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ABSTRACT

The effect of the stay of 6-months-old male Wistar rats under the influence of constant lighting on the daily
dynamics of some biochemical parameters was studied. Male Wistar albino rats at the age of 6 months were
divided into 2 groups. The rats from the Group I were housed under a fixed illumination, L:D 14:10 (180 lux,
respectively; 8:00 AM lights on) (unless mentioned otherwise) in a temperature-controlled environment with ad
libitum access to tap water and food (rat chow). Animals of Group Il were studied under the same experimental
conditions except for the light regime, representing constant light (LL £180 lux). Both the first and second groups
of animals were kept at the specified light regime for 2 weeks. A number of biochemical parameters of blood
plasma have a reliable daily rhythm, while for other metabolites of an organism a circadian rhythm is not noted.
The appearance of the previously absent rhythm of physiological parameters after the application of constant
lighting indicates the role of other pacemakers in the metabolism, in addition to illumination. The conducted
research testifies about the unambiguous modulating influence of constant illumination on the structure of diurnal
dynamics of studied biochemical parameters and rectal temperature, and about the initiation of desynchronosis
by it.
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INTRODUCTION

Evolutionarily determined endogenous daily rhythm or circadian rhythm (CR) is a characteristic property of living
organisms. The molecular genetic mechanisms of circadian biological rhythms under various conditions can be
implemented at the one-cell level [1]. Among the environmental factors affecting daily rhythm, the leading is
photoperiodicity (the duration of daily and/or seasonal illumination). Photoperiodicity is the main pacemaker
(time-setting cue or external synchronizing factor) for mammals [2-4].

The range of circadian rhythm fluctuations is 24+4 hours and depends on the intensity and period of external
illuminance. In the case of the absence of changes in external illuminance circadian rhythms become free-running,
and the characteristic of their period becomes different from 24 hours [5-9]. For multicellular animals, as their
organization level becomes more complex, the significance of central oscillators regulating the general harmony
of rhythms increases, but at the same time, the mechanisms of maintaining rhythmic processes in peripheral
tissues and organs become more complicated [10].

In modern science, the concept of a multi-oscillatory model of regulation of the circadian system of mammals,
where the suprachiasmatic nuclei of the hypothalamus act as the central oscillator and the pineal gland represents
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the endocrine modulator [11], is most widely accepted. Moreover, this concept does not detract the role of
peripheral mechanisms of the regulation of circadian processes in organs [12-14].

Now, a fairly large number of people are exposed to light at nighttime. This impact may be associated with the
profession or maybe due to habit and lifestyle. The continual exposure to excessive lighting is an essential part of
the modern mode of life and is accompanied by many serious behavioral and health disorders. Exposure to light
at night disrupts the endogenous circadian rhythm and inhibits the nighttime secretion of melatonin by a pineal
gland, which leads to a decrease in its blood concentration [15, 16]. Inhibition of a function of the pineal gland
due to exposure to constant light contributes to carcinogenesis, while the absence of light inhibits carcinogenesis
[17-19]. Disruption of CR during shift working leads to an increased risk of cardiovascular diseases, metabolic
syndrome, and type II diabetes mellitus [20]. Animal studies testify that replacing of total darkness with low
lighting at night causes metabolic disorders and obesity [21-23].

It is certain that staying in conditions of constant light leads to the appearance of external desynchronosis, which
means the pathological condition of the organism that occurs under the action of an extreme factor and is
characterized by desynchronization of biorhythms. Desynchronosis resulting from constant illumination, like
other types, has several stages and a number of common syndromes.

Stages of desynchronosis: I — stage of temporal dissonance; II — stage of regulatory disorders; Il — stage of
energetic or biochemical disorders; IV — stage of structural disorders in the source of oscillation and period of
biorhythms. Syndromes of desynchronosis: 1) asthenoneurotic — disruption of rhythms of the cerebral cortex
(headache, weakness, fatiguability); 2) neural-dystrophic — disruption of rhythms of subcortical structures and
hypothalamus; 3) vegetative disorders — disruption of rhythms of the vegetative nervous system; 4) endocrine
disorders.

