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ABSTRACT

Background. Continuous lighting contributes to the development of desynchrono-
sis, which is stressful for the body. As a result, the normal functioning of the immune
system is disrupted, which in turn can shift the physiological balance towards pa-
thology and endotoxemia. It is relevant to develop innovative drugs based on a sor-
bentmatrix, which can be modified with biologically active molecules that extend-
edly leave the sorbent surface. At the same time, the sorbent retains the properties
of a detoxifier, fixing toxic agents on the surface and removing them from the body,
which helps restore the internal environment and normalizes the overall reactivity
of the body in extreme conditions.

The aim. To study the effect of aluminum- and silicon-containing enterosorbent
(based on aluminum oxide and polydimethylsiloxane) on the cellular composition
of the thymus and the distribution of thymocytes in the organ according to the cell
cycling state in C57Bl/6 mice kept under the all-night lighting.

Materials and methods. Animals received sorbent (0.665 g per 1 kg of body weight
in 200 ul of distilled water) through an intragastric tube once a day for 14 days
against the background of continuous lighting. Intact mice and placebo animals
composed control group. We used flow cytometry to assess the percentage of CD3"
and CD3"" l[ymphocytes of the thymus, the CD3'"*/CD3" ratio, viability and distribu-
tion of cells across according to the cell cycling state.

Results. Continuous lighting inhibited the differentiation and maturation of young
CD3" lymphocytes into mature forms of CD3", reduced the proliferation of thy-
mic epithelial cells, and activated apoptosis of lymphocytes and epithelial cells
in the organ. The introduction of the sorbent restored the content and viability
of young CD3" lymphocytes and contributed to the preservation of the viability
and proliferation of thymic epithelial cells.

Conclusion. Using an enterosorbent based on aluminum oxide and polydimethyl-
siloxane under conditions of continuous lighting helps maintain the functional
activity of the thymus, preventing its involution, and is advisable against the back-
ground of circadian disruption.
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apoptosis, stress
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PE3IOME

O6ocHosaHue. HenpepbigHoe ocgeuwjeHue cnocobcmayem pasgumuto 0eCUHXPOHO-
3a, Ymo AsgemMcsA cmpeccom 051a opeaHusma. Kak cnedcmeue Hapywiaemcs Hop-
MasnbHas paboma uMMyHHoU cucmemsi, Ymo 8 C8010 o4epedb CNOCOOHO cO8U2aMb
¢husuonozuyeckoe pagHogecue 8 CMOPOHY NAMOJI02UU U S3HOOMOKCUKO3d. AKmy-
anbHa paspabomka UHHOBAUUOHHbIX JIeKapCMBeHHbIX cpedcms, 8 OCHoB8e KOmo-
pbix Haxooumca copbeHMHaa mampuya, kKomopas moxem 6bimb MoOUpUYUpPO-
8aHA 6UOI02UYECKU AKMUBHbIMU MOJIEKYIAMU, NPOJIOH2UPOBAHHO NOKUOAUWUMU
nosepxHocme copbeHma. lTpu 3mom copbeHm coxpaHsem ceolicmad 0emoKCUKaH-
ma, hukcupya Ha NOBEPXHOCMU MOKCUYEeCKUe d2eHMbl U 8618004 UX U3 Op2aHU3Md,
umo cnocobcmeyem 80CCMAHOBJIEHUIO BHYMpPeHHel cpedbl U Hopmasusyem o6-
Wyt peakmusHOCMb Op2dHU3MA 8 SKCMPEMAasibHbIX yCI108USAX.

Lene uccnedosaHusa. Visyyume enuAaHue anoMuHul-, KpemHulicodepxaujezo
3HMepocopbeHMa (Ha OCHOBe OKCUOAd A/IOMUHUA U NOJIUOUMEMUJICUIOKCAHA)
Ha K/iemoy4Hell cocmas mumyca u pacnpedeseHue mumMoyumos 8 opeaHe no ¢ha-
3am K1lemoyHo20 yukaa y meiwel C57BI/6, cooepxaswiuxca npu Kpy2aocymo4yHom
ocseujeHuu.

