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Llenb: U3yunTb BAMAHUE MO3rOBOrO HelMpoTpoduyeckoro dakTopa, COPOUPOBAHHOTO Ha NONUAAKTUAHBIX HAHOYACTULLAX, MOKPbITLIX NONOKCAMEPOM
188 (brain-derived neurotrophic factor — BDNF), Ha aKcnepumeHTaIbHYIO AeMNPeccuio, He CBA3AHHYIO CO CTPECCOM, Y MbILLEH.

Matepuan n MeToapl: 3KCMEPUMEHT NPOBEAEH HA TPMALATU WeCTU mbiwax auHum C57BL/6 maccoit 20-25 1, y KOTOpbIX MOZEe/MpoBanach pesep-
NMUH-UHAYLMPOBaHHaA Aenpeccus. KuUBOTHble BblM pasgeneHbl Ha TpW TPYNMbl, NONyYaBLIME BHYTPMBEHHO: | rpynna — ¢V3MON0rMyeckmnii pacTeop
(oTpuuaTenbHbI KOHTPOL), Il Fpynna — TPaAMLMOHHBIN aHTUAENPECCaHT GAYOKCETUH (MONOKUTENbHbI KOHTPOAB) U I rpynna — BDNF (akcnepumeH-
TasbHasA rpynna). B KOHLE SKcnepyvMeHTa NpoBeAeHbl NOBEAEHYECKME TECTbI (OTKPbITOE Nose, NPEANOYTEHUE Caxapo3bl, NPUHYAUTENBHOE MiaBaHKe)
1 M3MepeHa KOHLLEHTPaLMA KOPTUKOCTEPOHA B KPOBM C MOMOLLbI0 MMMYyHObepMeHTHOro aHanusa (MPA). MposeaéH MMUAK-aHANN3 TUCTONOMUYECKUX
M3MEHEeHUI HafNMOYEYHUKOB U TUMyca. Bce pesynbraTbl 6biaM cTaTUCTUYECKM 06paboTaHbl C UCMO/b30BAHMEM MPOrpammHoro obecneyenuns SPSS
27.0.1.

Pe3ynbTaThl: y *KMBOTHbIX 3KCNEPUMEHTAIbHOM rPYNMbl HABAAANNCH CTAaTUCTUYECKM 3HAUMMO MEHBLLMWI YPOBEHB KOPTUKOCTEPOHA B Kposw (p<0,01),
CYLLECTBEHHbIE MOJ0MKMUTE/bHbIE U3MEHEHWA NOBEAEHUA B TECTaX OTKPbITOE NoJe (NpoiaeHHoe PaccTosHME, KOIMYECTBO 3aHUX CTOEK, YacToTa MO-
yeuncnyckauua u gedekaumu, p<0,01) n npegnouteHus caxaposbl (p<0,01), a TakKe 60MbLIYIO NPOAOMKUTENBHOCTb aKTUBHOW Pasbl B TECTE MPUHY-
AuTenbHoro nnasaHua (p<0,01), yem y KMBOTHbIX FPYMMbl OTPULLATENLHOMO KOHTPOASA. Y MbilIel 3KCNepUMeHTaNbHOM rpynnbl TakKe 06HapyKeHO
CTaTUCTUYECKM 3HAUMMOE CHUXKEHUE OBOBEMHOI NIOTHOCTU MYYKOBOW 30HbI KOPbI HagMo4eyHUKoB (p<0,05), a TakKe NaoLWwaamn eé CMoHTMOLMTOB U
ux agep (p<0,05) No CPaBHEHWMIO C KMBOTHLIMM, MONYYABLIMMU GU3MONOTUYECKMIA PACTBOP, B TO BPEMSA KaK MeXK/y rpynnoi oTpuLaTenbHoro v no-
JIOKWUTENBHOTO KOHTPO/IA Pa3NNYmnA MO JaHHbIM MapameTpam Obiin CTaTUCTUYECKM HE 3HaYMMbI. B TUMYyCE KUBOTHbIX SKCNEPUMEHTANIbHOW TPyNmbl
OTMEYEHO CTaTUCTUYECKM 3HaUMMO 6osiee BbICOKOe KOPKOBO-MO3rOBOE COOTHOLLEHME MO CPABHEHWIO C rpynnoi oTpuuatensHoro (p<0,01) u nono-
)utenbHoro (p<0,05) KoHTponel u bonee HU3Kas 06BEMHAA NNOTHOCTb MaKpPOParos ¢ anonTosHbiMu TenbLiamu (p<0,05) 1 No cpaBHeHUIO C rPynMoi
OTPULLATENbHOTO KOHTPO/A, KOTOPas MEXAY KOHTPObHBIMM rpynnamu CTaTUCTUYECKM 3HAYUMO HEe Pa3nnyanach.

3ak/loueHme: nccnefoBaHKe Nokasano sGpPeKTUBHOCTb IeYeHns moaenupyemoit aenpeccumn BDNF, no pagy nokasaTeneii CONocTaBrmyto ¢ TPaAnLM-
OHHbIM aHTUAENPECCAaHTOM (G/IyOKCETUHOM (MOBeLEHYECKME TECTbI, YPOBEHb CHUNKEHUA KOPTUKOCTEPOHA B KPOBM), @ MO APYrMM MoKasaTesam — npe-
BbILLAOLLLYIO €€ (rMnepniasus Ny4KoBOM 30HbI KOPbI HAZNOYEHYHUKOB, U TUMEPTPODUSA EE KNETOK, @ TaKKe YPOBEHb MMMYHOCYNPECCUBHbIX U3MEHEHWA
B TUMyce). Takum 06pa3om, ¢ y4ETOM NoyYeHHbIX AaHHbIX, BDNF MOXKHO paccmaTpuBaTh Kak NOTeHLMaNbHOE CPEACTBO A5 IEUEHUA AenpPeccum y
yenoBeka.

Kniouesble cnosa: BDNF, PLGA, denpeccus, 2unomanamo-2unogu3apHo-HadnovyeyHuKosas ocb.
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Objective: To study the effect of a nanoparticulate brain-derived neurotrophic factor with surfactant (BDNF) on the modeled depression not associated
with stress in mice.

