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arrest. The levels of kinases ATR, Chk1, Chk2 (damage signal mediators) also did not show significant changes.
At the same time, the level of MDM2 (ubiquitin ligase, the main negative regulator of the p53 protein) statistically
significantly relative to the background values decreased during the experiment. The median level of MDM2 at the
background stage was 196.5 [178; 404]. The most pronounced decrease (for all p < 0.05) was observed at points
13 (366 days of isolation) and 14 (+14 days, aftereffect stage), where the median values reached 68.5 [60; 133]
and 55.5 [34.5; 94], respectively.

Conclusion. Maintaining stable basal levels of genotoxic stress markers (yH2AX) and key regulators (p53, p21,
ATR, Chk1, Chk2) may indicate the absence of significant accumulation of DNA damage and the preservation of
the main repair mechanisms under the isolation experiment conditions. This feature allows to assess the adaptive
reserves of healthy volunteers before exposure to damaging factors. A decrease in the level of MDM2, a p53
regulatory protein, may indicate changes in the DNA damage response system and cellular stress under the
experimental conditions (isolation and exit). This may reflect adaptive mechanisms or transient disruption of cell
cycle regulation and requires further study.

Key words: isolation, DNA damage, multiplex assay, yH2AX, p53, MDM2, p21, ATR, Chkl, Chk2

The work was carried out within the framework of the fundamental scientific research program of the Russian
Academy of Sciences on the topic FMFR-2024-0039.
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BeeageHnune. C 2017 r. B UHCTUTYTe Meanko-buonornyeckmx npobnem PAH 6bina npoBeaeHa cepust 30NSLMOH-
HbIX aKkcrnepumeHToB SIRIUS pasHoi anuTtensHocT: 17 aHel, 4 Mecaua, 8 MecaueB, 1 roa. DKCNepuMMeHTbI OTn-
YasIMCb 1 MO CLEHAPUIO BHYTPUOOPTOBON AEATENBHOCTM, M MO Harpy3Ke Ha YIEHOB aKMnaxa. B coctaB skunaxa
B K@)XAOM 3KCMNepuMeHTe cepum BXOAMNO MO 6 4enoBeK (3 XEHLWMHbI U 3 MYXUMH).

Lienb. AHann3 MTOroB MCCNEA0BaHUS NCUXOMU3UONIONMUYECKUX (PYHKLMIA 3pUTENBHOM CUCTEMBI B CEPUN U30-
NSIUMOHHBIX 3KCMEPUMEHTOB pPa3HOM NPOAOCHKUTENBHOCTU ANS MNaHUPOBaHUS AaNbHENLUMX N30NMSLUMOHHBIX
3KCMNEPUMEHTOB.

OnucaHne meToA0oB. Mpu BbIGOpe METOAOB OLIEHKM NCUXO(PU3NONOrMUECKMX 3PUTENbHBIX (YHKLMIA CTaBUNach
3aAaya UCnonb30BaTb KOMMJIEKC NokKa3aTesei, OTBEYAIOWMI CNEAYIOMM KPUTEPUSM:

— COCTOSILLMIA U3 HEMHBA3UBHbIX Npoueayp;

— [aloWmMi pa3HOCTOPOHHEE NPEACTAB/IEHNE O COCTOSIHUM 3PUTENBHON CUCTEMBI UCTMBITYEMBIX;

— He TpebyoWwmnin CIMWKOM 60MbLIOr0 BPEMEHM ANl MPOBEAEHUS U3MEPEHWIA.

B nepBoM 3KkcnepuMeHTe cepumn — 17-AHEBHOW M30MSLMU — OLIEHMBAJICS LUMPOKMI psfl NOKasaTenen 3putenb-
HOW cncTeMmbl: pedpakumsi, octpoTa 3perust (03) (ans pacctosiHui 0.5, 1.0, 4.0 M; MOHOKYNSIPHO U BUHOKYIISIPHO,
C UCNO/b30BaHNEM ABYX pa3HbIX ONTOTUMOB), XapaKTep 3peHus], rMa3o40MMHAHTHOCTb, CTEPE0OCTPOTa 3peHus,
(py3MOHHbIe pe3epBbl (AMBEPreHTHbIE M KOHBEPreHTHbIE) U 06bEM OTHOCUTENIbHOM aKKOMOAaLMKM C UCMO/b30Ba-
HMEM Habopa NMH3. B xode camoi m3onsiuuu, T.e. BHYTPU FrepMOKaMepbl, OLEHMBaNM TONbKO nokasdaTtenu O3,
OCTasIbHble U3MEepPeHUs NpoBoANIN Nepes HavyanoM U rnocne n3onauuu.

