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Momusayus u yenv: B HacTOSAIINNE MOMEHT caxapHbIN TUA0ET U OCIIOKHEHHS CBA3aHHBIC
C HUM, HaXOJTCA B ACCATKE JIMAUPYIOMIMX IPUYMH CMEPTHOCTH BO BceM Mupe. Beuny
TOT'O YTO CYIIECTBYIOIIKE MpenapaTsl I JIeUeHUs AuabeTa NMEI0T MHOTOUHCIICHHBIE
no6oyHble 3(P(EKTh, OCTPO CTOMT HEOOXOAWMOCTH IOKMCKa BENIECTBA, MMEIOLIETO
BBICOKHIA T€pareBTUIECKII MoTeHnrai. M3BecTHO, 4To TeueHue caxapHoro nuadera |l
tuma (CI1), BciencTBue CyIecTBOBaHUS PEIMIIPOKHON CBS3HM MEIaTOHHH-WHCYIIHH,
CBSI3aHO CO CHIKEHHEM ypoBHs MmenatoHuHa [1]. Kpome Toro, Tepamusi 3K30reHHBIM
MEJIATOHUHOM, BBIIIOJHEHHAS HAa KJIETOYHBIX JIMHUSX, Ja0OpaTOpHBIX KMBOTHBIX H
narmerTax ¢ C/Ill mokazana cBoro 3(pPeKTHUBHOCTH B OOJIErYeHUH CBSI3aHHBIX C HUM
ocinoxHeHui. IIpumMeuaTesnbHO, YTO cCpeau TAaKUX OCJIOXHEHUH CyLIECTBYET
MOBBIIICHHBIH PUCK Pa3BUTHsI PA3UYHBIX HEBPOJIOTHYECKUX 3a00JICBaHHUMN, TAKUX KaK
mm3o¢ppenus u 0one3Hp AnblreiiMepa, BO3HUKAIOIINX KaK 3aKOHOMEPHOE CIIEJICTBHE
METa0OJIMYECKHX HApyLIEeHWH B OpraHu3Me, C IIOCJIEAYIOIIUM  Pa3BUTHEM
OKHCITUTEIPHOTO M THUIIOKCUYECKOTO cTpecca B TojdoBHOM wmo3re [2]. [lostomy
MEJIATOHUH, SIBJISIOLIMICS aHTHOKCHIAHTOM IIMPOKOTO CIEKTpa, U, Oyaromaps CBOMM
THIPO- ¥ JIMITO(UIBHBIM CBOHCTBAM JIETKO MPEOI0JIEBAIOIINI OHoornueckue dapbepsl
MpEeNCTaBIsieTCs] HaM  OTJMYHBIM  KaHJIUJIATOM JUI TEpanud HEBPOJIOTHYECKUX
ocioxaeHut, cBs3anHbix ¢ CJIIl. OgHako 1aHHBIC O BO3JCHCTBUM MEIaTOHMHA HA MO3T
BcE elle NMpOTUBOpeuYuBHl [3], a MOTOMY Ba)KHO MCCIIENOBAaTh €ro BO3ACHCTBHE Ha
rMUMQaTHYECKyI0 CHCTEMY M THIIOKCHIO KJIETOK MO3Ta B CBETE Pa3IMYHBIX MOAEIEH
CIl. Lens paboThl — yCTaHOBUTH BIUSHHE MejaToHMHA Ha 3kcrnpeccuro HIF-la u
peueniropa LYVE] B rosoBHom mosre db/db mermiei, ¢ reHeTHYeCKH 00yCIOBIEHHBIM
OKHpEHHeM U caxapHbIM quabderom Il Tuma.

