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[MTaTodusuonorust opMuUpoOBaHUS CYHIHAATIBHOTO ITOBEICHUS PACCMOTPEHA Ha MPHMEpax CBSA3M HelpoBocmalie-
HUS C €ro MPOSABICHUAMHU (CyMLIHIATBHBIMU MBICIISIMHU, CYULIUIATBbHBIMU MOMNBITKAMH U 3aBEPLICHHBIMH CYUIIHU-
JAMH) Y JIAI] C TAKIMH TICHXUYIECKAMHE PacCTPOUCTBAMH, KaK: MEMPECCUBHOE PacCTPOUCTBO (00MbIIOE, TepUmap-
TaNbHas Jenpeccus), HelporeHHas (HepBHAsI) aHOPEKCHS, MU30(PPEHHS, a TaKKe CyHIIUAaMu (CYUIHIATBHBIM
MOBENICHUEM ), CBSI3aHHBIME C WH(EKIIMOHHbIMU 3aboneBanusmu (7. gondii, COVID-19). B pe3yibrare aHanmuza
00JIBIIIOT0 MacCHBa JTUTEPATYPHBIX JAHHBIX BHICKA3bIBACTCSA YacTHAs TUIIOTE3a, YTO MCUXHUYECKH OOJNBHBIE C CY-
WIUIATIGHBIM TTOBEICHUEM (COBEPIIUBIINE CYUITUI), OTIUYAIOTCSA OT MCUXWYECKU OONBHBIX JIOjeH, O0e3 CcyuIu-
JAIHOTO TIOBEJICHUS, HAMYUEM Y TIEPBBIX T'CHETHUYCCKUAX W/WIA META00JMYECKUX MApPKEPOB XPOHHYECKOTO
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BSUTOTEKYIIIero HeipoBocnayieHus. [Ipu3Haku HelipoBocaneHus HaOM0ar0Tes Takxke y nepeHecmux COVID-
19 manueHToB, 1Mo KpaiiHel Mepe, B paHHEM B IIOCTKOBHIHOM Tieproie (o 100 mHei mociie BBI3MOPOBICHUS) U Y
ynn Hocutenedt 7. gondii. DTH NaHHBIE COMOCTABIICHEI C paHEEe BBHIABICHHBIM YBEIHICHHUEM YHCIA CYHIHAOB B
TPYIIIE JHI, TEPSHECIINX PECIUPATOPHbIC HHGEKIMH ¥ JIUI] ¢ aJUICPTUeH Ha TBUIBIYY pacTeHHs. AHAN3 MeXa-
HU3MOB 3allycKa HeWpOBOCHAJICHHs, aCCOLIMUPYEMOT0 C CyIMIAIbHBIMUA TIOBEJEHUEM (3aepIICHHBIMU CYHUIIH]Ia-
MH) MPU HEKOTOPBIX MCUXMYECKUX PACCTPOIMCTBAax MO3BOJIAET CHENaTh BHIBOJ 00 OTCYTCTBHU IPAMOM CBS3H
CYHUIIUIIOB y TICHXUYECKH OOJBHBIX C HX OCHOBHBIM 3a00JI€BaHIEM U HEOOXOIUMOCTH PacCMaTpUBATh CyIUAATb-
HOE TIOBEJICHNE (3aBEepIICHHBIC CYHINABI) Y MCHXUUECKH OOJMBHBIX KaK KOMOpOUAHbIE cocTOSHUS. CyHIMICHTHI
0e3 npeAIeCcTBYIOUINX KIMHUYECKUX HAPYIIEHUH IICUXUKHU U ¢ Pa3HBIMU KJIMHUYECKH TUATHOCTUPYEMBIMU TICH-
XMUYECKUMH PAaCcCTPOICTBaAMU MOTYT OBITh BBIAETICHBI B OTIENBbHYIO OJHOPOJHYIO TPYIILY — MAIlUEHTOB C CYyULHU-
JATBHBIM MOoBeZieHueM. VX 00beuHsIeT CYyHIUAaIbHAS aKTUBHOCTD, KOTOpasi HHAYIUPYETCS. OMHCAHHBIMHU BBIIIIC
MPUIMHAMH HEHPOBOCHAJICHHUS, UTO TOKA3bIBACT OMONOTHYECKYI0 MYJBTH()AKTOPHYIO MPHUPOAY CYHIHIAIHHO-

CTH.

Knrouegvie cnosa: HelipoBocnajeHue, CyUIUIAIBHOE TOBEACHUE (CYHIH[), OOJbIIOE ACHPECCHBHOE pac-
CTPOMCTBO, TIEpUIIapTaIbHAs JeTpeccusi, HeliporeHHas (HepBHas) aHopekcusl, mm3odpenus, 7. gondii, COVID-19

AHanu3 cBeJEHUN O CBSI3M XPOHMUYECKOTO BSJIOTE-
KyIIero HeWpoBocmalieHHss ¢ (OPMUPOBAHHEM CYIH-
JanpHOTO (peHoTHNa W CyMuuAaMu y Jui 0e3 mpeamie-
CTBYIIMX KIIMHUYECKH SBHBIX HAPYIICHUH IICUXUIECKOTO
cTaTyca BBI3bIBA€T HHTEPEC K MPOBEICHUIO aHAIM3A CBSI-
3U HEHpOBOCHAJICHHS] C CYUIMAaMU Cpedu OOJBHBIX C
ncuxudeckumu paccrpoicrsamu (I1P) u xponuyeckumu
MHQEKIMOHHBIMH 3200JI€BaHUSIMH. JTO B MEPBYIO OYe-
penb 0OyCIIOBIICHO TeM, YTO AAJIeKO He BCE MAlUEHTHI,
CTpaJaloIyie pa3InyHbIMUA (HOpMaMH JIENPECCHU, B TOM
qHcie NMepunapTaibHON (BO3HUKAIOIIEH BO BpeMs Oepe-
MEHHOCTH WJIM B IOCJIEPOIOBOM NEPHO/IE), MNU30(PPEHH-
el, UM TICUXOTeHHOW (HEPBHOI) aHOPEKCHEH coBepIa-
0T CYHMIUIBI, HO YHCJIO CYWIUACHTOB CpeAu CcyOmorry-
MyJSIIUA 9TUX OOJBHBIX 3HAYMTENBHO OOJBIIE, YeM B
nonynsuuu B nenom [1, 2]. Tem He Menee, OGomblnas
YacTh TaKUX MAIEHTOB CYWIUIOB He coBepmaer. [lo-
3TOMY MeX1y manueHtamu ¢ 1P ¥ cyummmansHeIM Mo-
BenenueM (CII) m nmeuxudyecku OOJILHBIMU TAIUEHTaMHU,
y koropbeix CII orcyrcTByeT, MOIKHBI OBITH KaKue-TO
€CTECTBEHHbIE, omnpeensemMblie paznnuusi. CBsizb HeMpo-
BocrniasieHus: ¢ CII y ncuxudecku 30pOBBIX JIOAEH MbI
OIHKCAJIM B CBOEH mpeabIayIiei padoTe.

Llenv oannoti pabomer — cUCTEMaTU3UPOBATH CBE-
JeHust 0 posnu HeWpoBocnaneHus B peanuzanuu CII y
ymr c [1P.

Cyuyuowl npu oenpeccugmvix CUHOPOMAx

To, 4r0o y OOMBHBIX ¢ OOJBIION enpeccueil yBemu-
YeHa TIJIOTHOCTh Oenka TpaHciokatopa TSPO' (Mapkep
MUKPOTJIMH) U, COOTBETCTBEHHO IUIOTHOCTH MHUKPOIJIUHU
B NMpeppOHTAIILHON KOpe, MepeHel MosSCHOW W3BUIIMHE
¥ OCTPOBKOBOM 30HE, J0Ka3aHO B MPSIMOM HCCIICJIOBAaHUN

The analysis of data on the association
of chronic inert neuroinflammation with the
development of a suicidal phenotype and
suicides in individuals without a history of
clinically evident mental disorders (MD)
raises interest in analysing the association of
neuroinflammation with suicides in patients
with MD and chronic infectious diseases.
This is mainly due to the fact that not all
patients suffering from various forms of
depression, including peripartum depression
(occurring during pregnancy or in the post-
partum period), schizophrenia or psycho-
genic (anorexia nervosa), commit suicide,
but the number of suicides in subpopulations
of these patients is significantly higher than
in the general population [1, 2]. However, a
large proportion of these patients do not
commit suicide. Therefore, there must be
some natural, definable differences between
patients with MD and suicidal behaviour
(SB) and mentally ill patients who do not
have SB. We have described the relation-
ship between neuroinflammation and SB in
mentally healthy people in our previous
work!.

Suicides in depressive disorders

The fact that patients with major de-
pression have an increased density of the
translocator protein 7SPO' (a marker of
microglia) and, accordingly, the density of
microglia in the prefrontal cortex, anterior
cingulate cortex and insula has been proven
in a direct study using positron emission
tomography [4]. The main localization of
this protein, previously identified as the

Benok-tpancnokarop (TSPO) — Genok ¢ maccoii 18 k/la, B OCHOBHOM HaxoAsNIMICS Ha BHEIIHEH MeMOpaHe MUTOXOHIpPHUH.

Brmepsreie Ob11 onmcan B 1997 . kak mepudepuueckuii 0€H30Ma3eMHOBBI PELENTOp — BTOPUYHBIN CAlT CBS3BIBAHMS JHA-
3enama / Translocator protein (TSPO) is a protein with a mass of 18 kDa, mainly located on the outer membrane of mitochondria.
It was first described in 1997 as a peripheral benzodiazepine receptor, a secondary binding site for diazepam [3].
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C TIOMOIIBIO TO3UTPOHHO-IMHCCHOHHON TOMOTpadun
[4]. OcHOBHas JTOKaIM3aIysl ITOro OenKa, paHee WICH-
TU(UIUPOBAHHOTO KaK OEH30JMa3eIHHOBBIM PELernTop,
BHEIIHSsI MeMmOpaHa MUTOXOHIpuH. CremyeT HarmoM-
HUTh, YTO OEH30/IMA3EMMHOBBIE PELENTOPbl HEMOCpe.-
CTBEHHO YYacTBYIOT B PEryJISiLIMU SMOIMOHAIBHOTO CTa-
Tyca u, Kak ciencteue, noseaeHus [3]. [loaTtomy Beicoka
BEPOSITHOCTh y4acTHs OEH301Ma3UIIMHOBBIX PELENTOPOB
B aKTHBALlMd MUKPOTJIUH U €€ TpaHc(opMaruu B Mak-
podaranpayo Gopmy M1 ¢ pazBUTHEM COMYTCTBYIOIIIC-
ro 3¢ dekTa B BUAC HAPYIICHUS SMOIMOHAIIBHOTO CTATy-
ca.

