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ABSTRACT  

Since the beginning of animal evolution, adaptation to the environmental factors has 

been key to survival in order to maintain the continuity of the species. Therefore, 

numerous physiological mechanisms developed over the years to overcome adversities to 

the point where living organisms learnt to anticipate them through an internal biological 

clock: the circadian rhythm. Its discovery opened a new dimension of study in the scientific 

field with more and more researchers gaining interest about this subject up to the present 

day. It has been found that this internal rhythm is entrained by both internal and external 

factors and is responsible for the synchronization of all physiological processes through 

peripheral clocks, where the main pacemaker, the suprachiasmatic nucleus (SCN), is 

located in the hypothalamus. The SCN releases neurotransmitters that orchestrate the rest 

of the system acting in different target tissues, but recent studies showed that a deeper 

level of control governed the protein synthesis: the genetic molecular level. This means 

that our genetic material contains clock genes that regulate the biological clock. The goal 

of this work is to describe the main factors that negatively affect in different ways the 

correct function of the circadian rhythm, leading to health issues due to the 

chronodisruption and the consequent metabolic disorder. These can act in a wide range of 

situations, being classified as environmental, behavioural, intrinsic and iatrogenic factors. 

Finally, taken the fact that in modern life we’re constantly exposed to many of these 

factors, some ideas are exposed about the application of this knowledge into people’s 

lifestyles and into vital aspects such as pharmacological therapy, technological and 

chemical industry, etc which seek to protect and even promote human beings’ health.   
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1. INTRODUCTION  
 
 

1.1. HISTORICAL CONTEXT  
 
From the beginning of human existence, we’ve evolved and learned to adapt to 

environmental phenomena such as sunlight and temperature changes, as well as any other 

circumstances surrounding us that have followed a constant pattern such as hunting, 

eating and mating hours. This means that at certain moments each day we were readier to 

fulfil different tasks more than others, increasing our success rate and ultimately the 

chances of survival for our species.  

What’s interesting about these biological rhythms is that after centuries of repeating 

the same series of daily events, they become predictable. In other words, our circadian 

rhythm doesn’t exist to help us adapt to the environment, but instead it serves as a 

mechanism that’s designed to anticipate changes and overcome adversity. As a result, it 

has played a major role in human survival ensuring our existence to date despite the many 

important changes that have occurred along time. Studies have shown that our metabolic 

parameters change one way or another depending on the time of day making us more 

prone to sleep, eat, do exercise or even to mate at specific moments throughout each day 

due to this genetic adaptative mechanism (Figure 1).  
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Figure 1. Representation of the circadian metabolic rhythm as a clock with highlights of the 

most relevant physiological body functions (Kelly 2020).  

 

  

The first person to take notice of this phenomenon was the botanist Charles 

Linnaeus in the 18th century.  He observed during his morning walks that some plants’ 

petals opened earlier than others and some closed in the evening or at night, naming this 

behaviour as the “sleep of plants”. This way, he designed a clock in which the hour of 

maximum opening of petals was detailed for each species of plants, thus the name “flower 

clock” (Figure 2).  
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Figure 2. Linnaeus’ flower clock (Patowary 2019). 

  
 

However, it wasn’t until 1729 when the first scientific evidence of the circadian 

rhythm was made by the astronomer Jean-Jacques d’Ortous de Mairan. It was on a 

summer evening while working at his desk that he spotted a Mimosa pudica plant that had 

closed its leaves and asked himself what the cause of this movement was, immediately 

jumping to the conclusion that it may be caused by the changes in sunlight. So, the next 

day he placed it in the basement and kept it in complete darkness for 24 hours, only to find 

it to his surprise with its leaves open the next morning despite being isolated from sunlight 

for one full day. It turned out that it wasn’t the sunlight or the environmental factors that 

induced the movement of its leaves. It had to be an internal clock within the plant that 

acted independently of the exterior even without the usual stimuli that were believed to 

be necessary to activate or synchronize its functions (Figure 3).  
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Figure 3. On the left, Mimosa pudica with its leaves open. On the right, the same plant with its 

leaves closed. This change of stadium takes place every day, remaining open during the day and 

closed during the night. This is a defence mechanism against predators because when closed, it 

resembles a dried plant. Moreover, it helps preventing it from losing too much water or to protect 

itself from the wind, reducing its surface area (Garaulet, 2017).  