Memoow u aneopummsr: ViccnenoBanue IpOBOIMIN HA TPEXMECIUHBIX CaMKax MBIIIEH
muann BKS.Cg-Dock7m+/+Leprdb/J (db/db). XKuBoTHEIX conepxkanu B OapbepHBIX
nomemeHusx LK1 «lleHTp reHeTHdeckux pecypcoB 1ab0paTOpHBIX KUBOTHRIXY» Ml
CO PAH (RFMEFI62119X0023). ®eHOTHTT JaHHBIX MBIIICH, BBHIY MyTallUd B TCHE
pelienTopa JIENTHHA, NPOSBISETCS B OXUPEHUH, HWHCYJIWHOPE3HCTEHTHOCTH H
HapyleHHH MeTadoyin3Ma TIIOKO3bl. Bbutn cdopMupoBaHbl cieayrouiye TPyIIIbL:
«Koutpomnb» (N = 5) — uHTaKTHBIC )XUBOTHBIC; «ITnanedo» (N = 5) — MbIIIH, SKEAHEBHO
MOJyYaBIIye BHYTpHKeny109H0 200 MKIT TUCTHILTMPOBAHHOMN BOJIBI B TEUCHUE HENIEIN;
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«Menaronun» (N = 5) — MBIIIK, KOTOPHIM aHAIOTHYHBIM 00Pa30M BBOJWIIN MENATOHUH
(MP Biomedical) B mo3upoBke 1 MI/Kr Maccel Tena, pasBedeHHBIH B 200 MK
MACTHUTHPOBAHHOW BOABL. Jls mMCciiemoBaHUs 3a0Mpad TOJIOBHOW MO3T IIEIHKOM,
COBEpPIIAIN CTAHIAPTHYIO THCTOJIOIHYECKYI0 IpoOonoaroToBky. Ilapadunossie cpess
TOJIIMHON 4 MKM TIOJIy4alld B COOTBETCTBUH C KOOPAWHATaMHU OperMbl B TUamna3oHe OT
—1.0 mo —1.5 mm mo Allen Mouse Brain Atlas [4]. Beisenenne LYVE] u HIF-1a
MIPOBOJWIN C IIOMOLIBIO HEMPSIMOIO IEPOKCHUAA3HOTO METOAA NPH HCIOIb30BaHUU
UI'X-cuctemnr aetekumu Novocastra (RE7110-K), antuten cnenuduunsix k LYVEL
(ab-14917) u x HIF-1a (AF-1009). C nomomsto nporpammsl "Imagel" ompenemnsiiun
OTHOCUTENBHYI0  IUIOIIagb W SIPKOCTh  YYacTKOB  (mapameTrp, 0OpaTHO
MIPOMOPIIMOHATBHBIN KOHLUEHTPAallMl MapKepa) IpenapaTroB MoO3ra, OKpalIeHHbIX Ha
LYVEI1 u HIF-1a. C xaxzaoro npenapata oneHuBaau He MeHee 20 mosieit 3peHus. B
KayecTBE  LEJIEBBIX  AHANM3UPYEMBIX  yYacTKOB  HCIOJNB30BAIM:  MOTOPHYIO,
COMAaTOCEHCOPHYIO, BUCLIEPAIBHYIO, PETPOCIICHATIBHYIO, arpaHyJsIpHYIO
OCTPOBKOBYIO, TPYIIEBHIHYIO KOPBI TOJIOBHOTO MO3Ta, B 30HE MOBEPXHOCTHBIX CIIOEB.
JlocToBepHOCTh pa3nUuuil ONpeneNsaad C IOMOIIbI0 HelmapaMeTpU4ecKoro TecTa
Kpackanma—Yomneca, ¢ momompio mporpammuoro obecnedenuss STATISTICA 12
(StatSoft, 2015). B kauecTBe HCXOAHBIX NAHHBIX CPABHHUBAIH PA3IHUUS 1O CPETHEMY
MoJIt0 3peHus B rpymre. JlanHeie Ha rpadukax mpeacraBieHbl B Bujae: Menuana (Q1;
Q3). Paznuumst cauTany CTaTUCTHIECKH 3HAYMMBIME 1ipH p <0.05.

