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Abstract  

Biorhythm is one of the laws of the organism, which is characterized by the presence of cyclic 
oscillations, which ensures the adaptation of the organism to the rhythmic changes of the external and 
internal environment. That is, biorhythms are the basis of adaptation of the organism to environmental 
factors and ensure its vital functions. The most important practical value and the most detailed among 
the biorhythms of the body study circadian rhythms. The liver creates a single metabolic and energy 
pool of the body for the metabolism of proteins, fats, carbohydrates. Therefore, in turn, the 
metabolism of proteins, fats, carbohydrates, enzymes, vitamins; regulation of water, mineral and 
pigment metabolism; activity of excretory and detoxification processes are characterized by circadian 
dependence of the course. All diseases of the body are accompanied by a violation of the architecture 
of its circadian rhythm, ie the phenomenon of desynchrony, starting from the cellular level and ending 
at the highest body level. Knowledge of the functional state of biorhythms of a healthy organism and 
their changes (desynchrony) in liver pathology is the key to targeted correction of dysregulatory 
disorders in diseases and optimization of this organ of pharmacotherapy. 
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Biorhythm is one of the laws of the organism, 
which is characterized by the presence of cyclic 
oscillations, which ensures the adaptation of the 
organism to the rhythmic changes of the external 
and internal environment. That is, biorhythms are 
the basis of adaptation of the organism to 
environmental factors and ensure its vital functions 
[1, 2, 3, 4]. The most important practical value and 
the most detailed among the biorhythms of the 
body study circadian rhythms [3, 4, 5, 6]. The daily 
dependence of functional activity is characteristic of 
the central and peripheral nervous systems, 
endocrine, cardiovascular, respiratory, excretory 
systems, gastrointestinal tract, as well as the activity 
of metabolism and detoxification of xenobiotics in 
the liver [3, 7, 8, 9, 10 , 11]. 

In the process of evolutionary development of a 
living organism, circadian rhythms have gained 
leading importance, as biological change of day and 
night is an integral part of life processes and most 
clearly reproduces the body's adaptation to 
environmental conditions [12, 13, 14, 15, 16, 17]. A 
common characteristic of all circadian rhythms is the 
autonomy of oscillations, which can be 
synchronized with environmental factors [18, 19, 20, 
21]. Circadian rhythm has a double structure with 
endogenous (circadian rhythm of physiological 
functions) and exogenous component (any 
influence of the environment). Endogenous rhythm 
allows living systems to "predict" changes in 
conditions and pre-adapt to them [62]. Among 
exogenous factors, the leading role belongs to the 
light factor and diet [18, 19, 20]. 

Clear structure and synchronicity of circadian 
rhythms of different processes with each other 
forms a single circadian system [65, 63]. This system 
provides temporal coordination of body functions 
and its adaptation over time to external and internal 
conditions [61]. The central pacemaker of circadian 
rhythms is the suprachiasmatic nuclei of the 
hypothalamus. Simultaneously with the central diary 
of the daily organization, the body has peripheral 
oscillators: liver, spleen, lymphocytes, 
gastrointestinal tract, kidneys, heart, lungs and 
others. The activity of peripheral oscillators is clearly 
controlled and are synchronized by the main driver 
of rhythms (suprachiasmatic nuclei of the 
hypothalamus). 

The liver, as an organ with an extremely broad 
functional and metabolic profile that provides 
energy homeostasis of the body - plays a leading 
role among peripheral oscillators [22, 23]. Some 
scholars believe that this organ, along with the 
suprachiasmatic nuclei, is key in the organization of 
circadian rhythms. 

The liver creates a single metabolic and energy 
pool of the body for the metabolism of proteins, 
fats, carbohydrates [66, 67]. Therefore, in turn, the 
metabolism of proteins, fats, carbohydrates, 
enzymes, vitamins; regulation of water, mineral and 
pigment metabolism; activity of excretory and 
detoxification processes are characterized by 
circadian dependence of the course [68, 69]. 