  
 

Since then, numerous scientists all over the world have been researching this new 

paradigm called “Chronobiology”, among which some deserve to be mentioned such as 

Colin S. Pittendrigh (for his discovery of the basic principles of biological rhythms through 

his study of the fruit fly Drosophila melanogaster), Julien-Joseph Virey (who wrote his 

thesis about the daily changes and periodicity of its phenomena in health and diseases), 

and so on (Garaulet, 2017). Thanks to the work of all these researchers, it’s become very 

clear that the living organisms' behaviour is governed by an internal clock that has a period 

shorter or longer than a day (hence the name “circa” which means around and “diem” 

meaning one day) (Merrow et al., 2005).  
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1.2. STRUCTURE & PHYSIOLOGY  
 
In mammals, the main structure responsible for the circadian timing system (CTS) is 

the suprachiasmatic nucleus (SCN), located in the hypothalamus (Figure 4). The SCN is a 

self-sufficient pacemaker that regulates peripheral clocks found throughout the body 

(even cells have their own operating independently, but they’re able to coordinate with 

each other forming a single rhythm for a specific tissue or organ in a hierarchical 

organisation) (Honma, 2018).  

  
Figure 4. Anatomy of the human cranial central nervous system, revealing the location of the 

suprachiasmatic nucleus, right above the optic chiasm (thus its name). It is closely related to the 

pineal gland, responsible for the release of melatonin hormone which induces sleep (Obot 2014).  

  
 

Recently, it’s been discovered that the SCN is divided into two different sections 

known as the “core” and “shell” subnuclei.  Each of these releases a series of unique 

neuropeptides towards a specific target, only having in common the inhibitory 

neurotransmitter gamma-aminobutyric acid (GABA). In the core, along with the already 

mentioned GABA, are the neuropeptides vasoactive intestinal polypeptide (VIP) and 

gastrin-releasing peptide (GRP); whereas in the shell, on the other hand, neurons contain 
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along with GABA arginine vasopressin (VP). This anatomic configuration implies that the 

information flows from core to shell, being originated in three afferent systems that 

converge in the SCN core: the retina, which contains the excitatory neurotransmitter 

glutamate (GLU) as well as the neuropeptides substance P (SP) and pituitary adenyl 

cyclase–activating peptide (PACAP); the intergeniculate leaflet of the thalamus (IGL), 

where neuropeptide Y and GABA can be found; and the mesencephalic raphe nuclei, with 

5-hydroxytryptamine (5-HT; serotonin). Beyond the already mentioned, there are other 

afferent systems that converge this time in the SCN shell: these are the basal forebrain (BF) 

and pons, containing acetylcholine (ACh); the medulla, responsible for releasing 

norepinephrine (NE); and the posterior hypothalamus (Post hyp),  in which histamine (HA) 

can be found (Figure 5) (Moore, 2013).  

 
Figure 5. Anatomic organization scheme of the suprachiasmatic nucleus (SCN), showing the 

two main parts (core, in yellow, and shell, in orange) and the afferent system that comprises it, 

along with the protein products that will engage with the necessary targets to regulate several 

metabolic body functions (Rosenwasser and Turek, 2010).  
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Although it was believed through evidence obtained from early studies that clock 

signals were generated by protein synthesis, in the past decade a new discovery has 

changed the way of understanding the circadian rhythms that govern our entire metabolic 

system: the genetic molecular level. This means that our genetic material is configured by 

genes that orchestrate the protein synthesis responsible for the correct function of our 

biological clock. The first mammalian clock gene that was found was called “Clock” (Clk), 

whereas other homologous genes later discovered were three “Period” genes (Per1, Per2, 

Per3), Tim, Bmal (B), Ck1e, as well as two cryptochrome genes (Cry1 and Cry2), all of which 

are expressed in the suprachiasmatic nucleus’ neurons. In addition to the previously 

mentioned, transcription of a great number of “clock-controlled genes” (CCGs) takes place 

giving timing signals to a wide selection of cellular processes (Figure 6) (Rosenwasser and 

Turek, 2010).   

