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BACKGROUND: Today it is known that disturbance of the lighting regime, expressed both by lengthening of the light
period and its reduction, can not only affect the regulation of circadian rhythms of the organism, but also contributes
to the initiation of neoplasm growth.

AIM: The aim of the study was to investigate circadian rhythmicity of melatonin level, some micromorphometric indices
of tumor cells and expression of genes Bmall, Clock and Per2 in them in mice with transplanted melanoma B16.

MATERIALS AND METHODS: The study was conducted on 75 mice with subcutaneously transplanted melanoma B16,
divided into 3 groups: control group, in which animals were kept under fixed light regime (light/darkness 10/14 hours
with light on at 8:00 and off at 18:00), group under dark deprivation conditions, with animals kept under constant light
24 hours a day and group, in which animals were kept in constant darkness. The duration of the experiment was 2 weeks.

RESULTS: It was shown that under conditions of fixed light there are reliable circadian rhythms for all studied
parameters, except for the nuclear-cytoplasmic ratio, the circadian rhythms of which was not revealed in any group.
Constant darkness leads to rearrangement of all identified rhythms, and constant light causes destruction of all circadian
rhythms except the Clock expression rhythm.

CONCLUSIONS: This study shows that light disturbances, whether constant light or constant darkness, lead to sig-
nificant changes in the structure of the studied circadian rhythms.
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BAUAHUE PA3ANYHBIX CBETOBbIX PEXXUMOB HA HEKOTOPBIE LIMUPKAAHbBIE PUTMbI
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Obocnosanue. Ha ceromHsIIHUIA TeHb M3BECTHO, YTO HapyIIeHUE PEeXMMa OCBEIIeHUs, BbIpaxkarolleecs: KaK yIUIH-
HEHWEM CBETOBOTO TepHoaa, TaK U €ro COKpAaIleHNEM, He TOJIbKO MOXET IMOBIVITh Ha PETYJISLNI0 UPKATHBIX PUTMOB
OpraHM3Ma, HO M CITOCOOCTBYeT MHMIIMMPOBAHUIO pOCTAa HOBOOOPA30BaHMUIA.

Ileav — u3yvyeHHe UUMPKATHON PUTMUYHOCTH YPOBHSI MEIATOHMHA, HEKOTOPBIX MUKPOMOPGHOMETPUYECKHUX ITOKA3a-
TeJiel KJIETOK OITyXOJIM M 3KCIpeccur B HUX reHoB Bmall, Clock w Per2 y Mbllleil ¢ TpaHCIUIAHTUPOBAHHON MeaaHO-
Mmoii B16.

Abbreviations
CRs, circadian rhythms; NCR, nuclear-cytoplasmic ratio.
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Mamepuaavt u memoowt. ViccrenoBaHue mpoBeaecHO Ha 75 MBIILIAX ¢ TPAHCILIAHTUPYEMOI ITOAKOXHO MejaHOMOM B16,
pa3feNeHHbIX Ha 3 TPYIIbI: KOHTPOJbHYIO, B KOTOPOI XMBOTHBIX COAEPXKaiu Mpu (GUKCUPOBAHHOM CBETOBOM PEXHMME
(cBet/TemHoTa 10/14 4 ¢ BximoueHueM cBeta B 8:00 1 BeikitoueHueM B 18:00); Tpyrmimy, HaXOIAIIYIOCS B YCJIOBUSIX TEM-
HOBOU MenmpuBaIluy, C CONEPKaHUEeM XUBOTHBIX IPU TTOCTOSTHHOM OCBeIlleHUU 24 4/CyT; TpyIITy, B KOTOPOil XKNBOTHBIE
MpeObIBAIM B TIOCTOSIHHOM TeMHOTe. [IIMTENbHOCTh SKCIIEPUMEHTA COCTaBIISIA 2 HeJl.

Pesyasvmamui. TlokazaHO, 4TO B YCIOBUSX (PMKCMPOBAHHOIO OCBELUEHUS JAOCTOBEPHBbIE LIUPKATHbIE PUTMBI MPU-
CYTCTBYIOT y BCEX M3YYEHHBIX IOKa3zareseil, 3a UCKIIOUEHUEM SAEPHO-IIUTOILIa3MAaTUYECKOTO OTHOIIEHUS, LUPKaI-
HBIX PUTMOB KOTOPOTO HE BBISIBJIEHO HM B OfHOU rpymme. [TocTosHHAs TeMHOTa MPUBOAWT K TEPEeCcTPOliKe BCEX BbI-
SIBJICHHBIX PUTMOB, a TIOCTOSTHHBI/ CBET BBI3BIBACT Pa3pylleHME BCEX LIMPKATHBIX PUTMOB, KPOME PUTMa SKCIIPECCUU

Clock.