To obtain more complete information about the manifestations of desynchronosis, we found it relevant to study
the long-term effect of constant lighting on the complex of some biochemical parameters and dynamic of the
rectal temperature of Wistar rats.

MATERIALS AND METHODS

Animals

The research was conducted on male Wistar albino rats at the age of 6 months. Animals were taken from the
Stolbovaya nursery (the "Stolbovaya" affiliate of the Federal State Budgetary Institution of Science "Scientific
Center for Biomedical Technologies of the Federal Medical and Biological Agency). The study involved two
groups of animals: Group I (fixed light) and Group II (constant light). Each group included 32 animals.

Treatment design

During the whole experiment, the rats from the Group I were housed under a fixed illumination, L:D 14:10 (180
lux, respectively; 8:00 AM lights on)(unless mentioned otherwise) in a temperature-controlled environment with
ad libitum access to tap water and food (rat chow).

Animals of Group II were studied under the same experimental conditions except for the light regime,
representing constant light (LL +180 lux). Both the first and second groups of animals were kept at the specified
light regime for 2 weeks. After two weeks, euthanasia of the animals in the carbon chamber was performed at 9
hours, 15 hours, 21 hours, and 3 hours; blood samples were taken for biochemical studies.

All animal experiments were performed according to the compliance with EC Directive 86/609/EEC and with the
Russian law regulating experiments on animals.

Biochemical studies

In the blood plasma, using the StatFax-3300 (USA) analyzer with appropriate «Spinreact» kits (Spain), the levels
of alanine aminotransferase (ALT), aspartate aminotransferase (AST), total protein, albumin, glucose, uric acid,
creatinine, and alkaline phosphatase were determined.

Rectal temperature studies
For the measurement of rectal temperature, the BIO-TK8851 thermometer (Bioseb, USA) was used.
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Statistical Analysis

The obtained data, analyzed using Graph Pad Prism 6.0, were expressed as Mean+SD. For the analysis of the
characteristics of the circadian rhythm of the studied substances, the cosinor analysis carried out by means of the
Cosinor Ellipse 2006-1.1 program was used. The presence of a reliable circadian rhythm and also its acrophase
and amplitude were determined. Acrophase is the measure of peak time of the total rhythmic variability in a 24-
hour period. Amplitude corresponds to half of the total rthythmic variability in a cycle. The acrophases are
expressed in hours; amplitude values are expressed with the same units as the studied parameters.

RESULTS AND DISCUSSION

As aresult of the conducted research, it is established that at fixed light regime, the rectal temperature dynamics
at male rats of 6 months age are smoothed, wherein the temperature reaches its maximum value at night (Fig. 1).
Keeping of animals at the regime of constant light leads to the fact that the maximum temperature is noted at 2100
hours, and at nighttime, in opposition to the values of the control, this parameter is minimal.
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Fig. 1. Daily dynamics of the rectal temperature of rats at fixed light regime (LD) and constant illumination
(LL).

According to the results of cosinor analysis, the presence of the circadian rhythm of temperature with an amplitude
of 2.02°C and an acrophase at 1502 was established at the fixed light regime, but at the regime of constant light
a reliable circadian rhythm was not noted (Fig. 10A).

The diurnal dynamics of glucose values at the fixed light regime, like the dynamic of temperature, has a smoothed
format with a maximum in the morning and a minimum at night. At the regime of constant lighting, as well as in
the case of temperature, the minimum values of the parameter are noted at that time when there was a maximum
at the fixed light regime (Fig. 2).
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Fig. 2. Daily glucose dynamics in the blood plasma of rats at fixed light regime (LD) and constant illumination
(LL).