  
Figure 6. Diagram representing the different clock genes involved in the circadian rhythm, 

several of them forming heterodimers promoting the transcription of others, creating both positive 

and negative feedback loops in order to maintain the overall stability of the clock (Rosenwasser 

and Turek, 2010).  
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Besides the transcription-translation feedback loops that control the circadian 

rhythm, it’s entrained or synchronized by light- dark cycles detected by the retina (which is 

the light sensitive tissue that resides on the back of the eye) and processed in the form of 

projections to the SCN. A new type of photoreceptors has been identified not so long ago, 

in addition to the well-known cones (responsible for the colour vision) and rods (that grant 

us with night and peripheral vision): melanopsin-containing retinal ganglion cells (mRGCs). 

The presence of this kind of photoreceptors was spotted due to the observation of blind 

(coneless and rodless) mice responding to light stimulation through pupil constriction. 

Further studies confirmed that this kind of receptor is intrinsically photosensitive thanks to 

melanopsin, a light-sensitive protein, meaning that even blind people are sensitive and 

adapt to the 24h cycle. Synchronization of the circadian rhythm, pupillary control or 

regulation of melatonin hormone release are some among its main functions, making it 

vital for the adjustment of our internal clocks to the external stimuli (Do and Yau, 2010). 

But not only our circadian rhythm is externally synchronised by light. It also depends 

on behavioural factors such as food intake or fasting, as well as physical activity or rest, and 

even changes in social life. It is believed that while the main clock – the SCN – is adjusted 

with the outside mainly by light, most of the peripheral clocks (such as body fat, the liver 

or the pancreas) depend on feeding variations (Figure 7). As a result, the study of the 

synchrony within and between central and peripheral oscillating systems has aroused 

more and more interest in the past decade due to the importance it’s shown to have in the 

balance between health and disease (Rosenwasser and Turek, 2010).  
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Figure 7. Visual example of the relation between central and peripheral biological cellular 

clocks as well as the external factors that help synchronise both types. Nevertheless, under 

non-ideal conditions (such as constant light), weakening of these coupling conditions may 

overcome resulting in the loss of coherent tissue and behavioural rhythmicity (Rosenwasser and 

Turek, 2010).  

 
 
  

2. OBJECTIVES  
 

The main goal of this bibliographical research is to study the environmental, 

behavioural, intrinsic and iatrogenic factors that affect the human circadian rhythm from a 

toxicological perspective and to shed light on the possible negative health consequences 

produced by of each of them to gain awareness of the importance of taking care of our 

own biological clocks as more and more scientific evidence proves its relevance in 

long-term life quality and lifespan.  
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3. METHODOLOGY  
 

For the realization of this work, several databases such as Science Direct, Google 

Scholar, PubMed, Biomed Central, etc.  were consulted.  

Keywords used to search all references are the following: circadian rhythm, sleep 

disorder, pollution affecting circadian rhythm, melatonin alteration, circadian rhythm 

eating disorders, suprachiasmatic nucleus, ganglion cells, circadian effect on drug 

response. 

As for the selection criteria, English articles were chosen to find a wider range of 

information about this subject given that it’s still quite recent and the amount of research 

work about it is quite limited. Also, articles published in the last 5 years were given priority 

over the older ones as the latter lacked sufficient updated data.  

References were organized and cited in the Vancouver format with help from an 

informatic tool called Mendeley Cite, proposed by the University of Seville.  

