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BnusaHue AJUTeJIbHOU COoLMaJIbHOU U3ONTALLIUU i dod

Ha noBefeHMe U NNAaCTUYHOCTb MO3ra y MblLuei
C HOKAyTOM reHa ¢aKTopa HeKpo3a onyXxosu

[1.B. basoskuHa*, ¥.C. YctuHoBa, C.H. AgoHuHa, 1.[1. Komnesa, A.b. ApedbeBa, B.C. MocKaniok,
E.A. KynukoBa

WHCTUTYT umTonorum u reHeTukm Cubupckoro otaeneHusa Poccuiickoi akapjeMum Hayk, HoBocnbupck, Poccuiickan ®epepaums

AHHOTALMA

[nuTenbHaa coumanbHas U30AALMA MOXET NPUBOAUTb K HapyLLeHUAM QYHKLMOHANBHOW aKTUBHOCTU CEPOTOHWMHOBOM
(5-HT) HeMpoMeoMaTopHOM CUCTEMbI U HEMPOTPODMYECKOro 0becrneveHUs MOo3ra, akTMBaUMWM HeMpOBOCMANIUTENbHBIX
MpOoLLEeCCoB, BbI3biBaA pa3fvyHble paccTpoicTea nosegeHua [1]. C opyroi cTopoHbl, NPOBOCNANUTENbHBIN LUTOKUH (aK-
TOp HeKpo3a onyxonu (tumor necrosis factor, TNF) cnocobeH MogynupoBaTh CMHTE3 CEPOTOHMHA M IKCMPECCUI0 HEWPO-
Tpo¢uMHOB B Mo3re [2], a HoKayT reHa Tnf BAMAET Ha BbIPa*KEHHOCTb [eNpeccMBHONOA06HOM0 NOBEAEHWNA U KOTHUTUBHBIX
GYHKUMIA Yy rpbI3yHOB [3].

LUenb pa6otbl. M3yuntb 3¢ppeKT OnMTeNbHOM COLManbHOM M30NALMM Ha nosedeHue, 5-HT cucTeMy Mo3ra, aKcnpeccuio
HevpoTpoduyeckoro daxtopa Mosra BDNF, ¢aktopa pocTa HepBoB NGF y Mbilueit ¢ HOKayToM reHa gakTopa Hexkposa ony-
X0JI1. IKCNEPUMEHTbI MPOBOAMIM Ha caMLiaX fIMHKUM ¢ HoKayToM reHa Tnf (TNF KO) n poautensckon nunum C57BL/6 (aukuin
TMN). MbILWW KarOoW MHWK Bbinn pa3feneHbl Ha 4B rPYNMbl: KOHTPONb (CofepKaHue B rpynnax) 1 onbIT (copepaHue
B M30/IMPOBaHHbIX KNETKax B TeYeHWe LEeCTW Hefenb). [ToBedeHVe oLeHMBaNM B TecTax «OTKPbITOE MOiex, «TpEXKamep-
HbI TECT» U «MPUHYAUTESNIbHOE NaBaHMe». IKCNPECcCHI0 FreHOB OLEHMBaNKM B CTPYKTypax Mo3ra Mbiwwen metogom OT-TLIP
peanbHoro BpeMeHu. CopeprkaHue 6enKoB OMpeaenAnM aHanu3oM BecTepH-6510T. YpOBHM cepoToHMHA M ero MeTabonuTa
5-TNYK unaMepanu c nomolupbio BIXKX. Pesynbtathl obpabatbiBany ABYXDaKTOPHBIM AMCMEPCUOHHBIM aHaNM30M C Moche-
LYHOLLMM MHOMECTBEHHBIM CpaBHEHWEM Mo Ouuepy.

[lBuratenbHanA aKTMBHOCTb MBOTHBIX He pa3nuyanack Mexay rpynnamu. Y Meiweit nnHum TNF KO coumanbHan nsonauma
NMPUBENA K CHUKEHMIO UCCIeA0BaTENbCKOM aKTUBHOCTM W MOBBILIEHMIO TPEBOXKHOCTM B TeCTe «OTKpbIToe nonex (p <0,05).
MbIwK AMKoro TMna, NoABEpraBLUMECA M30MALMM, [EMOHCTPUPOBANMN CHUMKEHME MPeNoYTeHUA COLManbHOro obbekTa
B «TpExKkaMepHoM TecTe» (p <0,01). M3onAuma He oKa3ana BNWAHWA Ha [enpeccMBHOMNOA06HOe 3aMUpaHuWe B TecTe «Mpu-
HyAWUTENbHOE MNlaBaHUEe» U KOTHUTMBHBIE GYHKLMMW B TECTE «HOBbLIA 00BHEKT» Y HMBOTHbIX 00eMX NUHMIA. CoumanbHaa uso-
NAUMA NpYBENa K NafeHUIo SKCMpeccum reHa TpuntTodaHrnapoKeunasel-2 (GepmeHTa cuHTesa 5-HT) B cpegHeM Mosre
y MblLLen gukoro tina (p <0,05) M K noBbILLEHMIO 3KCnpeccum reHa peuenTopa 5-HT1A B 3T0M CTPYKTYpe Y MBOTHBIX C HO-
KayToM (p <0,05). TonbKo HOKayTHbIE MbILLIKM JEMOHCTPUPOBAM CHUKEHWE cofepianna 5-HT B runnokamne Bcrefcrame
penctaua mnsonaumm (p <0,05), ypoBHM HerpoMeamaTtopa v ero MeTabonuta 5-TMYK Bo ¢poHTanbHoi Kope u cpeHeM
MO3re He pasfMyanucb Mexay rpynnamm Mbillein obenx nMHUIA. TonbKo y Mblwen nuHum TNF KO, noaBepraBLumxcs uso-
nAumm, bbino obHapyeHo yeenuyeHue ypoeHA MPHK reHa daktopa pocta HepeoB NGF Bo dpoHTanbHoi Kope (p <0,01),
a TaKKe pocT copepanua benka proBDNF (npepwectseHHMKa ¢aktopa BDNF) B runnokamne u ¢poHTanbHoi Kope
(p <0,05). MonyueHHble pe3ynbTaTbl LEMOHCTPUPYIOT, UTO HOKayT reHa Tnf uameHseT 3QdeKTbl SANUTENbHON COLMaNbHOM
M30MIALMM Y MbILLeR Ha noBefdeHue, 5-HT cucTeMy 1 aKcrpeccmio HeMpoTPOPUUECKUX (aKTOpPOB B MO3re.