In protein metabolism, the liver plays a central 
role in the body, because to ensure a dynamic 
circadian balance of proteins and amino acids in the 
body, performs the following functions: synthesis 
and breakdown of proteins; reamination and 
deamination of amino acids; formation of urea, 
glutamine and creatinine. During the day, in addition 
to providing their own proteins, liver cells supply 
blood proteins forming: 100% blood albumin, 75-90% 
α- globulins та 50% β- globulins. Researchers have 
registered an acrophase of the content of total 
protein in the serum of people about 8 p.m. and 
bathyphase 2 a.m., whereas the peak of protein 
excretion is recorded by 12 p.m. and decreases with 
the onset of night. In general, individual serum 
protein levels range from 6.0 to 8.0 g / L. In addition, 
the liver is the main site of coagulation factors and 
some coagulation inhibitors - antithrombin and 
antiplasmin is involved in the synthesis of heparin 
[62]. A daily drop is registered V і VII coagulation 
factors in the morning and afternoon with 
acrophase of both indicators at night. The circadian 
content of free heparin is characterized by a 
maximum of about 2 a.m. and a minimum at 5 p.m. 

Under physiological conditions, circadian 
fluctuations in the supply of amino acids to the liver 
are harmonized with the circadian rhythm of 
hepatocyte activity. As a result of amino acid 
metabolism, ammonia is formed, from which urea 
and ammonium salts are subsequently synthesized 
[24]. The liver is the only organ whose cells have all 
the enzymes for urea synthesis, so this process 
takes place only in this body. The team of authors 
led by prof. V.P. Pishak established a chronorhythm 
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of ammonia excretion in rats, characterized by 
two-phase: the maximum values of excretion of this 
indicator occurred in the period from 12 a.m. до 4 
a.m., miniphase - at 8 p.m. [25]. 

The liver, along with the kidneys, is involved in the 
circadian rhythm of creatinine synthesis, which is 
one of the ways to neutralize ammonia [26]. 
According to prof. V.P. Pishak in humans acrophase 
of creatinine secretion occurs in the period between 
3 p.m. and 6 p.m. Other researchers [13] found an 
acrophase of excretion of creatinine, amine 
nitrogen and 6 amino acids 3 p.m. і 6 p.m., and the 
other 13 at 9 p.m. і 12 a.m. Uric acid is the end 
product of purine breakdown, the main part of 
which is formed in the liver and excreted in the urine 
[27]. It is established that the chronorhythm of uric 
acid secretion in humans is synchronous with 
creatinine excretion with a characteristic peak 
between 3 p.m. and 6 p.m. 

Many scientists note the central role of the liver in 
the circadian stages of intermediate carbohydrate 
metabolism, and thus ensure energy homeostasis of 
the body [29, 30]. It is established that the 
metabolism of carbohydrates in the body undergoes 
circadian fluctuations. It is believed that part of the 
glycolytic system or synergistic with it the enzyme 
system is assigned the role of generator of the 
circadian rhythm of carbohydrate metabolism. The 
dependence of circadian rhythms of carbohydrate 
metabolism on the functional state of the liver is 
presented in the sources of scientific literature [31]. 
Thus, the most important role of the liver in the 
regulation of circadian blood glucose levels is noted 
[32, 33]. In humans, the following daily dynamics of 
glucose levels are registered: acrophase at 6 p.m. і 
12 a.m., whereas the bathyphase in the period 
between  6 a.m.  and 12 p.m. In the case of changes 
in blood glucose levels, the signal from sensitive 
chemoreceptors in the nerve centers, and then 
through the autonomic nerve fibers, it is 
transmitted to the liver, where the release of 
mediators of the sympathetic nervous system and 
stimulation β2- та β3- adrenoreceptors, glycogen 
breakdown is enhanced and glucose is released 
from the liver into the blood [34]. Thus, through the 
mechanism of reverse reactions of glycogen 
synthesis and breakdown, the amount of glucose is 
regulated in accordance with the needs of the 
organism. 

The concentration of glycogen in the liver is the 
most studied and presented in the sources of 
scientific literature as an indicator of carbohydrate 
metabolism, which is subject to daily fluctuations 
[35, 36, 37, 38, 39, 40]. According to [38, 39, 40], the 
nature of rhythmic changes in glycogen 
concentrations in the liver is largely the same in 
rodents of different species, lines, sex and age, 
which were kept in natural light for 12 hours. During 
the dark period, which for nocturnal animals is a 
period of vigor (activity), glycogen gradually 
accumulates in the liver with its subsequent 
expenditure during the day period of rest. 
Exceptions to this rule occur (constant glycogen 
levels during the day or its increase in the light and 
decrease in the dark period of the day) and may be 
due to specific features of experiments and / or 
housing conditions [35, 36, 37]. 