  
 

4. RESULTS AND DISCUSSION  
  
 

4.1. ENVIRONMENTAL FACTORS  
  
 

4.1.1. CHEMICAL FACTORS  
 

There have been six main groups identified as negative factors for the circadian 

rhythm or circadian disrupters. These compounds are organic chemicals, cyanobacterial 

toxins, neuroactive drugs, polychlorinated biphenyls, biocides and pesticides, metals and 

steroid hormones, the last two being of more importance than the rest (Zheng et al., 

2021). 
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Studies carried out with zebrafish, which serve as a model organism for fish and 

mammals, have shown different physiological alterations after being exposed to each type 

of disrupters. These operate altering core circadian genes that in turn, regulate biological 

processes, making them relatable to the disrupters that are consequently responsible for 

any health issues caused by the misadjustment of the circadian system.  

Steroid hormones, for instance, are comprised of several groups according to their 

molecular structure. One of them are glucocorticoids, which are essential for the 

regulation of circadian rhythms and physiological pathways associated with them 

(Dickmeis, 2009). A lack in corticotrope pituitary cells causes diminution of cell 

proliferation cells, although it doesn’t alter gene expression. This implies that mutations 

modifying them or even contact with exogenous glucocorticoids (such as dexamethasone 

and cortisol) can have a negative impact on biological processes like behavioural activity 

and melatonin levels (Zhao et al., 2018). Another important group is the progestins, where 

a two-week exposure to progesterone has shown to be responsible for transcriptional 

modifications affecting regulation of cell cycle, apoptosis and genes related to 

reproduction (Zucchi et al., 2014). Lastly, natural and artificial oestrogens only pose a risk 

in reproduction (Liang et al., 2019). Comparison between different classes of steroid 

hormones showed that glucocorticoids were the most effective and androgens the only 

ineffective ones for alterations in transcription and behaviour.  

Metals are also very important, specially transition metals. For example, lithium, in a 

long-term exposure, slows down locomotor activity, modifies melatonin receptor’s 

expression and tissue growth and regeneration are limited (Xiao et al., 2017). Another 

metal that has an impact on the circadian rhythm is copper, which after time has shown to 

affect reparation of DNA, cell development, oxidative stress and physiological processes 

(Vicario-Parés et al., 2018). As for cadmium, changes in proteolysis and amino acid 

metabolism and autophagy were observed, as well as in behaviour strength (Yang et al., 

2018). Finally, lead has been found to cause circadian variations of several 

neurotransmitters in the brain (Spieler et al., 1995).  
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To date, just a few pesticides and biocides have been studied. Thifluzamide, which is 

a fungicide used frequently in the treatment of diseases in rice, has been proved to lower 

growth hormone (GH) and dopamine levels and mRNA gene levels associated with 

development, behaviour and synthesis of steroid hormones, causing inhibition embryonic 

development (Yang et al., 2019a). Flutolanil, also a fungicide, serves for fighting cereal 

diseases, and exposure produces increased levels of melatonin and decreased levels of GH, 

responsible for abnormal development of the embryo and sudden movements (Yang et al., 

2019b). Climbazole is another fungicide that can be found in products used for personal 

care, and it’s been found to limit oocyte maturation and production of steroids leading to 

irreversible virilization (Zhang et al., 2019). Finally, the herbicide atrazine is a circadian 

disrupter that stimulates lipid peroxidation disrupting the metabolism of the liver, as well 

as it was reported to weaken physical activity and delay periodicity of the circadian rhythm 

for one hour (Yang et al., 2018).  

Another type of disrupter compounds are polychlorinated biphenyls (PCBs). As a 

manifestation of industrial activity, they are known to be neurotoxic, immunotoxic and 

cancerogenic, causing metabolic and developmental disorders (Aluru et al., 2020).  

Water polluted by neuroactive drugs such as antidepressants represents a threat to 

the normal functioning of the circadian rhythm. Exposure to venlafaxine has showed a 

behavioural change with diminution of daily activity (Parrott and Metcalfe, 2017). 