Ans 4-MecsiuHON M3onaumMmn Habop MccneayeMblX NapaMeTpoB 6bin CYLLECTBEHHO COKpaLLEH, OAHAKO BCE UC-
cnegyeMble nokasaTenu oueHMBANNCh He TOMbKO A0 U MOC/e, HO U KaXable ABe HeAenu yTpoM U BeYEPOM BHY-
Tpy repMokamepsl. [TOMUMO rpynnbl 3KMNaxa, B UCCNefoBaHUM y4acTBOBasla YpaBHEHHAs Mo nosio-BO3pacTHOMY
COCTaBY KOHTpOJIbHasi rpynna ucnbitatenein. OueHnBanuck pedpakums rnasa, 03 (4Mcno onToTUNoB 6bIIO Co-
KpalleHO A0 OAHOMO, MPOBOAMMACk TOMbKO MOHOKY/ISIpHast OLiEHKa Ha Bcex Tpex paccTosiHui — 0.5; 1.0; 4.0 m),
akkomogaumsi (METOAOM HeMpepbIBHOM akkomodorpacduu, 3aMeHMBLLEN WCMOMb30BaHHbIM paHee METOA OLEH-
Kn obbema akkomogaummn), KYCM (KpuTnyeckasi yactoTa CMsiHUS MenbkaHuii) u YKX (4acTOTHO-KOHTpacTHas
XapaKTepucTuka).
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B cnyyae 8-MecsiuHOM M30MSIUMM M3 CMIMCKA paHee OLIEHMBAEMbIX MOKasaTenen 6biv yaaneHbl pedpakums
n YKX, okasaBluMecs HaMMmeHee WMHGMOPMATMBHBLIMK, YOPaHO MPOMEXYTOYHOE paccTosiHue m3Meperus ans O3
(1.0 M) 1 pobaBneHbl HoBble TecTbl. OLueHUBaNMCh creaytowme nokasatenun: O3 (MOHOKYIISIPHO, AN pacCTOSHUM
0.5 1 4.0 m), akkomogaums, KMCM, useToBoCnpusitTue ¢ ncnosnb3osaHnem tecta CAD, 24nJ1 (anekTpnyeckas 4vyB-
CTBUTENIbHOCTb M TabubHOCTb 3pUTENbHOro HepBea). Bce nepeuncneHHble nokasaTeny oueHMBanucb TONbKO A0
1 rnocne usonauuu.

[nsi M30NSUMOHHOI0 3KCMEPUMEHTA A/MTENBHOCTLIO 1 roa Habop OLEHMBAaeMbIX MOKa3aTenen MOSHOCTLIO
noBTOpsiN Habop Ans 8-MecsuHON n3onsauuu.

Pe3ynbTatbl. Pe3ynbTaTbl OLEHKN 3pUTENbHOW CUCTEMbI pasnnyanick B 3aBUCMMOCTM OT ANIUTENBHOCTU M30-
NSIuMK, OAHAKO HeKoTopble nokasaTenn 6o 6onee MHdOpPMaTUBHBLI M CTabunbHbl. Hanpumep, cHuxeHne O3
6b1/10 BbISIBNEHO W B 17-CyTouHOW (ANs BCeX TPEX PacCTosiHWIA), n B 8-MecsuHon (ans 0.5 M), n B 1-rognuHom
(ans 0.5 M) nsonaumun. O3 anst 613K MOXET CYLLIECTBEHHO 3aBUCETb OT aKKOMOAALMOHHOMN (YHKLUMM, U B HALLEM
C/lyyae CorflacoBaHHbIE M3MEHEHUS 3TMX NoKa3aTenen 6binn BbisiBNEHbI B 8-MeCAYHON U 1-roANYHON M30nsSLUK.

MokazaTenb KYCM cTtaTUCTMYECcKM 3HAUYMMO NOBLILWASCS B 4- , 8-MecsiuHON 1-roanyHon n3onaumsx, npu 3Tom
B 4-MeCsl4HOM 3Tane 6blN10 NoKa3aHo pasnnmume aAMHaMukn KYCM mMexxay rpynmnaMu skuna)a v KOHTPONbHON rpyn-
non. pyrov AMHaMUYeCKUiA NokasaTtenb — 4nJT — nokasan CHUXXEHWE NOPOroB B 8- U 12-MecsayHol U30MaUmsIX.