3akarouenue. npOBCI[CHHOC UCCJIEN0OBAaHUEC IT0Ka3aJ1o, YTO HAPYIICHUA pEXMMa OCBCIICHNMAA, 6ym> TO ITOCTOAHHOE OCBEC-
HICHUE WUJIN ITOCTOAAHHAA TEMHOTA, MPUBOAAT K SHAYUTCIbHBIM U3MCHECHUAM B CTPYKTYPE U3YYCHHBIX HUPKAAHBIX PUTMOB.

KiroueBblie cioBa: 1IUpKagHbI PUTM; CBETOBOE 3arpsi3HEHUE; MeJaHOMa; MEJaTOHUH; YacOBbIE TEHBI.

Background

The circadian system of mammals is a complex
mechanism that regulates many cyclic physiological
processes by controlling gene expression and vari-
ous metabolic pathways. Circadian rhythms (CRs)
of functions and processes in the body, which are
characterized by different amplitude and phase char-
acteristics, are normally strictly synchronized with
each other and with environmental factors. Such co-
ordination provides the necessary order during these
processes and allows maintaining the optimal level
of functioning of the body systems [1, 2].

There is an association between the disruption of
normal CR and the initiation of malignant tumor
growth [3, 4].

The rhythmicity of cells in various mammalian
organs is maintained by fluctuations in clock gene
expression. However, numerous tumor suppres-
sor genes and genes regulating the cell cycle and
apoptosis are under the control of the circadian
clock [5]. Zhou et al. [6] demonstrated that the
CRs of multiple screening biomarkers can act as
a prognostic factor in estimating overall survival in
breast cancer.

The mouse epidermis is also susceptible to DNA
damage induced by ultraviolet B-type radiation at
night [7, 8]. The application of this radiation at
night leads to more pronounced carcinogenesis in
the skin than daytime application [9]. These diurnal
differences do not occur in mutations in the core
clock genes Bmall and Cryl/Cry2, suggesting that
circadian clocks regulate variability in sensitivity.
The mechanisms underlying this phenomenon may
be related to the low efficiency of DNA repair at
night owing to the hourly periodicity of DNA repair
variability. Alternatively, it may be a consequence of
the high proportion of epidermal stem cells in the
S-phase at night [10].

The daily rhythmicity of gene expression and the
functioning of the “cell clock” in tumor cells are
disrupted in neoplasms [11, 12].

The primary factor contributing to the disruption
of biorhythms in the modern world is the imbalance

between the duration of light and dark periods in an
individual’s daily cycle. A specific example of this
imbalance is that caused by light pollution, which
refers to exposure to light at night [13]. This en-
vironmental phenomenon is almost inevitable for
a modern city dweller because of such social fac-
tors such as a high degree of digitalization of all
labor and everyday processes, significant intensity of
street lighting, shift or overtime work, and frequent
transmeridian flights provoking desynchronosis when
changing time zones [14]. The hypothesis of “circa-
dian disruption,” which is held by most chronobi-
ologists, posits that exposure to light at night leads
to a disruption of endogenous circadian rhythmicity
and suppresses nocturnal secretion of melatonin by
the pineal gland [15].

Darkness deprivation at night is associated with
spontaneous oncogenesis in some mammals [16, 17].
Constant illumination along with other mechanisms
can activate the development of chemically induced
oncogenesis in model animals and promote the
growth of transplantable tumors [18, 19].

In our previous studies, we found that prolonged
exposure to constant illumination increases prolifera-
tion of melanoma cells, growth and spread of the
tumor, development of more pronounced second-
ary changes, perivascular growth, and perineural
invasion. In addition, keeping animals in constant
darkness for long time results in a significant de-
crease in the intensity of tumor cell proliferation,
accompanied by significant tumor regression in the
absence of signs of lymphatic, intravascular, and in-
traneural invasion. The morphological characteristics
of the tumor were confirmed by studying its cells.
Our previous studies demonstrated a significant sup-
pression of clock gene expression in melanoma cells
under constant illumination, whereas under constant
darkness, the opposite was observed [20, 21].