Methods: Thirty-six C57BL/6 mice weighing 20-25 g were included in the study with reserpine-induced depression. The animals were divided into
three groups: Group 1 — negative control, involving animals treated with normal saline, Group 2 — positive control involving animals treated with
a traditional antidepressant fluoxetine, and Group 3 — experimental, treated with nanoparticulate BDNF with a surfactant. Open field, sucrose
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preference, and forced swimming tests were applied in the study, and the ELISA method was used to determine the corticosterone level in the serum.
Digital morphometry of the adrenal cortex and thymus was done. SPSS 27.0.1 software was used for statistics, with a p<0.05 level of significance.
Results: The mice of the BDNF and fluoxetine groups exhibited meaningfully lower levels of serum corticosterone (p<0.01), and considerable
improvements in the open field, sucrose preference, and forced swimming tests (p<0.01) than the animals of the normal saline group. Digital
morphometry showed a meaningful reduction in the share of the zona fasciculata in the adrenal gland, the area of its cells, and their nuclei in the BDNF
group compared to the animals treated with normal saline (p<0.05). In contrast, the difference between the fluoxetine and normal saline groups was
insignificant. A meaningfully higher thymic cortex-medulla ratio was noted in the mice of the BDNF group compared to the normal saline (p<0.01) and
fluoxetine (p<0.05) groups, and a lower percentage of macrophages with apoptotic bodies compared to normal saline (p<0.01) and fluoxetine groups
(p<0.05), which was not significantly different between the fluoxetine and normal saline groups.

Conclusion: Nanoparticulate BDNF with a surfactant shows the efficacy of treatment of modeled depression comparable with the traditional
antidepressant fluoxetine, as evidenced by behavioral tests, decreased corticosterone levels, or even exceeding it, as shown by significantly reduced
hyperplasia of the zona fasciculata of the adrenal gland and of its cells, as well as reduced immunosuppressive changes in the thymus (higher cortico-
medullary ratio, lower volume density of the tingible body macrophages). These results underscore the potential of nanoparticulate BDNF as a
treatment for depression not associated with stress.

Keywords: BDNF, PLGA, depression, hypothalamic-pituitary-adrenal axis.
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BBEAEHME

[lenpeccuBHble paccTpoMCTBa ABAAKOTCA aKTyanbHoOW mpobne-
MOV COBPEMEHHOrO 3/1paBOOXPaHEHNs BO BCEM MUpe, 4To 0byCcnoB-
NIeHO MOCTOAHHBIM POCTOM 3ab60/71€BAEMOCTU, TANKENBIMU JIMYHBIMU
CTPAAAHUAMM MNaLMEHTOB, PUCKOM CaMOYOMICTB M 3HAUYMTENbHOM
$UHAHCOBOW HArpysKoi Ha 0bLLEeCTBEHHOE 34PAaBOOXPAHEHME, Bbl-
3BaHHOM A/IUTENbHOW HETPYAOCNOCcObHOCTbIO MaLmMeHToB. Ha ceroa-
HAWHWUIA JeHb OKono 280 MWAIMOHOB YeNOBEK CTPAAAEeT AaHHbIM
Hefyrom, YTto AenaeT ero CambiM YacTbiM HEBPOMOTMYECKMM pac-
CTPOICTBOM W OAHOM U3 Hanbonee YacTbix NPUYMH cMmepTu. Mo AaH-
Hbim BO3, K 2030 rozy AenpeccuBHblE PACcCTPOWCTBA MOAHUMYTCA
Ha | MecTo no Takomy nokasaTento, Kak bpema 6onesHei, ¢ Ill mecTa,
KOTOpOe OHu 3aHMManun B 2008 rogy. J/ledeHue Aenpeccuit ocTaércs
60/1bLION NPO6AEMOI COBPEMEHHOW MeAMUMHbI, NOCKObKY OKONO
70% 60/1bHbIX OKa3bIBaAOTCA pePPaAKTEPHBIMU K MEAMKAMEHTO3HOMY
neyenuio [1-5].

CymTaeTcs, YTO B Pa3BUTUM Zenpeccun 6oNbLLYIO PO/b UrpatoT
HelpoTPOPUMHbI, BaXKHENWMI cpean KoTopbix — BDNF [6]. C H1UMm cBs-
3aHbl HeliporeHes, BbIKMBAEMOCTb U pereHepaLa HepoHOB, UX CU-
HanTUYeCcKan NAAaCTUYHOCTb, A TaKXKe MUEMHU3ALMA HePBHbIX BOJIO-
KOH, KOTOpble peanusyrTcs Npu ero cBA3biBaHUM ¢ peuentopamu TrkB
[7-11]. OH 3apeicTBOBAH B MpoLeccax 0by4yeHus, NaMaTh, PeakLmax
Ha 6onb U cTpecc [12-15].

B cooTBETCTBMM C HelpoTpodUyecKoi Teopuein agenpeccuu
CTPECCOpHble (aKTOPbl BHELUHEN CPeabl Bbi3bIBAKOT CHUMKEHME CUH-
te3a BDNF u HapyweHue BDNF/TrkB curHanuHra B8 otaenax mosra,
peanu3ytoWmx KOTHUTUBHbIE QYHKLMWM M PETYAALMIO HACTPOEHWS,
4TO NPUBOAMT K AedULMTY HeliporeHe3a U HeponaacTUYHOCTU, CHU-
YKEHWIO CUHANTUYECKOW MAACTUYHOCTU, HAPYLIEHWIO CUHANTUYECKOM
nepefauv U ycuaveaeT AereHepauuio HeMpoHOB. ITW HapylleHus
NPVBOAAT K NOABNEHWUIO CTPYKTYPHBIX U3MEHEHUIA TOIOBHOMO MO3ra,
B YaCTHOCTW, aTpodum NnpedpoHTaNbHOM KOPbI U TMNNOKaMna, YTo /10-
KWUTCA B OCHOBY A€NPECCUBHbIX paccTpoicTs [16-22].

OueBunaHo, 4yto BDNF moxeT 6biTb 3pPEeKTUBHO MCNONb30BAH
Npv NeYeHUN KIMHUYECKOW AeNPeccMm 1 Apyrux XpOHUYECKux 3abo-
NeBaHWI HEPBHOM CUCTEMBI, OHAKO, Byayun KpynHOM 6enkosoi mMo-
NIEKY/ION, OH HE MPOHMKAET Yepes rematosHuedanmueckuii bapbep.
MonMmepHble HaHOYACTULIbI, TakmMe Kak PLGA, aBnaoTca cpescTBOM
noctasku BDNF B ronosHow mosr [23].
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INTRODUCTION

Depressive disorders are a big problem of modern health-
care worldwide, which is due to the constant increase in mor-
bidity, severe personal sufferings of patients, the risk of suicide,
and a significant financial burden on public healthcare caused
by long-term disability of patients. Today, about 280 million
people suffer from this disease, which makes it the most com-
mon neurological disorder and one of the most common causes
of death. According to WHO, by 2030, depressive disorders will
rise from 3" place as a disease burden, which they occupied in
2008, to 1%t place. Treatment of depression remains a signifi-
cant problem of modern medicine since about 70% of patients
are refractory to drug treatment [1-5].