Caa3pb CII y 6051bHBIX MaHHAKAJIbHO-ETIPECCUBHBIM
ncuxo3oM  (OumossipHbIM — a(EKTUBHBIM ~ PacCTPOM-
CTBOM), HEHpPOBOCHAJIEHHUEM M OJHOHYKJICOTHIHBIMU
noauMopdu3MaMu KJIETOK MHUKPOTIUH J10pCoaTepaib-
HOU mpedpoHTaNBHON KOpBI UCCIIE0BAaHA B Pe3yJbTaTe
TPAHCKPUIITOMHOTO CEKBEHHUPOBAHUS OMOJIOTHYECKOTO
Martepuana 29 MLl KOHTPOJIBHON IPYMIbI, HE UMEBIINUX
I1P, 21 cyunuaeHta ¢ OOJNBIIOW JIENPECCUeii U JIEBATH
CYUIIMJICHTOB 0€3 MpeAIecTBYIOIIEro aHaMHe3a JIeTIpec-
CHBHBIX PacCTPOWCTB. Pe3ynbraT cekBeHUpOBaHUS ObLI
MOJIBEPTHYT B3BEIIEHHOMY aHAJIMU3y CETU COBMECTHOM
skcripeccur TeHOB (WGCNA). BrisiBieHo ceTeBoe B3au-
MozeictBue 10 BenylMX TeHOB-KOHUIEHTPATOPOB, Ka-
KHUM-TO 00pa3oM BoBieYEHHBIX B (popmupoBanue CII y
JENPECCUBHBIX OONBHBIX, a wuMeHHO: JUN', FOS?,
ATF3®, MYC* EGRI°, FOSB®, DUSPI’, NFKBIA®,
TLR2°, NR4AI'. Tlpn amanuse THUIMPOBAHHSA KJIETOK
YCTQHOBJICHO, YTO 3TH T'€HbI OBLIM 3HAYUTEIBHO JKC-
MPECCUPOBAHbI B KIETKAaX DJHIOTEIHS W MHUKPOTIUU
(p<0,000) [5]. TIpomykTel 3THX TE€HOB YYacTBYIOT B
(hopMHUPOBaHNM MUMMYHHOTO OTBETa, HE CBSI3aHHOTO C
KJIACCUYECKUM BOCHIAJIEHUEM.

Berre o6cysxaanack ponb (hakTopa HEKpo3a OIyXo-
JI1 ¥ MHTEPJIEUKMHOB B reHe3e HelipoBocnaneHus. CBs3b
3TUX LUTOKUHOB C OOJIBLIMM JETPECCUBHBIM PacCTpOM-
CTBOM ITOATBEPIKJ€HA KaK KIMHUYECKUMH, TaK W JKCIIe-

benzodiazepine receptor, is the outer mem-
brane of mitochondria. It should be recalled
that benzodiazepine receptors are directly
involved in the regulation of emotional status
and, as a consequence, behavior. Therefore,
it is highly probable that benzodiazipine re-
ceptors are involved in the activation of mi-
croglia and its transformation into the mac-
rophage form of M1 with the development of
a concomitant effect in the form of impaired
emotional status.

The relationship between SB in patients
with manic-depressive psychosis (bipolar
affective disorder), neuroinflammation and
single nucleotide polymorphisms of micro-
glial cells of the dorsolateral prefrontal cor-
tex was studied as a result of transcriptomic
sequencing of biological material from 29
control group individuals who did not have
psychiatric problems, 21 suicide victims with
major depression and nine suicide victims
without a previous history of depressive dis-
orders. The sequencing result was subjected
to weighted gene co-expression network
analysis (WGCNA). A network interaction of
10 leading hub genes was identified that are
somehow involved in the formation of SB in
depressed patients, namely: JUN', FOS,
ATF33, MYC* EGRI°, FOSB®, DUSPI,
NFKBIAS, TLR2°, NR4AI'. Cell typing
analysis revealed that these genes were sig-
nificantly expressed in endothelial and mi-
croglial cells (p<0.000) [5]. The products of
these genes are involved in the formation of
an immune response that is not associated
with classical inflammation.

The role of tumor necrosis factor and
interleukins in the genesis of neuroinflam-
mation was discussed above. The connec-
tion of these cytokines with major depres-
sive disorder is confirmed by both clinical
and experimental observations; thus, a per-

! Ten JUN mporoonkoreH, cyobenunuua paxropa tpanckpunuun AP-1 / JUN gene is a proto-oncogene, a subunit of the AP-1

transcription factor.

2 Tporoonkoren FOS, cy6owenuunma dakropa Tpanckpummu AP-1 / FOS proto-oncogene, a subunit of the AP-1 transcription

factor.

3 AKTHBMpYIOIIMI TPAHCKPUITIMOHHEIA (pakTop 3 / Activating transcription factor 3.
4 Mpotoonkorer MYC, paxrop Tpanckpuruu bHLH / MYC proto-oncogene, bHLH transcription factor.

3 T'en panneii peakuuu pocta 1 / Early growth response gene 1.

¢ Iporoonkoren FOSB, cy6nenununa dakropa Tpanckpunuu AP1 / Proto-oncogene FOSB, a subunit of the AP1 transcription

factor.

" Ten docdarassl 1 geoiinoii cnenuduunoctu / Dual specificity phosphatase 1 gene.
8 T'en anb(a uarubuTopa saepHoro pakropa kanna-b / Nuclear factor kappa B inhibitor alpha gene.
° T'en TOLL-nonoGuoro peuentopa 2 u3 cemeiictBa TOLL-m0J00HBIX PELENTOPOB — OEIKA BPOKIAEHHON MMMYHHOM CHCTEMBI /

Nuclear factor kappa B inhibitor alpha gene.

19 Ten NR4A1 u3 mojcemeiicta siepHsix penentopos 4, rpynna A, unen 1 / NR4A1 gene from nuclear receptor subfamily 4,

group A, member 1.

Tom 15, Ne 2 (55), 2024 Cyuyudosozus

31



HayuHo-npaxmuueckuil >KYpHa

https:/ /www.elibrary.ru/

PUMEHTANBHBIMUA HAOMIOJCHUSIMH, TaK, CTOHKOE YBEJIH-
YeHue B JUKBOpe KoHIeHTpauui [L-6 [6] u TNF-a [7]
BBI3BIBAET CHUMIITOMBI JETPECCUH y OONIBHBIX KakK B pe-
3yJbTaTe NPSAMOIO BBEACHUS B DKCIEPUMEHTE, TaK U B
pe3ynbTaTe UHAYKIMKU uHTepdeponom INF-a npu nede-
HUU XPOHMYECKUX BUPYCHBIX rematutoB. llpemmonara-
0T, YTO TNATTEPH IUIa3MEHHBIX KOHLEHTpauuid [L-6 u
JPYTUX LHUTOKUHOB, AaCCOLMHMPOBAHHBIX C JIENPECCUEH,
MOKHO HCITIOJIb30BaTh ISl pa3paboTKH Kiaccu(UKamuu
OMOJIOTUYECKUX MOJTHUIIOB OOJIBIIOTO JIETPECCUBHOTO
paccTpoOMCTBa ¢ 1IEIbI0 BbIOOpPA ONTUMAILHOW WHIWBU-
JlyaTu3UpOBaHHOM cTpaTeruu jeueHus [8]. B wactHocTH,
MOKAa3aHO, YTO YBEJIMUYEHHUE IIa3MEHHBIX KOHIEHTPAIUIl
IL-6 B OCJIEPOIOBOM IIEPUOAE SBISETCS MAPKEPOM IIO-
CIepoI0BOH aenpeccun [9].

Ponb yBenuueHnHoro Beiaenenusi IL-6 u TNF-a B
naToreHe3ze OOJBIIOTO JEMPECCUBHOIO paccTpoiicTBa
ObuIa NOATBEPKJCHA, HApUMep, B MeTaaHanuze 69 pa-
00T. ABTOpBI NOKa3aJIx, YTO KOHLEHTpaluu /L-6 B JIHK-
BOpE OBLIM MOBBIILIEHBI y JIUL], MBITABIINXCS COBEPLIUTH
caMOyOHMIICTBO, HE3aBUCHMO OT HMX JMArHo3a ICHUXHYe-
cKkoro pacctpoiictBa. A Genok Tpancnokatop 7SPO, sB-
JISIOLIUICS MapKepOM HEMpOBOCIIANIEHHUS, ObLI TIOBBIIIEH
B NEepelHel MOSICHOW M3BMJIMHE M BHUCOYHOW KOpE TO-
JoBHOTO Mo3ra [10].

[Ipeanonararor, yto emé OAHON NPUYMHONW OOJIb-
1I0r0 JENPECCUBHOIO PACCTPONCTBA SIBISIETCS Hapyllle-
HUE BBICBOOOXKJCHMSI M TIOTJIOLICHMS TIyTamara W aje-
Ho3uHTpU(pOC]aTa B CHHANTUYECKOH LI, OTOCpeIye-
Moe uepe3 Oenok-kKoHHekcHH Cx43' [11]. DTor Gemok
HEOOXOUM JUIsl CO3/IaHUSI MEXKIY KJIETKaMH MIEJEBBIX
COCTMHEHH, 00ECTIeYNBAIOIINX MEXKKICTOUHYIO CBSI3b
MIOCPEJICTBOM HMOHHOTO OOMEHa M HEOOJBIIMX MOJEKYI,
JNEHCTBYIOIMX KaK BTOPHUYHBIE MECCEHKEpBl, TaKHX
KaK: MOHBI KaJIbLIMs, HUKOTUHAMMIQJICHUHIUHYKJICOTH ]I,
1,4,5-tpudocdaTHpie penenTopsl, aaecHo3UHTpUdOCchar,
rmyramMar u Tiaoko3a [12]. AHomanbHas 3KcCIpeccus
Cx43 HampsiMyl0 BBI3BIBAaET AucOajaHC TITyTaMaTHBIX
TPEXCTOPOHHUX CHHAICOB, a BhICBOOOXKHaromuecs ATD
Y TIyTaMaT BBI3BIBAIOT THOeNb HelpoHos [13, 14]. Ilpu
JIENPECCUN CHIKEHHAsl dKCIpeccHs Oelika-KOHHEKCHHA
Cx43 coyeraercsi CO CHIKEHHOM SKCIpeccHeil Heupo-
Tpouueckoro ¢pakropa mosra (BDNF). Tem He MeHee,
KOHKpETHbI MeXaHu3M (x43-0I0CpPEeJOBaHHBIX MeXa-
HU3MOB ()OPMHMPOBAHUS AETIPECCUH, BHI3BAHHOW HEHPO-
BOCIIaJIeHuEeM, OCTaércsi He sicHbIM [15]. YpoBHU MeTH-
mupoBanus JIHK u skcnpeccun MPHK BDNF' y eBpo-

sistent increase in the concentrations of /L-6
[6] and TNF-¢ [7] in the cerebrospinal fluid
causes symptoms of depression in patients
both as a result of direct administration in
the experiment and as a result of induction
by interferon INF-o in the treatment of
chronic viral hepatitis. It is suggested that the
pattern of plasma concentrations of /L-6 and
other cytokines associated with depression
can be used to develop a classification of
biological subtypes of major depressive dis-
order in order to select the optimal individu-
alized treatment strategy [8]. In particular, it
has been shown that an increase in plasma
concentrations of /L-6 in the postpartum
period is a marker of postpartum depression
[9].

The role of increased secretion of /L-6
and TNF-«a in the pathogenesis of major
depressive disorder was confirmed, for ex-
ample, in a meta-analysis of 69 studies. The
authors showed that /L-6 concentrations in
the cerebrospinal fluid were elevated in
suicide attempters, regardless of their psy-
chiatric diagnosis. And the translocator
protein 7SPO, which is a marker of neu-
roinflammation, was increased in the ante-
rior cingulate cortex and temporal cortex
[10].