The bipartite aim of this study was to identify
and examine the diurnal fluctuations and circadian
rhythmicity of blood melatonin levels and to express
Per2, Bmall, and Clock genes in tumor cells to facili-
tate selection of micromorphometric indices of these
cells in mice with transplantable melanoma B16.
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Materials and methods

Male mice of the hybrid line BDF1 at the age
of 8 weeks (n=75), with body weights ranging
from 21 to 22 g, were used. The animals were kept
in the vivarium, and all experimental procedures
were conducted in accordance with the guidelines
of the European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other
Scientific Purposes (Strasbourg, March 18, 1986).
The series of studies to which this experiment be-
longs was approved by the A.P. Avtsyn Research
Institute of Human Morphology.

Three equal groups of mice were used in the
study.

The control group (n = 25) was kept under a fixed
alternation of light and darkness using artificial illu-
mination with fluorescent lamps (10/14 h). The lights
were activated at 8:00 and deactivated at 18:00.

The experimental group I (n = 25) was kept under
constant light conditions.

The experimental group II (n =25) was kept in
a constant state of darkness.

B16/F10 melanoma cell culture samples were
injected into each animal according to the standard
procedure [22]. The animals were slaughtered by cer-
vical vertebra dislocation on day 15 after melanoma
injection. The animals were removed from the ex-
periment by the time-slice method four times a day
(at 9:00, 15:00, 21:00, and 03:00) in groups of six or
seven animals at each time, after which evisceration
was performed.

The specimens were fixed in 10% neutral buff-
ered formalin and processed by standard histological
methods, with the final step being the pouring of
the specimens into the Histomix histological medium
(BioVitrum, St. Petersburg, Russia) and preparation
of serial sections 5—6 um thick on a Leica SM2010 R
microtome (Wetzlar, Germany). The sections were
stained with hematoxylin and eosin according to
standard histological techniques [23]. The stained
sections were subsequently fixed in BioMount per-
manent casting medium (BioVitrum, Russia).

A Leica DM 2500 microscope with a Leica DFC
290 digital camera (Germany) was used for the mi-
croscopic examination of the melanoma prepara-
tions. Karyotyping and cytometry were performed
on 10 digital images of randomly selected fields of
view obtained from each preparation under study at
magnifications of X200, X400, and x1000. The Fiji
software package (a program based on Imagel] v2)
was used with the requisite plugins to perform mor-
phometric analysis [24]. Measurements were taken in
micrometers after calibration of the object-microm-
eter scale. The nuclear-cytoplasmic ratio (NCR) of
melanoma cells was determined by the formula:
NCR =S,/S..;, where S, is the area of the cell

cell>

nucleus and Scell is the area of the cytoplasm [25].

For immunohistochemical analyses, polyclonal
rabbit antibodies against Per2, Bmall, and Clock
(Cloud-Clone Corp., Houston, TX, USA) were used
at a dilution of 1:200.

The processed slices were dehydrated in alcohols
and xylene according to the standard scheme before
they were fixed in BioMount permanent casting me-
dium (BioVitrum, Russia).

Gene expression was evaluated as a percentage by
counting stained cells and expressing their number
as a percentage of the total number of cells on each
slide (0%—100%) [26].

Blood samples were collected from mice four
times a day at 9:00, 15:00, 21:00, and 03:00.
The melatonin content in serum was quantified using
a commercial enzyme immunoassay kit (USCN Life
Science Inc., Wuhan, China) on a Sunrise analyzer
(Sunrise-Basic-Tecan, Grodig, Austria).

The dynamics of the studied parameters over
the course of a day were presented graphically in
GraphPad Prism v8.41 (USA) and statistically ana-
lyzed. The D’Agostino-Pearson test was used to test
for conformity to the normal distribution. If the data
conformed to the normal distribution, Student’s
t-test for pairwise comparison and Tukey’s test for
comparison of three or more groups were used.
Significant differences between the study groups and
the control group were tested using the Dunnett’s
test. If the data deviated from the normal distribu-
tion, the Mann—Whitney U test for pairwise com-
parison and the Dunn test for comparison of three
or more groups were used. The significance level
was set at 5% (p < 0.05). In the plotting graphs, the
arithmetic mean and standard deviation were dis-
played. The data are presented as mean * standard
deviation.

