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Abstract 
Chronopharmacology, explores how drug effects align with the body's natural rhythms. This field recognizes that factors like 

a drug's absorption, distribution, metabolism, and excretion (pharmacokinetics), as well as its overall effectiveness and 

potential toxicity, vary significantly based on administration time. The body's internal circadian clock, located in the 

suprachiasmatic nucleus (SCN) and influencing widespread physiological processes, plays a crucial role in these temporal 

variations. Understanding these rhythms are key to optimizing drug therapy for various conditions, including asthma, 

hypertension, and cancer, where chronotherapy can improve efficacy and reduce side effects by considering circadian-

controlled drug metabolism and cellular processes. Despite growing awareness, translating this knowledge into widespread 

clinical practice and drug development remains a challenge, highlighting the need for more human-specific data and further 

research into the circadian clock as a therapeutic target. 

Keywords: Circadian Rhythms, Chronopharmacology, Suprachiasmatic, Nucleus (SCN), Pharmacokinetics, Drug Metabolism. 

This article is licensed under a Creative Commons Attribution-Non-commercial 4.0 International License.  
Copyright © 2025 Author(s) retains the copyright of this article. 

 

Introduction 

Chronopharmacology, formally recognized in the early 

1970s [1,2], studies how drug effects change with the 

body's internal timing and rhythms [3]. This field aims to 

improve our understanding of predictable, cyclical 

changes in a drug's beneficial effects and tolerance, with 

dosing time adjustments considering circadian rhythm 

parameters like mean, period, amplitude, and phase [2]. 

Early on, it wasn't clear to pharmacologists that 

endogenous biological rhythms, not just external factors, 

controlled how drug effects and elimination varied [2]. 

Observing drug responses led to the idea, as early as 1814, 

that administration time could alter desired and undesired 

outcomes [3]. 

With chronological biology, it became vital to re-evaluate 

drug data based on when it was collected. An organism's 

body has many biological rhythms, meaning a drug's effect 

and fate can depend on its administration time. 

Chronopharmacology thus involves adjusting drug efficacy 

based on the hour, day, or month. It investigates temporal 

differences in drug activity, toxicity, and kinetics, and how 

drugs might change the organism's temporal structure [4]. 

Most drug data came from single or multiple doses, with 

effects typically assessed during the day. However, 

chronopharmacologic studies gather this by giving 

treatments at various times to uncover 24-hour circadian 

processes that greatly influence drug impact. This 

research has led to new concepts like temporal kinetics 

and sensitivity. Chronopharmacology aims to develop 

therapeutic strategies that maximize drug effects and 

minimize toxicity by designing regimens that account for 

the circadian rhythm system. Chronotherapeutics 

considers target tissue sensitivity and time-dependent 

pharmacokinetic changes due to rhythmic bodily 

processes [5]. 

The body's circadian rhythms are a key factor for 

medication timing. Disease onset (e.g., heart attacks, 

asthma attacks) isn't random over 24 hours, meaning drug 

effects and pharmacokinetics can also show significant 

daily variations. This confirms circadian rhythms are a 

crucial basis for drug therapy, especially when assessing 
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drug delivery systems and pharmacokinetics [6]. Circadian 

rhythms of sensitivity are increasingly understood in 

humans and animals, with more functions linked to these 

rhythms as research progresses [7]. In mammals, the 

circadian system drives sleep-wake behavior, hormonal 

secretion, and metabolism, responding to daily 

environmental changes like light-dark cycles, food intake, 

and medication [8]. Research shows regular changes in 

biological sensitivity and response to various physical and 

chemical factors are noteworthy (Reinberg, 1976). 

Pharmacological facts concerning human circadian 

rhythms are well-documented, with studies extending 

beyond 24 hours to cover months or even a year 

(Reinberg, A, 1976). Three new concepts should be taken 

in consideration in order to understand the 

chronopharmacologic findings, 

a) The chronokinetics of a drug, defined as both 

rhythmic (circadian) changes in the drug 

bioavailability (and/or pharmacokinetic effects) and 

its excretion (urinary, among others) 

b) The chronesthesy of a bio system to a drug, or the 

circadian change in the susceptibility of any bio 

system to a drug (including organ systems, tumors, 

parasites, etc.) 

c) The chronergy of a drug, or the rhythmic change in 

the overall effects and the effectiveness of a drug 

(Tahara, 2014).  