The liver also undergoes the following processes 
of lipid metabolism, the activity of which is 
characterized by circadian dependence: oxidation of 
triglycerides, formation of ketone bodies, synthesis 
of triglycerides and phospholipids, synthesis of 
lipoproteins, cholesterol synthesis [72]. It is 
established that the change in cholesterol levels has 
a clear daily dynamics in people with a maximum 
content of 6 p.m. and periods of minimum level 
from 12 a.m. to 12 p.m. The participation of the liver 
in lipid metabolism is closely intertwined with biliary 
function, as a constant level of cholesterol is 
maintained as a result of synthesis, catabolism and 
excretion of excess bile in the intestine [45]. The 
filling of the gallbladder at rest and its contraction in 
response to irritation and its dilatation are 
confirmed by a distinct circadian rhythm. The 
intensity of bile secretion in the liver of rats in the 
morning is higher than in the evening by 3-10%, and 
the total content of bile acids in the evening is 
higher than in the morning by 10-48%. In the 
evening, the concentration and total amount of 
secreted bilirubin is also higher than in the morning 
by 13-81%, and cholesterol by 13-59%. The level of 
serum bilirubin also has a daily dynamics: the period 
of high bilirubin content occurs during the day and 
evening – 12 p.m. and 6 p.m., while the bathyphase 
in the early morning hours – 6 a.m. 

In hepatocytes significant variations in the 
position of the acrophase of circadian rhythms of 
various metabolizing enzymes and cellular 
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organelles are registered: lysosomes, 
phagosomes, Golgi apparatus. Individual 
microsomal enzymes may have two or more peaks 
of activity during the day. In particular, acrophases 
of circadian rhythms of activity and content of 
cytochrome P450 in the liver of males and females 
are shifted by 6 hours relative to each other [77, 76, 
75]. 

There are direct neurotrophic connections 
between the central nervous system and the liver. 
Diurnal fluctuations in the tone of the ANS, closely 
related to the light-dark cycle and day or night 
period of vigor of the body and play an important 
role in coordinating cyclical processes in the body 
and in particular in the liver [72]. Most scientists [73, 
74] found that for the human body and animals with 
diurnal activity (rabbits, guinea pigs) is characterized 
by a predominance of the tone of the sympathetic 
part of the autonomic nervous system in daylight, 
and parasympathetic during night sleep, while for 
animals with nocturnal type of activity (rats, mice) 
on the contrary. Therefore, day or night type of 
activity of the organism is determined by daily 
fluctuations in the tone and content of hormones, 
which is confirmed by the antiphase level of their 
levels in organisms and the period of secretion 
depending on the type of activity (Table 1). In 
particular, the acrophase of glucocorticosteroid 
secretion in humans is registered between 6 a.m. 
and 10 a.m., in rabbits between 7 a.m. and 11 p.m., 
whereas rats and mice in between 9 p.m. та 10 p.m. 
n humans, two peaks of adrenaline secretion are 
recorded, which occur in the early morning (6 a.m.) 
and daytime (12 p.m.) hours. There is also a late 
night rise in adrenaline secretion, which occurs 
between 8 p.m. and 11 p.m. Whereas in mice and 
rats the peak of adrenaline secretion (AF) observed 
by 6 p.m. with inverted bathyphase between 6 a.m. 
and 9 a.m. The chronorrhythm of norepinephrine 
content and excretion is also characterized by the 
presence of circadian peaks, but in comparison with 
glucocorticosteroids and adrenaline with less 
pronounced antiphase between organisms with day 
and night type of activity (Table 1). 

The key components of the body's antioxidant 
system are the glutathione system and enzymatic 
antioxidants: superoxide dismutase, catalase, 
glutathione peroxidase, glutathione transferase. 
Hepatocytes are the main site of synthesis of 