To calculate the amplitude and acrophase of CRs,
we used the cosinor analysis method, which is an
internationally recognized approach to the unified
study of biological rhythms. This was conducted
using the CosinorEllipse2006-1.1 program.

Cosinor analysis was designed to analyze wave
processes and processing chronobiological data.
During the analysis, the experimental data were
approximated using the least squares method with
a sinusoid. It was determined whether a reliable CR
was present, and its acrophase and amplitude [27].
The data obtained from four measurements within
1 day were used for analysis.

Results

In animals in the control group, the maximum
concentration of melatonin in blood was recorded
at night, before it decreased to a minimum in the
morning. Under conditions of constant darkness,
the diurnal dynamics were less pronounced. In mice
kept under constant illumination, melatonin was
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Fig. 1. Daily dynamics of melatonin content in the blood
of mice. **p < 0,0005 in comparison with the indicators
at 9:00; **p < 0,0005 in comparison with the indicators at
the previous time point. Here and further: CC — I experi-
mental group; TT — II experimental group; Control — con-
trol group

Puc.1. CyrouHas aumHaMuKa COIEpXaHUS MeJIATOHMHA
B KpoBU Mbleit. ***p < 0,0005 B cpaBHEHUHU C IOKa3are-
namu B 9:00; ###p < 0,0005 B cpaBHEHMU C TTOKa3aTelsIMHU
B TIPEAbIAYIIYI0 BpeMEHHYI0 Touky. 3nech u panee: CC —
I onbrtHas rpynna; TT — 11 onbiTHas rpynma; KoHtponas —
JKMBOTHBIE KOHTPOJBHOM TIPYIIITBI

not detectable (Fig. 1). The cosinor analysis results
corroborate this pattern, demonstrating that animals
maintained under a fixed light regimen and subject-
ed to constant darkness exhibited consistent CRs of
melatonin content in their blood. These rhythms
were characterized by an acrophase at 22:14 with

Control
KoHTtponb

Fig. 2. Results of cosinor analysis of the daily dynamics of
melatonin content in the blood of mice

Puc. 2. Pesynbratel KOCMHOp-aHalINW3a CYTOYHOM AMHAMUKU
conepxaHusi MeJaTOHMHA B KPOBU MBbILIEH

an amplitude of 8.35 pg/mL in the first case and an
acrophase at 05:16 with an amplitude of 4.25 pg/mL
in the second case (Fig. 2).

Analysis of the daily dynamics of micromorpho-
metric parameters of melanoma cells revealed that
the nuclei of melanoma cells in animals in the con-
trol group reached their maximum size at 21:00 and
their minimum size at 15:00. In mice maintained in
constant darkness, the same diurnal dynamic pattern
was observed. However, in animals under constant
illumination, the maximum size was recorded at 9:00
and the minimum at 21:00 (Fig. 3, a). The cosinor
analysis results indicated that reliable CRs of cell
nuclei size occurred only in the control group, with
an acrophase at 15:48 with an amplitude of 1.93 um?,
and in experimental group II, with an acrophase at
17:39 with an amplitude of 1.03 um?.

In contrast, in the control group, the daily dy-
namics of melanoma cell size showed a maximum at
15:00 and a minimum at 21:00. Under conditions of
constant darkness, the maximum shifts to 9:00 and
the minimum shifts to 3:00. Under constant light
with the same maximum, the minimum cell size
was recorded at 21:00 (Fig. 3, b). Cosinor analysis
revealed that reliable CRs occurred only in the first
two groups, with acrophases at 10:19 and 5:38 am
with amplitudes of 29.66 and 12.24 um?, respectively.

The daily dynamics of NCR in the control and
experimental (light/light) groups were characterized
by a maximum at 21:00 and a minimum at 9:00
(Fig. 3, ¢). In contrast, in experimental group I, the
maximum shifted to 9:00 and the minimum to 3:00.
However, no significant CRs were recorded in either
group as a result of cosinor analysis (Fig. 4).

The daily dynamics of Bmall expression in tumor
cells of control animals and mice kept in constant
darkness exhibited a maximum at 9:00 and a mini-
mum at 21:00. In contrast, animals kept under
a constant light regime exhibited a minimum at 9:00
and a maximum at 3:00 (Fig. 5, a). The acrophases
were recorded at 8:38 in the control group and at
2:26 in experimental group II, with amplitudes of
1.73% and 0.74%, respectively. In contrast, no sig-
nificant CRs were recorded in experimental group 1.