One of the goals of chronic pharmacology is to overcome 

the problems of drug optimization, that is, to support the 

desired effect of corticosteroid or other drugs, or the 

undesirable effect [4]. In the human organism, among 

other animal species, the result of drug and nutrient 

metabolism is not fixed as a function of biological time. As 

the fact that metabolic pathways are not permanently 

open, or with continuous 24 hours, among other biological 

cyclic domains. Thus, the biological chronological 

approach with respect to pharmacological phenomena 

provides greater safety from errors compared to the 

traditional approach to treatment [4]. The knowledge of 

interactions between circadian clock and drugs should be 

very useful for clinical practice [9]. 

Biological rhythms and Chronobiology 

Cyclic biological rhythms in the physiological and 

biochemical processes of most animals, including humans 

can be observed.. For example, when looking at plasma 

cortisol concentrations. Blood levels van be noticed to be 

different over a maximum 24 hour period, called the end 

phase, falling at 07:00 in humans, resting at night, and 

daily activity. This point is of particular importance 

because the rhythm may be reversed if the activity occurs 

at night [10,11].  

This difference, which is characterized by a period of 

about 24 hours, represents a circadian rhythm: a 

sinusoidal curve may often model such a difference, and 

thus can be characterized by the usual parameters of this 

sine function (for example, period, amplitude, mean value, 

and phase, Also called metaphase). Specific statistical 

methods such as singular or custom cosinor, Fourier 

analysis, etc., as well as classical methods (such as analysis 

of variance) can be used to document statistical 

significance and detect rhythm [10, 11]. 

Most circadian rhythms are genetically determined 

according to an assessment of their stability under 

constant conditions such as continuous light or darkness 

(eg, free-running conditions). In mammals, circadian 

rhythms are controlled by an internal clock located in the 

hypothalamus in the suprachiasmatic nucleus (SCN). Clock 

genes such as Per 1, Per 2, Per 3, Cry 1, Cry 2, Clock, B 

mal1, Tim, etc., are coding for the synthesis of proteins 

involved in regulatory loops of the SCN. For example, 

peripheral clocks have also been described in the gut or in 

the liver. 

Temporal differences in the light/dark cycle, rest/activity, 

fasting/eating as well as any other environmental 

conditions that give temporal cues, known as 

'synchronisers', give the organism temporal markers and 

thus may influence circadian rhythms. Thus, the phase 

shift in the synchronization mode is followed by the same 

phase shift of the studied rhythm. Synchronizers do not 

create rhythms but may affect them. When suppressed, 

(eg, in free-running conditions) the rhythm generally 

remains observable but has a 'normal' period of more than 

24 hours justifying the qualification of 'circadian clock' 

which means about 24 hours and not exactly 24 h , (eg, 

nycthemeral). Thus, synchronizers are responsible for 

resetting the time of circadian rhythms resulting in a 

better adaptation of the organism to its environment. 

In many pathophysiological, social and environmental 

changes (eg, jet lag, shift work, illness, etc.), these rhythms 

can be altered or suppressed. 

Medications may also alter circadian rhythms as 

documented in chronopharmacology studies. 

Chronopharmacology studies the effect of the moment of 

drug administration on its response according to the 

temporal structure of the receiving organism as well as 

drug-induced changes in circadian rhythms. The drug may 

determine a different response from a qualitative or 

quantitative point of view (temporal pharmacodynamics) 

and/or a different plasma profile (pharmacokinetics) 

[12,13]. 

Biological Rhythms  

There are four biological rhythms 

Circadian Rhythms: A 24-hour cycle that includes 

physiological and behavioral rhythms such as sleep. 

Diurnal Rhythms: The circadian rhythm is synchronized 

with day and night. 