It is believed that neurotrophins, the most important of
which is BDNF, play a major role in the development of depres-
sion [6]. Neurogenesis, survival, and regeneration of neurons,
their synaptic plasticity, and myelination of nerve fibers are as-
sociated with BDNF, which binds to the TrkB receptors [7-11].
BDNF is involved in learning, memory, pain, and stress respons-
es [12-15].

According to the neurotrophic theory of depression, en-
vironmental stressors decrease BDNF synthesis and disrupt
BDNF/TrkB signaling in brain regions involved in cognitive func-
tion and mood regulation, resulting in deficits in neurogenesis
and neuroplasticity, reduced synaptic plasticity, impaired synap-
tic transmission, and increased neuronal degeneration. These
impairments result in structural changes in the brain, particu-
larly atrophy of the prefrontal cortex and hippocampus, which
underlie depressive disorders [16-22].

BDNF can effectively treat clinical depression and other
chronic diseases of the nervous system. However, being a large
protein molecule, it does not penetrate the blood-brain barrier.
Polymer nanoparticles like PLGA may deliver BDNF to the brain
[23].

At the same time, there is evidence [6] that selective se-
rotonin reuptake inhibitors, such as fluoxetine, do not increase
BDNF levels in the blood even if the clinical effect is achieved,
and therefore it cannot be used as an indicator of the severity
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BmecTe ¢ Tem, ecTb faHHble [6] O TOM, YTO CENEKTUBHbIE UHIU-
6uTOPbI 06PATHOO 3aXBaTa CEPOTOHMHA, B YAaCTHOCTU G/TYOKCETUH, HE
cnocobcTByeT NoBbiWeHMIO ypoBHA BDNF B KpoBw Jaxe npu focTv-
YKEHWU BbIPAXKEHHOTO aHTUAENPECCUBHOTO AencTBUA. [TOMMMO 3TOrO,
Oaxe npu nsmeHeHun yposHa BDNF B KpoBu, B CBA3U C fle4eHUEM
aHTMAENpPeccaHTaMu, ero Napannenusma ¢ KAMHMYeckum sdpdektom
He HabntofaeTcs, B CBA3M Yem MCMO/b30BaTb ero B KayecTse Nokasa-
TENA TAKECTU TeyeHusa 3aboneBaHnA U 3OHEKTUBHOCTU NIEYEHNA He
NpeaCTaBAAETCA BO3MOMKHbIM [18], UTO MOMKET 06BACHATLCA TEM, UTO
Ha ypoBeHb BDNF KpoBM MOXKeET BAMATb €ro IKCNpeccus SHA0TeNaNb-
HbIMU KNETKaMU, TMMOLUTaMM 1 APYIMMUM KNETKAaMMU KPOBH, a TaKKe
rnafikumm muouutamu [7, 8J.

LLENb UCCNEQOBAHUA

M3yuntb BAnsaHWe BDNF, copbrpoBaHHOro Ha MOAMNAKTUAHbBIX
HaHOYacTMLAX, NOKPbITbIX NONOKCamMepom 188, Ha aKcnepumeHTab-
HYI0 leNpeccuto, He CBA3aHHYH CO CTPECCOM, Y MbILLEN.

MATEPUAN U METOAbI

B nccnenosaHme Bbin BKAOYEHO 36 mbllweit camuos C57BL/6
Becom 20-25 1, HaXxo4ALWMXCA B CTAaHAAPTHbIX YCAOBUAX BMBAPHOIO
coflepKaHuA ¢ HeorpaHWYeHHbIM JOCTYMOM K BOZE W KOpMY, 3a UC-
K/HOYEHMEM BPEMEHW NPOBEAEHUA TecTa NPesnoYTeHMA caxaposbl C
npesBapuTeNbHbIM 3Tanom NpuBbIKaHUA. Ko Bcem MBOTHbIM bblna
NPUMeHEeHa pe3epnnHOBas MOAENb AeNPeccum, ONMcaHHaa Hamu pa-
Hee [24], nocne yero mbiwmn 6biAM NPOU3BONLHO pacnpesesieHbl no
Tpém rpynnam. HMBOTHble NEpPBOM rPynMbl NOMyYanu BHYTPUBEHHO
dwv3pacTBOp, BTOPOM rpynnbl — NeyeHne CTaHAAPTHbIM aHTUaenpec-
CaHTOM (/IyOKCETMHOM BHYTPMBEHHO, M TPETbA Tpynna noay4yana
TaKKe BHyTpuBeHHO pacTBop BDNF, copbupoBaHHbI Ha HaHOYacTK-
uax PLGA ¢ nonokcamepom 188 [25]. Mo oKOHYaHWUM feveHus Gbiin
npou3BeaeHbl TeCTbl OTKPbLITOro Noas, GopcMpoBaHHOMO NAaBaHWA U
npeanoyTeHns cnagroro [24]. 3atem metogom ELISA onpeaensnacb
KOHL,EHTPaLLMA KOPTUKOCTEPOHa B CbIBOPOTKe KpoBsu. 3aboit nposo-
[AWNCA NOCPeACTBOM AeKanuTaummn. Bce MaHMNynaLMM € KMBOTHBIMM
NpOBOAMNNCL B COOTBETCTBUM C MPOTOKONIOM, 0A06peHHbIM ITnye-
CKMM KomuTeTOM yYHMBepcuTeTa Universiti Malaysia Sarawak.

KonnuectseHHas oLeHKa U3MeHEHWI B SHAOKPUHHBIX enesax
M MMMYHHbIX OpraHax NpoBOAMAACH C UCMOb30BaHWEM NPOrPaMMbl
umdposoit mopdpomeTpun Image Pro+ 7.0 (Media Cybernetics, USA).
AHanu3y noagepraamcb TMMYC U HaZNMOYEYHVKM NOAOMNbITHbIX MblLei
C UCNONb30BaHUEM aNropuTMa, ONMCaHHOTO HamK paHee [24]. MNose-
[leHYeCcKMe peakummn 1 pesybTaTbl TecToB GOPCMPOBAHHOMO NaBa-
HWA U NPeANOYTEHNA CNAZLKOTO OLLEHWMBAIUCh C MOMOLLIO CTaTUCTU-
yeckoi nporpammbl SPSS 27. Pe3ynbtatbl LUMdpPOBOM MOppOMeTpUM
obpabaTbiBannch ¢ NpuMmeHeHnem Kputepua CTbiogeHTa npu p<0,05
YPOBHE CTaTUCTUYECKOW 3HAUMMOCTMU.