MccnenoBaHme LIBETOBOCNPUSITUS MPOBOAMMIOCE MO KPACHO-3€/1EHOM U XKENTO-CUHEW 0CAM (B HaLUMX YCIOBUSX
3KCMNEpPUMEHTa BTOpasi NpeacTaBsieT 60/bLNMN MHTEpeC). M3MeHeHNs 6bl1M BbISIBAIEHbI TOMBKO A7 OAHOIO MCMbl-
TaTens B 8-Mecs4YHOM 3Tarne aKCrnepuMeHTa.

Ba)xHO OTMETUTb, UTO WCMOJSIb30BaHWE KOHTPOSIbHOM FPynmMbl M OLEHKa MoKasaTenel BHYTPU WU30/siUMK B
4-MeCsiYHOM 3Tane 3KCrepuMeHTa, MoKasann XOopolune pesynbTaTbhl, O4HAKO OHWU CYLEeCTBEHHO MOBbLILLAKT Op-
raHW3aLMOHHYIO HarpysKky 1 yBENMUMBAIOT TPyAo3aTpaThl A1l dKMMNaxka u nccneaosateneit. Moatomy ana 6onee
ANUTENBHBIX 3KCNEPUMEHTOB, 8-MECSYHON W FOAMYHON M30NSUMKM, OpraHM3aumsl TakMxX M3MepeHW okasasnacb
HEBO3MOXHOM.

O6cyxaenve. B xoae AaHHOW CEpUM IKCMEPUMEHTOB 6bl1 0TO6paH MUHMMAsbHBIA MHAOPMATUBHBIM Habop
rokasaTesiei, Anst OLUEHKN COCTOSIHUS 3pUTENbHON CUCTEMbI YIEHOB 3KMNaxa. Bo Bcex cepusix aKkCnepnMeHTOB Y
ncnbITyeMbIX 3Mepsinn O3 Kak MHTerpanbHbli NoKa3aTeslb, CHMKEHME KOTOPOrO CKasblBAaeTCs Ha BbIMOJIHEHWM
NPaKTU4YeCKN No6bIX 3pUTENbHBIX TECTOB. B CBSI3N C BaXXHOCTbIO MOJSTyYEHUS MaKCMMasIbHO TOYHbIX AAHHbLIX MO
03, ans M3MepeHuit MCrnonb3oBanun paspaboTaHHyto B UMMM PAH koMMblOTEPHYIO nporpaMMy ans oueHkn O3
crneunanbHbIMU ONTUMU3UPOBAHHBLIMW ONTOTUMAMN.

Obwwit aHanm3 obHapy>XEHHbIX 3MEPEHMI M TEHAEHUMIN YKa3blBaeT Ha NEPCNeKTUBHOCTb pacLUMpeHnNs Unu
MoAMMUKALIMKN CMIMCKA M3MEPSIEMbIX NMOKa3aTenel 3a cYeT AMHAMUYECKMUX M KOTHUTMBHBIX TECTOB, Takmx kak O3
[N ABMXKYLLIMXCS! TECT-06bEKTOB, 3KCNo3uumMoHHas O3, BepHbepHas O3, nokasaTtenu kpayauHr-addekTa, nokasa-
TENN aKKOMOAALMOHHO-KOHBEPIreHTHOW CBSA3M, XapaKTep B3aMMOAENUCTBUS Pa3/IMUHbIX 3pUTENbHBIX MEXAHWU3MOB.

WccnenoBaHue BbINMOIHEHO Npy (pMHAHCOBOV noaaepxke roc. 3aaaHns MBI HUP PAH tema N9 FVFR-2024-
0034 (1023022700092-0-3.1.4.;1.9; 5.1.1.) n roc. 3agaHus UMM PAH (HNOKTP Tema N9 1.2.1-0028/24, peru-
CTpaumMoHHbIN Homep 1021061609839-4-1.2.1;1.6.23 o1 18 anpens 2023 r.).
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Introduction. Since 2017, the Institute of Biomedical Problems of the Russian Academy of Sciences has
conducted a series of SIRIUS isolation experiments of varying durations: 17 days, 4 months, 8 months, and 1
year. The experiments differed in terms of both the scenario of onboard activities and the workload on the crew
members. The crew in each experiment of the series consisted of 6 people (three women and three men).

