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The activity of the liver as the central metabolic laboratory of an organism has a clear circadian rhythm, due to the dependence of the daily flow of metabolic processes in the body. An important uniting element of cellular metabolism and circadian rhythms are the body's antioxidant system (AOS) activity and lipid peroxidation (LPO). As a result of this research circadian dependence of LPO-AOS activity was set, however, not all of components of the AOP "work" equivalently during the day. In terms of the key components of the AOP activity – the maximal "sustainability" of AOS is seen in the morning and the minimal – in the evening and at night. No significant sex differences between female-rats and male-rats were found.
Rhythm of processes in the body, from systemic to cellular level is well-known fact. The most important and best-studied are circadian (daily) rhythms, which are ensured by the functioning of circadian system. This hierarchically structured system includes a central (hypothalamus) and peripheral oscillators, which include liver [8, 9] The liver as metabolic laboratory of organism brings its changes in the organization of circadian rhythm of the body due to depending inherent circadian metabolic processes [11, 12]. In particular, the body's antioxidant system (AOS) and the activity of lipid peroxidation (LPO) is an important link of cellular metabolism and circadian rhythms.
The aim of our work was to establish the circadian dynamics of AOS of the body and daily activity of LPO in hepatocytes of rats (both females and males).
MATERIALS AND METHODS
The study was performed on intact rats of both sexes (March, 2015). At fixed time of the day: at 03 a.m.; 09 a.m.; 03 p.m.; 09 p.m. animals were decapitated under tiopental anesthesia and biomaterial sampling (liver, blood serum) were taken for further research. The experiments were carried out on three series of rats, in each group of the studied hours, were taken 8 females and 8 males weighing 170-220 g. In the evening and at night time the experiments were conducted under an infrared lamp that eliminates the effect of the light factor on synthesis of melatonin [7]. In liver homogenate the content of reduced glutathione, thiobarbituric acid active products, activity of SOD and catalase were determined, which are basic indicators reflecting the state of the LPO-antioxidant protection (AOP) [3, 4].
The data was subjected by statistical analysis using a program Cosinor-Analisis 2.4 for Excel 2000/XP and a package of statistical programs "Statistica 8.0". Nonparametric Mann-Whitney test was used. When comparing statistical indicators p <0.05 was taken [5]. The analysis of chronogram included the determination of akrophase (is time of a day when the maximum value of the studied parameter is recorded), batyphase (is time of a day when the minimum value of the studied parameter is recorded), mezor (is the average of the studied parameters during the day) and amplitude (is a difference between akrophase and mezor) parameters of LPO and AOS [8].
RESULTS AND DISCUSSION
Chronorhythm of glutathione content in the liver cells in intact animals in the physiological norm had a sinusoidal character. For the animals of both sexes akrophase of glutathione content was synphase – 15 p.m. and was respectively 154.25±14.82 of conventional units for females; 157.75±14.87 of conventional units for males, while batyphase had been registered at 09 p.m. for females and at 03 a.m. for males (tab. 1, fig. 1). Mezor of this AOS indicator was at the same level: 106.33±5.02 of conventional units (for females) and 107.68±5.52 of conventional units (for males) (tab. 2). It should be noted that the value of glutathione content during akrophase significantly exceed in 2 times the value of the indicator in batyphase in females and in 2.2 times in males, indicating a high amplitude of fluctuation rate of glutathione content in hepatocytes, depending on the time of a day.
So, chronograms of glutathione content circadian rhythm in females and males are characterized by similar architectonic rhythm except minimums of glutathione level (in females – 09 p.m., in males – 03 a.m.) and numerical values of glutathione level at the same time were not significantly different, indicating the lack of interpersonal circadian differences of glutathione content fluctuations in animals of both sexes (fig. 1).
The above indicated circadian dynamics of glutathione content may be caused by circadian rhythm activity of pentosephosphate cycle (PPC) enzymes, which as it known is the main generator of NADPH [1,2].The content of NADPH in the cell plays a key role in the glutathione system, since it is necessary to move the oxidized form of glutathione (OG) in the restored, under the influence of the enzyme glutathione reductase and the restored form of glutathione (RG) acts as an "active stabilizer" system of LPO-AOP and along with antioxidant enzymes plays a leading role in ensuring "stability of antioxidant homeostasis" in cells and the organism as a whole [1]. The research of PPC circadian rhythm activity of key enzymes: glucose-6-phosphate dehydrogenase (G6PhDG) and 6 phosphogluconate dehydrogenase (6PhGDG) are conducted by scientists since the last century and for today in animals with type of day and night life in different seasons [2, 12]. Analysis and systematization of this data on a daily peak activity of G6PhDG and 6PhGDG does not make it possible to clearly distinguish akrophase during the day. However, most of the results indicate that in animals with nocturnal activity type, as in this case, in rats – akrophase accounts for the first half of a day [2]. The above suggests that the peak of RG content in the liver cells and significant amplitude rhythm during the day, largely depend on the activity of PPC enzymes.
Table 1
Indicators of circadian rhythms of LPO-AOP in females and males (n=8)
	The hour of a day
Indicator
	Females
	Data analysis
	Males
	Data analysis