PE3YNIbTATbI U UX OBCYXXAEHUE

Pe3ynbTaThl OLEHKM YPOBHS NOBEAEHYECKOrO AeduLUMTa Y IKC-
NepUMEeHTasIbHbIX KMBOTHbIX MOKa3aHbl Ha puc. 1-3.

Puc. 1 4EMOHCTPUPYET HaNNYME BbICOKO CTaTUCTUYECKM 3HAUM-
MOFO Y/IyYLIEeHUA BCeX TPEX NMapamMeTpoB MNoBefeHUs (pPaccTosHus,
NpoMAEHHOro B TECTE OTKPLITOrO MOAS; YMCAA 3aHWX CTOEK U KO/K-
yectBa 60/110CcoB) Npu NeyeHnn dayokceTHom U BDNF no cpaBHeHMo
¢ duspacteopom (p<0,01), Npu 3TOM Mexay NOCAeAHUMM PA3ANUNIA
He BbIAIBNEHO.

of the disease and the effectiveness of treatment [18].This dis-
crepancy may be explained by BDNF expression found in endo-
theliocytes, lymphocytes, and the other blood cells, and smooth
myocytes [7, 8]

THE PURPOSE OF THE STUDY

To investigate the effect of BDNF adsorbed on polylactide
nanoparticles coated with poloxamer 188 on experimental de-
pression not associated with stress in mice.

METHODS

The study included 36 male C57BL/6 mice weighing 20-25
g, kept under standard vivarium conditions with unlimited ac-
cess to water and food, except for the time of the sucrose pref-
erence test with a preliminary habituation stage. All animals
were subjected to the reserpine model of depression described
by us earlier [24], after which the mice were randomly divided
into three groups. Animals of the Group 1 received intravenous
treatment with normal saline, Group 2 — treatment with the
standard antidepressant fluoxetine intravenously, and Group
3 received an intravenous solution of BDNF adsorbed on PLGA
nanoparticles with poloxamer 188 [25]. At the end of the treat-
ment, open field, forced swimming, and sucrose preference
tests were performed [24]. Then, the concentration of serum
corticosterone was measured by ELISA. Animals were sacrificed
by decapitation. All manipulations with animals were carried
out per the protocol approved by the Universiti Malaysia Sar-
awak Ethics Committee.

Quantitative assessment of changes in the endocrine
glands and immune organs performed using the digital mor-
phometry program Image Pro+ 7.0 (Media Cybernetics, USA).
The thymus and adrenal glands of the experimental mice were
analyzed using the algorithm described by us earlier [24]. The
open field, forced swimming, and sucrose preference test re-
sults were assessed using the statistical program SPSS 27. The
results of digital morphometry were processed using the Stu-
dent's test at a significance level of p<0.05.

RESULTS AND DISCUSSION

The results of assessing the behavioral deficit level in ex-
perimental animals are shown in Fig. 1-3.

Fig. 1 demonstrates the presence of highly significant im-
provement in all three behavioral parameters (distance covered
in the open field test, number of rearings, and number of bo-
luses) with fluoxetine and BDNF treatment compared to saline
(p<0.01), while no differences were found between the fluoxe-
tine and BDNF.

Fig. 2 shows the behavior of the experimental mice during
forced swimming. This test was conducted before and after
treatment. Before treatment, the animals of all three groups
had approximately the same swimming, freezing, and struggling
time, with a significant predominance of the freezing phase. Af-
ter treatment, the animals of the fluoxetine and BDNF groups
significantly increased in the time of swimming and struggling,
while the freezing time decreased (p<0.01). This test also did
not reveal any significant differences between the mice treated
with fluoxetine and BDNF.
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Puc. 2 otpaxkaeT noBeaeHMe NOAONbITHLIX MbILei npu dopcu-
POBAaHHOM MaBaHUW. [laHHbI TECT NPOBOAWCA 4,0 U NOC/IE NIEYEHWSA.
Ecan [0 neyeHuns XMBOTHbIe BCeX TPEX rpynn UMenu NnprMepHoO oau-
HaKoBOE BPEMs M/1aBaHUsA, 3aMUPaHNUSA U B6OpbObl CO 3HAYUTENIbHBIM
npeobnagaHnem dasbl 3aMMPaHUA, TO Y MMBOTHbIX NOC/E NeYeHUs
c nomoLbto dyokceTuHa U BDNF cTaTUCTUYECKM 3HAYMMO YBEUYM-
NoCb Bpema nnasaHuA 1 6opbbbl, B TO BpeMA Kak Bpema 3aMupaHus
cokpaTunoch (p<0,01). JaHHbIi TECT TaKKe HE BbIABU/ CYLLECTBEHHbIX
PasIMuMA MeXAy MbIlLaMK, NONYYaBLINX feveHne GyoKCeTUHOM U
BDNF.

Puc. 3 nokasbIBaeT CXOAHY0 AMHAMMKY eLLé OAHOro NnoseaeHye-
CKOTO MapameTpa — NPeANoYTEHUA CIAZLKOTO Y NOAOMbITHBIX MblLIEN.
Y neyeHHbIx GayokceTMHOM M BDNF KMBOTHbIX AaHHbIV NOKa3aTesb
6blN CTAaTUCTUYECKM 3HAUMMO BbILLE, YEM Y MbILLEW, MOTyYaBLUMX GU3-
pactop (p<0,01). YpoBeHb KOPTUKOCTEPOHA, HANPOTKB, Bbln CTaTH-
CTUYECKM 3HAYUMO HUKe nocsie eveHns GayokceTHom 1 BDNF, uem
nocne npumeHenusa ¢uspacteopa (p<0,01). Tak e, KaKk 1 Nno npeabl-
OYLWMM NOoBeAEeHYeCKUM TecTaM, No AAaHHbIM MOKa3aTenamm rpynnbl
JKMBOTHbIX, NoNy4aBLunx BDNF v dnyokceTnH, mexay coboit 3HauMmo
He pasn4yanuco.

