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Mosrosoii Heiiporpoduueckuii pakrop (BDNF) u ero perterrrop Trk B urpaior BakHyIo poJib B BOCCTaHOBIECHIH
(yHKIIMM MO3Ta TIPU PA3JINYHBIX TTATOJIOTHYECKUX BO3EHCTBUSIX, BKIIOYAS UIIEMHUIO.

Ieap uccrenoBanus: orerka comepskannss BDNF u ero penenrropa Trk B B momy isiiusx mupaMuiHbIX HEHPOHOB
TUIIIIOKAMIIA B TOCTPEAHUMAIIIOHHOM IE€PUOJIe U BISIBJIEHUE POJIH 9THX (DAaKTOPOB B YCTOWYUBOCTU HEWPOHOB K
UIIEMUN.

Marepuain u MeTobL. Y OeJIbIX MOJIOBO3PENIbIX KPBIC-CAMIIOB, NiepeHectnx 10-MUHYTHYIO OCTAaHOBKY CEp/ILa,
Ha Pa3HbIX CPOKAX IMOCTPeaHuMaImonnoro nepuoaa (1-e, 4-e, 7-e, 14-e cyTKN) MCCIE€0OBAIN COCTOSTHIE TIOMYJISTIUI
nupamuinbix Heliponos noseit CA1 u CA4 runmokamma. KoHTposieM ciry>Kuiin JI0;KHOOTIEPUPOBAHHbIE JKITBOTHBIE.
C MoMOIIbI0 IMMYHOITUTOXMMUYECKIX METOIOB BBISBJISIN MIMMYHOpeakTHBHOCTH K 6esikam BDNF u TrkB. Ha oc-
HOBAaHWU BU3YAJIbHOI OIEHKH U aHATN3A ONTHYECKON TIIOTHOCTU BBIIEJISJIN TUITBI HEHPOHOB € PA3HON MHTEHCHB-
HocThIo okpackm: ciraboii (BDNF-, TrkB-), ymepennoit (BDNF', TrkB') u cunpnoit (BDNF**, TrkB*").
Onpezesisiyiu 06IIYIO IIOTHOCTD HEHPOHOB U YUCJIO KJIETOK C PA3HON MMMYHOPEAKTHBHOCTBIO K UCCIIELyeMbIXM Gel-
kaM Ha 1 MM gummHbL. B pabore ncnosnbsoBann mukpockon Olympus BX-41, mporpammMbr Image Scope M, Image]
1,48v, MS Excel. Crarncrudeckyio o6paboTKy JaHHBIX TIPOBOAMJIN B porpamme Statistica 7.0.

Pesyabrarel. Y peaHMUPOBAHHBIX JKUBOTHBIX B CDABHEHUHU C KOHTPOJIEM B 060UX UCCIIEJOBAHHBIX TOJISIX THTI-
MOKaMI1a Ha0JIo/[aid CHUKeHUe 00Iiell IIOTHOCTH MOMYJISIIUHU IIMPaMUIHBIX HellpoHOoB: B noie CA1 — Ha 4-e
CYTKH TIOCJIe OCTaHOBKH cepana (Ha 26%), B none CA4 — na 7-e cytku (1a 38,5%). Borsasuim, uto B moste CA4 na
4-e cyTku B 2 pasa Boapacraiuo unciao BDNF*-ueiiponos, a uncio BDNF**-neiiponos cumskanocs. Ha 7-e cyTku
pesko cumxkanock yncao BDNF--kieroxk, unciio BDNF*-keTok ymMeHbIamoch 10 KOHTPOJBHOTO YPOBHS, & YUCIIO
BDNF**-HelipoHOB 0CTaBaJI0Ch CHUKEHHBIM OTHOCUTENBHO KOHTPOJIst. B mosie CA1 Ha 4-e cyTKy HabJI01aIu CHI-
skenne yncaa BDNF-- u BDNF*-kserok npu coxpanennu ynciaa BDNF*-neiiponos. Ha 14-e cyTku BoigBI€HHBIE
M3MEHEHUSsT COXPAHSIIIHC.

[Tpu ananmse ummyHopeakTusHocTH K 6eaKky TrkB B ose CA4 Ha 7-e CyTKHM TTOCTPeaHnMaIMOHHOTO TIEPHoIa
BBISIBUIIN yMeHbIenue yncia TrkB--kierok mo cpaBuenuio ¢ kourposeM. K 14-M cyTkam GbIJI0 CHUKEHO YHCIIO He
Tosbko TrkB--meiiponos, Ho u TrkB*-kietok mpu coxpanennu unciaa TrkB**-Heiiponos Ha ypoBHe KOHTpoJIsA. B
nosie CA1 Ha 4-e cyTKH TIOcJIe peannMaIiy Habsrioaaa ymMmerbinenne yncia Trk B -neiiponos, Ha 7-e cyTKM — yMeHb-
menwne ynca kak TrkB*, tak u TrkB--neiiponos. K 14-m cyrkam uncsio TrkB--HelipoHOB 0cTaBaIoch CHUKEHHBIM.
Yucmo TrkB**-HeiipoHOB IpK 3TOM COXPAHSIIOCHh HAa KOHTPOJIBHOM YPOBHE 32 BCe BPeMsT HAOIIIOIEHUSI.

3axmouenue. [loyyenmble pe3yJbraThl YKa3bIBAIOT HA TO, YTO YCTOIYMBOCTH HEPOHOB K UIlIEMUM-perepdysnn
accoruupoBana ¢ cogaepskanreM B Hux 6e1koB BDNF u TrkB. Cuiskernne ob1ieil JIOTHOCTH HEPOHOB B TIOCTpea-
HIMAIMOHHOM Iepuojie mpoucxoaiio kak B mose CA1, tak u B mose CA4 rurimokamiia, ipu 3ToM TOesu TojiBep-
rajiuch TOJBKO KIETKM C MUHUMAJIbHBIM ¥ YMEPEHHBIM CO/epKaHieM ucciaeayeMbix GenkoB. Heiipowsl c
HanbosbImM copepxanueM 6eaxkoB BDNF u TrkB Boikusasm.

Knroueswvie cnosa: zunnoxamn; nupamudnwie netiporvi; noie CA1; none CA4; ocmanosxa cepoua; nocmpeanuma-
YUOHHBLL Nepuod; uwemus; ummynozucmoxumus; BDNF; TrkB; neiiponpomexuyus

Brain-derived neurotrophic factor (BDNF) and its TrkB receptor contribute greatly to restoration of brain func-
tion in various pathological conditions, including ischemia.
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Experimental Studies

The purpose of the study: to assess the content of BDNF and its TrkB receptor in the populations of hippocam-
pal pyramidal neurons in the post-resuscitation period and to identify the contribution of these factors to the neuron
resistance to ischemia.

Material and methods. The condition of populations of pyramidal neurons of the CA1 and CA4 hippocampus
fields was investigated in white mature male rats that underwent a 10-minute cardiac arrest at different periods of
the post-resuscitation period (1%, 4" 7t 14" day). Animals after a sham surgery served as a reference group. Im-
munocytochemical methods were used to determine immunoreactivity to BDNF and TrkB proteins. Based on the
visual inspection and analysis of the optical density, the following types of neurons with different color intensity
were distinguished: weak (BDNF-, TrkB-), moderate (BDNF", TrkB*) and strong (BDNF**, TrkB**). The total
density of neurons and the number of cells with different immunoreactivity to the studied proteins per 1 mm of
length were determined. We used the Olympus BX-41 microscope and Image Scope M, Image] 1.48 v, MS Excel
software. Statistical data processing was performed using Statistica 7.0 software.