glutathione, a key component of the antioxidant 
defense system, which provides intracellular 
prooxidant-antioxidant balance of the body [49, 50, 
51, 52]. The total amount of biooxidants in the body, 
and in particular in the liver, creates a "buffer 
antioxidant system", and the ratio of prooxidants / 
antioxidants determines the "antioxidant" status of 
the body. In turn, intracellular "antioxidant status" is 
a direct reflection of metabolic homeostasis among 
cellular reactive oxygen species, antioxidant 
enzymes and metabolites [83]. It is known that 
there is a relationship between the circadian change 
in redox oxidative metabolism of the cell and the 
circadian clock, which is realized through the 
influence on the expression of genes involved in the 
biosynthesis of protein complexes of clock 
photosensitive genes BMAL1-CLOCK [84]. The above 
is confirmed by the circadian rhythm of biosynthetic 
activity Nicotinamide adenine dinucleotide, 
Nicotinamide adenine dinucleotide phosphate and 
their reduced forms Nicotinamide adenine 
dinucleotide and Nicotinamide adenine dinucleotide 
phosphate [85]. The content of nicotinamide 
adenine dinucleotide phosphate in the cell plays a 
key role in the glutathione system, as it is necessary 
for the transition of the oxidized form of 
glutathione to reduced under the influence of the 
enzyme glutathione reductase. The restored form of 
glutathione acts as an "active stabilizer" of the lipid 
peroxidation system - antioxidant protection and 
simultaneously with antioxidant enzymes plays a 
leading role in ensuring "stability of antioxidant 
balance" of cells and the body as a whole [53]. 
Nicotinamide adenine dinucleotide phosphate is 
also required to support the cytochrome P450 
monooxygenase system in the synthesis of 
cholesterol and bile acids in the liver [54]. Circadian 
rhythm has also been established for the activity of 
the enzymatic antioxidants superoxide dismutase 
and catalase in the liver tissue. In a healthy body, the 
intensity of lipid peroxidation processes is balanced 
by the antioxidant system, which is subject to 
rhythmic changes during the day [86]. In particular, 
the level of TBА-active products increases at night 
and decreases in the morning and day []. Some 
scientists explain the existence of this pattern by 
the fact that at night lipid metabolism is more 
intense and carbohydrate is reduced. It was also 
found that fluctuations in the level of TBA-active 
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products during the day correlate with the 
activity of superoxide dismutase. At night, the 
content of TBA-active products increases, the 
activity of superoxide dismutase. in the blood 
decreases, and in the daytime on the contrary [54]. 
The amount of phospholipids at night is reduced 
and increases only in the afternoon, ie there is a 
redistribution of the fraction of lipids and 
phospholipids during the day. The chronogram of 
phospholipid levels during the day repeats the 
chronogram of superoxide dismutase activity: at 
night and in the morning, when superoxide 
dismutase activity. minimal, and the processes of 
lipid peroxidation are most active, there is a 
decrease in the total amount of phospholipids [87]. 

The above confirms that the state of the 
antioxidant system of the body undergoes circadian 
oscillations, which are mainly due to light-
dependent factors. An analysis of research suggests 
that "antioxidant status" is an important link 
between circadian rhythms and cellular metabolism, 
and suggests a link between the circadian clock and 
redox oxidative metabolism in the liver. 

Thus, the analysis of scientific literature sources 
summarizes the presence of circadian rhythm of 
enzymatic and non-enzymatic activity of the 
antioxidant defense system, the dependence of 
metabolic, excretory and detoxification processes in 
the body and the key role of the liver as a peripheral 
oscillator and the above processes. Biorhythms, 
especially circadian rhythms, are considered a 
universal criterion of homeostasis, and their 
violation causes desynchrony (imbalance of 
biorhythms), as an integral component of any 
disease. 

All diseases of the body are accompanied by a 
violation of the architecture of its circadian rhythm, 
ie the phenomenon of desynchrony, starting from 
the cellular level and ending at the highest body 
level [55, 56]. Desynchrony occurs when the 
dynamics and structure of the biorhythm is 
disturbed and deepens as the pathological process 
grows and is characterized by a triad of features: 
changes in the rhythm mesor, adjustment of the 
rhythm amplitude and migration of acrophase and 
bathyphase periods [57, 58]. 

Data on the nature of desynchrony in liver disease 
are very limited. In clinical and experimental 
hepatology, the diagnosis of indicators that 