It is believed that another cause of ma-
jor depressive disorder is a violation of the
release and uptake of glutamate and adeno-
sine triphosphate in the synaptic cleft, me-
diated through the connexin protein Cx 43!
[11]. This protein is necessary for the crea-
tion of gap junctions between cells, provid-
ing intercellular communication through ion
exchange and small molecules acting as
second messengers, such as: calcium ions,
nicotinamide adenine dinucleotide, 1,4,5-
triphosphate receptors, adenosine triphos-
phate, glutamate and glucose [12]. Abnor-
mal expression of Cx 43 directly causes an
imbalance of glutamate tripartite synapses,
and the released ATP and glutamate cause
neuronal death [13, 14]. In depression, re-
duced expression of the connexin protein Cx
43 is combined with reduced expression of
brain-derived neurotrophic factor (BDNF).
However, the specific mechanism of Cx43-
mediated depression caused by neuroin-
flammation remains unclear [15]. Levels of

! Konnekcnn 43 wmn Cx43 — 310 TpaHcMeMOpaHHbIii Ge0K, 00pasyomuil IIENeBble KAHAIbBI MEXK/Y COCEIHHMU KIETKAMH, 4epe3
KOTOpPBIC MPOUCXOIUT TPAHCIIOPT HOHOB MK Mabix MoJiekys / Connexin 43 or Cx43 — it is a transmembrane protein that forms
gap channels between neighboring cells through which the transport of ions or small molecules occurs.
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neines, U3 KOTOpbiXx 20 ObUIM KOHTPOJIBHBIMH CyOBEK-
TaMH, YMEPIIUMH MOCJIE OCTPON OCTAHOBKH cepaua, u 22
OBLTM KEPTBAMHU CaMOYOHMICTBA, yMEPIIMMH 4Yepe3 Io-
BelleHye ObLIN UCCiIe0BaHbl B 30He Bpoamana 9, rum-
nokamne u B kposu. B JIHK u3 TkaHu ronoBHOro Mosra
He ObUIO OOHApPY)KEHO CYIIECTBEHHBIX PA3JIMYMi B Me-
THWINPOBAHUU reHa BDNF Mexny uccieTyeMbIMA TPYII-
namu. Ho B 0Opasiax KpoBH KEpTB CyHIU/IA [0 CPaBHE-
HUIO ¢ KOHTPOJIBHOM TPYIIOi ObLT0 OOHAPYKEHO 3HAYH-
TenabHOe cHiKeHue Metwnupoanus JIHK B obGmactu
BDNF Beime 3x3o0na [ (5,67+0,57 mpotus 6,83+0,64,
p=0,01). B 30ne bpoamana 9 >xepTB caMOyOHIACTB, HO HE
B HMX TUNIoOKamIe, o0HapykeHa OoJyiee BBICOKAas HKC-
npeccus Tpanckpunta [-IX BDNF 1o cpaBHEHUIO C KOH-
tponbHOM rpymmoi (0,077+£0,024 mporus 0,05+0,013,
p=0,042) [17]. U3 pe3yabTaToB 3TOW IMyOIMKAIIUH CIIe-
nyert, uro npu noucke accouuarnuii CII ¢ kakumu-mu6o
M3MEHEHUSIMU CTaTyca reHoMa Ba)KHO HE TOJbKO H3Me-
HEHHUE SKCIPECCUU OTICIbHBIX T€HOB /WM U3MEHEHUS
X METHJIMPOBAHUS M HAIMYUSA TEHHBIX MOIMMOpPdU3-
MOB, HO MakpoMOp(OJOrHYecKasi MPUBSA3KA HCKOMBIX
HW3MEHEHUH.

Emeé onna MexaHu3M, CBSI3bIBAEMBII ¢ HEHPOBOCIIA-
JICHUEM W CYUIMJIaMU y JETPECCUBHBIX OOJIBHBIX — ATO
yBeIHUEHUE 00pa30BaHUS MHUKPOTIUEH MPOIYKIMH XH-
HOJIMHOBOM KHUCJIOTHI, SBJISIFOLIEHCS €CTECTBEHHBIM aro-
HuctoM NMDA-penentopoB, 9YTO OMKUCAHO BhIIIE. Y JUIT
C NPEIIIECTBYIONIEH CYUIMy IHAarHOCTUPOBAHHOW TH-
KENON Jienmpeccueil, B MepeHeN MOsSCHON M3BHIMHE 00-
Hapy»eHa MOBBIIIECHHAS] UMMYHOPEAKTUBHOCTh XUHOJIU-
HOBOM KHCIJIOTHI B MHKDPOTJIUH, BBISBIIEHHAS 10 yBEJIUYE-
HUIO TUIOTHOCTH XHWHOJIMH-TIO3UTHBHBIX KJIETOK y CYyH-
UCHTOB TI0 CPABHEHUIO CO CIyYalHO MOTHOIINMU JIN-
naMu KoHTposibHOU rpynmsl [18]. Konmentpanun XxuHo-
JIMHOBOM KHUCIJIOTBI, U3MEPEHHbIE B JIUKBOpe 64 nuil, co-
BEPIIMBIIUX MOMBITKY CyHLIUAA, U 36 JIUL KOHTPOJIbHON
IPyHIbl, MOJOXKHUTEIBHO KOPPEIUPOBAIM C CyHLUIAIIb-
HBIMH HAMEPEHUSMH U 00Jiee BHICOKUMH YPOBHIMH [L-6
[19]. Kpome TOro, KOHIEHTpAalui XUHOJIMHOBOW KHUCIIO-
Thl OCTABAJINCH TOCTOSHHO MOBBIIICHHBIM JAXKe 4Yepe3
JIBa rojJia Mocjie CyUIMIATbHON MOMBITKA Y BBIKHUBILHUX
CYMIIMIEHTOB IO CPaBHEHHUIO CO 3JO0POBBIMHU JIFOJAbMH.
ABTOpBI TaK)X€ COOOIIAIOT O CHM)KEHHE KOHILIEHTpALUU
KUHYPEHWHA Yy CYHWIHUJEHTOB B TPOIIECCE IBYXJETHETO
HaOmoneHus [20].

DNA methylation and mRNA expression
BDNF in Europeans, of whom 20 were con-
trol subjects who died after acute cardiac
arrest and 22 were suicide victims who died
by hanging, Brodmann's area 9!, the hippo-
campus and the blood were examined. In
DNA from brain tissue, no significant dif-
ferences in methylation of the BDNF gene
were found between the study groups. But
in blood samples from suicide victims com-
pared to controls, a significant decrease in
DNA methylation was found in the BDNF
region upstream of exon I (5.67+£0.57 vs
6.83+0.64, p=0.01). There are nine suicide
victims in the Brodman zone, but not in
their hippocampus, a higher expression of
the BDNF [-IX transcript was found com-
pared to the control group (0.077+0.024 vs
0.05+0.013, p=0.042) [17]. From the results
of this publication, it follows that when
searching for associations of SB with any
changes in the genome status, it is important
not only changes in the expression of indi-
vidual genes and/or changes in their meth-
ylation and the presence of gene polymor-
phisms, but the macromorphological rela-
tionship of the sought changes.

Another mechanism associated with
neuroinflammation and suicide in depressed
patients is an increase in the production of
quinolinic acid by microglia, which is a
natural agonist of NMDA receptors, as de-
scribed above. In individuals diagnosed
with severe depression prior to suicide, in-
creased immunoreactivity of quinolinic acid
in microglia was found in the anterior cin-
gulate cortex, identified by an increase in
the density of quinoline-positive cells in
suicide victims compared to accidentally
killed individuals in the control group [18].
Concentrations of quinolinic acid measured
in the cerebrospinal fluid of 64 suicide at-
tempters and 36 controls were positively
correlated with suicidal intent and higher
levels of IL-6 [19]. In addition, quinolinic
acid concentrations remained persistently
elevated even two years after the suicide
attempt in suicide survivors compared with
healthy controls. In addition, the authors
reported a decrease in kynurenine concen-

! O6nacth 10pconaTepalbHON ¥ MeAUATLHON MPeQPOHTAILHON KOPhI, YYaCTBYET B IIPOLIECCAX KPATKOBPEMEHHOM MaMSTH, MbIIL-
JICHHUS, PEUH, aHaJIu3e CliyxoBoi nHdopmaruu, GOpMHUPOBaHUS HAMEPEHUH. Y JIHI ¢ GUIOSIPHBIM PACCTPOHCTBOM MOTpeOIIeHHE
sHepruu B 30He bponmana 9 monmkeno / The area of the dorsolateral and medial prefrontal cortex is involved in the processes of
short-term memory, thinking, speech, analysis of auditory information, and formation of intentions. In individuals with bipolar

disorder, energy consumption in Brodmann's area 9 is reduced [16].
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XUHONMMHOBAs KHUCJIOTa HE €IUHCTBEHHBIN Mapkep
KHHYPEHUHOBOTO IyTH KOHIIEHTPAIMHM KOTOPOIO KpH-
TUYHO MEHSIOTCS y CyuuMaeHToB. Hampumep, y nuim,
MIBITABIINXCS COBEPIIUTH CaMOyOMICTBO, OBLIM CHHXKE-
Hbl KOHIIEHTpALM1 MUKOJMHOBON KHCIOTHI U COOTHOILIE-
HUE MMUKOJIMHOBAs KUCIIOTA / XUHOJIOHOBAsI KUCIIOTA KaK
B sikBope (p<0,001), Tak u B kpoBu (p=0,001 u p<0,01
COOTBETCTBEHHO). CHM)KEHHE KOHLIEHTPALUU MMUKOJIHHO-
BOM KHUCIIOTHI B JIUKBOPE COXPAHSAJIOCH B T€UEHHE ABYX
JIET TIOCTIe MOMBITKU camoyouiicTBa. Kpome Toro, y aTux
00bHBIX MHHOpHBIN amtens C rs2121337 amuHOKap-
OOKCHMYKOHAT TIOJTyaJTbACTU]T neKapOOKCHITa3bl
(ACMSD — depmeHT, peOoTBpaIIAOIIUN HAKOIICHHE
XMHOJIMHOBOM KHUCIIOTBI) ObUT OoJiee pacrpocTpaHéH y
JIUII, TIBITAIOIINXCS COBEPIINTh CaMOYOHMICTBO, a CHH-
KEHHE ero aKTUBHOCTU acCOLMUPOBAIACH C TIOBBIIICHHU-
€M KOHIICHTpAIlMM XWHOJIOHOBOM KHCJIOTHI B JIMKBOPE
[21].

Omauyusi denpeccusHvlx OOILHLIX CYUYUOEHMO8 OM
He Cco8epularowux Ccyuyuovl O0enpeccUHvIX OO0NbHBIX.
N3BectHo, uro CII, B TOM uncie 3aBepluaromeecs Cyu-
LUA0M, BCTPEYAETCSl 3HAUUTEIHHO Yallle B MOMYJISLIUU Y
6onbHbIxX ¢ [IP [22, 23]. DTOT HeocnopuMsbIil dakT co-
31an yoexieHue, 4To Cyuuuasl coBepimaiot jtoau ¢ 1P,
qamie OOJNBbHBIE C PA3TUYHBIMU (HOpMaMH JIETPECCH.
Tem He MeHee, yuCIIO OOJNBHBIX HA IUIAHETE TOJBKO C
OOJIBIIMM JIETIPECCUBHBIM PACCTPOWCTBOM OIICHUBAETCS
B 300 muiH. yenosek [24]. Toraa kak CyuUUIbl €KETOTHO
coBepIaT Tojibko okojio 800000 yenosek [17] u nane-
KO HE BCE M3 HUX UMEJIU NpH ku3HU siBHOe [1P. M3 3Tnx
CTAaTHUCTUYECKUX TaHHBIX CIEAYEeT, YTO JIEMPECCHUBHBIC
OOJIbHBIC, COBEPUIAIONINE CYWUIHBI, JOJKHBI YEeM-TO
OTJIMYATHCS OT JAENPECCUBHBIX OOJIbHBIX, HE COBEPILIAIO-
LIUX CYHULIUJIOB.