Results. There was a decrease in the overall density of the population of pyramidal neurons in both studied fields
of the hippocampus of the resuscitated animals as compared to the reference group: in the CA1field, on the 4" day
after cardiac arrest (26%); in the CA4 field, on the 7" day (38.5%). It was found that the number of BDNF* neurons
doubled in the CA4 field on the 4™ day, and the number of BDNF** neurons decreased. On the 7 day, the number
of BDNF- cells decreased sharply, the number of BDNF* cells decreased to the reference level, and the number of
BDNF** neurons remained reduced vs. the reference group. There was a decrease in the number of BDNF- and
BDNF* cells in the CA1 field on the 4" day, while the number of BDNF** neurons remained the same. The observed
changes remained on Day 14.

The analysis TrkB protein expression in the CA4 field on the 7 day of the post-resuscitation period as revealed
by reactivity with anti-TrkB antibody demonstrated a decrease in the number of Trk B~ cells as compared to the ref-
erence group. By the 14" day, the number of not only TrkB- neurons, but also TrkB* cells was reduced, while the
number of TrkB** neurons remained at the level of the reference group. There was a decrease in the number of TrkB*
neurons was observed in the CA1 field on the 4™ day after resuscitation. On day 7, there was a decreased numbers
of both TrkB* and TrkB--neurones. The number of TrkB--neurones remained decreased up to day 14. At that, the
number of TrkB** neurons persisted at the reference level throughout the observation period.

Conclusion. The obtained results demonstrate that the resistance of neurons to ischemia-reperfusion is associated
with the intracellular expression of BDNF and TrkB proteins. The reduction of the overall density of neurons in the
post-resuscitation period was obsereved both in hippocampal fields CA1 and CA4; only cells with minimal and mod-
erate content of the studied proteins died. Neurons with the highest BDNF and TrkB protein content survived.

Keywords: hippocampus; pyramidal neurons; CA1 field; CA4 field; cardiac arrvest; post-resuscitation period; is-
chemia; immunohistochemistry; BDNF: TrkB; neuroprotection
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BBenenne

B nocsreiHme TOBI 3HAUNTETBHO BEIPOC HHTEPEC
K POCTOBBIM (haKTOpaM KaK MOTEHI[HATBbHBIM TepaIeB-
THYECKUM areHTaM Ji7Ist G0PBODI € TOCTUTITIEMUYECKITMIT
HapymeHussMu Mosra [1, 2]. AxkTuBHO m3ywaercs
9 GEeKTUBHOCTh Tepamnuy, KOTOpas CTUMYJIUpPYyeT
JIOKAJTBHYIO BHIPAGOTKY 9TUX (haKTOPOB U MX PEIETTO-
POB B TIOBPEKICHHOI TKaHU Mo3ra [ 3, 4].

Heiiporpoduueckue hakToOpbl — 9TO TOJTUTIETI-
TH/IBI, KOTOPBIE UTPAFOT BAXKHYIO POJTb B TTOJ/IEPKAHUHT
(byHKIINN HEHPOHOB, YUACTBYSI B IPOTIECCAX BBIKMBA-
HUsA, pocTa, MUMGEpPeHIINPOBKN KJIETOK HEPBHOM
CHICTEMBI, a TAaKKe B MEXaHN3Max HelpOHATBHOI TJTa-
CTUYHOCTH, 00yueHus 1 mamsiti. Cpein 4IeHoB 3TOTO
ceMeticTBa HanboJIee MBYUIEHHBIM STBIISIETCS] MO3TOBO
Heliporpoduueckuii pakrop (BDNF), koTopsiii obra-
JlaeT CBONCTBAMU HEPOTIPOTEKTOPA M UTPAET BAKHYTO
POJTh B BOCCTAHOBJIEHNN (DYHKITNN MO3Ta TTPH PasJImy-
HBIX HeWPOJIETeHePATUBHBIX 3a00IEBAHISIX, TAKUX KAK
6ose3nn Ambiiretivepa, 6omesmn [TapkuHcoHa, Xopest
lentunrrona |3, 5].

BDNF omocpenyet cBoe oIokUTEIbHOE JIeH-
CTBHE dYepe3 TPOIMOMWO3WHKWHA3HBIN PerenTop —
TrkB [6], cBst3bIBaHIE C KOTOPHIM 3aIlyCKaeT KaCKa bl
BHYTPUKJICTOUHBIX CUTHAJTBHBIX MOJIEKY.JT, HAITPABJICH-

Introduction

The interest in growth factors as potential thera-
peutic agents to combat post-ischemic brain disorders
has increased significantly over recent years [1, 2]. The
efficacy of a therapy that stimulates local production
of these factors and their receptors in the damaged
brain tissue is actively studied [3, 4].

Neurotrophic factors are polypeptides that
play an important role in maintaining the function
of neurons that are involved in the survival
processes, growth, differentiation of neurons, as
well as in the mechanisms of neural plasticity,
learning and memory. The brain-derived neu-
rotrophic factor (BDNF) is the most studied mem-
ber of this group, which has neuroprotective
properties and plays an important role in restoring
brain function in various neurodegenerative dis-
eases, such as Alzheimer's disease, Parkinson's dis-
ease, and Huntington's chorea [3, 5].

BDNF mediates its positive action through a
tropomyosin receptor called TrkB [6], binding to
which triggers cascades of intracellular signaling mol-
ecules aimed to the proliferation, neuron survival and
the maintenance of normal synaptic plasticity. TrkB
signaling is considered to be the most important pro-
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HbIe Ha TIpoJindepalnio, BBIKMBaHME HEHPOHOB U MO/ -
Jiep;KaHne HOpMAJTbHON CUHANITUYECKON TJIaCTUYHO-
cru. TrkB-curnasmur paccMaTpuBaioT B KauecTBe
BaJKHEHIIIETO 3alUTHOTO MEXaHMU3Ma, 3aIyCKaeMOTO
MOBPEKJIEHUEM MO3Ta, M KJIOYEBOIO PETyJsATopa
BBIKMBaHUS HEWPOHOB [7, §].

Onnaxo, B ITepaType HeJIOCTATOUHO CBEICHU
06 yposHe u xapakrepe akcrpeccuu TrkB B mHan6osee
YYBCTBUTEJBHBIX K THUIIOKCUN 0OJACTAX TOJOBHOTO
MO3ra, B YaCTHOCTH, B TUIIIIOKAMIIe, B HOPME U TIpU
WIIEMUH, BBI3BAHHON BPEMEHHO OCTaHOBKOH cep/iia.
YuureiBasi TOT akT, UTO HEUPOMPOTEKTUBHBIN
acbdext BDNF 1 ero MumeTnKoB oniocpeioBal MMeH-
Ho TrkB, u ero Tectyio B3anMoCBsI3b ¢ (DYHKI[MOHATb-
ubiM cocrosinrem [THC, riesiecoo6pasHo rccie1oBaTh
miHaMuKy copepsxkanus BDNF u TrkB B neiiponaib-
HBIX MOITYJISIIMSAX TOJOBHOTO MO3Ta B TIOCTpeaHnnMa-
IIMOHHOM TIepuo/ie. ITO 1ACT BO3MOKHOCTD OIEHUTD,
KaK peajn3yIoTcss HeHpONPOTEKTUBHBIE CBOHCTBA
BDNF B BbICOKOUYBCTBUTEIBHBIX K TUTIOKCUU HEPB-
HBIX KJIeTKax. VI3BecTHO, 4TO TMpaMu/IHbIe HEHPOHBI
TUTITIOKAMITa — OTJIeJIa MO3Ta, CBSA3aHHOTO C Mpoliec-
caMu 00yY€eHMsI U AMSITH, — B HAOOJIbIIIEH CTereHn
TO/IBEPIKEHbI /ieficTBUIO uiiemun [9].