Objective. To analyze the results of the study of the psychophysiological functions of the visual system in a
series of isolation experiments of varying duration for the purpose of planning further isolation experiments.
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Description of methods. When selecting methods for assessing psychophysiological visual functions, the task
was to use a set of indicators that met the following criteria:

— consisting of non-invasive procedures;

— providing a comprehensive picture of the state of the visual system of the subjects;

— not requiring too much time to perform measurements.

In the first experiment of the series—17 days of isolation—a wide range of indicators of the visual system
were assessed: refraction, visual acuity (VA) (for distances of 0.5, 1.0, 4.0 m; monocular and binocular, using two
different optotypes), visual characteristics, eye dominance, stereoscopic acuity, fusion reserves (divergent and
convergent), and relative accommodation range using a set of lenses. During the isolation itself, i.e., inside the
airlock, only the OZ indicators were assessed; the other measurements were taken before the start and after the
isolation.

For the 4-month isolation period, the set of parameters studied was significantly reduced, but all indicators
were assessed not only before and after, but also every two weeks in the morning and evening inside the airlock.
In addition to the crew group, a control group of test subjects matched for gender and age participated in the
study. Eye refraction, visual acuity (the number of optotypes was reduced to one, only monocular assessment was
performed at all three distances - 0.5; 1.0; 4.0 m), accommodation (using continuous accommodography, which
replaced the previously used method of assessing accommodation volume), CFC (critical fusion frequency), and
FCC (frequency-contrast characteristic).

In the case of 8-month isolation, refraction and FCC, which proved to be the least informative, were removed
from the list of previously assessed indicators, the intermediate measurement distance for OZ (1.0 m) was
removed, and new tests were added. The following indicators were assessed: OZ (monocular, for distances of 0.5
and 4.0 m), accommaodation, KCHS, color perception using the CAD test, ECHL (electrical sensitivity and lability of
the optic nerve). All of the above indicators were assessed only before and after isolation.

For the 1-year isolation experiment, the set of indicators assessed was identical to that for the 8-month
isolation experiment.

Results. The results of the visual system assessment varied depending on the duration of isolation, but some
indicators were more informative and stable. For example, a decrease in VA was detected in 17-day (for all three
distances), 8-month (for 0.5 m), and 1-year (for 0.5 m) isolation. The OZ for near vision can significantly depend
on the accommodative function, and in our case, consistent changes in these indicators were detected in 8-month
and 1-year isolation.

The KCHS indicator increased statistically significantly in 4- 8-month, and 1-year isolation periods, with a
difference in KCHS dynamics between the crew and control groups observed in the 4-month period. Another
dynamic indicator, ECHL, showed a decrease in thresholds in 8- and 12-month isolation periods.

The color perception study was conducted on the red-green and yellow-blue axes (in our experimental
conditions, the latter is of greater interest). Changes were detected for only one tester in the 8-month stage of
the experiment.

It is important to note that the use of a control group and the assessment of indicators within the isolation
during the 4-month stage of the experiment showed good results, but they significantly increase the organizational
burden and labor costs for the crew and researchers. Therefore, for longer experiments, such as 8-month and
1-year isolation, it was impossible to organize such measurements.

Discussion. During this series of experiments, a minimum informative set of indicators was selected to assess
the state of the visual system of the crew members. In all series of experiments, the subjects’ visual acuity was
measured as an integral indicator, the decrease of which affects the performance of virtually any visual test. Due
to the importance of obtaining the most accurate data on visual acuity, a computer program developed at the
Institute of Psychology and Psychology of the Russian Academy of Sciences was used for measurements to assess
visual acuity with special optimized optotypes.

A general analysis of the measurements and trends found indicates the promise of expanding or modifying the
list of measured indicators by adding dynamic and cognitive tests, such as visual acuity for moving test objects,
exposure visual acuity, vernier visual acuity, crowding effect indicators, accommodation-convergence connection
indicators, and the nature of the interaction of various visual mechanisms.

The research was conducted with financial support from the state task of the IMBP RAS research project, topic

No. FVFR-2024-0034 (1023022700092-0-3.1.4.;1.9; 5.1.1.) and the state assignment of the IPPI RAS (NIOKTR
Topic No. 1.2.1-0028/24, registration number 1021061609839-4-1.2.1,;1.6.23 dated April 18, 2023).
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