Takum 06pasom, No xapakTepy NoBeAeHYECKUX peakLuii 1 ypoB-
HIO KOPTMKOCTEPOHA B KPOBM NOAOMbITHBIX YXMBOTHbIX MOXHO CAEMaTb

Puc. 1 Pe3ynemambl nogedeH4ecKux
Mecmos #UBOMHbIX SKCNepUMeHMarb-
HOU U KOHMPOsbHLIX 2pynn; ** —p<0,01 8
cpasHeHuu c | 2pynnoli

Fig. 1 Behavioral test results in
experimental and control groups of
animals; ** — p<0.01 compared with
Group 1

m IrpynnaGroup 1
Ilrpynna Group 2
IllIrpynna Group 3

KO/IM4ecTBo 60/110C0B
number of boluses

Fig. 3 shows similar dynamics of another behavioral pa-
rameter — preference for sucrose in experimental mice. In an-
imals treated with fluoxetine and BDNF, this indicator was sig-
nificantly higher than in mice treated with saline (p<0.01). The
level of corticosterone, on the contrary, was significantly low-
er after treatment with fluoxetine and BDNF than after saline
(p<0.01). According to these indicators, the groups of animals
treated with BDNF and fluoxetine did not differ significantly.

Based on the results of behavioral reactions and the level
of corticosterone in the blood of animals, it can be confidently
concluded that the effectiveness of treatment of experimental
depression with the traditional antidepressant fluoxetine and
nanoparticulate BDNF with poloxamer 188 is comparable.

Fig. 4 allows us to qualitatively compare the changes in the
adrenal cortex and thymus of the experimental animals with
different types of medications for experimental depression. An-
imals that received saline (Fig. 4a) showed pronounced hyper-
plasia of the adrenal cortex, an obvious dominance of the zona
fasciculata, hypertrophy of its cells and their nuclei, a foamy
cytoplasm, and capillary plethora. While in the animal that re-
ceived BDNF (Fig. 4b), hyperplasia of the zona fasciculata was
less pronounced, the cellularity of the cytoplasm was moderate,

Puc. 2 Tecm ¢opcupo8aHHO20 NAABAHUS 00 U

180 nocse fe4YeHUA X UBOMHbIX 3KchepumMeHmMasib-
HoU U KOHMPOnbHbIX 2pynn; ** —p<0,01 6
160 cpasHeHuu ¢ | 2pynnoli
140
Fig. 2 Forced swimming test before and after
120 . . .
treatment animals in the experimental and
100 B — control groups; ** — p<0.01 compared with
% %
30 Group 1
kk Kk
60
m Irpynna ao neyeHus Group 1 before treatment
40 m |l rpynna o neyeHuna Group 2 before treatment
20 m llirpynna go neyeHus Group 3 before treatment
m Irpynnanocne neveHna Group 1 after treatment
0 Il rpynna nocne nevenuna Group 2 after treatment
nnasaHuMe swimming 6opbba strugging 3amupaHue floating m llirpynna nocne neveHus Group 3 after treatment
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BbIBOZ, 06 9DPEKTUBHOCTU IeUeHUA IKCNIEPUMEHTA/IbHO Aenpeccum
TPaAMLMOHHBIM aHTUAENPECCAaHTOM (NYOKCETUHOM M copbUupoBaH-
HbIM Ha HaHouyacTMuax c nonokcamepom 188 BDNF, conoctaBumon
npv NPYMEHeHUU 06enx NeKapCTBEHHbIX GOpM.

Puc. 4 no3BonseT KauecTBEHHO CPaBHWUTb U3MEHEHMA B Kope
HaZNOYEYHMKOB M TUMYCE MOLOMbITHbIX }KMBOTHbIX NPM Pa3HbIX BUAAX
MEeAMKaMEHTO3HOIO IeYEHMA IKCNEPUMEHTANIbHOM Aenpeccuu. Y Ku-
BOTHbIX, NONYYaBLWNX GU3PAcTBOP (puc. 4a) OTMEYAETCA BblpaKeHHas
rMnepnaasna KOPKOBOTO BeLLEeCTBA HAZANOYEYHUKA, pe3Koe AOMUHW-
poBaHue zona fasciculata, runeptpodua eé KNeToKk 1 ux saep, Bbico-

Puc. 3 YposeHb KOpmuKoCmMepoHa 8 Kposu U mecm
npednoYymeHuA caxapo3bl HUBOMHbIX SKCNEPUMEHMAb-
Hol u KoHMponeHoU 2pynn; ** — p<0,01 8 cpasHeHuu ¢ |
epynnoli

Fig. 3 Serum corticosterone and sucrose preference level
in the experimental and control groups; ** — p<0.01
compared with Group 1

ug/ml

B IrpynnaGroup 1
Il rpynna Group 2

Il rpynna Group 3

and there were no apparent differences in the structure of the
zona glomerulosa and zona reticularis. Animals that received
fluoxetine had a comparable histological picture of the adrenal
glands.

Fig. 4 shows a comparative picture of the thymus of mice
that received saline (4c) and BDNF (4d). Fig. 4c displays the hy-
pocellularity of the cortex, unclear border contours between
the cortex and medulla, and many macrophages with apoptot-
ic bodies. At the same time, in Fig. 4d, thymocytes of varying
degrees of maturity are tightly adjacent to each other, separat-

Puc. 4 HadnoueuHuk (4a, 4b) u mumyc (4c, 4d) #eusommbsix | (4a, 4¢) u lll (4b, 4d) epynn. Mukpogomoepaguu. OKpacka 2emMamoKcUAUHOM-30-
3uHom. 06.x40. Co — KopKosoe seujecmso, M — mMo32080e 8euwecmaso, CmpesKka — Makpogae ¢ anonmosHsiMu measuamu, C—kancyna, G, F, R

- Kﬂy60‘4KOBGFI, ny4Yykosasa u cem4yamas 30Hbl

Fig. 4 Adrenal gland (4a, 4b) and thymus (4c, 4d) of Group 1 (4a, 4c) and Group 3 (4b, 4d) animals. Micrographs. Hematoxylin-eosin staining. x40.
Co — cortex, M —medulla, arrow — macrophage with apoptotic bodies, C— capsule, G, F, R — zonae glomerulosa, fasciculata, reticularis
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Kas cTeneHb AYEUCTOCTU LMTOMNA3Mbl, MOJHOKPOBME KanWUAAAPOB.
B TO Bpems, KaK y »KMBOTHOro, nosnydaslero BDNF (puc. 4b), runep-
nnasus zona fasciculata BbipaxeHa MeHbLUe, AYeNUCTOCTb LUTONA3Mbl
yMepeHHas, B cTpoeHnu zona glomerulosa v zona reticularis npuHum-
NUabHbIX OTAUYMNIA HET. Y XKUBOTHbIX, NOYYaBLUMX GNYOKCETUH, UMe-
Nla MecTo COMOCTaBMMaA MMCTONOMMYECKAnA KapTUHA HaZNMOYEYHVKOB.