	AOP
	
	RG, in conventional units

	
	03 a.m.
	87.52±9.04*
	++
	70.74±19.64*
	+

	
	09 a.m.
	105.21±12.85*
	+++
	105.65±11.98*
	+++

	
	03 p.m.
	154.25±14.82
	++++
	157.75±14.87
	++++

	
	09 p.m.
	78.33±15.93*
	+
	89.71±19.15*
	++

	
	
	Superoxide dismutase, in conventional units

	
	03 a.m.
	42.59±4.37
	++
	47.09±4.00
	++

	
	09 a.m.
	48.83±2.84
	++
	48.35±3.73
	++

	
	03 p.m.
	46.04±3.98
	++
	44.28±3.67
	+

	
	09 p.m.
	39.36±3.74
	+
	40.16±4.09
	+

	
	
	Catalase, mkkat/l

	
	03 a.m.
	43.60±3.17*
	+
	45.77±7.07*
	+

	
	09 a.m.
	50.46±6.77*
	++
	48.13±6.33*
	++

	
	03 p.m.
	78.22±4.74
	++++
	81.37±1.43
	++++

	
	09 p.m.
	50.08±2.94*
	++
	50.27±4.88*
	++

	LPO
	
	Thiobarbituric acid active products, mkmol/g in tissue

	
	03 a.m.
	25.85±3.13*
	+++
	26.93±2.46
	+++

	
	09 a.m.
	16.24±2.58
	+
	16.12±5.46
	+

	
	03 p.m.
	17.21±3.58
	++
	19.74±10.04
	++

	
	09 p.m.
	30.51±1.14*
	++++
	34.40±3.13*
	++++


Notes:
n – the number of animals in the group;
* − deviations of the index in the group is reliable significant (p<0.05) relatively to the index in the group of animals 03 p.m.;
+ − batyphase of the studied parameter;

++ ; +++ − mezor of the studied parameter
++++ − akrophase of the studied parameter.
Table 2

Chronobiological characteristics of the system of LPO-AOP

(circadian rhythm) (n=8)
(program Cosinor-Analisis 2.4 for Excel 2000/XP)
	Indexes
	Mezor
	Amplitude

	RG, conv.units
	females
	106.33±5.02
	35.97±6.63

	
	males
	107.68±5.52
	44.97±11.06

	SOD, conv.units
	females
	44.21±1.18
	2.13±1.23

	
	males
	45.88±1.95
	4.69±1.79

	Catalase, mkkat/l
	females
	55.49±2.40
	17.31±3.01

	
	males
	56.39±1.48
	17.83±2.87

	Thiobarbituric acid active products, mcmol/g in tissue
	females
	21.94±1.01
	8.91±2.13

	
	males
	24.27±0.75
	9.86±1.77

	Notes:

n – the number of animals in the group;
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Fig. 1. Circadian rhythm fluctuation of RG content and TBA-AP in liver cells
SOD and catalase are basic enzymes of AOS cells protection. Statistical analysis of the data of these indicators revealed circadian dynamics of these enzymes activity in hepatocytes. In particular, chronogram of SOD activity reflects the relative stability of the enzyme during the day, which confirms by mezor of the indicator: 44.21±1.18 conv. units in females and 45.88±1.95 conv. units in males (tab. 2). The meaning of the amplitude is 2.13±1.23 conv. units in females and 4.69±1.79 conv. units in males. Synphase of akrophase and batyphase in both sexes and similar rhythm architectonic didn’t show any interpersonal differences of circadian oscillation in SOD activity in liver cells. 
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Fig. 2. Circadian dynamics of enzyme activity of AOP system
There was an interesting state of circadian dynamics oscillation of catalase activity in liver cells, since hepatocytes characterized by its high content and activity, relatively to other cells (red blood cells, bone marrow, kidneys, and mucous membranes) [1]. Chronogram analysis indicated the presence of explicit akrophase at 03 p.m. in both sexes (tab. 1; fig. 1), which meaning was significantly different (in 1.6 times) comparing to a similar batyphase (09 p.m.) in females and males. Mezor of rhythm catalase activity in animals was the same: 55.49±2.40 mkkat/l in females; 56.39±1.48 mkkat/l in males. The amplitude of this indicator was 17.31±3.01 mkkat/l in females and 17.83±2.87 mkkat/l in males (tab. 2).