Clock expression in the control group was char-
acterized by a maximum at 9:00 and a minimum
at 21:00. In animals in experimental group I, the
maximum was recorded at 3:00 and the minimum at
15:00. In mice of experimental group II, the maxi-
mum expression was observed at 3:00 and the mini-
mum at 15:00 (Fig. 5, b). Cosinor analysis indicated
the presence of CRs in all groups, with acrophases
at 9:09, 0:31, and 0:24 and amplitudes of 1.54%,
1.50%, and 5.41%, respectively.

The expression of Per2 in the control group was
maximal at 3:00, before decreasing to a minimum
at 15:00. In experimental group II, with a maxi-
mum at 9:00, Per2 was least intensively expressed

MeAVLIMHCKMA QKOAEMUYECKNN XKYPHOA Tom 2 3
Medical Academic Journal Volume

Bbinyck 4 2023

Issue

ISSN 1608-4101 (Print)
ISSN 2687-1378 (Online)



OPUTMHAABHBIE MCCAEAOBAHMS / ORIGINAL RESEARCH

IZ' um? / MKM?

80
60
0] o —
20 -
0 : , . |
9.00 15:00 2100 3,00

Hours / Yachl

@ um? / MKM?

250
200
150
100

50

0

9.00 15:00 2100 3.00

Hours / Yachl
um? / MKM?

0.8 -
0.6
0.4
0.2
[]0 T T T T
9.00 15:00 21:00 3:00
Hours / Yachl
-m CC
—— 1T

—e— Control / KoHtponb

Fig. 3. Daily dynamics of the studied micromorphometric pa-
rameters of B16 melanoma cells: ¢ — nuclei area; b — cell
area; ¢ — nuclear-cytoplasmic ratio. *p < 0,05, **p < 0,005,
*%p < 0,0005 in comparison with the indicators at 9:00;
#p<0,05, ¥p<0,005, ***p<0,0005 in comparison with
the indicators at the previous time poin

Puc. 3. CyrouHas nuHamuka M3ydaeMbIX MUKPOMODP(OMET-
pUYECKUX ToKa3aTelleid KJIeTOK MellaHoMbl B16: a — tuto-
HIaab Saep; b — TUIoNIanb KIETOK; ¢ — SIEPHO-IUTOIIa3Ma-
THYeckoe oTHomeHue. *p < 0,05, **p < 0,005, ***p < 0,0005
B cpaBHeHUU ¢ mokaszarensmu B 9:00; #p < 0,05, # p < 0,005,
## p < 0,0005 B cpaBHEHHUH C TIOKA3ATEISIMU B IIPEABIAYILYIO
BPEMEHHYIO TOYKY

1L

> Control
KoHTporb

Control
KoHTponb

Fig. 4. Results of cosinor analysis of the daily dynamics of
the area of the nucleus (a), cell (b) and nuclear-cytoplasmic
ratio (¢) of B16 melanoma cells

Puc. 4. Pesynbratel KOCMHOp-aHaIM3a CYTOYHOM AMHAMUKU
riowmany sapa (a), Kietku (b) v siiepHoO-1UTOoIIa3MaTuye-
CKOE OTHOIIEHHUE (¢) KJIeTOK MejdaHoMbl B16
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Fig. 5. Daily dynamics of expression of the studied genes in
B16 melanoma cells: ¢ — Bmall;, b — Clock; ¢ — Per2.
p < 0,05, **p<0,005, ***p < 0,0005 in comparison with
the 1nd1cat0rs at 9:00; *p < 0,05, *p < 0,005, **p < 0,0005

in comparison with the indicators at the previous tlme point

Puc. 5. Cyrounaa nuHaMmKa 3KCIIPECCUM U3YYEHHLIX T€HOB
B KJIETKAaX MeJlaHOMBI B16: @ — Bmall; b — Clock; ¢ — Per2.
*p < 0,05, **p<0,005, ***p<0,0005 B cpaBHEHUU C TI0-
kasarensamu B 9:00; #p < 0,05, #p<0,005, “*p<0,0005
B CPaBHEHHMU C IIOKAa3aTeISIMU B IPEObIAYIIYI0O BPEMEHHYIO
TOUKY