Mamepuansl u memoosl. XugomHsie nonyyanu copbeHm (0,665 2 Ha 1 k2 eeca
mesna 8 200 MKJ1 OUCMUIUPOBAHHOU 800bl) Yepe3 8HymMpuxesyOouHbIli 30HO 1 pas
8 0eHb 8 meyeHue 14 cymok Ha (hoHe HenpepbiBHO20 ocseleHusA. KoHmponem ciy-
XKUU UHMAKMHble MblWU U XUBomHele niaye6o. Micnosb3ys memoo npomoyHol
yumomempuu, oyeHu8aau npoyeHmHoe codepxavue CD3"- u CD3""- numgpoyu-
moe mumycd, coomHoweHue CD3""/CD3", xu3HecnocobHocme u pacnpedeneHue
K/1emoK No ¢hazam KJ1iemo4Ho20 YUKQ.

Pesynemamel. KpyznocymouHoe ocseujeHue yeHemasno npouyeccsl ougpepeHyu-
POBKU U CO3pesaHus MoJsiodblx aumgpoyumos CD3"°" g 3penvie popmer CD3", cHu-
XKaso nposugpepayuro 3numesnuadnbHbIX KIemokK mumMycd, akmuguposasio anonmo3s
JUMGoyuMo8s U snumeniudsbHbix KJIEMOK 8 opeaHe. BaedeHue copbeHma soccma-
Haenueano coodepXxaHue U XU3zHecnocobHocme Mosa00bix CD3°"-numgpoyumos
U €cnocobcmeo8aso CoXpaHeHUro XU3HecnocobHocmu u npoaugepayuu snumenu-
AsIbHbIX KJIemoK mumyca.

3aknwyeHue. [lpumeHeHUue 3HMePoOcopbeHMA HA OCHOB8E OKCUOd AIIOMUHUSA
U NOUOUMEMUJICUIOKCAHA 8 YCII08UAX HENPEPbIBHO20 OcBeleHUs cnocobcmayem
COXpAaHeHU (yHKUUOHATbHOU akmusHOCMU MUMYCd, Npenamcmeys e20 UHBO-
JIIoYuUU, U 4enecoobpdsHo Ha poHe HapywieHUs CymoYHbIX pUMMO8 pexuma ocge-
WeHus.

Knioyesbvle cnoea: HenpepuvigHoe 08yxHedesbHOe ocg8elwjeHue, aaoMuHul-,
KpemHuticodepxawul copbeHm, CD3"-numgpoyumer, CD3""-numgpoyumel, snu-
mesiuasibHble KemKUu mumycd, Kiemoy4Hsll YUK, anonmos, cmpecc

Ona untmposBanmna: MupowHuyeHko C.M., Muuypuna C.B., Nwenko W.IO0., Paukos-
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npwv ABYXHeLenbHOM KpyrnocyTouHOM ocBelleHuun. Acta biomedica scientifica. 2024; 9(3):
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INTRODUCTION

Circadian desynchrony is becoming increasing-
ly common due to the changing conditions of modern
24-hour society, including exposure to artificial lighting,
shift work, and time zone changes. Suppression of mel-
atonin synthesis due to prolonged exposure to contin-
uous light leads to the light-induced functional desyn-
chronosis development, which is stress for the body [1].
An unbalanced response to severe or prolonged stress
can shift the physiological balance towards pathology
and endotoxicosis development. It has been shown that
a decrease or blockade of melatonin synthesis accom-
panies the development of numerous common patholo-
gies — from aging and type 2 diabetes mellitus to neu-
rological disorders [2, 3]. Neurohumoral mechanisms
play a major role in maintaining the functional and bio-
chemical stability of the body in changing environmen-
tal conditions, and the pituitary-adrenal axis activity
is considered to be the basis of the adaptive response
to stress. Long-term and/or strong exposure activates
the secretion of cortisol and corticosterone by the adre-
nal glands, which exert their metabolic influence on cells
and organs, including causing a decrease in the thymus
functional activity [4]. The basis for the thymus gland in-
volution is considered to be excessive apoptosis and pro-
liferation inhibition of a subpopulation of cortisol-sensi-
tive lymphocytes [5].

The thymusis a central organ of lympho-/immunopoi-
esis, in which proliferation and selection of antigen-spe-
cific and host antigen-tolerant lymphocytes ensures mi-
gration of mature and naive T-cells into the bloodstream
and peripheral lymphoid organs, where T-cells provide
both cellular and humoral immune responses by acti-
vating B-lymphocytes. Thymus involution can contribute
to the risk and recurrence of cancer, increased suscep-
tibility to infections [6], and immunocompetence loss
can lead to the development of a wide range of immune
and severe infectious diseases, obesity and diabetes [5,
71. Aging and fatty degeneration of the thymus become
a factor in maintaining inflammation and the develop-
ment of “aging” diseases - arthritis, and cardiovascular
diseases [8].