characterize the metabolic, synthetic, excretory and 
detoxifying functions of the liver has become 
important. Such main markers are the content of 
total protein and its fractional composition, total 
bilirubin, cholesterol, glycogen, alkaline 
phosphatase, urea, oxidative-prooxidant balance, 
the definition of which allows to characterize the 
changes in liver activity in hepatobiliary pathology 
[62, 78]. Circadian dysregulation (desynchrony) of 
lipid metabolism, detoxification processes, 
formation of reactive oxygen species, cell cycle 
control may contribute to the development and 
progression of hepatic steatosis, fibrosis and 
carcinogenesis [88, 89, 93]. Special attention should 
be paid to the diagnosis of transminase activity 
(alanine aminotransferase and aspartate 
aminotransferase), as it reflects the pathogenetic 
basis of cytolysis syndrome - violation of the 
integrity of plasma membranes of hepatocytes and 
their organelle сytolysis syndrome is the most 
sensitive and informative characteristic of the 
degree of pathological process in hepatocytes [90]. 
Diagnosis of the activity of markers of cytolysis is 
prescribed in the protocols for the treatment of 
hepatitis of various etiologies, and the degree of 
increase in transaminases is the basis for assessing 
the activity of the pathological process in the liver 
[92]. However, data on the circadian dependence of 
the growth of alanine aminotransferase and 
aspartate aminotransferase on the background of 
different etiologies of hepatitis have not been 
studied. Simultaneously with the increase in the 
activity of tramsminases, changes in the prooxidant-
antioxidant balance in hepatocytes are of great 
practical importance. It is well known that the role 
of activation of free radical oxidation processes in 
the pathogenesis of hepatitis of various origins, 
characterized by changes in circadian rhythms of 
components of the antioxidant defense system of 
lipid peroxidation (glutathione reductase, 
glutathione reductase, glutathione peroxidase, total 
bilirubin and its fractions, products of protein, 
purine, lipid metabolism [20, 52, 62]. It should also 
be noted that in diseases of the hepatobiliary 
system, the imbalance is registered during the 
excretory and detoxification processes in 
hepatocytes [64, 85]. That is why today in practical 
hepatology a list of indicators that are diagnosed 
and studied in detail in the analysis of certain 
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diseases of the hepatobiliary system. The ranges 
and frameworks within which the values of the 
studied indicators change are established, however, 
the peculiarities of these changes depending on the 
time and period of the day in which the sampling for 
analysis is carried out are absent. The latter is 
important in the implementation of 
chronopharmacological approaches in the 
appointment of drugs, as it is known that the 
features of therapy will depend on the established 
pathophysiological changes [90]. It is also known 
that very often treatment tactics are based on the 
"desire" to reduce the severity of the pathological 
rhythm by creating the maximum concentration of 
the drug in the body until the maximum 
manifestation of pathology (desynchrony, 
breakdown) [62]. The above confirms the relevance 
of the diagnosis in chronodeterministic mode, with 
the establishment of circadian features of changes 
in biorhythms, ie the detection of desynchrony. It 
should also be noted that the leading role in 
ensuring the functional activity of the liver is played 
by neurohumoral regulation and, accordingly, 
desynchrony of autonomic nervous system tone and 
/ or hormone secretion levels in the future is 
reflected in changes in the activity of this organ [78, 
79]. In viral hepatitis B and C, changes in the 
structure of the circadian rhythm of serotonin are 
registered. Serotonin levels in children with chronic 
hepatitis are 3.6 times higher than in healthy 
children. In inactive chronic hepatitis C there is an 
ultradian rhythm of oscillations of this mediator, an 
increase in the size of the mesor and a decrease in 
the amplitude of the rhythm, acrophase of 
serotonin is registered at 1 a.m., 7 a.m., 1 p.m. and 8 
p.m., and the bathyphase at 4 a.m., 10 a.m., 5 p.m., 
11 p.m., whereas, undiscovered differences in 
serotonin rhythm mesor in active and inactive 
chronic hepatitis B. It is observed that the amplitude 
of serotonin rhythm in the active form of chronic 
hepatitis is much higher than in inactive [70]. At 
active chronic hepatitis C shift of an acrophase of a 
rhythm of serotonin with is characteristic from 10 
a.m. (in normal) to 7 a.m., and after treatment to 2 
a.m. and increasing the amplitude of oscillations by 
29.5%. In patients with chronic hepatitis there is a 
clear increase in the frequency of exacerbations in 
April and May, which indicates the feasibility of 
using chronopharmacological principles in the 

treatment of liver disease [80, 81, 82]. Knowledge of 
the functional state of biorhythms of a healthy 
organism and their changes (desynchrony) in liver 
pathology is the key to targeted correction of 
dysregulatory disorders in diseases and optimization 
of this organ of pharmacotherapy.  
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Table 1. Circadian rhythm of mediators of autonomic nervous system and hormones in organisms with day and 
night type of activity [29, 30, 89-91] 

Type of 

organism 

Glucocorticosteroids Adrenalin Norepinephrine 

АF В АF В АF В 

Man 6-10* 24-4* 6*, 12*, 20-23* 23-6* 8-14*, 18-22* 22-6* 

Rabbits 7-11* 22-2* 8*/** 2*/** 8*/** 2*/** 

Rats 21-22* 9-11* 18* 6-9* 18*,22* 14* 

Mice 21-22* 8-10* 18* 6-9* 17*, 22-23* 13* 

Notes: АF – acrophase of the studied indicator; В – bathyphase of the studied indicator;* the content of the 
indicator was determined in the blood; ** the content of the indicator was determined in the urine. 
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