Control

Control
KoHTponb

Control
KoHtponb

Fig. 6. Results of cosinor analysis of the daily dynamics of
expression of Bmall (a), Clock (b) and Per2 (c) in B16 mela-
noma cells

Puc. 6. PesynbraThl KOCHHOp-aHANINM3a CYTOYHON TUHAMUKKA

akcnpeccun Bmall (a), Clock (b) u Per2 (c) KjIeTOK Meja-
HoMBI B16
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at 21:00. In animals kept under constant light, the
maximum expression was observed at 3:00 and the
minimum at 9:00 (Fig. 5, ¢). A notable change in this
parameter was observed only in the control group
and experimental group II. In the control group, the
amplitude of the rhythm was 1.96% with acrophase
at 2:41, whereas in experimental group II, the am-
plitude was 0.82% with acrophase at 5:10 (Fig. 6).

Discussion and conclusions

Our results showed that light disturbances, wheth-
er constant illumination or constant darkness, led
to significant changes in the structure of the stud-
ied CRs.

Our findings indicate that the melatonin CR
characteristic of a fixed light regime under conditions
of constant darkness is disrupted by constant illumi-
nation. This phenomenon can be explained by the
fact that melatonin is synthesized and secreted by the
pineal gland at night under a normal light/dark ratio.
The endogenous secretion rhythm of this hormone
is generated by the suprachiasmatic nuclei of the
hypothalamus, which strictly obeys the light cycle.
Light signals can suppress melatonin production or
synchronize it according to the illumination schedule
(photoreduction of rhythm) [28]. Consequently, the
normal light/dark cycle is disrupted, and the cir-
cadian rhythmicity of melatonin production is dis-
rupted. Under conditions of constant darkness, the
rhythm becomes free and unaffected by external time
sensors, whereas under constant illumination, mela-
tonin production by the pineal gland is significantly
reduced.

The effects of melatonin on cells can be exerted
through melatonin receptors on the cytoplasmic
membrane. Three types of M receptors occur in the
plasma membrane: MT1 (Mla, MTNRI1A), MT2
(M1b, MTNRI1B), and MT3 (M1c, MTNRIC) [29].
The first two types also occur in humans. They be-
long to the serpentine receptor class and are asso-
ciated with G-proteins. MT1 receptors have been
detected in the suprachiasmatic nuclei of the hypo-
thalamus, anterior lobe of the pituitary gland, intes-
tine, kidneys, and melanoma cells [30].

The expression rhythms of Bmall and Per2 in
tumor cells were preserved under constant darkness
but disrupted under constant illumination. This can
be attributed to changes in melatonin production and
the CR response, which arise under the influence of
constant darkness, destruction of CR, and deficiency
in epiphyseal melatonin under constant illumination.
One of the physiological effects of melatonin is the
synchronization of the expression of clock genes,
primarily Bmall and Per2. The absence of disrup-
tion to the rhythm of the Clock expression under
constant illumination and constant darkness raises
several issues. Notably, the acrophases of this rhythm

in the groups with light disturbance practically coin-
cide. Many studies devoted to the study of melatonin
participation in the work of the main genes of the
biological clock at various stages of their expression
in tissues have yielded data that cannot be easily fit-
ted into a simple model. The spectrum of potential
effects of melatonin on the regulation of the main
genes of the biological clock is vast, hierarchical, and
likely specific to various tissues and organs [31, 32].

Analysis of the rhythmicity of micromorphomet-
ric indices also indicates that reliable CRs of tumor
cell areas and their nuclei occur only in the first two
groups (control and dark/dark) but collapse under
constant illumination. In contrast, the CR of NCR
was not observed in any group, perhaps because of
the high frequency of morphofunctional changes in
the tumor cells.

The effect of melatonin on morphological and
functional parameters can occur through the MT1-,
MT2-, and possibly MT3-melatonin receptors of
the cell, as well as in the absence of these recep-
tors. This is because melatonin, which is lipophilic
and has a small molecular size, can penetrate both
the cytoplasm and karyoplasm without the help of
receptors. However, this issue requires further study.

Our findings indicate that light disturbance in-
duces substantial alterations in the CRs of trans-
plantable melanoma B16 cells. In addition, constant
darkness typically induces structural changes in the
studied rhythms, whereas constant illumination re-
sults in their destruction.
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