In connection with the above, there is a clinical need
for non-toxic and affordable means capable of reducing
the stress impact on the body. Scientific research by aca-
demician Yu.l. Borodin and his students have shown that
sorbent treatment methods are directly related to the pos-
sibility of overcoming endotoxicosis syndrome. Enterally
administered sorbent is capable of influencing the physio-
logical constants of the body, not even directly related
to the enterosorption process. In this case, the sorbent
acts as a trigger for a cascade of reactions from the lo-
cal to the organism level. There is a functional analogy
in the action of the sorbing agent and the regional lym-
phatic apparatus. In both cases, drainage and detoxifica-
tion of the pathological focus take place [9, 10].

Currently, the interest of researchers is aimed
at developing innovative drugs based on a sorbent

241

matrix modified with biologically active molecules that
leave the sorbent surface for a prolonged period. The sor-
bent itself (as an enterosorbent) retains the properties
of a detoxifier, fixing a wide class of substances on its
surface — from low-molecular to high-molecular, found
in excess in various diseases and poisonings (for example,
bacterial toxins, bilirubin, catecholamines, kinin, bile ac-
ids), and removing them from the body. From this point
of view, a promising hydrophilic-hydrophobic aluminum-,
silicon-containing sorbent (enterosorbent) based on alu-
minum oxide and polydimethylsiloxane - Al,O,@PDMS
with a pore volume of 0.2 cm?/g, capable of binding mol-
ecules of different charges and different sizes — from low-
to high-molecular. The adsorption activity, for example,
in relation to low-molecular methylene blue, is 10 mg/g;
and it absorbs Staphylococcus aureus from the aqueous
medium by 25 % of their initial content. This sorbent,
used as a carrier for lithium, has successfully passed pre-
clinical studies as part of a drug within the framework
of a state assignment. The enterosorbent itself is safe, be-
longs to hazard class IV. This free-flowing white powder
with a particle size of 0.04 mm and a specific surface area
of 100 m%*/g can be used as a component of drugs. Of in-
terest is the study of its biological properties in relation
to vulnerable thymus cells under conditions of disruption
of natural day-night biorhythms.

The aim of this work was to study the effect of alu-
minum-, silicon-containing enterosorbent AIZOS@PDMS
on the thymus cellular composition and the distribution
of thymocytes in the organ according to the cell cycle
phases in C57BI/6 mice kept under continuous lighting.

THE METHODS OF THE STUDY

The study was conducted atthe SPFVivarium of the Fed-
eral Research Center Institute of Cytology and Genetics,
Siberian Branch of Russian Academy of Sciences (RFME-
FI61914X0005 and RFMEFI62114X0010) and complied
with the requirements of Directive 2010/63/EU of the Euro-
pean Parliament and of the Council of the European Union
on the protection of animals used for scientific purposes
and good laboratory practice. The experimental protocol
was approved by the Ethics Committee of the Research In-
stitute of Clinical and Experimental Lymphology, a branch
of the Institute of Cytology and Genetics, Siberian Branch
of Russian Academy of Sciences (Protocol No. 128 dated
March 15, 2017). Male C57BI/6 mice aged 10-12 weeks
were kept in controlled barrier rooms with free access
to water and food.

Some mice were kept under continuous lighting
conditions (CL; n = 6) created by Philips 18 W fluorescent
lamps (Philips, Netherlands; light : dark photoperiod 24 :
0 h) for 14 days. The second group of animals (CL + Sor-
bent; n = 6) were given a sorbent composition of alu-
minum oxide and polymethylsiloxane (0.665 g per 1 kg
of body weightin 200 pl of distilled water intragastrically
daily against the background of CL for 14 days. Animals
that received 200 pl of distilled water intragastrically
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daily against the background of continuous lighting
were selected as a placebo group.

The third group consisted of intact mice (Control;
n = 6) kept under standard lighting and feeding condi-
tions (light : dark photoperiod 14:10 h). The animals were
removed from the experiment by craniocervical disloca-
tion, the thymus was removed, and a cell suspension was
prepared, which was examined using a CytoFlex S100
flow cytometer (Beckman Coulter, USA).

The thymus was homogenized in cold phos-
phate-buffered saline (PBS) in a glass homogenizer at 4°C.
Thymocytes were pelleted by centrifugation (300 g,
5 min) and used for staining with CD3e-APC monoclonal
antibodies (BioLegend, USA) to identify young CD3""-
and mature CD3"-lymphocytes. To analyze cell distribu-
tion across cell cycle phases, thymus cells (5 x 106) were
fixed in cold 70 % ethanol for 24 h [11].