Ultradian Rhythms: circadian rhythms with a shorter 

duration and higher frequency than circadian rhythms. 

Infradian Rhythms: biological rhythms lasting more than 

24 hours, such as the menstrual cycle [14]. The circadian 

clock plays a physical, mental, and behavioral role that 

responds to light and darkness. This watch helps in 
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organizing the functions that includesleep schedule, 

appetite, body temperature, hormone levels, alertness, 

daily performance, blood pressure, reaction times [1]. 

Biological Rhythm Disorders 

Disorders may occur when normal biological rhythms are 

disturbed. These disorders include: 

Sleep disturbances: the body is “wired” to sleep at night. 

Disruptions in the body's natural systems can affect sleep, 

including insomnia. 

Jet Lag: disruption of circadian rhythms when traveling 

across time zones or overnight. 

Mood Disorders: Lack of exposure to sunlight can lead to 

conditions such as depression, bipolar disorder, and 

seasonal affective disorder (SAD). 

Shift Work Disorders: When a person works outside the 

normal work day, it causes changes in typical circadian 

rhythms [15] 

 

Cicadian Rhythm 

Rhythmic variations in various physiological, biochemical 

and behavioral factors occur in all living organisms 

including humans. These differences improve energy use 

by prioritizing certain body functions at certain times of 

the day and conserving energy at other times. The 

circadian rhythm, which has a cycle length of about 24 

hours, regulates many functions in humans. Central and 

peripheral biological clocks are involved in regulating the 

circadian rhythm in response to environmental cues such 

as sunlight and nutrition called zeitgebers. The melatonin-

pituitary-adrenal (HPA) axis plays key roles in regulating 

circadian balance.  

Chronopharmacology refers to the study of the biological 

rhythm dependencies of drugs to improve drug therapy by 

choosing the appropriate time to give a drug, which is 

associated with maximum efficacy and least adverse 

effects. Differences in the circadian clock have also been 

observed in various diseases such as hypertension, 

myocardial infarction, bronchial asthma and cancer. 

Chronopharma chemotherapy strategies have been 

implemented in improving the timing of drug 

administration in many diseases showing circadian 

changes. Innovative chronic drug delivery systems have 

also been developed to circumvent the need to administer 

medications at odd times. However, interindividual, 

interspecific differences, high cost of drug trials 

incorporating chronopharmacological approaches, and the 

lack of a reliable biomarker to guide chronological drug 

therapy are major limitations in this field and require 

further research [16]. 

Role of Circadian Clocks in Circadian Regulation 

 Circadian clocks are present in almost all cells of our 

bodies.  

 The main objective of the • circadian clock is to 

improve the metabolism and use of energy to 

maintain life processes in the organism. 

• They regulate homeostasis such as the sleep-wake cycle, 

appetite, hormone levels and other bodily functions with a 

24-hour cycle. 

• There are two types of circadian clocks, the 

central/master clock (found in the suprachiasmatic 

nucleus (SCN) in the anterior hypothalamus) and the 

peripheral/dependent clocks found in all other cells of the 

body.  

• They are organized in a hierarchical manner where the 

central clock controls the peripheral clocks. 

• Both clocks contain molecular oscillators that are 

regulated by environmental signals called zeitgebers. 

Some examples of zeitgebers are light, food, activity, and 

others. 

• Central and periphery clocks are synchronized by 

different environmental signals or zeitgebers. (16) 

•  Sunlight is the main regulator of the central clock. 

Sunlight falls on the retina, and the signal is transmitted to 

the feeder subnetwork via the sham retinal canal. 

•  Terminal clocks are regulated by direct and indirect 

signals from SCN. Direct signals are transmitted by neural 

networks (activation of the autonomic nervous system 

and the hypothalamic-pituitary-adrenal axis) and through 

hormonal signals (eg, cortisol). Indirect signals are relayed 

by the SCN on peripheral clocks by inducing changes in 

body temperature and feeding behaviour.. 

• Various transcription factors are involved in regulating 

the circadian clock. Important transcription factors are 

CLOCK, BMAL1, and NPAS2 (15,16) 

 

Role of Melatonin in Circadian Regulation 

 The SCN contains the MT1 and MT2 melatonin 

receptors. 