Diazepam, an anxiolytic widely used, was discovered to induce transcriptional alterations 

in circadian genes causing alterations in locomotor behaviour (Oggier et al., 2010).  

Inside cyanobacterial toxins, microcystins have been a threat to living organisms by 

presenting negative effects on regulation of liver circadian rhythm and physiological 

processes like amino acid and lipid metabolism, as well as on energetic production (Qiao et 

al., 2016). A different cyanobacterial toxin is cyanopeptolin (CP1020) which exhibited 

harmful influence on molecular pathways such as the circadian rhythm, DNA damage and 

reconstruction and reaction to light (Faltermann et al., 2014).  
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The last circadian disrupter group is that of organic chemicals. Bisphenol A (BPA) has 

been found to modify circadian genes’ expression and alter behaviour (Choi et al., 2018). 

As for phthalates, another type of organic chemical used as plasticizer, they were identified 

to present toxicity in reproduction and lipid peroxidation, and to weaken behavioural 

strength (Poopal et al., 2020).  

All the information above indicates that the empirical results obtained with fish is 

susceptible of being translated into human circadian rhythm. This is because most if not all 

the physiological mechanisms in both species are the same. However, knowledge about all 

the environment chemical factors is still very limited, and it’s yet unknown how and with 

what intensity they alter the regulation of circadian rhythms in mammals and humans 

(Figure 8) (Zheng et al., 2021).  

 

Figure 8. Summary of chemical agents and their effects on circadian genes at several physiological 

levels: On the left (A) there is a chart representing the number of chemicals that have been 

reported to have each of the effects observed; on the right (B), a table with different examples of 

each group where it’s possible to contrast the different effects of each disrupter with the rest 

(Zheng et al., 2021).  
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4.1.2. PHYSICAL FACTORS  
 

Arguably the most important physical factor that regulates the circadian system, is 

light. As explained in the introduction of this work, the light/dark (LD) cycle serves as the 

principal zeitgeber for the circadian system by regulating through visual stimulation the 

main pacemaker, the SCN. This means that any disturbance of normal stimulation can 

disrupt internal rhythms and have health consequences (Potter et al., 2016). In this case, it 

can either be caused by lack or excess of light.  

In the first case, lack of daylight can have some negative effects on the circadian 

system since exposure to daylight brings behavioural and physiological benefits. In modern 

society, most of the population is sheltered from light almost completely and only spend 

1-3 hours outdoors daily, which contributes to low vitamin D levels (Diffey, 2011). Despite 

the importance of LD cycles, vitamin D also plays a role in regulation of the circadian 

rhythm. Vitamin D is synthesized thanks to UV-B irradiation, and it participates directly in 

the transcription of clock genes in vitro, making it plausible that there is a relation 

between health and Vitamin D status (Figure 9) (Theodoratou et al., 2014).  

  
Figure 9. Health consequences related to vitamin D proportionally organized in different categories 

(Theodoratou et al., 2014).  
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On the contrary, excess of light has become a problem since the existence of artificial 

light. Study shows that over 75% of world’s population is affected by it at night (Cinzano et 

al., 2001). It’s also estimated that artificial light intensity more than doubles daylight’s 

during night affecting individuals’ sleep-quality (Wright et al., 2013). With recent 

technology’s advances, more interesting electronic products are made and with them 

nighttime light exposure is increased. Some of these even emit monochromatic blue light, 

and because ganglion cells in the retina are photosensitive, it stimulates them at times 

they shouldn’t be, supressing melatonin synthesis at night and thus facilitating circadian 

clock and sleep disruption (Chang et al., 2015). Another relation found was that between 

artificial light and obesity prevalence, being a person more likely to become overweight if 

exposed to light during nighttime (Rybnikova et al., 2016).  