Ha puvc. 4c Takke noKasaHa CpaBHWUTENbHAA KapTUHA TUMYyca
MbIlWwK, nonydasluen puspactsop u BDNF (puc. 4d). Ha puc. 4c 3a-
METHA TMMNOLENONAPHOCTb KOPKOBOTO BELLECTBA, HEYETKUE KOH-
TYPbl TPAHWL, MEXAY KOPKOBbIM M MO3rOBbIM BELLECTBOM, 60/bLLIOE
KONMYeCTBO MaKkpodaros ¢ anonTo3HbIMU TenbLamu. B To e Bpems,
Ha puc. 4d pa3peEHHOCTb KOPKOBOTO BELLECTBA He BblpaeHa, TH-
MOLWMTbI PA3HOM CTEMEHM 3PENOCTU MAOTHO NPUAEXKAT APYr K Apyry,
pasgenéHHble eAUHUYHBIMM PETUKYN03NUTENNANBHBIMU KNETKaMU U
PEeAKo BCTPevaroLmmMmca Makpodaramy ¢ anonTo3HbIMK Te/bLaMMU.
[Mpw 3TOM Y KMBOTHbIX U3 rpynMnbl GpIyOKCETUHA U3MEHEHUA B MUKPO-
CTPYKTYype TMyca bblIM aHaNorMYHbIMM TakoBbIM B rpynne BDNF.

KonnyectBeHHan OLLEHKA MCTONOTMYECKUX U3MEHEHWUI B Haf-
NoYeyYHUKe NpeaCcTaBaeHa Ha puc. 5.

Kak cneayet w3 puc. 5, yaenbHas niowazb zona fasciculate,
nAoWab €€ KNETOK, a TaKkKe Afep 3TUX KNETOK bblna CTaTUCTUUECKH
3HAUMMO HUXKe B rpynne XMBOTHbIX, nonyyaslwmnx BDNF no cpasHe-
HUWIO C rpynnoit, nonyyaswei uspactsop (p<0,05). OgHako B rpynne
YKMBOTHBbIX, KOTOPbIM BBOAWAM GIYOKCETUH, OHU BbIN CTATUCTUYECKM
HE3HAUMMO HUKe, Yem B rpynmne Mblllel, NoayyYaBLnX Gpu3pacTsop u
CTaTUCTUYECKN HE3HAYMMO BbILLE, YEM Y }KMBOTHbIX, Nony4yasumx BDNF.

Ha puc. 6 npeacTaBneHbl CpaBHUTENbHbIE AaHHblE LMdPOBOW
MopdoMeTpUK TUMYCA.

MoKa3aHO, YTO KOPTUKO-MeyANAPHOE COOTHOLIEeHUE B TUMY-
ce Mblwein, noayyaswmx BDNF, cTaTUCTUYECKM 3HAUMMO BbILE, YEM
Y *KMBOTHbIX rpynmnbl GpIyOKCETUHA M CTaTUCTUYECKM 3HAUMMO BbilLE,
yem B rpynne, nony4asiei ¢uspactsop (p<0,05 n p<0,01 cootseT-
CTBEHHO). Mpun 3TOM (yoKCeTUHOBAA TPyMNna TaKKe CTaTUCTUYECKU
3HAYYMO OT/IMYANACh MO AAHHOMY MapaMeTpy OT rPYNMbl }KMUBOTHbIX,
nonyyasLumx puspacteop (p<0,05). YaenbHas niowasb Makpodaros
6blfla HaUBbICLLEH Y KMBOTHBIX, MOy4aBLIMX GKU3PACTBOP. Y KMBOT-
HbIX (NYOKCETUHOWM Tpynnbl OHa OblNa CTATUCTUYECKU HE3HAYMMO
HUKe, YeM Y MblLLei, NoMyYaBLIMX GU3PACTBOP M CTAaTUCTUHECKM He-
3HAYMMO BbILLE, YEM Y MbILLEN, KOTOPbIM BBOAMAM BDNF.

Takum 06pa3om, NMpPoBeAEHHOE UCCNelOBaHWE MOKa3ano, YTo
BDNF, copbupoBaHHbIi Ha MOAMNAKTUAHBIX HAHOYACTULLAX, OKa3bl-

200
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120
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ed by scarce reticuloepithelial cells and rare macrophages with
apoptotic bodies. In animals of the fluoxetine group, changes in
the thymus microstructure were similar to those in the BDNF
group.

As follows from Fig. 5, the volume density of the zona fas-
ciculata, the area of its cells, and their nuclei were significant-
ly lower in the group of animals receiving BDNF compared to
the group receiving saline (p<0.05). However, in the fluoxetine
group, these parameters were significantly lower in comparison
neither with the group receiving saline nor receiving BDNF.

Fig. 6 shows comparative data of digital morphometry of
the thymus. It demonstrates that the corticomedullary ratio in
the thymus of BDNF group mice is significantly higher than in
the fluoxetine group and meaningfully higher than in the group
receiving saline (p<0.05 and p<0.01, respectively). At the same
time, the fluoxetine group also significantly differed in this pa-
rameter from the group receiving saline (p<0.05). The volume
density of macrophages with apoptotic bodies was highest in
animals receiving saline. In animals of the fluoxetine group, it
was not significantly lower than in mice receiving saline and not
significantly higher than in mice of the BDNF group.

The study's key findings reveal that nanoparticulate BDNF
has a positive impact on modeled depression in mice. This is
supported by significant improvements in behavioral reactions
in the open field, forced swimming, and glucose preference
tests.

Commonly, depression is associated with stress since inter-
personal conflicts, losses, financial problems, unemployment,
and loneliness, as well as childhood psycho-emotional trauma,
are often stated in the case histories. Stress activates the HPA
axis and causes maladaptive changes in various neurobiologi-
cal systems, which provoke the development of depression and
trigger a cascade of disorders in the immune system [26, 27]. In
this study, similar changes were observed. However, the exper-
imental animals were not stressed since we assessed the effect
of depression modeled without a stress trigger on the HPA axis
and the immunomodulation mediated by it. Treatment of de-
pression with BDNF made these changes reversible.