 Melatonin is released from the pineal gland during 

the dark phase of the light/dark cycle and acts on its 

receptors in the SCN to align the phase with the 

external light/dark cycle. 

 The external administration of melatonin in the 

morning changes the intrinsic clock by phase, while 

the evening administration synchronizes the internal 

clock according to thelight/dark cycle. 

Role of Hypothalamo-Pituitary-Adrenal (HPA) 

Axis in CircadianRegulation 
 The HPA axis plays a key role in synchronizing the 

peripheral clocks and the central clock. 

 The SCN communicates with the anterior pituitary 

gland, which leads to the regular secretion of 

adrenocorticotropic hormone (ACTH) and thus the 

release of cortisol from the adrenal glands. 

 Peripheral clocks contain glucocorticoid receptors 

(GCRs), and their activation can alter the 

transcription of genes in them, synchronizing them 

with the central clock. However, central clock lacks 

GCRs, and thus it is devoid of alteration due to 

cortisol levels [15,16]. 
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 Pharmacokinetic parameters such as drug 

absorption, distribution, metabolism, and excretion 

show daily changes. 

 Chronopharmacokinetic information can be used to 

choose the appropriate timing of drug administration 

to improve drug therapy. 

 

Circadian rhythms in absorption 

 Parameters regulating drug absorption and 

bioavailability such as gastric acid secretion, gastric 

motility, gastric emptying time, and gastrointestinal 

blood flow show circadian changes. 

 Most lipophilic drugs are absorbed better in the 

morning than in the evening due to improved blood 

flow to the digestive system and faster gastric 

emptying time in the morning [17]. 

 

Circadian Rhythms in Distribution 

 The drug distribution depends on body size, body 

composition, blood flow, protein binding, and 

membrane permeability, which mainly blood flow 

and protein binding have been shown to have daily 

variability. 

 Blood flow is regulated by the activities of the 

autonomic nervous system with a more diffuse daily 

influence of the sympathetic system. Hence, blood 

flow 

 It increases during the day due to predominant 

sympathetic activity and decreases at night due to 

decreased sympathetic activity 

 Levels of plasma proteins such as albumin and 

globulin produced by the liver show changes during 

the day and night due to circadian changes in liver 

activities. Their blood levels are very low during the 

night, increase during the day, and reach a very high 

value during the afternoon [17]. 

Circadian Rhythms in Metabolism 

 Hepatic drug metabolism depends on the activity of 

metabolic enzymes and/or hepatic blood flow, both 

of which show circadian changes. 

 All stages of drug metabolism are subject to daily 

control. 

 Both microsomal and non-microsomal enzymes show 

circadian changes. 

 The daily variation in hepatic blood flow affects the 

metabolism of drugs such as propranolol. 

 Oxidative microsomal reactions reach their maximum 

activity during the day and least at night. Conversely, 

sulfate conjugation reactions are faster during the 

night than during the day 

Circadian Rhythms in Excretion 

 Renal excretion depends on renal blood flow, 

glomerular filtration rate (GFR), tubular secretion, 

and urine pH [3]. 

 Glomerular filtration rate (GFR) is highest during 

the middle of the day and lowest at night. 

 Urine pH is acidic in the evening and alkaline in the 

morning [17]. 

Chronobiological Implications for Drug 

Treatment 

To what extent has the knowledge presented above 

translated into effective drug interventions? The most 

obvious examples of successful chronotherapy are those 

with obvious symptoms that depend on the time of day. 

Treatment of bronchial asthma has been adjusted to show 

maximum plasma levels at the time of the highest 

incidence of dyspnea, thus relieving symptoms more 

effectively. Similarly, blood pressure shows a sharp peak 

in the early morning, importantly coincides with the peak 

of cardiovascular events, and extends through the night. 