Uccnenopanus S. Wu u coasr. (2016), A. Messaoud
u coast. (2017), A. Aguglia u coast. (2019), H. Li n
coaBT. (2020), sicHO TMOKa3bIBAIOT, YTO COBEPIIAIONIHIE
CYHMIUIBI TIAIUEHTHI C Pa3IUYHBIMUA (hopmamu nempec-
CUBHBIX COCTOSIHUH, M HE COBEpIIAIOIINE CYULUIOB, SIB-
HO pa3jMyaroTcs, MO KpailHeW Mepe KOHUEHTpaLUsIMHU
JUMAIO0B Tuta3mel [25, 26, 27, 28]. Hanuune metabonm-
YEeCKUX M WUMMYHHBIX Pa3Iu4uid MEXIy OOJBHBIMH C
OOJBIIMM JIENPECCUBHBIM PACCTPONCTBOM, COBEpIIAO-
OIMMH CYWITUIBI M HE COBEPIIAOIINMHU WX, HAIpPUMED,
yOenutensHo noka3zaHo B pabdorax M.E. Sublette u co-
aBT. (2011) u K.A. Bradley u coasrt. (2015) [29, 30]. Ux
JTAaHHbIE MOKHO JIONOJHUTh PE3yJIbTaTOM HCCIEI0BaHuUS,
B KOTOpOM u3 47 o0ciieoBaHHBIX UL — 14 yenoBek ¢
JENPECCUeil COBEPIIMBIINX MONBITKY Cynuuaa, 17 nanu-
€HTOB C JENpecCHel, HE COBEPIIAIN CYULHUAAIbHBIX

trations in suicide victims during a two-year
follow-up [20].

Quinolinic acid is not the only marker
of the kynurenine pathway whose concen-
trations change critically in suicide victims.
For example, suicide attempters had de-
creased concentrations of picolinic acid and
picolinic acid/quinolonic acid ratio in both
CSF (p<0.001) and blood (p=0.001 and
p<0.01, respectively). The decrease in the
concentration of picolinic acid in the cere-
brospinal fluid persisted for two years after
the suicide attempt. In addition, in these
patients, the minor allele C rs 2121337
aminocarboxymuconate semialdehyde de-
carboxylase (ACMSD, an enzyme that pre-
vents the accumulation of quinolinic acid)
was more common in suicide attempters,
and a decrease in its activity was associat-
ed with an increase in the concentration of
quinolonic acid in the cerebrospinal fluid
[21].

Differences between depressed suicidal
patients and non-suicidal depressed pa-
tients. It is known that SB, including those
ending in suicide, occurs much more often
in the population of patients with MD [22,
23]. This indisputable fact has created the
belief that suicide is committed by people
with MD, more often by patients with vari-
ous forms of depression. However, the
number of patients on the planet with major
depressive disorder alone is estimated at
300 million people [24]. Whereas only
about 800000 people commit suicide every
year [17] and not all of them had a clear
MD during their lifetime. From these statis-
tics it follows that depressed patients who
commit suicide must be somewhat different
from depressed patients who do not commit
suicide.

The studies cited above by S. Wu
(2016), A. Messaoud (2017), A. Aguglia
(2019), H. Li, et al. (2020) clearly show that
suicidal patients with various forms of de-
pression and non-suicidal patients clearly
differ, at least in plasma lipid concentrations
[25, 26, 27, 28]. The presence of metabolic
and immune differences between patients
with major depressive disorder who commit
suicide and those who do not commit sui-
cide, for example, is convincingly shown in
the works by M.E. Sublette, et al. (2011)
and K.A. Bradley, et al. (2015) [29, 30].
Their data can be supplemented by the re-
sult of a study in which out of 47 examined
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NeHcTBHiA, 1 16 3M0pOBBIX 00CIEIYEeMBIX KOHTPOJIBHOMN
IpyHnbl — TOJIBKO y MBITABIIMXCS COBEPLIMTH CYMLINL
ObUTH OOHApYEHBI TOBBIIIEHHBIE TIa3MEHHbIE KOHLICH-
tpaumu /L-6 u TNF-a, a Takke CHUKEHHbIE KOHIICHTpa-
uuu [L-2, 1o CpaBHEHUIO C MAIMEHTaMU C JETpecCUen,
HE CKIOHHBIX K CYMIMAY, W 3J0pPOBOM KOHTPOJBHOMN
rpynmoi [31]. YV cyunuaeHToB ¢ OOJIBIINM JIEMPECCHB-
HBIM CHHAPOMOM OOHAapy’KEHBI TTOJIOBBIE Pa3IHyMsi KOH-
uentpanuii kunypeanna u PHK B mepeaneit mosicHoi
M3BUIIMHE. Y KEHIIUH ¢ OOJIBIIION AeTpecCcuel, HO HE Y
MY>K4HH, Obu10 BbIsiBIeHO yBenndenuu MPHK /L-6 u IL-
1, 3HAUUTENBHO CHUKEHBI KOHLEHTPALUU KHHYPEHUHO-
BOI KHCJIOTHI, U HAOI0OaIach TEHACHIUS K CHIKEHHUIO
COOTHOIICHHUS KUHYPEHWHOBAsI KUCIIOTA / XMHOJIUHOBAS
KUCJIOTa MO CPaBHEHUIO C KOHTPOJBHOW TpyHIon. Y
KECHIIUH C OOJBILION JCTIPEecCUed, yMEpIIUX U HE yMep-
[IMX B pe3yJibTaTe CyHIM/a, ObLIIM 3HAYUTEILHO CHIDKE-
HBbl KOHIIEHTPALlMM KHUHYPEHWHOBOW KHCIOTHI MO CpaB-
HEHUIO C KOHTpOJIbHOM rpymnmnoil. Ho y manmeHTOK C
OonbLION nenpeccuell, He COBEPIIABIIUX CYHIU], OKa-
3anoch yBenudeHo konumdectBo MPHK kunHypeHuH-
OKCOIIyTapaT TpaHCAaMHMHAa3bl, KOTOPas, KaK I0JIararoT
aBTOpPBI, NPEJOTBPAIIAET CHUKEHHE KOHLEHTpalUud Ku-
HypeHuHa [32].

B emé onnoit pabore 77 manueHTOB ¢ OUIOISIPHBIM
paccrpoiictBoM U 61 370pOBBIM YETOBEK KOHTPOJIbHOM
TPYIIIBI, COMOCTAaBUMBIE 110 BO3pACTy / MOIy ObUIM paz-
JICJIEHbl Ha JIB€ TPYMIbL: C CYUIHUAAIbHBIMU MBICISMU
(n=21) n 6e3 cynuuanbHbeIX MbIciel (n=56). YV nauues-
TOB ¢ OUMOJSIPHBIM PAacCTPOMCTBOM M CYHMIUAATbHBIMU
MBICIISIMUA ObLTH 0OOJiee BBICOKHE IJITa3MEHHBIC KOHIICH-
TpalMu pactBopuMoro peuenropa INF-a 1-ro tuma
(STNF-aR1), yem y naneHToB 0e3 CyHIHIaIbHBIX MbIC-
nel U KoHTpoibHOM rpynmsl (p=0,004). HezaBucumo ot
HaJIMYUS WIM OTCYTCTBHMS CYHULMAAIBHBIX MBbICIEH Yy
OOJIbHBIX ¢ OUMOJSPHON Jenpeccueil ¢ MOMBITKAMU ca-
MOYOUICTBA B aHaMHe3e WM 0e3 HUX OblLTu Oosiee BbI-
cokue ypoHu CPbB, yem B koHTponbHOM rpymme [33].

Bo3moxHo, nomumop¢usmel TNF-a, yBeIn4UBaro-
[IFe €ro MPOIYKIIHIO, SIBISIOTCS BEIyIIMMHU (haKTOpaMu
¢dopmuposanus CII y nenpeccuBHbix OonbHbIX. Hampu-
Mep, npu cpaBHeHHU 204 TaIMEHTOB C OOJBIIMM Je-
MIPECCUBHBIM TICMXO30M, MBITABIIUXCS COBEPLIUTH CYH-
mua, 1 97 manueHToB ¢ OOJBIIMM JICTIPECCUBHBIM TICH-
X030M KOHTPOJILHOW TPYyMIBI 0€3 MOMBITOK COBEPIICHUS
cynnuaa, momuMmopdueiii renotun GG TNF-a -308G>A
(rs1800629)’ 3HauMTENHHO yBEIMUMBAN PHCK MOMBITOK

individuals — 14 people with depression
who attempted suicide, 17 patients with
depression who did not commit suicidal
actions, and 16 healthy controls — only those
who attempted suicide were found to have
elevated plasma concentrations of /L-6 and
TNF-a, as well as reduced concentrations of
IL-2, compared with depressed, non-suicidal
patients and healthy controls [31]. Sex dif-
ferences in kynurenine and RNA concentra-
tions in the anterior cingulate cortex were
found in suicide victims with major depres-
sive disorder. Women with major depres-
sion, but not men, had increased /L-6 and IL-
1 mRNA, significantly decreased kynurenic
acid concentrations, and a trend toward a
decreased kynurenic acid/quinolinic acid
ratio compared with controls. Women with
major depression who did and did not die by
suicide had significantly reduced concentra-
tions of kynurenic acid compared with con-
trols. But in patients with major depression
who did not commit suicide, the amount of
kynurenine-oxoglutarate transaminase
mRNA was increased, which the authors
believe prevents a decrease in kynurenine
concentrations [32].

In another study, 77 patients with bipo-
lar disorder and 61 age/sex-matched healthy
controls were divided into two groups: those
with suicidal ideation (n=21) and those
without suicidal ideation (n=56). Patients
with bipolar disorder and suicidal ideation
had higher plasma concentrations of soluble
TNF-o. receptor type 1 (sTNF-aRI) than
patients without suicidal ideation and con-
trols (p=0.004). Regardless of the presence
or absence of suicidal ideation, patients with
bipolar depression with or without a history
of suicide attempts had higher levels of
CRP than controls [33].

Perhaps TNF-a polymorphisms, which
increase its production, are the leading fac-
tors in the formation of SB in depressed
patients. For example, when comparing 204
patients with major depressive disorder who
attempted suicide and 97 patients with ma-
jor depressive disorder in a control group
without suicide attempts, the polymorphic
genotype GG TNF-a — 308 G > A4 (rs
1800629)' significantly increased the risk of
suicide attempts (OR=2.630, 95% CI=1.206-
5.734). IFN polymorphisms - 874 4 > T

! Tlonumopdusm 151800629 yBeNIMUMBAET TPAHCKPUIILIMOHHYIO akTUBHOCTL rena TNF-a ot 2,5-3 [34] mo 6-9 pas [35] / The rs
1800629 polymorphism increases the transcriptional activity of the TNF gene-o from 2.5-3 [34] to 6-9 times [35].
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cyumna (OlN=2,630, 95% JAWN=1,206-5,734). Iloau-
Mopdmsmer [FN-y +874A>T (rs2430561) u IL-10 -
10824>G (rs1800896) He ObLIM CBS3aHBI C PUCKOM CO-
BEpIICHUs camoyowmiicTBa [36].

Ncxons n3 ananm3a 3TUX MyOJuKalui CiIeIyeT, 4To
JIeTIpeCCUBHBIE OOJIbHBIE, COBEPIIAIOLINE CYHLIN, TeHE-
TUYECKU U MeTa0OJMYECKH SIBHO OTJIMYAIOTCS OT Je-
IIPECCUBHBIX OOJIBHBIX, HE COBEPLIAIONIUX TAKUX Iei-
ctBuil. M kak y cyunuaeHToB 0Oe3 MpeAlecTBYIOMINX
CYyHLUAY NCUXUYECKHUX HApyIIEHUH, CyHLUbl Y Jenpec-
CHBHBIX OOJIbHBIX AaCCOLMHUPYIOTCS C TOBBIIICHHBIMU
MJIa3MEeHHBIMU KOHLIeHTparusmu [L-6 u TNF-a.