The present experiment showed that the efficacy of
nanoparticulate BDNF with a surfactant is comparable with that

Puc. 5 YdenoHas nnouwjade ny4xosoli 30Hbl (ZF, %), nno-
wade cnoHeuoyumos (SS, Mmkm?) u ux adep (SN, mkm?) e
Kope Ha0N0YeYHUKO8 HUBOMHbIX IKCnepumeHmaneHol u
KOHMposnbHsbix 2pynn, M+m;, * — p<0,01 8 cpasHeHuu ¢ |
epynnoli

Fig. 5 Volume density of the zona fasciculata (ZF, %), area of
spongiocytes (SS, mcm?), and their nuclei (SN, mem?) in the
adrenal cortex, M+m; * — p<0.01 compared with Group 1

M |rpynnaGroup 1
& Il rpynna Group 2

Il rpynna Group 3
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BaeT NO3UTUBHOE AEUCTBME NPU MOAENMPOBAHHOW AeNpeccuu y Mbl-
Lel, 0 YEM CBUAETENbCTBYIOT CTaTUCTUUECKM 3HAUMMbIE NONOXKMUTENb-
Hbleé M3MEHEeHUA NOBEAEHUYECKMX peakumil B TeCTax OTKPbITOE none,
bopcMpoBaHHOTO NNaBaHWA Y NPEANOYTEHNUA [1IOKO3bI.

CunTaerca, YTO BO3HWKHOBEHME Aenpeccun CBA3aHO CO CTpec-
COM, TaK Kak HepeaKo B UCTOPUAX BONE3HN MOXKHO HalUTV YNOMMUHa-
HUE MOoTepb, MEXIUYHOCTHBIX KOHOAMKTOB, PUHAHCOBBLIX Npobiem,
6e3paboTnLLbl U OAMHOYECTBA, @ TaKKe AETCKUX MCUXOIMOLMOHANb-
HblX Tpasm. CTpecc aKTMBMpYeT rMnoTanamo-runopusapHo-Haamno-
yeyHuKosyto ocb (ITHO) 1 BbI3bIBaET Ae3aAanTalMOHHblE U3MEHE-
HUA B PA3/IMYHbIX HEMPOBMONOrMYECKMX CUCTEMAX, YTO NMPOBOLMPYET
pasBuTME Jenpeccun W 3anycKaeT Kackag, HapyLieHW B MMMYHHOM
cucteme [26, 27]. OnucaHHble B HALLEM UCCNEA0BAaHUM M3MEHEHUA
B NOBeAEHWM, ypoBHe akTnBHocTH [THO v B MMMYHHOI cucteme ne-
PEK/IMKAIOTCA C BbILLEYNOMAHYTbIMM, OLHAKO B WUCMONb3yeMON HaMU
MoZenn Aenpeccumn CTpecc OTCYTCTBOBaA, MOCKO/bKY Mepes Hamwu
CTOANA 33/la4a M3yYeHUs BAUAHWUA Aenpeccuu, cBOBOAHOM OT cTpec-
copHoro Tpurrepa, Ha [THO 1 onocpesioBaHHYO el UMMYHOMOAYNA-
LIMIO, @ TaK¥Ke BO3MOMXKHOCTU CAENaTb 3TU U3MEHEHUA 0B6PaTUMbIMK C
nomotubto BDNF.

HacToflmin KCNepuMMeHT nokasan, 4Yto 3GQGeKTUBHOCTL Mo-
NOXUTENbHOTO AeNcTBnA copbMpoBaHHOTO Ha HaHouvactuuax BDNF
npy 3KCMEPUMEHTaNbHOM AEenpecci OKa3blBAeTCA COMOCTAaBUMOM C
TaKOBOM Y TPAAMLUMOHHOIO aHTUAenpeccaHTa (yoKceTUHa, cenek-
TUBHOIO MHMMBWUTOPA 06PaTHOrO 3axBaTa CePOTOHMHA. [pu 3TOM BBE-
naexve BDNF napannenbHo Bbi3biBaeT ymeHblueHWe akTuBauum ITHO,
BbI3bIBAEMOM Jenpeccueid, 0 YEM CBUAETENbCTBYET CTaTUCTUYECKU
3HAYMMOE CHUXEHME YPOBHA KOPTUKOCTEPOHA B KPOBM, TaKXe cono-
CTaBMMOe Npu Ucnonb3oBaHUM BDNF 1 GpyoKceTUHa, U ymeHbLLeHWe
CTeneHu rMnepnnasMmn Kopbl HaAMOYeYHUKOB, KOTOPOE, HanpoTus,
CTAaTUCTMYECKM 3HAYMMO CHUMKANO MOCNEAHION /IMlWb NPU UCMONb-
30BaHuMM BDNF, HO He ¢nyokceTMHa. OQHOBPEMEHHO OTMEYAETCA
YMEHbLUEHUE YPOBHA KOPTUKOCTEPOH-aCCOLMMPOBAHHON MMMYHO-
cynpeccuu, o Yeé CBUAETENbCTBYET BblABAEHHOE MOPGOMETPUYECKM
CHWKEHWE YPOBHA MHBOMIOLMM TUMYCa. TakMm 06pa3om, cpaBHeHUe
nevicteua BDNF n dayokceTMHa npu mMoZenvpoBaHHOM Aenpeccum
MOKa3aso, YTo Mo pagy NapameTpoB OHO COMOCTaBMMO (ynydylleHue
NOBEAEHYECKUX PeaKLMi, CHUMKEHWEe YPOBHA KOPTUKOCTEPOHA B
KPOBM), a MO pAAY NoKasaTenei OHO CTAaTUCTUYECKM 3HauMmo bonee
3GPEKTUBHO Npu Ucnonb3oBaHUM BDNF (ymeHbLUeHMe runepnaasum
KOpbl HAAMOYEYHUKOB M YPOBHA aCCOLMMPOBAHHOW C HEN UMMYHO-
cynpeccuu). NonyyeHHble faHHbIE TaKXKe NO3BONAIOT 3aK/IHOUUTb, YTO

Puc. 6 Kopkogo-mo32o80e coomHouieHue (CMR) u ydeneHas
naowads (%) makpogazos ¢ anonmo3sHsIMU mesbyamu
(TBM) 8 mumyce #ugomHsoix sKCnepuMeHmanbHol u
KoHmpossHol epynn, M+m; * — p<0,05 8 cpasHeHuu ¢ |
epynnoll; ** — p<0,01 8 cpasHeHuu ¢ | 2pynnod; #— p<0,05 6
cpasHeHuu co Il epynnoli