This difference is seen in both healthy blood pressure 

levels and patients with essential hypertension. For 

example, the L-type calcium channel blocker verapamil 

uses an extended-release formula to obtain 

therapeutically effective plasma levels in the early 

morning after oral administration before bed. In addition, 

such delayed-release drugs were useful for hypertensive 

patients who do not show a nocturnal decrease in blood 

pressure, the so-called "non-dippers". Not dipping is a risk 

factor for congestive heart failure even in clinically normal 

pressure subjects [18]. 

Circadian rhythms have been documented throughout the 

plant and animal kingdoms at every level of eukaryotic 

organization. Circadian rhythms are intrinsic in nature, 

driven by oscillators or clocks, and persisted in free-

running conditions (such as constant darkness). Genes 

that express the circadian clock have been identified in 

different species. An important feature of endogenous 

circadian rhythms is their anticipatory character. 

The rhythm inherent in all living systems, allows them to 

adapt more easily and survive better under changing 

environmental conditions 24 hours a day as well as during 

changing seasons. With this in mind, it is easy to imagine 

that not only the right amount of the right substance must 

be in the right place, but that it must also happen at the 

right time. Also in humans almost all body functions 

including those that influence pharmacokinetic 

parameters such as drug absorption and distribution, drug 

metabolism and renal elimination show significant daily 

variations. The appearance and symptoms of diseases 

such as coronary infarction, angina pectoris, stroke and 

ventricular tachycardia depend on the biological stage. 

As mentioned above, not only PK/PD parameters are 

modulated by time-of–day, but also drug metabolism. 

For example, Over-the-counter acetaminophen (analgesic 

N-acetyl-para-aminophenol, APAP) is a leading cause of 

drug-induced liver failure in the United States. 

 APAP is metabolized exclusively by the CYP P450 

system of the liver, and toxicity depends on the 
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production of N-acetyl-p-benzoquinone imine 

(NAPQI) by CYP2E1. 

 The toxicity of APAP is dependent on the time of day, 

but hepatic clock resection in mice impairs this 

rhythm [19]. 

Cancer 

While the chronological treatment approach to the above 

examples relies on relatively few well-established 

variables, in the case of chemotherapy and associated 

cancer treatments, predictions for optimal treatment 

schedules become very complex. On the one hand, 

chemotherapy drugs must be given in doses high enough 

to be toxic to cancer, but on the other hand, the dose must 

be low enough to prevent serious damage to healthy 

tissues or organs. This means that the pharmacokinetics 

and dynamics operate within a narrow therapeutic range. 

Under these preconditions, the differences introduced by 

the circadian system at multiple levels can be crucial. 

Further complicating the matter is the possibility that 

healthy tissue contains not only a clock but also a tumor. 

In vivo, this has been shown to measure p32 incorporation 

into terminal breast cancer tumors. These results are in 

line with the most recent in vitro data from various human 

and murine tumor cell lines such as human U2 

osteosarcoma. This is an important factor because most 

cancer drugs are toxic only to dividing cells or have a 

particularly effective mechanism of action in one phase of 

the cell cycle, which is at least in healthy tissue 

surrounded by clock [20]. 

Irinotecan 

The topoisomerase inhibitor (irinotecan) is most effective 

in the S phase, while alkylating agents cross DNA at any 

stage of the cell cycle. In the case of an arrhythmic tumor, 

as in the mouse exocytic osteosarcoma model, other 

interesting complications emerged [18]. 

Seliciclib 

Seliciclib, a cyclin-dependent kinase inhibitor, appears to 

stimulate circadian gene expression in tumors and may 

additionally slow tumor progression through this mode of 

action. Given the known disruption of circadian behavior 

in many human cancers, additional efficacy without harm 

can be achieved by this type of clock resynchronization. 

Overall, in several different experimental rodent models, 

efficacy and side effects of anticancer therapies have been 

shown to vary up to 10-fold depending on the time of day. 

However, these parameters are form and drug specific, 

and it is common for efficacy to depend on mechanism of 

action, metabolism, and toxicity, and the best treatment 

schedule should take into account all of these parameters 

[19].  