Cell samples (2 06) in 100 pl were stained with fluo-
rescently labeled antibodies for 30 min at room tempera-
ture in the dark. They were then washed twice with PBS
and analyzed on a flow cytometer. Cells fixed with 70 %
ethanol were centrifuged (300 g, 7 min), washed with PBS
and incubated in hypotonic extraction buffer for 5 min
to remove low molecular weight DNA to determine
the subdiploid peak. The cells washed with buffer were
incubated (30 min, room temperature, dark) in staining
buffer containing 50 pg/mL propidium iodide (PI; Sig-
ma-Aldrich, USA) and 200 pg/mL RNase-A (Invitrogen,
USA). PI fluorescence was determined using a flow cyto-
fluorimeter (\Em = 670 nm). The number of cells with dif-
ferent DNA content in the cell cycle phases: SubG1, G0/
G1, S, G2/M was estimated.

Statistical processing of the obtained results was per-
formed in the Statistica 12.0 program (StatSoft Inc., USA).
The values of the median, first and third quartiles were
determined. The statistical significance of the differences
in the compared values between the groups CL + Sor-
bent and CL, CL + Sorbent and Control was calculated
using the nonparametric Mann — Whitney U-test. Differ-
ences were considered statistically significant at p < 0.05.

RESULTS

1. The effect of taking a sorbent composition
on the numerical density of CD3'°"-
and CD3"-lymphocytes in animals
with continuous lighting

In the previous work [12], it was found that continu-
ous lighting of mice for 14 days led to a statistically signifi-
cant decrease in the relative number of both young CD3[°*¥
(p = 0.0051) and mature CD3" (p = 0.0374) T lymphocytes
in the thymus compared to the control. At the same time,
the CD3"%/CD3" ratio decreased statistically significantly
(p = 0.0131). The development of accidental thymus invo-
lution in mice with CL was not registered in our study. Intra-
gastric administration of enterosorbent to animals against
the background of CL normalized the relative number

of young CD3"°" thymocytes, increasing their content
to 46.70 (45.88; 47.08) % (in intact animals — 43.40 (41.85;
44.33) %). As a result, the CD3""/CD3" ratio increased sig-
nificantly (compared to control p =0.0202; compared to CL
p =0.0051) (fig. 1).

Such changes can include disruption of daily bio-
rhythms, proliferation and destruction of immune system
cells under altered light conditions, as well as prolonged
stress leading to proliferation inhibition of immature
lymphocytes in the thymus cortex and their increased
apoptosis.

To determine the sorbent effect on the survival
and proliferation of thymus cells under 14-day continuous
lighting, we performed a cell cycle analysis for all thymus
cells.

2. The effect of the sorbent composition
administration on the cell cycle of thymus cells under
continuous lighting conditions

Cell cycle analysis of the entire population of thy-
mus cells in mice after CL showed a significant decrease
in the relative number of cells in the phase S to 3.4
(2.3; 6.8) % compared to the control - 7.3 (7.0; 11.1) %
(p = 0.0367), a more than threefold increase in the pro-
portion of cells in the apoptosis stage to 2.2 (1.8; 3.2) %
compared to the control - 0.7 (0.63;0.73) % (p =0.01997).

Sorbent administration to animals against the back-
ground of CL normalized the cell cycle, increasing
the percentage of cells in the phase S to 7.45 (6.5;
12.75) % and reducing the number of cells in the apop-
tosis stage to the control level. Thus, the sorbent main-
tains an increased adaptive level of thymus cell prolifera-
tion and protects cells from apoptosis under prolonged
continuous lighting conditions.

For a more complete analysis of the proliferation
and viability of thymus cell elements on the flow cy-
tometry histograms, all cells were divided into 3 groups
(3 gates — PLym, P2Lym, P3big) depending on their size
and corrected for the cell cycle (fig. 2). Thus, the PLym
gate was formed by the smallest cells, some of which
were in the active cell cycle phases (S + G2/M). Young
CD3"" lymphocytes were contained mainly in this gate.
The P2Lym gate contained mature non-dividing lym-
phocytes in the GO/G1 stage. The largest cells, most
of which were actively dividing, formed the P3big gate.
Figure 2 shows the cell cycle of each gate.

