemporal metabolic liver zonation and consequences 
on pathophysiology. Annual Review of Pathology: Mechanisms of Disease, 18, 1–22. 
 
3. Martini, T., Ripperger, J. A., Chavan, R., Stumpe, M., Netzahualcoyotzi, C., Pellerin, L., & Albrecht, U. 
(2021). The hepatic monocarboxylate transporter 1 (MCT1) contributes to the regulation of food 
anticipation in mice. Frontiers in Physiology, 12, 665476. 

 
 


