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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.
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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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