117



Lyudmila Makartseva et al. Int.J. Pharm. Res. Allied Sci., 2020, 9(3):115-124

As the results of cosinor analysis, it is established the presence of reliable circadian rhythm for both of the light
regimes. At the fixed light, the rhythm is characterized by acrophase falling on 1142 hours and amplitude of 0.96
mmol/l, and the regime of constant light acrophase shifts on 2216 hours with an increase of amplitude up to 1.68
mmol/l (Fig. 10B).

The analysis of the dynamics of the total plasma protein at the fixed light regime makes it possible to establish its
minimum values in the daytime and maximum at night. Changing of the lighting regime leads to the inversion of
the daily dynamics — the maximum and minimum times are in antiphase relative to those for a fixed lighting
regime (Fig. 3).
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Fig. 3. Daily dynamics of total protein in the blood plasma of rats at fixed light regime (LD) and constant
illumination (LL).

The cosinor analysis demonstrated the absence of a reliable CR at fixed light regime, but in the conditions of
constant light, it appears and is characterized by the amplitude of 16.04 g/l and acrophase at 1314 hours (Fig.
10C).

The examination of the diurnal dynamic of albumin values at a fixed light regime revealed the presence of a
maximum at 0300 and a minimum at 1500. At the same time at the regime of constant light, there is the rhythm
inversion — the maximum occurs at 1500 hours, and the minimum — at 3 hours (Fig. 4).
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Fig. 4. Daily dynamics of albumin in the blood plasma of rats at fixed light regime (LD) and constant
illumination (LL).

Cosinor analysis did not reveal the reliable circadian rhythmicity of this metabolite in both studied regimes (Fig.
10D).
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At fixed light regime, the maximum level of uric acid was noted at 0900 hours and minimum — at 1500 hours. At
the regime of constant light, the maximum level is also noted at 0900 hours, but the minimum falls at 2100 hours
(Fig. 5). Cosinor analysis shows the absence of reliable rhythm at fixed light regime, but in conditions of constant
light, it appears. Its amplitude makes 67.19 pmol/l, and acrophase falls at 1016 hours (Fig. 10E).
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Fig. 5. Daily dynamics of uric acid in the blood plasma of rats at fixed light regime (LD) and constant
illumination (LL).

The diurnal rhythmicity of another important metabolite — creatinine — both at the fixed light regime and at
constant light are characterized by a maximum at 0900 hours and a minimum at 2100 hours (Graph 6). Cosinor
analysis testifies that both at the fixed light regime and constant light an acrophase falls at morning hours — 0908
and 1011 hours, respectively, but in the second case, there is an increase in the rhythm amplitude from 2.32 umol/l
to 7.03 umol/I (Fig. 10F).
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Fig. 6. Daily dynamics of creatinine in the blood plasma of rats in fixed light regime (LD) and constant
illumination (LL).

The analysis of diurnal rhythmicity of aminotransferases allows us to reveal that the maximum contains of AST

at both light regimes appears at 2100 hours and also as at fixed light regime and at the regime of constant light
the minimum falls at 0300 hours (Fig. 7).

119



Lyudmila Makartseva et al. Int.J. Pharm. Res. Allied Sci., 2020, 9(3):115-124

180 +
160 -
140 -
120 -
100 -
80 -
60 -
40 -
20 -

0

S

9h 15h 21h 3h

LD = -=-=LL

Fig. 7. Daily dynamics of AST in the blood plasma of rats at fixed light regime (LD) and constant illumination
(LL).

The acrophase of rhythm at fixed light regime is noted at 1726 hours, at the regime of constant light it shifts at
2014 hours; the amplitude of rhythm is 17.41 U/L and 12.94 U/L, respectively (Fig. 10G).

In the case of ALT, the maximum is also noted at 1500 hours, minimum falls at evening and night hours — on
0300 at fixed light and 2100 hours at constant light regime (Fig. 8). At the same time, the diurnal dynamics does
not have reliable circadian character (Fig. 10H).
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Fig. 8. Daily dynamics of ALT in the blood plasma of rats at fixed light regime (LD) and constant illumination
(LL).