The gate of the smallest PLym cells, containing CD-
3low [ymphocytes, had the lowest cell count compared
to other groups; the number of cells in the phase S was
6.8 (6.28; 7.1) %, and cells in the apoptotic stage were
2.2 (1.5; 2.75) % in control animals. Continuous lighting
inhibited the phase S, resulting in a decrease in the rela-
tive number of cellular elements to 6.05 (5.55; 6.10) %,
and a statistically significant increase in the num-
ber of cells in the PLym gate in the apoptotic state
to 11.65 (9.05; 13.28) % (p = 0.0051). Sorbent admin-
istration against the background of CL contributed
to the proliferation restoration of thymus lymphocytes
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FIG. 1.

Thymus of C57BI/6 mice treated with sorbent against the background of continuous lighting (CL ): a - histograms of distribution
of CD3"" and CD3" lymphocytes; 6 — relative number of CD3"" and CD3" lymphocytes and CD3"*/CD3" ratio; * - compared to the con-

trol; # — compared to CL (p < 0.05)

and an increase in their viability, as a result the relative
content of cellular elements in the phase S increased
to 8.85 (7.75; 11.75) % and the percentage of cells
in the apoptosis stage decreased to 4.5 (3.4; 4.85) %
(p =0.0065).

From Figure 2 it can be seen that long-term contin-
uous lighting inhibited the relative number of T lym-
phocytes (PLym gate) in the phase S, but did not affect
the content in the G2/M phase, i.e., in essence, there
was an inhibition of proliferation (residual prolifera-
tion). The sorbent against the background of CL caused
a significant increase in the number of cells in both
phases S and G2/M (phase G2/M in the control - 0.85
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(0.73; 1.05) %, in the CL group - 1.05 (0.63; 1.25) %,
in the CL + Sorbent group - 1.7 (1.23; 2.63) %. Such
changes are possibly associated with an adaptive re-
sponse to stress. A wide range of data in the sorbent
presence indirectly indicates that its action in this
case is not direct and is not aimed at a specific target,
but helps the body to remain at the adaptation stage
and not slide to the exhaustion stage, sorbing and re-
moving excess amounts of highly active substances.

3.The sorbent composition effect on the viability
and proliferation of thymus epithelial cells under
continuous lighting
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FIG. 2.

a - flow cytometry histograms of the thymus cell cycle of C57BI/6 mice: gating the thymus cells by size on the histogram in SSC/FSC
coordinates; cell cycle histograms are presented for each selected region of thymus cells (shown by arrows): ordinate axis — the num-
ber of cells; abscissa axis — the fluorescence intensity of propidium iodide. 6 — histograms of the percentage of Plym gate lymphocytes
in the S and G2/M cell cycle stages; * — compared to the control, # - compared to continuous lighting (CL) group (p < 0.05)

Proliferation, differentiation and development
of lymphocytes immunotolerant to the host with a wide
range of TSR antigens occur in close contact with the ep-
ithelial cells of the thymus. In this case, negative selec-
tion of T-lymphocytes occurs in the medullary niches
due to the expression of MHC-I (major histocompati-
bility complex) and MHC-II molecules on the surface,
and cortical epithelial cells are responsible for positive
selection. Maintenance of the cortical and medullary
epithelial niches of the thymus is provided by epithelial
cell precursors with long-term renewal and a high pro-
liferation and differentiation rate with an estimated re-
placement time of one to two weeks from the first weeks
of life. Maintenance of the epithelium of the thymus
medulla in adults is provided by epithelial precursors

that have lower self-renewal rates, but still retain a high
proliferation rate [13].

In our study, the proliferative potential of the P3big
gate cells was significantly higher than that of the PLym
or P2Lym gate cells. The cellular elements of the P3big
group are larger and can be macrophages, dendrit-
ic cells, and epithelial cells that make up the thymus
stroma and provide an appropriate microenvironment
for developing lymphocytes. The high proliferation rate
indicates that these cellular elements are most like-
ly epithelial cells, which are the main cells of the thy-
mus niches. Continuous lighting had a negative effect
on the organ stroma, statistically significantly reducing
the numerical density of epithelial cells in the phase S
10 26.55(19.40; 27.55) % compared to the control - 32.50

244



FIG. 3.