Cyuyuovl u meiipogocnanenue npu wuzoQppenuu.
HecmoTpst Ha 3HAUUTENIbBHOE KOJUYECTBO IyOJUKALMHA O
CBSI3U TaToreHe3a MM30(PEeHNUU ¢ HEHPOBOCIAJICHUEM B
0a3e maHHBIX pubmed, HaM yJaIOCh HAWTH OYKBAJILHO
HECKOJIBKO HMCCIIEI0BaHUI, B KOTOPBIX HM3ydaslaCh CBA3b
CYUIMJIAIBHOCTU C HEHpOBOCHAIIEHHEM y OOJBHBIX IIIU-
30¢penueil. Tak, mpu CpaBHUTEIHHOM aHANM3e OHUOIIO-
TMYECKOro MaTepHaja npeppoHTaIbHOW KOpPbI U Mepe-
Hel MOsSICHOM M3BUJIMHBI 35 MallMEHTOB, 0OJIBHBIX IITH30-
¢bpeHueil (cemMb CYHUIUIEHTOB U 28 MALMEHTOB, yMep-
[IUX E€CTECTBEHHOW CMEpPThI0) M 34 YENOBEK XOPOIIO
1mo100paHHON KOHTPOJIbHOM Tpymmbl 6e3 [1P win HeBpo-
JIOTUYECKUX 3a0oseBaHui OOHapy»eHa MOBBIIICHHAs
skcrpeccus MPHK actponmrapHoro rena anpaeruzjne-
runporenassl-1 cemeiicrea L1 (ALDHILI, mapkep no-
(aMHHEpPruuecKo aKTUBHOCTH) Yy OOJNBHBIX IIM30¢pe-
HUEW, M0 CPaBHEHUIO C KOHTPOJbHOW Tpynmoil. B pe-
3yJbTaTe UCKIIIOUEHUS U3 aHalu3a JIML ¢ [u30(ppeHueH,
COBEPUIMBILUX CYUIH]I, ObUIO BBISBIEHO CTATHCTUYECKU
3HAYUMOE YBEJIIMYEHHE IKCIPEecCUd B MpedpOHTaIbHOU
kope reHoB ALDHIL ] v TIyTaMUHCUHTETA3bl y MalieH-
TOB C IN30(pEHNEH, YMEPIINX €CTECTBEHHON CMEpPThIO
[0 CPaBHEHUIO C JIMI[AMH, COBEPIUMBIIMMHU CYHLUA, U
rpynmnoi kKoHTpois. Kpome Toro, y 60sbHbIX mu3odpe-
HUEH CYHMUUJECHTOB B KJIETKaX MHUKPOIJIMM MeperHei
MOSICHOM M3BWJIMHBI BBISIBJIEHA MOHM)KEHHAs KCIPECCus
MPHK romeocrarnueckux MapkepoB, TaKUX Kak JIUTaH]
1 xemoknna (mMotuB C-X3-C) (CX3CRI), Torma kKaxk y
OONBHBIX IN30(QpPEHHEH, YMEpPUIMX OT E€CTECTBEHHBIX
NPUYMH, U B TPyNIe KOHTPOJIS M3MEHEHUH HKCIPECCHU
CX3CRI1 wne obnapyxeno. MPHK mypunepruueckoro
peuenropa 12 (P2RYI2) Obula NOBBIIIEHA HCKIIOYH-
TENbHO B NEpeAHEH MOSICHOM W3BMIMHE JIUL, COBEp-
LIMBIIMX CYWULU, [0 CPAaBHEHUIO C KOHTPOJILHOM rpyI-
noi W OONBHBIMM MHM30(peHHEH, YMEPIINMUA OT ecTe-
CTBEHHBIX NMPUYHH. DKCIPECCHS 3aIyCKAIOIIEro perer-
TOpa 2, SKCIPECCUPYEeMOro Ha MMEJIOWIHBIX KIETKax
(TREM?2), mopiep>KMBAOIUX METa00IM3M MHUKPOTJINH,

(rs 2430561) and IL-10 -1082 A > G (rs
1800896) were not associated with risk of
suicide [36].

Based on the analysis of these publica-
tions, it follows that depressed patients who
commit suicide are clearly genetically and
metabolically different from depressed pa-
tients who do not commit such actions. And
as in suicidal individuals without MD pre-
ceding suicide, suicide in depressed patients
is associated with increased plasma concen-
trations of /L-6 and TNF-a.

Suicide and neuroinflammation in
schizophrenia. Despite a significant number
of publications on the connection between
the pathogenesis of schizophrenia and neu-
roinflammation in the pubmed database, we
were able to find only two studies that ex-
amined the connection between suicidality
and neuroinflammation in patients with
schizophrenia. Thus, in a comparative anal-
ysis of the biological material of the pre-
frontal cortex and anterior cingulate gyrus
of 35 patients with schizophrenia (seven
suicide victims and 28 patients who died of
natural causes) and 34 people of a well-
selected control group without psychiatric
or neurological diseases, increased expres-
sion of the mRNA of the astrocytic alde-
hyde dehydrogenase-1 gene was detected
family LI (ALDHILI, a marker of dopa-
minergic activity) in patients with schizo-
phrenia, compared with the control group.
By excluding individuals with schizophre-
nia who committed suicide from the analy-
sis, a statistically significant increase in the
expression of the ALDHILI and glutamine
synthetase genes in the prefrontal cortex
was found in patients with schizophrenia
who died of natural causes compared with
individuals who committed suicide and the
control group. In addition, in suicidal pa-
tients with schizophrenia, microglial cells of
the anterior cingulate cortex showed re-
duced expression of mRNA of homeostatic
markers, such as chemokine ligand 1 (C-X3-
C motif) (CX3CRI), whereas in patients
with schizophrenia who died from natural
causes, and in no changes in CX3CRI ex-
pression were detected in the control group.
Purinergic receptor 12 m RNA (P2RYI2)
was increased exclusively in the anterior
cingulate cortex of suicide survivors com-
pared with controls and schizophrenia pa-
tients who died of natural causes. Expres-
sion of triggering receptor expressed on
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OblTa CHMKEHA Yy TAIMEeHTOB C IMU30(pPEeHHMIA, HE COBEp-
LIaBIIMX [OKYIIEHWH HAa CYMLIM[I, [0 CPAaBHEHUIO C
KEpTBaMU CYUIUJAa M JHMI[AMU KOHTPOJBHOW TPYIIIIbI
[37].

HaGmromarorcss  pasznuuuss W MEXKIIOTYIIapHOU
acummeTtpuu. [Ipu MexIonymapHOM CpaBHEHUHU J0PCO-
JaTepaTbHON MPEePPOHTATLHOW KOPBI, TIEPEIHEH TosCc-
HOWM W3BWIMHBI, THUIIIIOKaMIa U MEAMAI0p3aJIbHOrO Ta-
namyca y 16 manueHToB ¢ mu3ohpeHHei, )KepTB 3aBep-
MEHHOTO cynluaa U 16 KOHTPOJBHBIX CyOBEKTOB, OKa-
3JI0Ch, YTO Y 3JI0POBBIX CYOBEKTOB aMeOOUTHBIC KIIETKH
MUKPOTJIMH JIATEPAJIU30BaHbl B CTOPOHY MPABOro MOIY-
mrapust. Y G0JbHBIX MIKU30(ppEHUEH 1aTepanu3aluy 3Toro
TUNA KIETOK He Halmonanoch. Bo3pact, momn, mpoaos-
KHUTEIBHOCTh 3a00JIeBaHMs, J03UPOBKA JIEKapCTBa, 3a-
JepKKa XpaHeHUs] 1 00bEM BCETO MO3ra HE BIUSUIM Ha
9TO paznuyue. AHAIU3 OJHOTO CIIy4asl BBISIBMJI CHIJIBHO
MOBBIIICHHOE KOJIMYECTBO MUKPOTIHAIBHBIX KIETOK B
nepeAaHeil NOsCHOW M3BUJIMHE UM MEAHOJOP3aJIbHOM Ta-
namyce. Y JByX NalMEHTOB C IMM30(ppEHUeH, cosep-
HIMBIIMX CYHUIMJ BO BpPEeMs OCTPOro IICHUX03a, oOHapy-
KEHO 3HAYUTENIbHOE YBEJIMYEHHUE YHciia KIETOK MHUKpO-
[JIMK B NEpeJHE MOSICHON M3BUIMHE U MEIuaaop3alib-
HOM Tajamyce. ABTOPBI JENAalOT BBIBO, YTO MPHU IIU30-
(bpeHnn OTCYTCTBYET TJIMO3, HO YMEHBIICHA JIaTepalu-
3amusa amebommHoit mukpornmu [38]. Tem He Menee,
aHaJIM3 TUX JBYX MyOJIMKalui MO3BOJSET CleaTh Bbl-
BOJI, YTO, KaK M B MOIYJISALUHU JETPECCUBHBIX OOJIbHBIX,
TEHHbI M MeTa0OJIMYECKHI aHaIu3 KIJIETOK T'OJIOBHOIO
MO3ra MO3BOJIIET BBIBUTH 3HAUMMBIE PA3IUYUS MEXKIY
00TBHBIMU IHM30(PEHNEH, COBEPITUBIINMHU CYHIIUA] U HE
nmeBiux CII.

Kpome Toro, nmpu nmepBUYHOM aHAIM3E ACCOIMAINN
MIPOM3BOJILHO BBIOpaHHBIX mnonumoppusmoB TNF-a ¢
CYUIMJIANBHOCTEI0 B BbIOOpKE W3 1087 XpoHHUYECKHX
CTAIlMOHAPHBIX TAIMEHTOB C MU30(pEeHHEN MOIUMOp-
¢usmbl  TNF-a -308G>A (rs1800629) u -1031C>T
(rs1799964) oxazanuch He CBA3aHBI C KIMHHYECKHM
¢enotunom mmzoppenun u cyuuuaamu. [lpu stom, y
yu1 Hocutenel amnenst C, COBEPIIABIIUX MOMBITKH CyH-
muaa, CII mposiBIsioch 3HAYMTENBHO TIO3KE, YeM Yy
O0ompHBIX MmM30(ppeHuei ¢ renoruriom 77. [ammorum,
conepxanmii anmens 7 -1031, 6bu1 JOCTOBEPHO CBSI3aH €
BO3pacToM Hadaja camoyoOwmiictBa. U, Hakonem, B pe-
3yJbTaTe MPOBEJACHHS JIOTUCTHUECKOTO PErPECCUOHHOTO
aHayu3a Oblia BbIsIBIEHa accoumanus amens -1031C>T
C TCHUXOMATOJOTUYECKUMHU CUMIOTOMaMHU M YNoTpeoiie-

myeloid cells 2 (TREM?2), which supports
microglial metabolism, was reduced in pa-
tients with schizophrenia who had not at-
tempted suicide compared with suicide vic-
tims and controls [37].

Differences in interhemispheric asym-
metry are also observed. In an interhe-
mispheric comparison of the dorsolateral
prefrontal cortex, anterior cingulate cortex,
hippocampus, and mediadorsal thalamus in
16 patients with schizophrenia, victims of
completed suicide, and 16 control subjects,
amoeboid microglial cells were found to be
lateralized toward the right hemisphere in
healthy subjects. In patients with schizo-
phrenia, lateralization of this cell type was
not observed. Age, sex, disease duration,
drug dosage, storage delay, and whole brain
volume did not contribute to this difference.
Analysis of one case revealed highly in-
creased numbers of microglial cells in the
anterior cingulate cortex and mediodorsal
thalamus. Two patients with schizophrenia
who committed suicide during acute psy-
chosis showed a significant increase in the
number of microglial cells in the anterior
cingulate cortex and mediadorsal thalamus.
The authors conclude that in schizophrenia
there is no gliosis, but the lateralization of
amoeboid microglia is reduced [38]. How-
ever, the analysis of these two publications
allows us to conclude that, as in the popula-
tion of depressed patients, gene and metabol-
ic analysis of brain cells allows us to identify
significant differences between patients with
schizophrenia who committed suicide and
those who did not have SB.