Pesynemamei: Hamu BBIABIEHO HMHTEHCHUBHOE HMMMyHorucroxumuueckoe HIF-la
OKpallMBaHHE Ha cpe3ax rojoBHOro Mo3ra db/db Mbimieid, JIOKaTU3UpOBaHHOE B
LUTOIUIa3ME HEPBHBIX M IJIMAJbHBIX KIETOK MO3ra, oco0eHHO B rpymme «lliamebo».
[Ipu srom mnowmane skcnpeccun HIF-lo y KMBOTHBIX, MOJYYaBIIMX MEJIATOHUH,
HECKOJIBKO CHIKAJach, MO cpaBHEHHIO ¢ rpymmoi «[lmamebo», Takxke cHKamach u
KOHIICHTpAIMs, MO CPaBHEHHIO KaK C KOHTpOJeM, Tak M ¢ Ianebo (puc. 1).
HeobOxomumo ormeTtuth, uro skcrpeccus HIF-lo Obima 3HAUMTENBHO TOBBINICHA Y
Mmbiield rpynmnbl «[lnane6o», Mo cpaBHEHHIO ¢ APYTUMH TPYIIAaMU KMBOTHBIX, YTO
MOXET OBITh OOBSICHEHO CTPECCOM, BBI3BAHHBIM BHYTPHIKEIYJOYHBIM BBEICHHEM
MEJIATOHMHA M Iulane0o uYepe3 30HJ KHUBOTHBIM. OTO TOATBEPKIACTCS IaHHBIMU
KacaTeJIbHO IUIOIIAAN paclpeieieH!sl MapKepa, KoTopast JOCTOBEPHO YBEIUYHMBAIACh Y
Mbiiel Tpynnsl «llnane6o» ¥ Bo3Bpamanach K ypOBHIO KOHTPOJIS MOCIE BBEACHUS
MenaTtonuHa. B rpymnmne «Kontponb» BbisiBiaeHO BbipaxkeHHoe LYVE] okpammBanue
KallWUISIPOB ¥ TUM(AaTUIECKUX SHIO0TENHATBHBIX KJIETOK B TAPEHXUME HCCIE0BAHHbBIX
30H TOJIOBHOTO MO3ra. BoOKpyr KanmwuiipoB ONpPENENAInch IaTOJOTHYECKH
pacimpeHHble TpocTpancTBa BupxoBa-PoOuna. Bo Bpems BBIBOIA >KMBOTHBIX W3
9KcHepuMeHTa, B rpymmnax «Konrpons» u «llnane6o» Obii 00HapYyKEeHbI IO OJHOMY
JKUBOTHOMY ¢ ruzapounedanueir. B rpymme db/db mprmeii, momyyaBmmx MeNaTOHUH,
ocobeii ¢ rumponedanmeit ormeueHo He Obuio. Ha mpenapartax HaOmromanoch
YMEHbIIeHUE TpocTpaHCcTB BupxoBa-PoOnHa 3a cyeT CHUKEHMSI HAKOTUIEHUS! )KUIKOCTH
B MEXKIIETOYHOM IpocTpancTBe. Mopdomerpudecknii aHanu3 mokasai, 9ro y db/db
MBIIIEH, TOTYYaBIINX MENAaTOHWH, HE3HAYUTEIbHO CHUKAJACh IUIOIIAIN IKCIPECCHU
LYVEL, onHako KOHIEHTpAIUS JAHHOTO PELeNTOpa B UMPaTHIECKOM CHcTEMa MO3Ta
ocraercsi cpaBHUMOI ¢ rpyrmamu «Kortpons» u «Ilnameboy» (puc. 2).
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Puc. 1. Ilnomanes u spkoctp okpamuBanus HIF-lo B wmosre db/db  wmprmeit
IKcTepuMeHTanbHbIX rpymi: «KouTposby, «Ilnanebo» u «Menatonuny. [IpuMedanue:
* cpaBHeHue ¢ rpynmnoit «Kontponby, * p < 0.05, Tect Kpackanna—Yosmieca