Flow cytometry histograms: a — histogram of distribution of thymus cells in FSC/FSC coordinates, P3big gate is highlighted; 6 - his-
tograms of distribution of P3big gate cells by phases of the cell cycle: ordinate axis — the number of cells, abscissa axis — propidium
iodide; 8 — graphs of the relative number of P3big gate cells in the S and G2/M cell cycle stages: * — compared to the control, # -

compared to continuous lighting (CL) group (p < 0,05)

(31.68; 33.10) % (p = 0.0202). Sorbent administration
against the background of CL normalized the prolif-
eration of thymus epithelial cells, restoring their per-
centage in the phase S to 31.70 (30.95; 32.83) % (fig. 3).
The content of epithelial cells in the G2/M phase did not
change statistically significantly compared to the oth-
er groups of animals. Long-term and continuous light-
ing led to an increase in the content of epithelial cells
at the apoptosis stage to 0.9 (0.73; 1.18) % (p = 0.0051).
Sorbent administration against the background of con-
tinuous lighting contributed to a decrease in apoptosis
to the control level (0.23 (0.22; 0.29) %; p = 0.0051).
Therefore, sorbent use against the background
of long-term exposure to continuous lighting
is advisable, since the sorbent supports the self-renewal
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of thymus epithelial cells, maintaining a high rate
of epithelial cell proliferation and reducing apoptosis
to the values of intact animals (fig. 3).

DISCUSSION

The results of the present study showed a connec-
tion between long-term disruption of circadian rhythms,
disruption of thymus functioning and the sorbent nor-
malizing role to support proliferation and preserve the vi-
ability of early precursors of T lymphocytes and epithe-
lial cells of the thymus niches. A decrease in the body’s
resistance to any stress, in particular, with CL, is associ-
ated with insufficient functional activity of the thymus.
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Previously, we showed that blockade of melatonin
synthesis in mice under continuous lighting inhibits
the processes of differentiation and maturation of young
CD3'"* lymphocytes into mature CD3" forms, leads to in-
creased apoptosis of T lymphocytes in the thymus and,
as a consequence, to leukopenia [12]. Under these con-
ditions, the hypothalamic-pituitary-adrenal (HPA) axis
is activated as part of the stress response, in which pitu-
itary hormones stimulate the adrenal cortex to release
glucocorticoids, including cortisol. Excess cortisol caus-
es apoptosis of cortisol-sensitive early lymphocytes,
which leads to T-cell immunity deficiency. This cortisol
effect is considered to be a driver of thymus involu-
tion [4, 5, 14]. However, long-term continuous lighting
affected not only a decrease in proliferative activity
and apoptosis of young CD3"" lymphocytes, but also
a decrease in the proliferation of epithelial cells, which
are the basis of both the cortical and medullary niches,
which are important for maintaining the proliferation
and selection of T lymphocytes. The sorption thera-
py use against the background of continuous lighting
had a positive effect on these parameters. A possible
protective mechanism of the sorbent use may be both
the sorption and removal of excess cortisol, and a deep-
er effect mediated by the state and activity of the in-
testinal microbiota. Previous studies have shown that
the use of the carbon-mineral sorbent SUMS-1 (based
on aluminum oxide) increases the number of intestinal
epithelial villi, normalizing the microbiome state [15].
Microbes have been shown to have a close relation-
ship with the HPA axis [16]. Intervention in the intes-
tinal microbiota can significantly affect the treatment
of stress-related diseases. Stress causes changes in HPA
axis hormones towards an increase in cortisol in germ-
free mice [17]. In addition, intestinal microbes regulate
tryptophan metabolism, produce dopamine, y-amino-
butyric acid, histamine and acetylcholine, which affect
the central nervous system function and the HPA axis
stability [18]. On the other hand, stress itself can nega-
tively affect the intestinal microbiome, inhibiting the vi-
tal activity of microbes, changing their secreted profile
[19]. Based on the results of this study, it can be assumed
that the sorbent created on the basis of aluminum oxide
and polymethylsiloxane, sorbing oxidants, toxic metab-
olites, providing a detoxifying and lymphatic drainage
effect, promotes proliferation and maintains the viabili-
ty of early precursors of lymphocytes and epithelial cells
of the thymus.

CONCLUSION

The conducted studies of the efficiency of porous
hydrophilic-hydrophobic sorbent using based on com-
bustion oxide and polydimethylsiloxane Al,O,@PDMS
under conditions of long-term exposure to stress caused
by continuous lighting for 14 days. The sorbent use en-
sures the thymus function preservation, maintaining
the integrity and proliferation of young lymphocytes
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and epithelial cells of this section. The obtained data
allow for preventive sorption therapy against the back-
ground of circadian rhythm disorders when chang-
ing time zones in people working at night or in urban
northern regions with expected fluctuations in lighting
throughout the year, helping to maintain the body’s
own stress forces, normalizing cellular immunity.
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