In addition, in an initial analysis of the
associations of randomly selected TNF-a
polymorphisms with suicidality in a sample
of 1087 chronic inpatients with schizophre-
nia, TNF-a polymorphisms-308 G > A
(rs1800629) and -1031 C > T (rs1799964) !
were not associated with the clinical pheno-
type of schizophrenia and suicide. At the
same time, in individuals who were carriers
of the C allele and attempted suicide, SB
manifested itself much later compared to
patients with schizophrenia with the 7T
genotype. The haplotype containing the 7-
1031 allele was significantly associated
with age at suicide onset. Finally, as a result
of logistic regression analysis, an associa-

! Tlonmumopdusm 181799964 npomotoproii o6acth rena TNF-oL  yBeIMYMBAET TPAHCKPHIILMOHHYIO aKTMBHOCTD reHa / Polymor-
phism rs 1799964 of the promoter region of the TNF gene-a. increases transcriptional activity of the gene [39].
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HHUEM aJIKOT0JIs, BO3PACTOM KYPEHHUS U BO3pACTOM Hada-
Jia momnbITok camoyouiictBa [40]. TlockobKy ToanMOp-
dbusm 151800629 yBepenno accoruuposan ¢ CII y 60mb-
HBIX C OOJIBIIMM JIEPECCUBHBIM IICUX030M (CM. BBIIIE)
[36], momycTUMO caenaTh MPEANOIOKESHHE, YTO POPMH-
pOBaHHE CYHMIMIATBHOTO ()eHOTUTIA Y OOJBHBIX C 0O0JIb-
IIMM JIETPECCUBHBIM TICUX030M M OOJBHBIX C IIH30(pe-
HUEH peanusyeTcs C yd4acTHEM pa3HbIX MOJIEKYJISPHBIX
MEXaHU3MOB.

Cyuyuowr y oicepme HeupoceHHOU (HepeHOll) aHOo-
pekcuu. PaccTpolicTBa MUIIEBOrO NMOBEIEHUS SIBIIIOTCA
SBOJIIOLIMOHHO  HOBBIMH  COCTOSIHUSIMHM,  ITOCKOJIBKY
BCTpeyaroTcs Toibko y monen [41]. Ilpu atoit marono-
MM HaOJII0JIaeTCsl CaMblil BBICOKUH YPOBEHb CYHIIHMJIOB
cpeau Bcex [IP. CooOmaeTcs, 4To B MOMyJISALMHU OO0JIb-
HBIX C HEHPOreHHON aHOPEKCUEW CYyMLUJOM 3aKaHYMBa-
€T KU3Hb KaxAbli AThIi nauueHT [42, 43]. [Ipu nosHo-
T€HOMHOM HCCJI€ZJOBAaHUHU aCCOLIMALIMU HEPBHON aHOPEK-
cuM B 12 xoroprax «ciay4ail-KOHTpOJIb», 00BbEAUHUBLIEM
3495 cnyuyaeB HepBHOU aHopekcuu u 10982 KOHTPOIB-
HBIX, BBISIBJICH TOJBKO OJIWH 3HAYMMBIA OJHOHYKJIEO-
TUAHBIH nomumopdusm rs4622308, B pernone 12 xpo-
MOCOMEBI — chr12:56,372,585-56,482,185, BKiIro4UaroIiemM
mectb TeHoB. Kpome Toro, aBTOpHI BBIABHIM 3HAUU-
TEJIbHBIC TOJOKHUTEIbHbIE TE€HETUYECKHE KOPPENaLnun
3TOTO MOJUMOP(H3MA U PACTIONIOKEHHBIX B JaHHOM JIO-
Kyce€ XpOMOCOMBI 12 1IECTH T'€HOB, aCCOLMMPOBAHHBIX C
mm3o¢penueit, He(if)BpoTU3MOM, YPOBHEM 00pa30BaHUs
n xonecrepunoM JIIIBII, u 3HaunTenpHbIE OTpULIATEIND-
Hbl€ TeHETUYECKUE KOPPEISIIMU C Maccoil Tena, MHCYIIH-
HOM, TJIIOKO30H W JTUMUIHBIME (eHoTunaMu. Taxxe 00-
Hapy»KeHa acCOLMAIMs ITOr0 PEeruoHa ¢ caXxapHbIM Jina-
oetom 1 Tuma [44, 45].

HeonHokpaTtHO ynomsiHyTas B HameMm o030pe B CBs-
31U C HEHpOBOCHAJICHUEM MeuajbHas NpedpoHTaIbHAS
KOpa, B YaCTHOCTH, CBA3aHA C MATOI€HE30M HEHpOreH-
HOW aHOPEKCHH, TPH KOTOPOH HAOII0IaeTCsl yBETHMUCHHUE
skcripeccun TNF-a, IL-6 wn IL-1f [46]. Dxcnpeccus
MPHK 7NF-o u IL-6 OGbli1a NOBBIIIEHA B LEABHONH KPOBU
11 manueHToK ¢ aHOpeKcHel 1mo cpaBHeHuto ¢ 10 maru-
€HTKaMu ¢ HOpMasibHOM Mmaccoi tena [47]. [lonasmsto-
M anmeTuT PEeTyNIATOp MUIICBOTO TOBEACHUS JICTITUH
MOJIyJTUPYEeT UMMYHHBIN OTBET uepe3 BOCHAJICHHE, WH-
OyIUPYEMOE MHKDPOITIMEH, 3a CYET YBEIUYECHMS 3KC-
npeccun TNF-a u IL-1f [48]. TIockonbKy JE€NTHUH pery-
JUPYET KUPOBYIO MaccCy Teja, IPOLUTHPOBAHHBIEC BbIILIE
JAaHHbIE TIO3BOJISIIOT MPEANOJOKUTh, YTO HAPYIIECHUS
JUNHUIHOTO OOMEHA, MHAYLMPOBAaHHbIE BBICOKUMHU KOH-
LEHTpalUsIMHU JIeNTHHA Ha (poHe HeHpOreHHOW aHOpPEeK-
CHM, MOTYT HpPOBOLIMPOBATh HeWpoBocmaienue ¢ (op-

tion of the -1031 C > T allele with psycho-
pathological symptoms and alcohol con-
sumption, age of smoking and age of onset of
suicide attempts was identified [40]. Since
the s 1800629 polymorphism is confidently
associated with SB in patients with major
depressive disorder (see above) [36], it is
possible to make the assumption that the
formation of the suicidal phenotype in pa-
tients with major depressive disorder and
patients with schizophrenia is realized with
the participation of different molecular
mechanisms.

Suicides in victims of neurogenic ano-
rexia. Eating disorders are evolutionarily
new conditions as they occur only in hu-
mans [41]. This disorder has the highest
suicide rate of any MD. In the population of
patients with anorexia nervosa, it is reported
that every fifth patient commits suicide [42,
43]. In a genome-wide association study of
anorexia nervosa in 12 case-control cohorts,
combining 3495 cases of anorexia nervosa
and 10982 controls, only one significant
single nucleotide polymorphism was identi-
fied, rs 4622308, in the region of chromo-
some 12 — chr 12:56,372,585-56,482,185,
which includes six genes. In addition, the
authors identified significant positive genet-
ic correlations of this polymorphism and six
genes located in this locus of chromosome
12 associated with schizophrenia, neuroti-
cism, educational level and HDL cholester-
ol, and significant negative genetic correla-
tions with body weight, insulin, glucose and
lipid phenotypes. An association of this
region with type 1 diabetes mellitus has also
been found [44, 45].

The medial prefrontal cortex, repeated-
ly mentioned in our review in connection
with neuroinflammation, is in particular
associated with the pathogenesis of anorexia
nervosa, in which an increase in the expres-
sion of TNF -a, IL-6 and IL-1f is observed
[46]. The expression of TNF -a and IL-6
mRNA was increased in the whole blood of
eleven patients with anorexia compared
with 10 patients with normal body weight
[47]. The appetite suppressant regulator of
eating behavior leptin modulates the im-
mune response through microglia-induced
inflammation by increasing the expression of
TNF-a and IL-1f [48]. Since leptin regulates
body fat mass, the data cited above suggest
that lipid metabolism disorders induced by
high concentrations of leptin against the
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mupoBanueM CII u mocnenyromuMy HONBITKAMHU CO-
BEPLICHHS CYHIH/A, YTO Y ATUX OOJNBHBIX U HaOIrO/aeT-
Csl B peajbHOCTH.

B skcniepriMeHTe Ha MbIIIaX aHOPEKCHs, BbI3BaHHAs
BOJIHOM JemnpUBallUeH, yBeIUYMBalia MIOTHOCTh MUKPO-
[JIMM B MEIUAIbHON MpePpOHTAIBHONW KOpE U IKCIIpec-
cuto TNF-a, IL-6 u IL-1f, vagynupysi TakuMm 0o0pa3om
HeripoBocnianienue [49]. Takxe B 3KCIIEpUMEHTE Ha MbI-
max BBeseHue TNF-o cOnpOBOXKIAIOCh Pa3BUTHEM AHO-
PEKCHU U YBEIMYEHHEM SKCIPECCUH IIUTOKUHOMOA00HO-
ro Oenka FAMI9A45. TlomaBieHue  dKCIpecCUn
FAMI9A45 dactiyHO OJIOKMPOBAIO WHIYIHUPOBAHHYIO
IT'NF-0. aHOPEKCHUIO, YMEHBILIAIO MOTEPIO MAacCChl Tela U
crumyisiuio TNF-o skcripeccuio (hakTOpOB BOCTIAJICHHUS
[50].

B npotuBOBeC 3KCIIEpUMEHTAIbHBIM HAOIIOACHUSM,
aHayn3 36 HCClIEeNOBaHUM CBA3M HEWPOTECHHOW aHOPEK-
CUM C HEHpPOBOCHAJIEHUEM M3 15 HccaenyemMbIX LIUTOKU-
HOB BBISIBWJI, YTO HamOoJjee BOBJICUEHHBIM B MAaTOTCHE3
HEWPOTEeHHON aHOPEKCHUU sBisgeTcs [L-6, Toraa Kak pojb
TNF-o oka3zanach Majo3Hadamei [51]. Bo3moxkHo, 4TO
3TOT pe3yJbTaT CBS3aH CO 3HAYMTEIBHOW BO3PACTHOM
HEOJJHOPOJHOCTBIO c(hopMHpOBaHHOW Tpymnmbl. HecMoT-
ps Ha TO, 4TO 97,2% manMeHToB ObUIM TMpEACTaBICHBI
YKEHIIMHAMU, BO3pacT MAalMEHTOB BapbuUpoBajics oT 13
1o 47 ner. Torna kak B IpyroM HCCII€IOBAHUU, CTPATH-
(GUIMPOBAaHHOM IO BO3PACTy, y TMOAPOCTKOB C TCHXO-
TEHHOM aHOpeKcHeu KoHIeHTpauuu TNF-a B CBIBOPOTKE
KPOBH TI0 CPaBHEHHIO C KOHTPOJBHOM TpyNIoOi Obun
3HAYUTENIbHO TOBBIIIEHbI y MAllUEHTOB C aHOpPEKCHen
MIPH TOCTYIUICHUH B KJIIMHUKY, B TO BpeMS KaK KOHIICH-
Tpauuu IL-1f n IL-6 Obuln HWXKE NPHU MOCTYIUICHUH U
BbINMCKE. Torga Kak y B3pOCIBIX C aHAJIOTMYHOM IPO-
onemoit koHueHtpauuu I/L-1f u IL-6 ObUIM BBICOKUMH
[52].