[lenp umccnemoBannsg — OIEHKA COJMEPIKAHUSA
BDNF u ero penenrropa TrkB B monysiiusx nupa-
MUJIHBIX HEHPOHOB I'MIIIIOKAaMIIa B TOCTPeaHUMAIIMOH-
HOM IIepuo/ie M BBbISABJIEHUE POJIN 3TUX (HaKTOPOB B
YCTONYMBOCTH HEHPOHOB K UIlleMUH-peniepdysun.

MaTepI/IaJI H METO/1bl

VceseioBasim MOST O€TbIX HEJTMHEHHBIX TI0JI0BO3PEJIBIX
Kpbic-caMIioB Maccoit 190—250 1, meperectux 10-MUHYTHYTO
ocTaHoOBKY cepana (n=21) (BHyTpuTOpaKaibHOe TepeskaTue
cocyauctoro my4ka cepaia) [10]. Yepes 1, 4, 7, 14 cytok nocsie
peaHuMaIy (HEMPsSIMON MacCcask cep/ilia B COYETAHHUH C HC-
KYCCTBEHHOI BEHTHJISIINEH JIETKUX BO3/LyXOM B PEKUME TH-
HnepBeHTH/IAINY anmapaTtoM «Animal Respirator» ¢upmebr
«SMT Geratehandel» ¢ BHyTpuTpaxeanbHbIM BBEIEHUEM Pac-
TBOpa afpeHanna B 1o3e 0,1 MT/Kr) JKUBOTHBIX BEIBO/IVIIN 13
IKCIEPUMEHTA JIEKATUTAIMEN TT0/T HAPKO30M (110 5—7 3KUBOT-
HBIX Ha KaXK/IBIHl CPOK TOCTPEAHMMAIIMOHHOTO IIEPHOJA).
KoHTposieM cITysKUIu JIO;KHOOTIEPUPOBAHHBIE KPBICHI (71=3).
IKCIEPUMEHTBI TPOBOIUIIN COTJIACHO PEKOMEH/IAIINSAM JTH-
yeckoro komurera ODTBHY HUU obimeii peaHuMaToI0THI
um. B. A. Herosckoro B coorBetcTBui ¢ «IIpaBuiamu rnmpose-
JeHust paboT € FCTOIb30BAHIEM 9KCIIEPUMEHTAIbHbIX JKHBOT-
ubix» (IIpukas Munzapasa CCCP Ne755 ot 12.08.1977).

Cpagy 1ocJie IeKauTaIuy BbIIEJISIII MO3T U (DUKCH-
poBasi ero B 4% pactsope napadopmaibaeruga va 0,1M
docdarnom 6ydepe pH 7,4 (PBS) 1 cyrku npu 4°C. ITocae
CTaHAAPTHON 00PabOTKI 0OPA3IIBI MO3TA 3AMBAJIU B MTapa-
¢dumn. C mapabuHOBBIX OJI0KOB U3TOTOBJISIIH CPE3bI TOJIIIN-
HOH 5—-6 MkM. VlccoemoBaim IOCTpeaHMMAIIMOHHBIE
M3MEHEHWs HeHPOHAJIBHBIX MOIYJISIIUI MTUPAMHU/IHbBIX Heli-
pouos nosneit CA1 u CA4 runmokamra.

[lenapadunusupoBannbie cpesbl 06pabarbiBanu 1%
[EePUKUCHIO BOAOPO/IA B TeueHre 15 MUHYT /7ist OT0KMpOBa-
HUS 9HIOTEHHOI TePOKCHIA3HOI aKTUBHOCTHU. 3aTeM CPe3bl
MPOMBIBAJIN B INCTUJIIPOBAHHON BOJIE U TIPOBOIMIIN JieMa-
CKUpPOBaHMe aHTUIeHOB B uurparHom Oydepe pH 6.0

tective mechanism triggered by brain damage and a
key regulator of neuronal survival [7, 8].

However, the literature lacks data on the level
and nature of TrkB protein expression in areas of the
brain that are most sensitive to hypoxia, in particular,
in the hippocampus, under normal conditions and in
ischemia caused by temporary cardiac arrest. Since the
neuroprotective effect of BDNF and its mimetics is
mediated by TrkB and there is a close relationship
with the functional state of the central nervous sys-
tem, it is recommended to study the dynamics of the
BDNF and TrkB content in neuronal populations of
the brain in the post-resuscitation period. This will
provide an opportunity to assess how neuroprotective
properties of BDNF are implemented in neurons with
high sensitivity to hypoxia. It is known that the py-
ramidal neurons of the hippocampus, the part of the
brain associated with learning and memory, are most
susceptible to ischemia [9].

The purpose of this study is to assess the content
of BDNF and its TrkB receptor in the populations of
hippocampal pyramidal neurons in the post-resuscita-
tion period and to identify the contribution of these
factors to the neuron resistance to ischemia.

Materials and Methods

The brains of white nonlinear mature male rats weigh-
ing 190-250 g who underwent a 10-minute cardiac arrest
(n=21) (intra-thoracic clamping of the vascular bundle)
were studied [10]. 1, 4, 7, 14 days after resuscitation (indi-
rect cardiac massage in combination with mechanical ven-
tilation in the hyperventilation mode using <«Animal
Respirator» device manufactured by «SMT Geratehandel»,
with intra-tracheal injection of epinephrine solution at a
dose of 0.1 mg/kg), the animals were withdrawn from the
experiment by decapitation under anesthesia (5—7 animals
for each term of the post-resuscitation period). Rats after a
sham surgery served as a reference group (n=5). Experi-
ments were carried out in accordance with the recommen-
dations of the Ethics Committee of the V. A. Negovsky
Research Institute of General Reanimatology, in accordance
with the «Guidelines for works involving experimental ani-
mals» (Order No. 755 of the Ministry of Health of the USSR
dated 12.08.1977).

Immediately after decapitation, the brain was isolated
and fixed in 4% paraformaldehyde solution in 0.1 M phos-
phate buffer pH 7.4 (PBS) for 1 day at 4°C. After standard
treatment, brain samples were embedded into paraffin. 5-6
um sections were made from paraffin blocks. Post-resusci-
tation changes in populations of pyramidal neurons of the
CA1 and CA4 hippocampal fields were investigated.