In order to maintain the balance of AOP system cells, enzymes SOD and catalase, "work" in physiological tandem, especially under the influence of SOD dismutation product of superoxide anion – hydrogen peroxide is an active substrate for catalase [1]. Legitimately to assume that the increased activity of catalase at 03 p.m. (akrophase) is a response to rising content of hydrogen peroxide in the cells – the active substrate of the enzyme, however, the above mechanism is not the only possible justification for this experimental fact. In particular, our research found that at 03 p.m. in the serum of rats of both sexes observed batyphase of total protein level, and males had also batyphase in albumin level [10], suggesting an intensification of synthetic and detoxification processes in these hours. Given the active detoxification by the Cupfer liver cells from systemic blood flow a lot of formed elements get in these cells and, as it known, in erythrocyte catalase content, is also extremely high [1]. The above suggests that the high activity of catalase at 03 p.m. is not only due to the liver catalase, but due to erythrocyte catalase.

The analysis of circadian state of AOP system correlates with circadian fluctuations of LPO activity. In particular, the analysis of the daily dynamics and rhythm parameters of TBA-AP content in rats’ hepatocytes shows that the concentration of the indicator has clearly distinct circadian dependence with synphase akrophase and batyphase in males and females (tab. 1). Akrophase was at 09p.m., inverted batyphase was at 09 a.m. Mezor content of TBA-reagents was 21.94±1.01 mcmol/g (females) and 24.27±0.75 mcmol/g (males). The amplitude of this index was 8.91±2.13 mcmol/g in females and 9.86±1.77 mcmol/g in males 
(fig. 1).
Chronograms of circadian fluctuation of TBA-AP content in females and males are characterized by identical architectonics of rhythm, which allows to grade sex differences in daily rhythm of this indicator in liver cells.
It is legitimately to assume that evening maximum of TBA-AP content was due to catecholamine stimulation of LPO processes [6, 13]. Whereas, in rats the activation of sympathetic-adrenal system is observed with the onset of the dark period of the day: akrophase of adrenaline content was at 06 p.m.; batyphase – at 06 to 09 a.m. (S.S. Shapovalova). The tendency to reduction of TBA-AP at 03 a.m. relatively to 09 p.m., and achievement of its minimum at 09 a.m. may be explained due to the growth of nocturnal melatonin secretion and level that is a strong endogenous scavenger of free radicals [13]. Also, as it is seen in the graph (fig. 1) peaks of the maximum concentration of TBA-AP correlate with a minimum content of RG and activity of SOD and catalase, which defines cells antioxidant status and dynamics of LPO. The content of TBA-AP at 03 p.m. was not so different from the batyphase period and this period was characterized by the most daily activity of catalase and content of RG in cells (tab. 1).
Researches in chronobiology that were conducted revealed the presence of circadian rhythm antioxidant status of the body (AOP) and activity of lipid peroxidation (LPO).
CONCLUSIONS:

1. A result of this research has set circadian dependence of AOP system and LPO activity.

2. Evening hours are characterized by intensification of LPO, as akrophase of TBA-AP content at 09 p.m. shows (for animals of both sexes) and is characterized by its significant growth in 1.9 times in females and in 2.1 times in males relatively to batyphase. At 09 p.m. the minimum of RG level is shown in females; batyphase of SOD activity (females and males) is slightly above minimal activity of catalase (females and males).

3. At night (03 a.m.) a tendency to reduce the content of TBA-AP (males and females) is seen, which may be the reason of well-known peak of melatonin synthesis at 02 a.m. In animals of both sexes batyphase of catalase activity is registered; in females batyphase of SOD level increases slightly relatively to RG (at 09 p.m.); in males batyphase of RG level with a slight increase in the activity of SOD relatively to the evening data.

4. Morning hours (09 a.m.) are characterized by complete rhythm synphase in animals of both sexes, including batyphase of TBA-AP and akrophase of SOD activity, while the content of RG is slightly lower in akrophase and catalase activity is higher relatively to batyphase period.

5. In the afternoon (at 03 p.m.) the akrophase of RG content and catalase activity in animals of both sexes is seen; SOD activity is slightly higher in batyphase; TBA-AP content is slightly higher during batyphase.

6. Homeostasis harmonious of AOP system and LPO activity in physiological conditions are provided by dynamic chronoregime of AOP various stages. However, not all the components of AOS "work" equivalently during the day. In terms of the key components of AOP activity the maximal "sustainability" of AOS is observed in the morning and the minimal – in the evening and at night.

7. The architectonic of circadian dynamics content of the studied parameters in animals of both sexes shows no differences between males and females and indicates that their selection by sex is not essential to the experiment.
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