[Ipn cpaBHeHuM 29 XKEHIIMH ¢ HEHPOreHHOM aHo-
pekcuel, onpenenéHHoll no kpurepusm DSM-1V, ¢ 20
3IOpPOBBIMH KCHIIMHAMH, y TAIIMEHTOK C aHOpPEKCHeH
ObUTH 3HAYUTEILHO CHW)KCHBI CHIBOPOTOYHBIE KOHIICH-
tpatmu [L-2 u TGF-f2 (tpanchopmupyromuii Gpakrop
pocta-Oeta 2) [53]. B monrutogHoM HaOmoaeHuu 55
B3POCJIBIX JKEHIIWH ¢ HEHPOTeHHOW aHOpEeKCHel HCXO[-
HO BBICOKME KOHLEHTpauuu [L-6 B CBIBOPOTKE KpPOBHU
HOPMAJIM30BAJIMCH K KOHILy TPETHETO MecsIa Crerraim-
3UPOBAHHOTO JIeUeHHsI aHOpeKcuu [54].

C 2007 r. 60onee yem y 600 manyeHTOB OBLT JUATHO-
ctupoBaH aHTU-NMDA peuentopHslid sHIEpanuT, 40%
U3 HUX — JEeTHU WIK NoApocTKu. Ha paHHuX ctanusx mna-
TOJIOTUU 3TO ONACHOE JUIS )KU3HU COCTOSIHUE XapaKTepH-
3yercs [IP, TakuMu kak: Aempeccus, TPEBOTA, HABI3UU-

background of anorexia nervosa can provoke
neuroinflammation with the formation of SB
and subsequent suicide attempts, which is
actually observed in these patients.

In an experiment in mice, anorexia in-
duced by water deprivation increased mi-
croglial density in the medial prefrontal
cortex and the expression of TNF-a, IL-6
and /L-1p, thus inducing neuroinflammation
[49]. Also, in an experiment on mice, the
administration of TNF-a was accompanied
by the development of anorexia and an in-
crease in the expression of the cytokine-like
protein  FAMI19A45.  Suppression  of
FAMI9A45 expression partially blocked
TNF-o- induced anorexia, reduced body
weight loss and TNF-a- stimulated expres-
sion of inflammatory factors [50].

In contrast to experimental observa-
tions, an analysis of 36 studies of the rela-
tionship between anorexia nervosa and neu-
roinflammation of the 15 cytokines studied
revealed that the most involved in the path-
ogenesis of anorexia nervosa is /L-6, while
the role of TNF-a was found to be of little
significance [51]. It is possible that this
result is due to the significant age heteroge-
neity of the formed group. Although 97.2%
of patients were female, patient ages ranged
from 13 to 47. Whereas in another age-
stratified study of adolescents with psycho-
genic anorexia, serum TNF-a concentrations
compared with controls were significantly
increased in anorexic patients at presentation,
while /L-1f and IL-6 were lower at admis-
sion and discharge. Whereas in adults with a
similar problem, the concentrations of /L-1/
and /L-6 were high [52].

DSM-IV anorexia nervosa with 20
healthy women, anorexia patients had sig-
nificantly reduced serum concentrations /L-
2 and TGF-p2 (transforming growth fac-
tor-beta 2) [53]. In a longitudinal study of
55 adult women with anorexia nervosa,
initially high serum /L-6 concentrations
normalized by the end of the third month
of specialized treatment for anorexia ner-
vosa [54].

Since 2007, more than 600 patients
have been diagnosed with anti-NMDA re-
ceptor encephalitis, 40% of them children or
adolescents. In the early stages of the dis-
ease, this life-threatening disease is charac-
terized by MD such as depression, anxiety,
obsessions, hallucinations or delusions, and
may be accompanied by anorexia [55]. A
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BbI€ MJIEW, TAIUTIONUHAIIMA WK Opell, U MOXET COmIpo-
BOXAAaThCsl aHopekcueil [55]. EcrecTBeHHOW MOJEINbIO
AHOPEKCUM, BbI3bIBAEMOM BHELIHEW NPUYHOM, MOMKHO
CUMTaTh MHMKOTOKCUKO3, BBI3BIBAEMBIN JE€30KCHHUBAJIE-
HOJIOM. DTO — TPUXOTEIeH, MUKOTOKCHH, BbIpabaThIBae-
MBI IJIECHEBBIMU Tpubamu  Fusarium  culmorum,
Fusarium graminearum, BbI3bIBA€T MUKOTOKCUKO3, KaK y
JMOJEH, TaK Uy CeJIbCKOXO3SIMCTBEHHBIX >KUBOTHBIX,
yNOTPEOMBIINX B MUILY MOpaxEHHbIE Fusarium 3maku.
AHopekcHs, WHIYLHUPOBAHHAS JI€30KCUHUBAJICHOJIOM,
COIPOBOXK/IAETCS HEUPOBOCHAJIEHUEM C BOBJIEUYEHUEM B
3TOT MPOLECC MUKPOIIIMH TMIOTajgamMyca U JOPCaIbHOTO
OJTy’KIaIoIIero KoMIniekca [56].

IIpoBen€HHBIN aHANM3 HATYPHBIX M JKCIIEPUMEH-
TaJbHBIX TAHHBIX TIO3BOJISET CAENATh BBIBOJI, UTO IICUXO-
TeHHAas aHOPEKCHS COTPOBOXKAAECTCS HEWPOBOCTIATIEHUEM
Y 3HAYUTEIHHBIM, 3aBUCUMBIM OT BO3pPacTa, N3MEHEHUEM
CBIBOPOTOUYHBIX KOHUEHTPALUil [IUTOKUHOB, aCCOLUUPY-
€MBIX C HEMPOBOCIIAJICHUEM C MOCIEIYOIUM (HOPMHPO-
BanueM CII, uro OOBSICHAET OYeHb BHICOKUI YpOBEHBb
CYMLIUOB B 3TOW CyOMOMyIsuu OOIbHBIX.

Henpeccuu u cyuyuovl, cesazamnHvie ¢ bOepemMeHHO-
cmoto u pooamu. IlepunapranpHas genpeccus, onpee-
nsieMasi Kak JACTpPEeccHsi, HAUMHAIOIIAsCS BO BpeMs Oepe-
MEHHOCTH U MPOJOJIKAIOIIASICS 10 YEThIPEX HEAemb I0-
cie ponos, mopaxkaer 15-20% Bcex OEpeMEHHBIX KEH-
uH BO BCEM Mupe [57], HO €€ OMOJIOTHYEeCKHUE OCHOBBI
OCTalOTCS 10 KOHIIA HEMOHATHIMH. Kak mpenmonaraior, B
nporecce OEPeMEHHOCTH B IETISIX COXPAHEHHS W Pa3BU-
TUSl TUIOJIa COCTOSTHME MMMYHHOW CHCTEMbI MEHSETCS,
YTO BBI3BIBAET PETUCTPUPYEMBbIE KOJICOAHHUS BBIPAOOTKH
MIPOBOCHIAIUTENLHBIX (PAKTOPOB M HEHPOAKTUBHBIX Me-
TabONMUTOB TpUNTO(aHA HA MPOTSHKEHUH BCETO TEPHIIap-
TaJbHOIrO nepuoja. MzMeHenne akTHBHOCTH KUHYpPEHH-
HOBOTO TyTH HA0JIIO/IaeTCs Jake B TUIAIICHTE, YTO BIIUS-
€T Ha YCTaHOBJICHHE W TOJACpKAaHNE UMMYHHOU TOJIe-
paHTHOCTH 1oAa U Marepu [58]. BeneacTBue vero Bo
BpeMsi OEPEeMEHHOCTH BO3MOKHO Pa3BUTHE HEHpOBOCTIA-
JIEHUs] U UHAYUMPOBAaHHOU UM aenpeccuu [59, 60]. Otu
MPENIOJIOKEHUST HAIUTM HOATBEPKICHUE B psAle Mps-
MBIX HCCJIEJJOBAHUN CBS3M IUIa3MEHHBIX KOHLIEHTpALUN
uHTepaeiikuHoB, TNF-o. 1 mokas3aTeneil oOMeHa TpuIl-
ToaHa C pa3BUTHEM W THKECTHIO TepUIapaTaIbHON
Jenpeccu M cyuuuaanbHocThio. Hampumep, y 114
KEHILMH B TEYCHHE Ka)KJI0OTO TPUMECTPA U B MOCIEPOI0-
BOM Iepuojie ObUIM MCCEA0BaHbl MIa3MEHHbIE KOHIIECH-
tpauun IL-1f, IL-2, -6, -8, -10, TNF-0, xuHypeHUHA,
TpunTodaHa, CEpOTOHNHA, KHHYPEHOBON, XHHOJIMHOBON
1 nUKoJIMHOBOM kucnot. Konuentpauuum IL-1f u IL-6
OKa3aJIMCh MOJIOKUTEIBHO CBSI3aHBI C TSHKECTHIO CHUMII-

natural model of anorexia caused by exter-
nal causes can be considered mycotoxicosis
caused by deoxynivalenol. It is trichothe-
cene, a mycotoxin produced by molds.
Fusarium culmorum, Fusarium gramine-
arum, causes mycotoxicosis in both humans
and farm animals that have eaten Fusarium-
infected cereals. Anorexia induced by deox-
ynivalenol is accompanied by neuroinflam-
mation involving hypothalamic microglia
and the dorsal vagal complex in this process
[56].

The analysis of natural and experi-
mental data allows us to conclude that psy-
chogenic anorexia is accompanied by neu-
roinflammation and a significant, age-
dependent change in serum concentrations
of cytokines associated with neuroinflam-
mation with the subsequent formation of
SB, which explains the very high level of
suicide in this subpopulation of patients.