KnioueBbie cnoBa: $paKkTop HEKPO3a OMYXONK; CEPOTOHUHOBAA CUCTEMA MO3ra; HEMPOTPODUHBI; COLManbHasA U30NALMS;
NoBeAeHMe; HOKayT; MbiLlb.
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AOMOJIHUTE/IbHAA UHOOPMALIUA

Bknap aBtopoB. Bce aBTopbl NOATBEPHOAIOT COOTBETCTBME CBOEr0 aBTOPCTBA MewAyHapoaHbIM Kputepuam ICMJE (Bce
aBTOPbI BHEC/W CYLLECTBEHHbIM BKMaA B pa3paboTky KOHLENUMK, NpoBefeHne 1CcCnefoBaHnA 1 NOGrQTOBKY CTaTby, MPOYn
1 0106pUN GUHAMBHYID BEpPCUIO Nepes NybauKaumen).

WUcTouHuk ¢puHaHcupoBaHMA. PaboTa bbina nogaepraqa rpaHtom PHO N2 21-15-00051.

KoHdnuKT uHTepecoB. ABTOpLI [IeKNapypyIoT OTCYTCTBME ABHBIX M NOTEHLMATbHBIX KOHGIMKTOB MHTEPECOB, CBA3AHHbIX C Myb-
JIMKaLIMEN HaCTOALLIeW CTaTbu.
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Effect of long-term social isolation on behavior
and brain plasticity in mice with tumor necrosis
factor gene knockout

D.V. Bazovkina*, U.S. Ustinova, S.N. Adonina, P.D. Komleva, A.B. Arefieva, V.S. Moskaliuk,
E.A. Kulikova

Institute of Cytology and Genetics of Siberian Branch of the Russian Academy of Sciences, Novosibirsk, Russian Federation

ABSTRACT

Prolonged social isolation can disrupt the functional activity of the serotonin (5-HT) neurotransmitter system and
neurotrophic support of the brain, activate neuroinflammatory processes, and cause various behavioral disorders [1]. On
the contrary, the pro-inflammatory cytokine, specifically tumor necrosis factor (TNF), affects the synthesis of serotonin
and the expression of neurotrophins in the brain [2]. Additionally, TNF gene knockout alters the severity of depression-like
behavior and cognitive functions in rodents [3].

The objective of this study was to examine the impact of prolonged social isolation on the 5-HT system in the brain
as well as the expression of the neurotrophic factors BDNF and NGF in Tnf gene knockout (TNF KO) mice and wild-
type C57BL/6 mice. Mice from each strain were divided into two groups: “control”, which were kept in groups, and
“experimental”, which were isolated in cages for six weeks. The mice were subjected to a battery of tests including
the “open field”, “three-chamber”, and “forced swimming” tests. The expression of genes was gauged in the brain
structure of mice through real-time RT-PCR and protein content was analyzed through Western blotting. Serotonin and
its metabolite 5-HIAA were quantified using HPLC. The results were analyzed using a two-way analysis of variance
followed by Fisher's multiple comparisons.

The animals’ locomotor activity did not differ between groups. Social isolation in TNF KO mice led to reduced exploratory
activity and increased anxiety (p <0.05) in the open field test. In isolated wild-type mice, social object preference in
the three-chamber test decreased (p <0.01). Isolation had no effect on depression-like freezing in the “forced swimming”
test and cognitive functions in the “new object” test in animals of both strains. Social isolation resulted in decreased
expression of the tryptophan hydroxylase 2 gene (synthesizes 5-HT) in the midbrain of wild-type mice (p <0.05) and
increased expression of the 5-HT1A receptor gene in this structure in knockout animals (p <0.05). Only the knockout mice
exhibited a reduction in 5-HT levels in the hippocampus due to isolation (p <0.05). However, there were no differences
observed in the levels of the neurotransmitter and its metabolite 5-HIAA in the frontal cortex and midbrain between
groups of both strains of mice. In TNF KO mice exposed to isolation, the mRNA level of the nerve growth factor gene NGF
increased in the frontal cortex (p <0.01); additionally, the content of proBDNF protein (a precursor of the BDNF factor)
increased in both the hippocampus and frontal cortex (p <0.05). Our findings indicate that Tnf gene knockout modifies
the influence of long-term social isolation on behavior, the 5-HT system, and the expression of neurotrophic factors in
the brain.
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