The deparaffinied tissue section were treated with 1%
hydrogen peroxide for 15 minutes to block endogenous per-
oxidase activity. Then the sections were washed in distilled
water and antigens were unmasked in citrate buffer pH 6.0
(DAKO, Glostrup, Denmark) in a water bath for 15 minutes
to block endogenous peroxidase activity. The sections were
cooled for a half an hour, washed in water and PBS; Protein
Block Serum-free (DAKO, Glostrup, Denmark) was used to
prevent nonspecific binding of primary or secondary anti-
bodies to tissue proteins for 15 minutes. After washing in the
phosphate buffer, the slices were incubated at room temper-
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(DAKO, Glostrup, Denmark) Ha BonsiHoii 6are 15 MUHYT.
Cpesbl 0XJ1asK/1a711 110J14aca, MpoMblBaji B Bojie 1 PBS, s
IPe/IOTBPAIIEHNUST HeCTIEII(PITYeCKOT0 CBS3BIBAHNUS [IEPBIY-
HBIX WJIM BTOPUYHBIX aHTUTEJ ¢ GEelTKaMU TKaHK MCII0JIb30-
Baiu  Protein Block Serum-free (DAKO, Glostrup,
Denmark) B reuenne 15 munyt. ITocste nipombiBarust B hoc-
(arroM OGydepe cpesbl UHKYOUpoBasu 1 4 1pu KOMHATHOI
TeMIlepaType ¢ HepPBUYHBIMI MOJUKJIOHATBHBIMU aHTHTE-
gamu ipotus BDNF (passeznenne 1:50) (Santa Cruz, USA)
nium iporus TrkB (passegenue 1:100) (Santa Cruz., USA)
[Ipombis cpesbi B hocdarrom Oydepe (5 MUHYT), UX UHKY-
GupoBasu 1 yac pU KOMHATHOI TeMIlepaType ¢ BTopud-
nbivmu anturesiamu LSAB Kit (LSAB (DAKO, Glostrup,
Denmark). [lasiee cpesbi npombiBajiu B hocarrom Gydepe.
NmmynHy10 peaknuio BeIABIISAIN Tocse 10-MUHyTHOI WH-
kybGauun B pacrsope 3,3-auamunobensuauna (DAKO,
Glostrup, Denmark). [Tocsie ipombiBKE cpe3oB B docdar-
HoM Oydepe nx gokpammBanu remarokcuaurom (Shandon,
Pittsburgh, PA, USA) u 3akiiouanu B BOAOPACTBOPUMYIO
cpeny ImmuMount (Shandon, Pittsburgh, PA, USA). Nm-
MYHOTHCTOXUMHUYECKYIO PEAKITMI0 KOHTPOJUPOBAIHN HHKY-
Garueil cpe3oB €O BCEMU PeareHTaMi KpoMe MEePBUYHBIX
AQHTHTEJI.

C nomopio Mukpockorna Olympus BX-41 u npo-
rpammbl ImageScopeM nostydanu uzobpaskerust. HTeHcus-
HOCTb MMMYHOTHCTOXMMHUYECKON PEAKINN B IMTOIIA3Me
HEIPOHOB OIEHUBAIIH C TIOMOTI[BIO TTPOTPAMMBI aHAIH3a H300-
paskenmii Image] 1,48v. Onpenessinm «cpejiHee 3HaUeHMe ce-
poro» (Mean Gray Value) u paccuuThiBaIu ONTHYECKYIO
IJIOTHOCTB (B YCJIOBHBIX €MHUIAX — Y. €.) 1o ¢opmye:
OD=log,, (255/Mean Gray Value). /]jis1 BUsyaIbHOM OLEHKH
VHTEHCHBHOCTH OKPAITUBAHNST CPE3bI IOKPAITNBAIIN TEMATOK-
crimHOM. Ha ocHOBaHWMM aHa/IM3a IMCTOTPaMM pacipesiete-
HUS HEHPOHOB IO NX ONTHYECKOI IITOTHOCTH W BU3YAJTbHOI
OIIEHKH BBIJIEJISITTH COOTBETCTBYIOIIIE PAHTH JIJIST HEHPOHOB C
PasHOIl CTENeHbI0 OKPACKHU: CJIab0M, YMEPEHHOI 1 CHIbHOI
(puc. 1). PaHru onTuyecKoii II0THOCTH ObLIN CJIELYIOMIMMIU:
muist Trk B-cirabonosurushbix kierok (TrkB-) — OD<0,3; mis
TrkB-ymepennonosutustbix (TrkB*) — 0,30<0D<0,34; nis
Trk B-cunbronosurushbix (TrkB™) — OD>0,34; nis BDNF-
cnabonosutuBhbix kiaetok (BDNF-) — OD<0,24; mia
BDNF-ymepennonosutusabeix (BDNF*) — 0,24<0D<0,28;
BDNF-cunsnonosutusabx (BDNF) — OD>0,28. Ompese-
JISUTA OOTIYI0 TUIOTHOCTD HOMYJISIIMN HEHPOHOB, a TakkKe
YHCJI0 HEFPOHOB C Pa3HOil MMMYHOPEAaKTHBHOCTBIO K HCCJTe-
JlyeMbIM Oesikam Ha 1 MM JTHHBI KJIETOYHOTO CJIOS.

Craructudeckyio 06paboTKy JaHHBIX POBOAUIN B
nporpamme Statistica 7.0 ¢ ucnosbp3oBaHMEM MeTO/A
ANOVA s MHOKecTBeHHBIX cpaBHernit (Post-hog com-
parisons of means).

PesybraThl 1 00CysKIeHHE

Yeranosuiau, uyro 10-mMuH OocTaHOBKa cepjia
MPUBOAUT K CHIZKEHUIO 0011l MII0THOCTH HEHPOHOB:
B nosie CA4 — Ha 7-e cyTKH 11ocje peanumanum (Ha
38,5% B cpaBHeHuU ¢ KOHTPoJieM), B 1osie CA1 — na
4-e cyTku (Ha 26% B cpaBHEHUU C KOHTPOJIEM ), UYTO
CBU/IETEILCTBYET O TMOEIM MUPAMUIHBIX KJIETOK
(puc. 2). Takum 06pa3oMm, BbIlIajieHUEe HEHPOHOB B
nosie CA1 npoucxoaut panbiie, 4eM B 1osie CA4, uto
corjiacyercs ¢ JaHHBIMU APYTUX UCCJeI0BaTeell O
BBICOKOH panumocTtu HeliponoB CA1 B nmocrutiemu-
yeckoMm nepuozie [9, 11]. Ha 14-e cytku nocrpeanu-

Puc. 1. Heiiponsl nosss CA4 ¢ pa3Hoii M(MMYHOP€@aKTUBHOCTBIO K
BDNF (a) 1 TrkB (b).

Fig. 1a. Neurons of the CA4 field with different immunoreactiv-
ity to BDNF (a) and TrkB (b).

Note. For Fig. 1, 3: the immunoreactivity to BDNF and TrkB —
“mild positive, “moderately positive, “*strongly positive. Indirect
peroxidase-antiperoxidase method, additional staining with
hematoxylin. X400 (a), X200 (b).