 

The therapeutic index of the alkylating agent 

cyclophosphamide, for example 

It is significantly better if the compound is administered 

during the first part of the active dark phase. This rhythm 

has been suggested to be dependent on CLOCK: BMAL1 

binding in B cells, changes in CYP P450 enzyme activity 

and most importantly an increase in reduced glutathione 

such as cisplatin. 

 In contrast, the first, rate-limited step of 5-

fluorouracil metabolism depends on the availability of 

dihydropyrimidine dihydrogenase (DPD), some 

metabolites 5-FU and then inhibits the activity and de 

novo synthesis of thymidylate synthase (TS), which is 

important for acid synthesis Nuclear (20). 

 DPD and TS expression is high and low, respectively, 

during the first part of the light phase. Therefore, 5-

FU shows the best tolerance and efficacy 180° out of 

phase with cyclophosphamide and most other 

alkylating agents. 

 Leucovorin (LV) is a TS inhibitor and is often co-

administered with 5-FU. This adds to the efficacy of 5-

FU and intriguingly changes the ratio of DPD to TS in 

the same direction as observed at the optimal time of 

day selected in animal experiments. 

Conclusion 

Recent insights show chronopharmacology is growing, 

explaining PK/PD differences, but human data on daily 

protein expression is still needed to bridge the gap from 

rodent studies to clinical use. Despite increasing 

awareness of the circadian clock's impact on health and 

treatment, this hasn't broadly translated into clinical trials 

or regulatory practices, disproportionate to the vast 

physiological regulation by the clock. This suggests the 

circadian clock itself could be a drug target, though more 

detailed knowledge is needed on how clocks in various 

organs influence PK/PD for effective therapies. 

Funding 

No funding was received for this study. 

Acknowledgement 

None 

Conflict of Interest 

The authors declare no conflict of interest. 

Informed Consent 

No confirming informed consent required 

Ethical Statement 

No ethical approval required 

Author Contribution 

Zainab Alebady\ Biological rhythms and chronobiology 

Ban Adnan\ Introdcution 



Alebady ZAH, et al., Jour of Mod Tech Bio All Sci, Vol.2 Iss.2, 2025: 27-32 

Journal of Modern Techniques in Biology and Allied Sciences                                                      [32] 
  

Jinan Alhusseini\ Chronobiological implications for drug 

treatment 

References  

1. Reinberg A. Chronopharmacology. 1979. 

2. Reinberg AE. Concepts in chronopharmacology. Annu 

Rev Pharmacol Toxicol. 1992;32(1):51–66. 

3. Bruguerolle B. Chronopharmacology. In: Biologic 

rhythms in clinical and laboratory medicine. 1992. p. 

114–37. 

4. Reinberg A. Advances in human chronopharmacology. 

Chronobiologia. 1976;3(2):151–66. 

5. Lemmer B, Labrecque G. Chronopharmacology and 

chronotherapeutics: definitions and concepts. 

Chronobiol Int. 1987;4(3):319–29. 

6. Lemmer B. Chronopharmacology and controlled drug 

release. Expert Opin Drug Deliv. 2005;2(4):667–81. 

7. Reinberg A. Chronopharmacology. In: Biological 

aspects of circadian rhythms. Boston, MA: Springer; 

1973. p. 121–52. 

8. Tahara Y, Shibata S. Chrono-biology, chrono-

pharmacology, and chrono-nutrition. J Pharmacol Sci. 

2014;124(3):320–35. 

9. Ohdo S. Chronopharmacology focused on biological 

clock. Drug Metab Pharmacokinet. 2007;22(1):3–14. 

10. Biological rhythm [Internet]. Britannica.com. 2015 

May 14 [cited 2025 Aug 29]. Available from: 

https://www.britannica.com/science/biological-

rhythm 

11. Biological rhythms [Internet]. Healthline. [cited 2025 

Aug 29]. Available from: 

https://www.healthline.com/health/biological-

rhythms#diagnosis 

12. Weir RE. Jet lag and shift work. Sleep Med Clin. 

2014;9:561. 