2,0

0,85
0,86
1,5 0,87
0,88
® .
£1.04 g il )
g G o7z VY
§ o g 091
K 092+
0,93
0.0 0,94
T . . 0,95 ; . :
KoHTponb Mnaue6o MenatoHuH KoHTponbs MNnaueGo MenaToHuH

Puc. 2. [Tnomans m spkocte okpammBanus perentopa LYVEL B mosre db/db wmbrmeit
9KcrepuMeHTaIbHbIX Tpym: «KoHTpomb», «Ilmane6o» u «Menartonun». Ilpumevanwue:
* cpaBHeHHe ¢ Tpynmoi «KorTponby, * p < 0.05, Tect Kpackamma—Yomreca

Buvigoowi: llomydeHHble HaMu pe3yNbTaThl CBUACTEIBCTBYIOT, YTO MEIATOHHUH
OKa3bIBAaCT aHTHI'HUIIOKCUYCCKHI 3PPEeKT Ha KIeTKH rojoBHoro mosra db/db mermeii,
HOpMaJIM3YeT JKHUJKOCTHBIM TOMeocTa3 B IIMM(aTHIeCKON cucTeMe Mmosra. BakHo
OTMETUTh, YTO MEIATOHWH XOTh W 00JalaeT MOJOXHUTEIHHBIM IPOTUBOOTESYHBIM
neiicrBueM, HO ero 3G ¢eKThl 00ecIeYnBaloTCsl HE uepe3 PeryisiHi0 KCIPECCHH
perienitopa LYVEI, a mocpencTBoM Apyrux MEXaHHU3MOB, BEPOSTHO, BKIFOUAIOIIUX U
OnopuTMOIIOTHYECKHEe, TMM(POIPEHAXKHBIE U AHTHOKCHUIAHTHBIE aCTIeKThl €r0 BIIASHUS
Ha OpPTaHU3M.

Qunuancuposanue. VicciemoBaHue BBIIOTHEHO B pamkax mnpoekta HUMKIII —
¢dummana UL ul" CO PAH (FWNR-2022-0009).
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Motivation and Aim: At present, diabetes mellitus and its complications are among the
top ten leading causes of death worldwide. In view of the fact that existing diabetes drugs
have numerous side effects, there is an urgent need to find a substance with high
therapeutic potential. It is known that the course of type Il diabetes mellitus (T2DM),
due to the existence of a reciprocal melatonin-insulin relationship, is associated with a
decrease in melatonin levels [1]. In addition, exogenous melatonin therapy performed
on cell lines, laboratory animals and patients with T2DM has been shown to be effective
in alleviating the complications associated with it. Notably, among such complications,
there is an increased risk of developing various neurological diseases such as
schizophrenia and Alzheimer's disease, arising as a natural consequence of metabolic
disorders in the body, with the subsequent development of oxidative and hypoxic stress
in the brain [2]. Therefore, melatonin, which is a broad-spectrum antioxidant and, due to
its hydro- and lipophilic properties, easily crosses biological barriers, seems to us to be
an excellent candidate for the therapy of neurological complications associated with
T2DM. However, data on the effects of melatonin on the brain are still contradictory [3],
and therefore it is important to investigate its effects on the glymphatic system and brain
cell hypoxia in light of different models of T2DM. The aim of this work was to determine
the effect of melatonin on the expression of HIF-1a and LYVEL1 receptor in the brain of
db/db mice, with genetically determined obesity and type Il diabetes mellitus.