IIpumeuanune. [lus puc. 1, 3: IMMYHOPEAKTHBHOCTb K Geskam
BDNF u TrkB — ~ciabas, ‘ymepennas, **cunpHas. Henpsamoii ne-
POKCU/IA3HO-aHTHITIEPOKCHAA3HBIA METOJI, IOKPACKA TeMATOKCUIIU-
Hom. X400 (a), X200 (b).

ature with primary polyclonal antibodies against BDNF (di-
lution 1:50) (Santa Cruz, USA) or against TrkB (dilution
1:100) (Santa Cruz., USA) for 1 h. After washing the sec-
tions in phosphate buffer (5 minutes), they were incubated
at room temperature with secondary LSAB Kit antibodies
(LSAB (DAKO, Glostrup, Denmark) for 1 h. Then the sec-
tions were washed in phosphate buffer. The immune re-
sponse was detected after a 10-minute incubation in
3,3-diaminobenzidine solution (DAKO, Glostrup, Den-
mark). After washing the sections in the phosphate buffer,
they were stained with hematoxylin (Shandon, Pittsburgh,
PA, USA) and enclosed in a water-soluble medium Immu-
Mount (Shandon, Pittsburgh, PA, USA). The immunohis-
tochemical reaction was controlled by incubation of sections
with all reagents except primary antibodies.

Images were obtained using the Olympus BX-41 mi-
croscope and ImageScopeM software. The intensity of the
immunohistochemical reaction in the neuronal cytoplasm
was evaluated using the Image] 1.48 v imaging software. The
«Mean Gray Value» was determined and the optical density
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Puc. 2. IsmeHenue 0011ell IUIOTHOCTH NOIYJISAIMI MHPAMHIHBIX
HeiiponoB noJyeii CA1 u CA4 runnokamna B OCTPeaHNMAI[OH-
HOM neproze.

Fig. 2. The change in the total density of pyramidal neuron pop-
ulations in hippocampal fields CA1 and CA4 in the post-resusci-
tation period.

Note. * — P<0.05 c vs. the reference group.

Ipumeyanue. /st puc. 2, 3: Groups — rpymibi; Number of neurons
per 1 mm of the length — uncsio neiiponos Ha 1 Mm L * — p<0,05
0 CPABHEHUIO C KOHTPOJIEM.

MaI[MOHHOTO Mepro/a 0011ast MI0THOCTh 00enX Hel-
POHATBHBIX MOIYJIAINNI OCTaBaJach CHUKEHHOM.

MMMyHOTHCTOXMMHUYECKOE UCCTIE/I0BAHNE TTOKaA-
3aJ10, 4TO B HOpMe (Y KOHTPOJIbHBIX JKUBOTHBIX) B
nose CA4 tipeobsaflaloT HEHPOHBI ¢ YMEPEHHOU U
CUJIBHOW MMMYHOPEaKTUBHOCTbIO K Oesiky BDNF
(puc. 3, a), a B mosie CA1 — HelipOHBI ¢ yMEPEHHON
UMMYHOPeakTUBHOCTBIO K Gesiky BDNF (puc. 3, b).

Yeranosusu, yto B nosie CA4 Ha 4-e cyTKH
nocJie peannMainnu uncsio BDNFEF-neiiponos Bospac-
TaJio, yncgo BDNF™ kjeTok cHMKAI0Ch, a 4UCIIO
BDNF~ HellpoHOB He U3MeHSJIOCh 110 CPaBHEHUIO C
KoHTposieM (puc. 3, a). [loxydennble 1aHHbIE CBU/IE-
TEJBCTBYIOT O CHUXKEHUU WMMYHOPEAKTUBHOCTH K
BDNF B nannoii HeipOHAJIBHOU MOITYJIAIIAN.

Ha 7-e cyTku noctpeaHuMaIimoHHOTO MIEPUOJA B
nosie CA4 pesko ymenbiuiaoch uncio BDNF -neiipo-
HOB, yncio BDNF*-HelipoHOB CcHU3MIOCH 10 KOHT-
poJibHOTO YPOBHS, a unciao BDNF**-neiiponos ocTasa-
JIOCh CHUZKEHHBIM OTHOCUTEBHO KOHTPOJIsS (puc. 3, a).
[TockosnbKky UMEHHO K 7-M CYyTKaM pa3BUBAJICS 1TPO-
necc rubeay HEHPOHOB B HAHHON 006J1aCTH, MOMKHO
M0JIaraTh, YTO JIETeHEPAITUH 1TO/IBEPTATUCH KIETKH CO
c1aboii W yMEpeHHOH HMMYHOPEAKTUBHOCTBIO K
BDNE B nanbueiimnem mesxuy 7-mu u 14-mMu cytkamu
MOCTPEAHNMAIIMOHHOTO Tepro/ia U3MCHEHUH YncIia
HellpoHoB ¢ pa3Hoit BDNF-nMMyHOpeakTHBHOCTBIO B
nosie CA4 He BBISABJIEHO.

B none CA1 runmokamiia Ha 4-e CyTKU Mocje
peanuManuu HabI0/1al0Ch YMEHbIIIEHUE YHCIa KakK
BDNF-neiiponos, tak u BDNF*-neiiponos 1o
CPaBHEHUIO C KOHTPOJIbHBIM YPOBHEM, IIPU COXpaHe-
Hun yncia BDNF ™ -knerok. Yaursiasg ToT hakT, uTo

(in arbitrary units) was calculated according to the formula:
OD=log,, (255/Mean Gray Value). The sections were ad-
ditionally stained with hematoxylin for visual inspection of
the staining intensity. Based on the analysis of histograms
of the distribution of neurons by their optical density and
visual assessment, the corresponding ranks for neurons with
different degrees of staining were distinguished: weak, mod-
erate and strong (fig. 1). Optical density grades were as fol-
lows: for TrkB mild positive cells (TrkB~), 0D<0.3; for TrkB
moderately positive cells (TrkB*), 0.30<0OD<0.34; for TrkB
strongly positive cells (TrkB*), 0D>0,34; for BDNF mild
positive cells (BDNF-), OD<0.24; for BDNF moderately
positive cells (BDNF*), 0.24<0D<0.28; BDNF strongly
positive cells (BDNF*) — OD>0.28. The total density of
neurons and the number of cells with different immunore-
activity to the studied proteins per 1 mm of cellular layer
length were determined.

Statistical data processing was performed in the Sta-
tistica 7.0 software using the ANOVA method for multiple
comparisons (post-hoc comparisons of means).

Results and Discussion

It was found that a 10-minute cardiac arrest re-
sulted in a decrease in the total density of neurons in
the CA4 field (on 7th day after resuscitation, 38.5% vs.
the reference group) and in the CA1 field (on 4th day
post-resuscitation, 26% vs. the reference group). indi-
cating the death of pyramidal cells (fig. 2). Therefore,
neuronal loss in the CA1 field occurs earlier than in the
CAA4 field, which is consistent with the data of other
researchers on the high vulnerability of CA1 neurons
in the post-ischemic period [9, 11]. On the 14™ day of
the post-resuscitation period, the total density of both
neuronal populations remained reduced.

The immunohistochemical assay showed that
neurons with moderate and strong immunoreactiv-
ity to the BDNF protein prevail in the CA4 field
(fig. 3, @), and neurons with moderate immunoreac-
tivity to the BDNF protein prevail in the CA1 field
under normal conditions (in the reference group an-
imals) (fig. 3, b).

It was found that the number of BDNF+ neurons
increased in the CA4 field on the 4t day after resusci-
tation; the number of BDNF** cells decreased, and the
number of BDNF™ neurons did not change compared
to the reference group (fig. 3, ). The data indicate a
decreased BDNF protein expression in this neuronal
population.