Regarding temperature, which is one of the most important external cues after light, 

it has a relevant influence over metabolic homeostasis. For instance, studies have 

concluded that chronic exposure to temperatures under thermoneutrality (26ºC) increases 

body temperature rhythm amplitude (Refinetti, 2020). Given that peripheral tissues can 

create oscillations after being externally stimulated, temperature variations can serve as a 

powerful zeitgeber to restart these tissues’ biological clock. Therefore, thanks to 

experiments carried out with mice, evidence has been shown that external temperature 

synchronises feeding behaviour and oscillation of metabolic and circadian gene expression 

in the liver. Although further research needs to be done to discover to full length the 

effects of this parameter on the circadian rhythm, it’s clear that temperatures outside 

thermoneutrality can lead over time to physiological stress and ultimately to health issues 

due to maladjustment of the circadian system (Rabearivony et al., 2020).  
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4.1.3. ELECTROMAGNETIC FACTORS  
 

Apart from the factors already mentioned, the circadian rhythm can also be altered 

by ultraviolet wavelengths and by electromagnetic fields to which people are exposed in 

everyday life. These effects vary according to the potency of the electromagnetic fields and 

to the size of each individual (Contalbrigo et al., 2009).  

Ultraviolet wavelengths were found to be responsible for limiting melatonin 

concentration in the pineal gland at night (Figure 10) (Podolin et al., 1987).   

 

Figure 10. Experimental chamber used to study the effects of UV light on Syrian hamsters’ 

melatonin secretion (Podolin et al., 1987).  

 

  

Regarding electromagnetic fields, there are two types to be considered: extremely 

low frequency electromagnetic fields (ELF-EMF) and extremely high frequency 

electromagnetic fields (EHF-EMF).  

ELF-EMFs usually come from high-voltage line and electrical appliances used at home 

and in workspaces, and it’s been discovered that they increase the chances of having 
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cancer (Kumlin et al., 2005; Stelletta et al., 2007), depression, and miscarriages (Dasdag et 

al., 2002).  

On the other hand, EHF-EMFs, specifically radiofrequency electromagnetic fields 

(RF-EMF), are used in many wireless broadcast utilities like radio, TV, mobile phones, etc. 

also used in domestic and work environments. In the modern era, mobile phones are the 

best example of devices to which humans are exposed as they carry one with them 

everywhere most of the time, making them a big threat to their health as studies show 

evidence of the relation between mobile usage and its health effects (mainly cancer) 

(Kundi et al., 2004).  

  
 
4.2. BEHAVIOURAL FACTORS  

  
 

4.2.1. SLEEP  
 

Sleep is a body and metabolic state of rest and lower consciousness that repeats 

itself every day with positive effects on humans’ and animals’ health such as memory 

development and the strengthening of the immune system (Lange et al., 2010; Mignot, 

2008). It’s interesting that sleep is entrained by circadian rhythms and vice versa 

(Danilenko et al., 2003).  

However, alteration of normal sleep patterns can cause negative health 

consequences due to anormal hormone concentrations and weak immune functionality 

(McEwen, 2006). One of the main causes responsible for this anomaly is nocturnal shift 

working, which in long term deteriorates mental performance, well-being and ultimately, 

health. Many studies have concluded that it increases the chances of having cancer and 

rheumatoid arthritis (Haus and Smolensky, 2006).  
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4.2.2. FEEDING  
 

There are different chronotypes depending on the moment each individual tends 

to carry out the activities they do throughout the day such as eating, going to sleep and 

waking up, social life, working out, etc. There are morning, intermediate and evening types. 

Observation of contrast between each of them has shown that subjects with evening 

chronotype have more inclination to have disrupted feeding behaviours like meal skipping, 

nocturnal eating, addiction to food and increased calory intake in their diet in comparison 

to the rest (Vitale and Weydahl, 2017). As a result, further studies have confirmed that this 

attitude causes chrono disruption, affecting physiological pathways that can lead to 

metabolic issues, obesity and diabetes type 2 (Baron et al., 2017).  

Given this premise, metabolic disruption can be palliated by eating at the right time, 

as it depends on the chronotype of each subject (Haraguchi et al., 2014).  