The activity of alkaline phosphatase at the fixed light regime is maximum at 2100 and comes to a minimum value
at 0900 hours. At constant light regime, maximum shifts to 0300 hours and point of minimum do not change (Fig.
9).
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Fig. 9. Daily dynamics of alkaline phosphatase in the blood plasma of rats at fixed light regime (LD) and
constant illumination (LL).

Cosinor analysis shows the absence of reliable CR both at the fixed light regime and at the regime of constant
light (Fig. 10I).
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Fig. 10. Results of the cosinor analysis of circadian rhythm of rectal temperature (A), glucose (B), total protein
(C), albumin (D), uric acid (E), creatinine (F), AST (G), ALT (H),and alkaline phosphatase (I) at fixed light
regime (LD) and constant illumination (LL).
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CONCLUSION

The conducted research testifies about the unambiguous modulating influence of constant illumination on the
structure of diurnal dynamics of studied biochemical parameters and rectal temperature and about the initiation
of desynchronosis.

The analysis of results allows noticing that under the influence of two-weeks-long constant lighting destruction
of the circadian rhythm of the rectal temperature of male rats occurs.

A diurnal rhythm of body temperature is a combined result of changes in core temperature (internal organs) and
skin temperature. It is known that the suprachiasmatic nuclei of the hypothalamus are a thermoregulatory center,
signals from which initiate mechanisms of heat generation or loss, thus, creating a circadian rhythm of body
temperature, which, in turn, can act as a regulator for other oscillators, for example, in regulation of the sleep-
wake cycle [24-27]. At the same time, the circadian rhythm of temperature is one of the most stable.

It is well known that when the rhythms of illumination change, the endogenous rhythm of animals (including
humans) starts to adapt to new external conditions. However, switching to new temporal pointers does not occur
immediately. In humans, for example, such an adaptation can last from 1 to 3 weeks. In the process of restructuring
of the temporal structure of an organism, the norms of daily curves, phases, periods, and amplitudes of fluctuations
in the parameters of a person's health and his physiological processes start to change. At the same time, some of
the directly diurnal rhythms restructure to the endogenous oscillator and become circadian (near-daily), while
others continue to fluctuate in the diurnal regime. Thus, external desynchronization can trigger the occurrence of
internal one [28]. It’s possible to assume that the restructuring of circadian rhythm is completed for 2 weeks.

At the same time, the restructuring of circadian rhythmicity of blood levels of glucose, creatinine, and AST was
established.

It was not revealed reliable circadian rhythmicity for ALT, alkaline phosphatase and albumin both at the fixed
light regime and in conditions of constant light, that allow suggesting the presence of a thythm of higher or less
continuance than circadian for the dynamics of these substances.

For the total protein and uric acid, no reliable circadian rhythms were observed at a fixed light regime, but its
appearance was noted under constant illumination, which suggests that otherwise, regulators than the lighting
rhythm may have a significant role in the regulation of daily rhythm.

Summarizing the above-mentioned, we can conclude that this study demonstrates new data on the rhythmicity of
a number of physiological parameters of the mammalian organisms in normal conditions, as well as on the
complex effect of the constant light regime on the functional state of an organism. The modulating effect of the
lighting regime on the daily rhythm of a number of biochemical parameters of blood (glucose, creatinine, AST)
and the destructive effect in case of the rhythm of temperature changes during the day are shown. Other parameters
initially did not demonstrate the presence of daily rhythm (albumin, ALT, alkaline phosphatase). The occurrence
of the daily rhythm of parameters that previously did not have it (total protein, uric acid) under the influence of
constant illumination is especially remarkable.

The provided data can be used for further, more detailed study of the dynamics of physiological parameters under
the influence of altered lighting conditions as is, and in combination with other stress factors.
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