On the 7 day of the post-resuscitation period, the
number of BDNF~ neurons decreased sharply in the
CA4 field; the number of BDNF* neurons decreased to
the reference level, and the number of BDNF** neurons
remained reduced vs. the reference group (fig. 3, a).
Since the process of neuronal death in this area devel-
oped on the 7" day, it can be assumed that cells with
mild and moderate expression of BDNF protein were
exposed to degeneration. Then no changes in the num-
ber of neurons with different BDNF-immunoreactivity
in the CA4 field were detected between 7 and 14 days
of the post-resuscitation period.
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Piuic. 3. I3meHenmue uncia HEPOHOB ¢ pa3ubiM yposHeM akcnpeccur BDNF (a, b) u TrkB (¢, d) B nonyasiuuu nupaMuiHbIx HEAPOHOB
nosst CA4 u CA1 runnokamna B HocTpeaHMMaIlMOHHOM nepuoae, M+m.

Fig. 3. Changes in the number of neurons with different levels of of BDNF (a, b) and TrkB (c, d) protein expression in the population
of pyramidal neurons of the CA4 and CA1 hippocampal fields in the post-resuscitation period, M*m.

Note. a, b — the data for the CA4 field; ¢, d — the data for the CA1 field.

Ipumeyvanwue. a, b — paunvie 1st noast CA4; ¢, d — nanupie juist nosst CA1.

B nosie CA1 cHusKenne o0uiel II0THOCTH HelipOHaJIb-
HOU TOIYJISIIIMY [TPOUCXOIIIIO MMEHHO Ha 4-€ CYyTKU
MOCTPEAHUMAIIMIOHHOTO TIEPHO/IA, MOJKHO TOBOPHUTD O
rubesiv MUPaMUHBIX KIETOK cO ¢1aboil 1 yMepeHHOit
BDNF-ummynopeaktusnoctbio. Ha 7-e u 14-e cyrtku
BbISIBJICHHbIE M3MEHEHUs COXpaHsnch (puc. 3, b).

Ananus copepxanus 6enka TrkB nmokasan, uto y
KOHTPOJIbHBIX JKHUBOTHBIX B 0GOUX MCCJAETOBAHHBIX
MOJIAX TUTIIIOKAMITa IPe0bIajialoT HeliPOHBI co c1aboit
U yMePEeHHOI IMMYHOPeaKTUBHOCTBIO (pHc. 3, ¢, d).

B nose CA4 B nocTpeaHuManimOHHOM TIEPHO/IE
POUCXOANTIO yMeHbieHue yncaa TrkB--kieTok Ha
7-e cytku. ITpu atom uncsio TrkB*- u TrkB**-neiipo-
HOB He M3MEHSLJIOCH 110 CPABHEHUIO ¢ KOHTposeM. K
14-M cyTKaM OBLIO CHUKEHO YHCIIO He TOJIbKO TrkB -
HelpoHoB, HO 1 Trk B*-KJIeTOK Tpy cOXpaHeHN ! YncIa
TrkB**-ueiiponos (puc. 3, ¢). O4eBuaHO, YTO TUOHYT
KJIETKU, XapaKTePU3YIOMIUXCs cl1aboi U yMepeHHOi
UMMYHOPeaKTUBHOCTBIO K TrkB.

B nosie CA1 y peaHUMIPOBaHHBIX KPbIC HAbJII0-
nanu ymenblnenue ynciaa TrkB*-kierok Ha 4-e cyTKu
[OCJIe PEAHMMAIIUHU 110 CPABHEHUIO C TPYIIION KOHT-
POJIBHBIX JKMBOTHBIX. [Ipu 9TOM He BBISIBJIEHO [OCTO-
BEPHBIX OTJIUYUN OT KOHTpOJs 1o uncay TrkB—- u
TrkB**-neiiponos. ITojy4eHnble faHHbIe CBUAETEIb-
CTBYIOT O THOEJIHM HEPOHOB ¢ YMEPEHHOI UMMYHOPE-
akTuBHOCTBIO K TrkB. Ha 7-e cyTku mocie peannma-
1K OBIJIO BBIABIEHO CHUKEHME YKCJIA He TOJbKO
TrkB*-knerok, no u TrkB--neiiponos. Ha 14-e cyTku

There was a decrease in the number of both
BDNF neurons and BDNF* neurons in the CA1 field
of the hippocampus on the 4 day after resuscitation
compared to the reference level, while the number of
BDNF** cells remained the same. Since the total den-
sity of the neuronal population in the CA1 field de-
creased on the 4'h day of the post-resuscitation period,
we can conclude on the death of pyramidal cells with
mild and moderate expression of BDNFprotein. The
changes persisted on the 7t and 14" days (fig. 3, ).

Analysis of the TrkB protein content showed
that neurons with mild and moderate immunoreactiv-
ity prevail in the reference group animals in both stud-
ied hippocampal fields (fig. 3 ¢, d).

There was a decrease in the number of TrkB-
cells in the CA4 field on the 7™ day of the post-resus-
citation period. At that, the number of TrkB* and
TrkB** neurons did not change in comparison with the
reference group. By the 14" day, the number of not
only TrkB™ neurons, but also TrkB* cells was reduced,
while the number of TrkB** neurons remained un-
changed (fig. 3, ¢). It is obvious that cells with mild
and moderate immunoreactivity to TrkB die.

In the CA1 field, the number of TrkB* cells de-
creased on the 4" day after resuscitation in the resus-
citated rats compared to the reference group animals.
There were no significant differences from the refer-
ence group in the number of TrkB~ and TrkB** neu-
rons. The obtained data indicate the death of neurons

www.reanimatology.com

GENERAL REANIMATOLOGY, 2018, 14; 6



DOI:10.15360,/1813-9779-2018-6-41-50

E)KCHepI/lMCHTaAI)HI)Ie MCCACAOBAHMA

uyrcno TrkB -HeHpoHOB 0CTaBasoOCh CHUIKEHHBIM.
Yucno HepOHOB ¢ CUIBHON UMMYHOPEAKTUBHOCTBHIO
K TrkB coxpaHsiioch Ha KOHTPOJBHOM YPOBHE B TeUe-
HHe Bcero ucciepoBantoro nepuoa (puc. 3, d). Oue-
BUIHO, 4TO, Takke Kak 1 B CA4, B mose CA1 rummo-
Kamria rubesu MoABEPraloTCsl TOJBKO HEHPOHBI CO
c1aboil 1 yMepeHHON NMMYHOPeaKTUBHOCThIO K TrkB.