Methods and Algorithms: The study was performed on three-month-old female BKS.Cg-
Dock7m-+/+Leprdb/J (db/db) mice. Animals were kept in barrier rooms of the collective
use center “Laboratory Animal Genetic Resources Center” IC&G SB RAS
(RFMEF162119X0023). The phenotype of these mice, due to a mutation in the leptin
receptor gene, is manifested by obesity, insulin resistance and impaired glucose
metabolism. The following groups were formed: “Control” (n = 5) — intact animals;
“Placebo” (n = 5) — mice that received intragastrically 200 pl of distilled water daily for
a week; “Melatonin” (n = 5) — mice that were similarly administered melatonin (MP
Biomedical) at a dosage of 1 mg/kg body weight diluted in 200 ul of distilled water. The
whole brain was taken for the study and standard histologic sample preparation was
performed. Paraffin sections 4 um thick were obtained according to bregma coordinates
ranging from —1.0 to —1.5 mm using the Allen Mouse Brain Atlas [4]. LYVE1 and HIF-
1o were detected by indirect peroxidase method using Novocastra IHC detection system
(RE7110-K), antibodies specific to LYVEL (ab-14917) and to HIF-1a (AF-1009). The
relative area and brightness of areas (a parameter inversely proportional to marker
concentration) of brain preparations stained for LYVEL and HIF-1o were determined
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using the ImageJ program. At least 20 fields of view were evaluated from each
preparation. As target analyzed areas were used: motor, somatosensory, visceral,
retrosplenial, agranular insular, piriform cortex, in the zone of superficial layers. The
significance of differences was determined using the nonparametric Kruskal-Wallis test,
using STATISTICA 12 software (StatSoft, 2015). The differences in mean visual field
in the group were compared as baseline data. Data on the graphs are presented as: median
(Q1; Q3). Differences were considered statistically significant at p < 0.05.

Results: We found intense immunohistochemical HIF-1o staining on brain slices of
db/db mice localized in the cytoplasm of nerve and glial cells in the brain, especially in
the placebo group. The area of HIF-1a expression was slightly decreased in animals
receiving melatonin compared to the placebo group, and the concentration was also
decreased compared to both control and placebo (Fig. 1).
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Fig. 1. Area and brightness of HIF-1a staining in the brains of db/db mice of experimental
groups: “Control”, “Placebo” and “Melatonin”. Note: * comparison with control group,
*p < 0.05, Kruskal-Wallis test

It should be noted that the expression of HIF-1a was significantly upregulated in mice
of the placebo group, compared with the other groups of animals, which may be
explained by the stress induced by intragastric administration of melatonin and placebo
through the probe to the animals. This is confirmed by the data concerning the
distribution area of the marker, which significantly increased in mice of the placebo
group and returned to the control level after melatonin administration. The control group
showed pronounced LYVEL1 staining of capillaries and lymphatic endothelial cells in the
parenchyma of the studied brain areas. Pathologically dilated Virchow-Robin spaces
were defined around capillaries. At the time of withdrawal of animals from the
experiment, one animal with hydrocephalus each was found in the control and placebo
groups. In the db/db group of mice receiving melatonin, no individuals with
hydrocephalus were observed. The preparations showed a decrease in Virchow-Robin
spaces due to decreased fluid accumulation in the intercellular space. Morphometric
analysis showed that in db/db mice treated with melatonin, the expression area of
LYVE1 was slightly decreased; however, the concentration of this receptor in the brain
glymphatic system remains comparable to the control and placebo groups (Fig. 2).
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Fig. 2. Area and brightness of LYVEL1 receptor staining in the brains of db/db mice of
experimental groups: “Control”, “Placebo” and “Melatonin”. Note: * comparison with
control group, * p < 0.05, Kruskal-Wallis test

Conclusion: Our results indicate that melatonin has an antihypoxic effect on brain cells
of db/db mice and normalizes fluid homeostasis in the brain glymphatic system. It is
important to note that although melatonin has a positive antiedematous effect, its effects
are provided not through regulation of LYVEL receptor expression, but through other
mechanisms, probably including biorhythmological, lymphatic drainage and antioxidant
aspects of its influence on the organism.

Funduing: The study was carried out within the framework of the project of Research
Institute of Clinical and Experimental Lymphology — Branch of Institute of Cytology
and Genetics, Siberian Branch of the Russian Academy of Sciences (FWNR-2022-
0009).
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