Fig. 6 Cortico-medullary ratio (CMR) and volume density (%)
of tingible body macrophages (TBM) in the thymus, M+m;

* — p<0.05 compared with Group 1; ** — p<0.01 compared
with Group 1, #— p<0.05 compared with Group 2

W Irpynna Groupl
W 1l rpynna Group2

Il rpynna Group3

of the traditional antidepressant fluoxetine, a selective sero-
tonin reuptake inhibitor. BDNF simultaneously reduced the ac-
tivation of the HPA axis caused by depression, as evidenced by
a significant decrease of corticosterone in the blood, which was
similar in BDNF and fluoxetine groups and meaningfully reduced
hyperplasia of the adrenal cortex, while in the fluoxetine group,
this reduction was not significant. At the same time, BDNF re-
duced corticosterone-associated immunosuppression, as ev-
idenced by the digital morphometry of the thymus. Thus, the
effect of BDNF and fluoxetine in modeled depression was com-
parable in several parameters (improved behavioral reactions
and decreased corticosterone levels in the blood). In contrast,
other parameters (hyperplasia of the adrenal cortex, thymic in-
volution) showed higher BDNF efficacy compared with fluoxe-
tine. The obtained data allow us to conclude that the effect of
BDNF in the treatment of modeled depression is mediated by its
action on the HPA axis. Our results are consistent with the data
on the ability of BDNF to antagonize the action of glucocorti-
coids under certain conditions [28].

Earlier studies [25, 29, 30] demonstrated the effect of
nanoparticulate BDNF in the treatment of experimental pathol-
ogy of the central nervous system, such as traumatic brain inju-
ry, parkinsonism, and ischemic stroke. The present study shows
another potential application of this drug in experimental de-
pression, which has not been done so far. Demonstration of the
antidepressant effect of BDNF prompts for search of low molec-
ular weight agonists of its receptors as a potential medication
for the treatment of depression.

A limitation of this study: The level of BDNF was not de-
termined, which could demonstrate specific correlations with
the obtained indicators of HPA axis activation, the level of im-
munosuppression, and behavioral changes in animals with mod-
eled depression. At the same time, there is an opinion that the
accuracy and reproducibility of existing methods for determin-
ing the level of BDNF raises serious concerns [19].

CONCLUSION

This study unequivocally demonstrates the effectiveness
of BDNF in treating modeled depression. In some aspects, BD-
NF's performance is comparable to the traditional antidepres-
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adpdekt BDNF npu neyeHnn moaenvpoBaHHOM Aenpeccum onocpeao-
BaHO Bo3geicTanem Ha MMHO. MonyyeHHble HaMK pe3ynbTaTbl COMNa-
CYHOTCA C AaHHbIMK 0 cnocobHocT BDNF npwu onpeaenéHHbIX yciosu-
AX BbICTYMNaTb aHTAarOHNCTOM [/IFOKOKOPTUKOMAOB [28].

B 6onee paHHMX uccnesosaHusax [25, 29, 30] bbi10 NpoaeMOH-
CTPMPOBAHO YCMELWHOe MPUMEHEHWE COPBMPOBAHHOMO Ha HaHOYa-
ctnuax BDNF ans neyeHus aKCNepMMEHTANbHOW MaTONOMMKU LeH-
TPaNbHOM HEPBHOM CUCTEMbI, TAaKOM Kak YepenHo-mo3roBas TpaBMa,
NAapKUHCOHWM3M U ULIEMUYECKUIA UHCYNbT. HacTosllee uccneaosaHune
NoKasblBaeT elwé oAHO NOTeHLMANbHOE NPUMEHEHNe [aHHOro npe-
napara npw 3KCNepUMeHTaNbHOM Aenpeccuu, KOTopoe A0 CUX Nop He
NPOBOAMNOCH. [JeMOHCTpaLmA aHTuAenpeccuBHoro aeictana BDNF
[enaeT NepcneKkTUBHbIM NMOUCK HU3KOMONEKYNAPHBIX arOHUCTOB ero
peLenTopos.

OrpaH1yeHne JaHHOro UCCeA0BaHUA 3aK/1K0YAETCA B TOM, YTO
He 6bl10 NpoBeaeHo onpeaeneHue yposHsa BDNF, KoTopoe morio 6bl
NO3BONWTb AOMOAHUTENbHO BbIABUTL ONpPefenéHHbIE KOppenauum ¢
NoNyYeHHbIMKU NOKasaTenamu aktusaumm THO, ypoBHA MMMYyHOCY-
NpPeccun U U3MeHeHUN NOBEAEHUA Y KUBOTHbBIX C MOLENNPOBAHHOM
fenpeccueit. Bmecte ¢ Tem, eCTb MHEHMWE, Y4TO TOYHOCTb U BOCMPOU3-
BOAMMOCTb CYLLECTBYIOLLMX MeToA0B onpeaeneHna yposHa BDNF BbI-
3bIBAET CepbEé3Hble onaceHus [19].

3AKNIOYEHUE

MccnenosaHve nokasano 3GpGeKTMBHOCTb NeUYeHU MOAENNpY-
emoii fenpeccun BDNF, no psagy nokasaTesneit conocTaBvmyto ¢ Tpa-
OMUMOHHBIM  aHTMAENPECcCaHTOM (IyOKCETUHOM (MoBeAeHYecKkue
TECTbl, YPOBEHb CHUKEHUA KOPTUKOCTEPOHA B KPOBW), @ MO ApYrvm
NOKasaTeNsAM — MPEeBbILIAOLLY0 e€ (rMnepnaasvs My4YKoBOM 30HbI
KOpbl HaAMOYEYHUKOB, U rMNepTpodusa eé KNEeTOK, a TaKKe YPOBEHb
MMMYHOCYMNPECCHBbIHX U3MEHEHMI B TUMYCE). TakMM 06pa3om, C y4é-
TOM NOAYYeHHbIX AaHHbIX, BDNF MOXHO paccmaTpmBaTh KaK NOTEHLMU-
anbHOe CPesCTBO AJ1A NeYeHUa Aenpeccun y YenosekKa.

sant fluoxetine, as evidenced by improved behavioral tests and
decreased corticosterone levels in the blood. BDNF surpasses
fluoxetine in other aspects, such as reversing hyperplasia of the
zona fasciculata of the adrenal cortex, hypertrophy of its cells,
and immunosuppressive changes in the thymus. These findings
strongly suggest that BDNF could be a promising treatment for
depression in humans.
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