Taxum 06pasoM, yMeHbIIeHe 06IIel TII0THOCTH
MOTYJIAINN TUPAMUIHBIX HEHPOHOB TUIIITOKAMIIA B
MCCIIeIOBAHHOM TIOCTPEaHUMAIMOHHOM Tiepuojie (B
Tedenne 14-Tu CyTOK) MPOUCXOUIIO 32 CYET KIIETOK C
HU3KUM 1 YMEPEHHBIM cojiepkatnueM Kak Oesika TrkB,
tak 1 BDNE

CorylacHo MOJIy4eHHBIM pe3yJibTaTaM, B Helpo-
HAJIBHBIX MOMYJAIUAX THIIIOKaMIIa MPOUCXOUIIO
CHIIKeHHe UMMyHOpeaKTuBHOCTH K Oenkam BDNF u
TrkB ma 4—7 cyTKu I10C/I€ OCTAHOBKH CEpJLa, 4To,
BO3MOJKHO, CBA3aHO C YMEHBIIICHUEM YPOBHS UX 9KC-
MIPECCUN B TOCTUIIEMUYECKOM TIepHo/ie. ITO MPEJIIo-
JIOJKEHME MTO/ITBEPIKAACTCS PAIOM UCcyesioBaHmii. Tak,
yMmenbiiienue skcnpeccun BDNFEF u ero penentopa
TrkB BoisiBsierio 8 oste CA1 rurnimokamia yepes 4 yaca
— 1 cyTkM mocsie U30JMPOBAHHON UIIEMUU MO3Ta Y
necuyanok [12], a Takske B KOpe MO3ra U TUIITOKAMITE
yepe3 1 zeHb 1mocse OKKJIIO3UU CpefHell MO3TOBOM
aprepuu y mbimeir [13]. B akcniepumentTax in vitro
GBIJIO MOKA3aHO, YTO THITOKCHSI—THITOTTIMKEMUS BBI3bI-
BaeT cHmkenne sxcrpeccun BDNF u TrkB B rummo-
kammaibHbiX HelipoHax [14]. C moMornibio MeTo/10B
[II[P-ananu3a u ELISA 6b110 TT0OKa3aHo, 4TO MOCJe
BPEMEHHON OKKJIIO3UM CPeiHeil MO3TOBOI apTepuu y
KpBIC TPOUCXOMUT cHUKeHUe copep:kanusg BDNF
MPHK u 6enka B obsactu CA1 runmokamia, 4To
COTIPOBOJK/IAeTCS HEMPOHATLHON JlereHepariueit [9].
Ha Mozenu riobanbHOil UIIeMUU TOJIOBHOTO MO3Ta
HabJIIO1aJIN AaHAIOTHYHBIE U3MEHEHYST B TUIIITOKAMITE
[15]. Heckobko uHbIe HaHHble ObLIN MOJYYEHBI B
uccaegosanuu Ferrer et al., 1998 [16]. Tak, 5 mun
WIIEeMUS MO3Ta y TIeCYaHOK TTPUBONIA K CHUKEHUIO
ycsa BDNF-uMMyHOpeakTHBHBIX HeiipoHOB B 06/1a-
ctu CA1, ognako TrkB-umMMyHOpeakTUBHBIE KIETKU
BbKUBaM. [Ipu 3TOM aBTOpPBI OTMEuasu, 4To 95%
BBIKUBIIUX HEWPOHOB, akcnpeccupyomux BDNE
BeIpabarbiBasy Takxke u TrkB [16].

CymectBennoe suadenne TrkB ais meiipompo-
TEKIIMHU TOATBEPIKACHO Ha MOJIEIN UMIEMUYECKOTO
nncysra in vitro [ 11]. Tak, Ha nepeskuBaiomux cpe3ax
TUTIITIOKAMITa GbIJIO MTOKA3aHO, YTO KUCJIOPOHAS TITI0-
KO3Hag JIeNPUBAIlKs TOBbIIIAET YPOBEHb (hochopum-
posanus TrkB B nosie CA3, Ho He B 6oJjiee 4yBCTBU-
tenbHoi obmactn CA1, e uireMus NpUBOAMIA K
YTHETEHUIO 3JIEKTPUYECKON aKTUBHOCTU HEHPOHOB
[11]. IIpexnonaraercs, uto akruBanust TrkB mpeacras-
JIIeT 9H/JIOTEeHHbIIT MeXaHU3M, OTBevalollnii 3a yCTOM-
YUBOCTb HEHIPOHOB K MIIEMUYECKOMY TTOBPEKICHHUIO.
B sxcepumente Huang W. et al, 2017 6b1710 mokasano,
yT0 ak30renHbiit BDNF 3HaunTebHO yeuamBaeT aKc-
nipeccnto Trk B, 4To IPUBONIIO K TIOBBIIEHUTO BBIKHI-
BaeMOCTH HEWPOHOB, a TaKkKe K CHUKEHUIO YPOBHS

with moderate immunoreactivity to TrkB. On the 7t
day after resuscitation, a decrease in the number of not
only TrkB* cells, but also TrkB~ neurons was found.
On the 14" day, the number of TrkB~ neurons re-
mained reduced. The number of neurons with strong
immunoreactivity to TrkB remained at the reference
level throughout the study period (fig. 3, d). As with
CAd4 field, data show that only neurons with mild and
moderate expression of TrkB protein die in the CA1
field of the hippocampus.

Therefore, the decrease in the total density of hip-
pocampal pyramidal neurons in the post-resuscitation
period (within 14 days) was due to cells with low and
moderate content of both TrkB and BDNF protein.

According to the obtained results, there was a
decrease in expression of both BDNF and TrkB pro-
teins in the neuronal populations of the hippocampus
4—7 days after the cardiac arrest, which was probably
related to the decrease in the their expression level in
the post-ischemic period. This assumption is con-
firmed by a number of studies. For instance, a decrease
in the expression of BDNF and its TrkB receptor was
found in the CA1 field of the hippocampus 4 hours to
1 day after isolated cerebral ischemia in gerbils [12],
as well as in the cerebral cortex and hippocampus 1
day after occlusion of the middle cerebral artery in
mice [13]. In vitro experiments demonstrated that hy-
poxia-hypoglycemia caused a decrease in the BDNF
and TrkB expression in hippocampal neurons [14]. By
means of PCR-analysis and ELISA techniques it was
shown that there was a decrease in the content of
BDNF mRNA and protein in the CA1 hippocampal
field after temporary occlusion of the middle cerebral
artery in rats, which was accompanied by neuronal de-
generation [9]. Similar changes in the hippocampus
were observed on the model of global cerebral is-
chemia [15]. Slightly different data were obtained in
a study by Ferrer et al., 1998 [16]. For instance, a
5-minute brain ischemia in gerbils led to a decrease in
the number of BDNF-immunoreactive neurons in the
CAT1 field, but TrkB-immunoreactive cells survived.
At that, the authors noted that 95% of surviving neu-
rons expressing BDNF also produced TrkB [16].

The significant value of TrkB for neuroprotec-
tion was confirmed on the in vitro model of ischemic
stroke [11]. For instance, it was shown on survivors'
sections of the hippocampus that oxygen glucose dep-
rivation increases the level of TrkB phosphorylation
in the CA3 field, but not in the more sensitive area of
CA1, where ischemia led to inhibition of neuronal
electrical activity [11]. It is assumed that the TrkB
activation is an endogenous mechanism responsible
for the resistance of neurons to ischemic damage. In
the experiment carried out by Huang W. et al, 2017,
it was shown that exogenous BDNF significantly in-
creased TrkB expression, leading to increased neu-
ronal survival as well as decreased apoptosis. At that,
the TrkB inhibition weakened the neuroprotective ef-
fect of BDNF [14].
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arrorrrosa. Ipu atom nuaruéuposanue TrkB ocnabiasio
HetiporiporekTuBHOe jieiictsue BDNF [14].