  
 
 

4.3. INTRINSIC FACTORS  
  

 
4.3.1. AGE  
 

The older we get, the more scattered and less wide circadian acrophases are, 

resulting in a weaker circadian rhythm (Figure 11). Similarly, clock genes that participate 

in diseases related to the disruption of the circadian rhythm, are also present during aging, 

meaning that there’s a relation between aging and circadian rhythm disruption 

(Cornelissen and Otsuka, 2017).  

Researchers have pointed out the necessity of differentiating the characteristics of 

natural aging (senescence) from the diseases associated with aging (senility), although it’s 

not easy since health is usually badly considered as the lack of disease (Tevy et al., 

2013).   
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Figure 11. Diagram comparing the amplitude and phase of the circadian rhythms for each state: 

health, aging and disease. It also shows a series of coping geroprotector measures like stable 

rest-activity schedules, caloric restriction combined with meal timing and physical exercise. Also, in 

order to restore a healthy time structure and clinical health, it considers the use of 

pharmaceuticals with caution due to their side effects and a personalized chronotherapy 

(Cornelissen and Otsuka, 2017).  

 

4.3.2. SEX  
 
It’s still unknown up to what extent biological sex and hormones intervene in the 

circadian rhythm (Krizo and Mintz, 2014). Differences between both sexes are quite dim, 

but there are some cases where the circadian clock response can differ like with drug 

addiction (Bobzean et al., 2014) or disease (Bailey and Silver, 2014).  
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4.4. IATROGENIC PHACTORS  
  
 

4.4.1. INTERACTION WITH DRUGS  
 

As explained previously, circadian rhythms have a great influence over many (if not 

all) biological processes and are key to the balance between health and disease, but 

they’re constantly adjusting to external cues and sometimes these can lead to 

chronodisruption.  

For instance, drug addiction is one of the main problems among young adults as a 

big percentage aged between 18 and 25 consume substances of abuse such as alcohol, 

cannabis, hallucinogens, psychostimulants, opioids, etc. (United Nations Office on Drugs 

and Crime, 2020).  

Moreover, it has been proved to interact with the circadian system, given that their 

use is determined by a circadian behaviour, being slowly modified as consumption and 

dependence grows (Figure 12) (Tamura et al., 2021). As a result of the circadian disruption 

caused by chronic drug use, coordination between the biological clock and the external 

signals ceases inducing health and well-being issues like fatigue, anhedonia and insomnia 

(Depoy et al., 2017).  
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Figure 12. Representation of drug use timing in two different situations: acute use (on the left) and 

chronic use (on the right). In the first case, the most frequent moment of use is while in rest phase 

(beginning of the evening) for humans and while in active phase (dark) for mice. In the second case, 

there’s no time nor rhythmic difference along the day and the consumption is higher (Tamura et al., 

2021).  

  
 

But not only drugs of abuse should be considered when studying the circadian 

rhythm. Applications of this knowledge to pharmacotherapy has opened a new 

dimension of personalized treatment, chronopharmacotherapy, with the aim of 

increasing the efficacy and decreasing the risks and side effects of the treatment (Nahmias 

and Androulakis, 2021).  

 

 

  

5. CONCLUSION  
 

All in all, there are many factors in place that directly influence negatively on the 

circadian rhythm, although there’s still a lot of research needed to determine the 

importance of these in people's lives, specifically in modern society, where we are 

constantly surrounded by them and, without being aware, suffer long-term health 

consequences.  
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Therefore, human’s lifestyle should strive to adjust to each individual’s biological 

rhythm and not the other way around, in terms of sleep, feeding, working and social hours 

amongst other activities.   

Also, manufactures should control electromagnetic radiation emissions from electric 

devices to protect their users and the industry must limit the quantity of emissions of 

chemical pollutants in order to preserve natural and healthy levels in the environment.  

Finally, as mentioned above, individualized therapy should take into account 

everyone’s chronotype to achieve a better treatment adjustment seeking more efficient 

and safer results.   
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