13. Shift work sleep disorder [Internet]. Cleveland Clinic. 

2013 Oct 23 [cited 2025 Aug 29]. Available from: 

https://my.clevelandclinic.org/services/neurological

_institute/sleep-disorders-center/disorders-

conditions/hic-shift-work-sleep-disorder 

14. Ballesta A, Innominato PF, Dallmann R, Rand DA, Lévi 

FA. Systems chronotherapeutics. Pharmacol Rev. 

2017;69(2):161–99. 

15. Ingelsson E, Björklund-Bodegård K, Lind L, Ärnlöv J, 

Sundström J. Diurnal blood pressure pattern and risk 

of congestive heart failure. JAMA. 

2006;295(24):2859–66. 

16. Henderson CJ, Pass GJ, Wolf CR. The hepatic 

cytochrome P450 reductase null mouse as a tool to 

identify a successful candidate entity. Toxicol Lett. 

2006;162(1):111–7. 

17. Hughes ME, DiTacchio L, Hayes KR, Vollmers C, 

Pulivarthy S, Baggs JE, et al. Harmonics of circadian 

gene transcription in mammals. PLoS Genet. 

2009;5(4):e1000442. 

18. Guichard S, Hennebelle I, Bugat R, Canal P. Cellular 

interactions of 5-fluorouracil and the camptothecin 

analogue CPT-11 (irinotecan) in a human colorectal 

carcinoma cell line. Biochem Pharmacol. 

1998;55(5):667–76. 

19. Iurisci I, Filipski E, Sallam H, Harper F, Guettier C, 

Maire I, et al. Liver circadian clock, a pharmacologic 

target of cyclin-dependent kinase inhibitor seliciclib. 

Chronobiol Int. 2009;26(6):1169–88. 

20. Zhang X, Diasio RB. Regulation of human 

dihydropyrimidine dehydrogenase: implications in 

the pharmacogenetics of 5-FU-based chemotherapy. 

2007. 

21. Pizarro A, Hayer K, Lahens NF, Hogenesch JB. 

CircaDB: a database of mammalian circadian gene 

expression profiles. Nucleic Acids Res. 

2012;41(D1):D1009–13. 

22. Shah P, Jogani V, Bagchi T, Misra A. Role of Caco‐2 cell 

monolayers in prediction of intestinal drug 

absorption. Biotechnol Prog. 2006;22(1):186–98. 

23. Chang AM, Scheer FA, Czeisler CA. The human 

circadian system adapts to prior photic history. J 

Physiol. 2011;589(5):1095–103. 

24. Kasukawa T, Sugimoto M, Hida A, Minami Y, Mori M, 

Honma S, et al. Human blood metabolite timetable 

indicates internal body time. Proc Natl Acad Sci U S A. 

2012;109(37):15036–41. 

25. Meng QJ, Maywood ES, Bechtold DA, Lu WQ, Li J, 

Gibbs JE, et al. Entrainment of disrupted circadian 

behavior through inhibition of casein kinase 1 (CK1) 

enzymes. Proc Natl Acad Sci U S A. 

2010;107(34):15240–5. 

26. Solt LA, Wang Y, Banerjee S, Hughes T, Kojetin DJ, 

Lundasen T, et al. Regulation of circadian behaviour 

and metabolism by synthetic REV-ERB agonists. 

Nature. 2012;485(7396):62–8. 

27. Griffett K, Burris TP. The mammalian clock and 

chronopharmacology. Bioorg Med Chem Lett. 

2013;23(7):1929–34. 

28. Dowling GA, Burr RL, Van Someren EJ, Hubbard EM, 

Luxenberg JS, Mastick J, et al. Melatonin and 

bright‐light treatment for rest–activity disruption in 

institutionalized patients with Alzheimer's Disease. J 

Am Geriatr Soc. 2008;56(2):239–46. 

 

https://www.britannica.com/science/biological-rhythm?utm_source=chatgpt.com
https://www.britannica.com/science/biological-rhythm?utm_source=chatgpt.com
https://www.healthline.com/health/biological-rhythms?utm_source=chatgpt.com#diagnosis
https://www.healthline.com/health/biological-rhythms?utm_source=chatgpt.com#diagnosis