Mbi 06HAPY/KUIIU, YTO B HOPME TOJBKO HEOOJTb-
11as 4acTh TUPAMUIHBIX HEPOHOB TUIITIOKAMITA KPbIC
XapaKkTepru3oBajach CUJIBHOH HMMYHODPEAKTUB-
HOCTBIO K 6esiky TrkB. 9to Habmonenne GbLI0 Xapak-
tepHo Kak jiutst ot CA1, tak u i CA4. B otHo1IE-
uun coxepxkanud BDNF  BbigBuiim HeKoTOpble
OTJIMYHST MEKLY 9TUMU 0bsacTsiMu. Tak, ecyiu B 11oJie
CA1 y KOHTPOJIBHBIX JKUBOTHBIX YMCJIO HEHPOHOB C
BbicokuM cojiepskaineM BDNF (BDNF**) 6buio
OTHOCUTEJIBHO HEBEJIHMKO, TO B 1tosie CA4 Taknx KJe-
TOK — 3HAYMTEJIBHO GOJIBIIE, YeM HEHPOHOB C HU3KUM
n ymepennbim comepxxanneM BDNF (BDNF- u
BDNF*). B wuccienoBanusix Ha IecdyaHkax OBLIO
Takke OOHAPY/KEHO HE3HAYMTEIbHOE CO/EpKaHue
TrkB-uMMyHopeakTHBHBIX HelipoHos B moje CAl B
HOPMe, OIHAKO GOJBITMHCTBO KIETOK HKCIIPECCUPO-
Bajio BDNF [16]. [Tony4ennsie B HacTosei pabore
JAHHBIE CBU/IETEJBCTBYIOT O TOM, YTO B IIpOIlECC
HoCTpeaHMaIMOHHON rubesu Heiiponos B mmosie CA1
pa3BUBaETCSA HECKOJIBKO paHblie, 4yeM B mose CA4.
BoamozkHo, 9TO cB43aHO ¢ pa3HUIlell B HAYAJIbHOM
yposHe akcripeccun BDNE

Bo MHOTUX HCCIeIOBAHUAX GBITIO TIOKa3aHO, 4TO
BDNTF sBisieTcst moTeHIMaabHBIM TeparneBTUYeCKUM
areHToM /1715t G0PHObI € UITEMUYECKUM MOBPEKICHUEM
rosioBHoro mosra [1, 3, 4]. Oxno us Haubosee mep-
CITEKTUBHbBIX HAMIPABJIECHUIT TPU Pa3pabOTKe METOIOB
3aIUTHI MO3Ta — AKTUBAITUS 9HIOTEHHBIX HEHPOTPO-
(puuecknx pakTopoB u ux perentopos [2]. B nacros-
Tee BpeMs MPeIIosKEeHbI caMble PasHbie COcOObI CTH-
MyJIA1uu sugorentoil seipaborku BDNF [4, 9, 12].
Hanpumep, B pabore Mokhtary 2017 mokasamo, 4to
BHYTPWKEJIYJ0YKOBAas MHBEKIINSA TPUUOATUPOHMNHA
yepe3 24 yaca 1ocse WIIEMUM MO3Ta MPUBOIUT K
noBbirenuio cogepkannst BDNF B runmoxamrre [9].
[Tosrydennl os0KUTENbHBIE PE3YIBTATHI B 9KCIIEPHU-
MEHTAJIBHBIX PaboTax Mo UCCIEA0BAHUIO HEHPOTIPO-
TeKTUBHOTO encTBrus MuMeTnkos BDNF cunrernue-
CKOTO ¥ PACTUTEIBHOTO MTPONUCXOKICHUS, aTOHUCTOB
TrkB penenropa [7, 17-19]. B xauecTBe c1rioco6os
noBbilieHus1 ypoBHs cosepxrannsg BDNF paccmarpu-
BaioT pusndeckue yrnpaxuenus [4, 20], a takske MeTo-
JIbl HEMHBA3WBHOW CTUMYJSAIUKM TOJOBHOTO MO3Ta
nepeMeHHbIME TOKaMu [21].

3akiaoyeHue

[Tonyuennbie pe3ysbraThl CBUETEJBCTBYIOT O
TOM, YTO YCTONYUBOCTb HEPOHOB K UIIIEMUU-PeEIep-
(dhysum accoMupoBata ¢ CofepKaHIueM B HUX OEIKOB
BDNF u TrkB. Haumenbieii ycToiiaMBOCTBIO K rde-
JI1 B Tedenne 14 apeii mocjie ocTanoBKM cepaia oba-
JIaJT HEMPOHBI C MUHUMAJIbHBIM ¥ YMEPEHHBIM COJIeP-
JKaHMeM MccienyeMbix 0eskoB. IIpu 9ToM Jrydinyio
BBIKUBAEMOCTH TIPOJIEMOHCTPUPOBAJIIU HEUPOHBI C
HanGoapumm copepxkanreM BDNF u TrkB. Borasien-
Hble (haKThl PACKPHIBAIOT MEPCIIEKTUBHOCTD UCCIIE/0-

We found that normally only a small number of
the pyramidal neurons in rat's hippocampus highly
express the TrkB protein. This observation was typ-
ical for both CA1 and CA4 fields. Some differences
between these areas were found in the BDNF con-
tent. For instance, while the number of neurons with
a high BDNF content (BDNF**) was relatively
small in the CA1 field of the reference group animals,
the number of such cells in the CA4 field was much
higher than that of neurons with a low and moderate
BDNF content (BDNF- and BDNF*). In gerbil
studies, a small content of TrkB immunoreactive
neurons in the CA1 field was also found under nor-
mal conditions, but most cells expressed BDNF [16].
Data obtained in this study show that the process
the post-resuscitation neuronal death in field CA1
develops a little bit earlier than in field CA4. It may
be due to the difference in the baseline level of
BDNF expression.

Many studies have shown that BDNF is a po-
tential therapeutic agent for managing the ischemic
brain damage [1, 3, 4]. Activation of endogenous
neurotrophic factors and their receptors is one of
the most promising areas in the development of
brain protection techniques [2]. At present, a vari-
ety of ways to stimulate endogenous BDNF produc-
tion are proposed [4, 9, 12]. For example, Mokhtary
(2017) showed that intraventricular injection of tri-
iodothyronine 24 hours after brain ischemia led to
an increase in the BDNF content in the hippocam-
pus [9]. Positive results were obtained in experi-
mental studies of neuroprotective action of
synthetic and herbal BDNF mimetics and TrkB re-
ceptor agonists [7, 17—19]. Physical exercises [4, 20],
as well as methods of non-invasive stimulation of
the brain by alternating currents are also considered
as ways to increase the BDNF level [21].

Conclusion

The obtained results indicate that the resistance
of neurons to ischemia-reperfusion is associated with
the expression of BDNF and TrkB proteins. Neurons
with minimal and moderate content of the studied
proteins had the least resistance to death within 14
days after cardiac arrest. At the same time, neurons
with the highest expression of BDNF and TrkB
demonstrated the best survival rate. These facts
demonstrate that studies of various ways to increase
the BDNF expression and the activation of its TrkB
receptor in neurons for its protection against ischemic
damage are promising.

BAHUHN PA3JIMYHBIX CIOCOOOB MOBBIIIEHUST IKCIIPECCUT
BDNF u aktuBaiuu ero peuenropa TrkB B HepBHBIX
KJIETKAX IOJIOBHOTO JIJISI €r0 3aIIUThI UIIEMUYECKOTO
TIOBPEK/I€HI.
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