Depression and suicide associated
with pregnancy and childbirth. Peripartum
depression, defined as depression that be-
gins during pregnancy and lasts up to four
weeks after birth, affects 15-20% of all
pregnant women worldwide [57], but its
biological basis remains poorly understood.
It is assumed that during pregnancy, in or-
der to preserve and develop the fetus, the
state of the immune system changes, which
causes recorded fluctuations in the produc-
tion of pro-inflammatory factors and neuro-
active tryptophan metabolites throughout
the peripartum period. Alteration of the
kynurenine pathway activity is observed
even in the placenta, which affects the es-
tablishment and maintenance of immune
tolerance in the fetus and mother [58]. As a
result, neuroinflammation and depression
induced by it may develop during pregnan-
cy [59, 60]. These assumptions have been
confirmed in a number of direct studies of
the relationship between plasma concentra-
tions of interleukins, TNF-o and tryptophan
metabolism with the development and se-
verity of peripartum depression and suicid-
ality. For example, plasma concentrations of
IL-1p, IL-2, -6, -8, -10, TNF-a, kynurenine,
tryptophan, serotonin, kynurenic, quinolinic
and picolinic acids were studied in 114
women during each trimester and in the
postpartum period. Concentrations of /L-1f
and /L-6 were positively associated with the
severity of depressive symptoms during
pregnancy and the postpartum period. The
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TOMOB JIETIPECCHU BO BpeMs OEpeMEHHOCTH M B IOCe-
ponoBoil mepuoa. BepoATHOCT BOZHHUKHOBEHUS 3HAYH-
TEJIbHBIX CUMIITOMOB JIEIPECCUU MOBBICHIIACh OoJiee ueM
Ha 30% npu YBEIMYEHHBIX IIa3MEHHBIX KOHIIEHTPAIUIX
kak IL-1p (p=0,01), tak u IL-6 (p=0,01). Bo BTOpOM
TpUMeCTpe KOMOMHAIMS KOHLEHTPALMA LHUTOKUHOB W
MeTa0OJIMTOB KHHYPEHHUHA C BEPOSITHOCTHIO Ooiee 99%
TOYHO NpeACKa3blBajla Pa3BUTHE JENPECCUU B TPETHEM
TpUMecTpe. ABTOPHI CAENAIH BBIBOJ, YTO BOCIAJIEHUE U
(dbepMeHThl KHHYPEHHHOBOTO MYTH CIIEyeT paccMaTpu-
BaTh B KAueCTBE BO3MOKHBIX TEPANEBTUUYECKHX MHUIIIE-
HeW mpu mociepoaoBoit aenpeccuu [60]. M3yueHnue mo-
OyJsuysl OSKEHIIMH C  TEpUIapTalbHOM  JIerpeccuen
(n=87) OT yMEepeHHOW N0 TKEIOW CTENEHU BBISBUIIO,
YTO 3HAYUTENIBHOE YUCIO KeHIUH (n=43) uMenu TeKy-
M€ CyHIMIAIbHBIE MBICIH Ha MOMEHT OOCIICOBaHHMS.
B nanphelimee uccnenoBanue ObLIO BKIHOUEHO 13 xKeH-
muH ¢ akTuBHbIM CII Bo BpeMmsi 6epeMEHHOCTH U B IIO-
ciepoAoBoi nepuoj, 11 U3 KOTOpPBIX OCYILIECTBUIIM 3a-
BEPIIEHHBIN CyUIUI. Y BCEW TPYMIBI KEHIIWH C JIha-
THO30M MEpUIapTalbHas AENPEcCHsl U 340POBbIX KEH-
IIMH KOHTPOJILHOU TpyIIibl (n=165) ObLIM MCCIIeI0BaHbI
KoHueHrpamuu IL-1f, IL-2, IL-6, IL-8, TNF-a, Tpunto-
¢ana, cepoTOHMHA, KUHYPEHUHA, HUKOTUHAMUA, XHHO-
JIMHOBOM M KMHYPEHOBOW KHUCJIOT B IJIa3M€ KPOBH B TO-
ciepomoBoM miepuozae. OTeHKa TsHKECTH JIenpeccun Obl-
JIO OCYIIECTBJEHA C MOMOUIbI0 DIMHOYPICKOM IIKajbl
MOCJIEPOJOBOM AENPECCUH U CYULIUAAIBHOCTHU C UCIIONb-
30BaHueM KoiayMOuiickoi 1IKaibl OLEHKU TSKECTH CyH-
uuaa. beuto oGHapykeHO, YTO MOBBILIEHHUE MJIA3MEHHBIX
KoHLIeHTpauui [L-6 u IL-8 u CHWKeHuEe KOHILIEHTpalun
CEpPOTOHUHA, [L-2 W XMHOJIWHOBON KHUCJIOTHI CBS3aHO C
TSOKECTHIO CHUMITOMOB JIETIPECCHUM, OLEHEHHOW TIO
DAMHOYPrcKOM MIKaie MocIepoI0BOM ACTIPECCUU U CyH-
IUIATBHOCTHA C HCIONb30BaHueM KomymOuiickoil mika-
JIbl OLEHKHU TsDKECTH cyruuza. KeHIMHbI ¢ 0osee Hu3-
KHM YPOBHEM CE€POTOHHMHA MMeENH 0o0Jiee BBICOKUHA PUCK
CII, maxe ¢ monmpaBKoOi Ha TSHKECTh JACTPECCHH, TICHXO-
conuaibHble (aKTOPhI, BO3PACTHONH MHIEKC MAcChl Teja
U MeJUKaMeHTO3Hoe jeuenue [61]. B npyrom ananoruu-
HOM HccienoBaHuu 163 >KeHIIMH, MociepojoBas Je-
npeccus, JUAarHOCTUPOBAHHAs C IOMOIIbIO HHTEPBBIO
SCID 1 KOIMYECTBEHHO OIICHEHHAS C IIOMOIIBIO DIUH-
Oyprckoi IKajbl OLEHKH IMEPUHATAJIbHON JENpeccuu,
MOBBINIICHUE KOHIICHTPAIMA ACTPOTeHa W TPOTecTepoHa
B TIOCTIEPO/IOBOM Tepro OBIJIO CBSA3aHO ¢ Ooiee TskE-
JBIMH JICTIPECCUBHBIMH CHUMITOMaMH BO BpeMs Oepe-
MEHHOCTU. B mocieponoBoM mepHoae KOHLUEHTpaLUuu
3CTPOr€HOB TIOJIOKUTENBHO KOppeaupoBanu ¢ [L-6 u
OTPHUIATEILHO C KOHUEHTPAUUSIMU KUHYPEHHHA U MUKO-

likelihood of significant depressive symp-
toms increased by more than 30% with in-
creased plasma concentrations of both /L-1/
(p=0.01) and /L-6 (p=0.01). In the second
trimester, the combination of cytokine con-
centrations and kynurenine metabolites was
more than 99% accurate in predicting the
development of depression in the third tri-
mester. The authors concluded that inflam-
mation and kynurenine pathway enzymes
should be considered as possible therapeutic
targets for postpartum depression [60]. A
study of a population of women with mod-
erate to severe peripartum depression
(n=87) found that a significant number of
women (n=43) had current suicidal ideation
at the time of the survey. A further study
included 13 women with active SB during
pregnancy and the postpartum period, 11 of
whom completed suicide. In the entire
group of women diagnosed with peripartum
depression and healthy women in the con-
trol group (n=165), the concentrations of /L-
1p, IL-2, IL-6, IL-8, TNF-a, tryptophan,
serotonin, kynurenine, nicotinamide, quino-
linic and kynurenic acids in blood plasma in
the postpartum period. Depression severity
was assessed using the Edinburgh Postnatal
Depression and Suicidality Scale and the
Columbia Suicide Severity Rating Scale.
Increased plasma concentrations of /L-6 and
IL-8 and decreased concentrations of sero-
tonin, /L-2, and quinolinic acid were found
to be associated with severity of depressive
symptoms as assessed by the Edinburgh
Postpartum Depression and Suicidality
Scale using the Columbia Suicide Severity
Rating Scale. Women with lower serotonin
levels had a higher risk of SB, even after
adjusting for depression severity, psychoso-
cial factors, age-specific body mass index,
and medication [61]. In another similar
study of 163 women with postpartum de-
pression diagnosed using the SCID inter-
view and quantified using the Edinburgh
Perinatal Depression Rating Scale, in-
creased estrogen and progesterone concen-
trations in the postpartum period were asso-
ciated with more severe depressive symp-
toms during pregnancy. In the postpartum
period, estrogen concentrations correlated
positively with /L-6 and negatively with
kynurenine and picolinic acid concentra-
tions. Whereas progesterone was negatively
correlated with concentrations of /L-1f and
several kynurenine pathway metabolites,
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JIMHOBOM KHCIOTHI. Torma Kak MPOTeCTEPOH OTpHUIIa-
TEJIBHO KOPPEJUPOBaNl C KOHUEHTpauusimu [L-1§ u He-
CKOJIbKUMH ~ MeTa0oJIMTaMUd  KHUHYPEHHHOBOTO IIYTH,
BKJIIOYast XHHOJIMHOBYIO KHCIIOTY. ABTOPBI CUUTAIOT, YTO
B TIOCJIEPOZOBOM MEPUO]] ICTPOTEHBI CBA3AHBI C IMPOBOC-
NAJIUTENFHBIM MPOdUIeM U HEHPOTOKCHYHBIMU MeTalo-
JUTaMU KUHYPEHUHA, TOT/Ia KaK MpOrecTepoH ObLI CBs-
3aH C MPOTHBOBOCHIATUTENBHBIM npodunem [62]. TIpo-
UUTUPOBaHHBIE HCCIEAOBaHUS YOEXIalT, 4To B (op-
MHUPOBAaHUU NEPUTIAPTATIBLHON Jenpeccuu ¢ GopMupoBa-
nuem CII, peanuzyemoro B cynuuaagbHbIE MOIBITKH, B
TOM YHCJIE C 3aBEPUIEHHBIM CYHIIUIOM, KaK U B TIpe/ie-
CTBYIOUIMX ONHMCAaHUIX, BOBJICUCHBI [IUTOKHHBI BOCTIAJIE-
HuA u TNF-o.

Kax u y 6016nbix ¢ 6010MWUM OenpeccugHbiM CUH-
OpOMOM, HAPYIIEHUS TUNUOHO20 0OMEHA HAONI0OAOMCsL
npu oenpeccuu bOepemennvix. Tax, y 17 manmeHToOK C
NpeHATaIbHON JIeTpeccueld, YCTaHOBJICHHOW IO KpuUTe-
pusim DSM-1V, o cpaBHeHHUIO ¢ 16 370pOBBIMH KCHIIU-
HaMH KOHTPOJIBHOM TPYIBI, ObLIIM 0OOHAPY>KEHBI 3HAYH-
TeJIbHO OoJiee HU3KHE KOHILEHTPALMU IOKO3areKCaecHo-
Bo#t kucnothel (p=0,020) u 3HKO3areHTaeHOBON KHCIOTHI
(p=0,019), HO OoOJIEE BBHICOKOE COOTHOIICHHE KOHIIEH-
Tpauuii omera-6 / n-3 IOJMHEHACHIIIEHHBIE >KUPHBIE
KuCIoThl — n-6/n-3 (p=0,007) u TNF-a (p=0,016). IIpo-
JOJDKUTENBHOCTh  TEKYLIMX AMH30A0B IPEHATAIBHON
JIETIPECCUU  CTATHCTUYECKH 3HAUYMMO KOppeIrpoBajia ¢
KOHLEHTPALUsAMU JIOKO3areKCACHOBOM M 3MKO3aIeHTae-
HOBOW KHCJOT, /-3 TIOJMHEHACHIIIEHHBIX JKUPHBIX KHC-
JI0T, cOOTHOIIEHUEeM n-6/n-3 u TNF-o. ABTOpBI 3aKITO-
YUJIM, YTO TIOJYYCHHbBIE JaHHBIE CBUICTEIHCTBYIOT O
HAJIMYUU BOCHAIUTEILHOTO KOMIIOHEHTa y OE€peMEHHBIX
Y pOAWIBHUIL ¢ Aenpeccueii [63]. Pesynbrarsl 3TOTO HC-
CJIEZIOBAHMS B IIEJIOM COBMAJAIOT C JIAHHBIMH, TOJTYy4EH-
HBIMM IIPU UCCIIEJOBAHUU KEPTB HEUPOTCHHON aHOPEK-
cun. Kpome toro, 6epeMeHHOCTh MOXKET HU3MEHSTh UM-
MYyHHBIE ¥ METaOOJIMYECKUE pEaKIMu Ha XPOHHUYECKYIO
unpexnuo 7. gondii. Tak, Ipu CKPUHUHTE HA aHTUTEINA
K T. gondii B nonymsiuu u3 690 ncnaHos3bIYHBIX Oepe-
MEHHBIX, y 158 JKEeHIIMH pe3yJbTaT OKa3ajics IMOJIOXKHU-
TenabHbIM (23% ot nmonynsuun). U3 vux y 83% obcneno-
BaHHBIX TIOKA3aTeNIM aBUIHOCTH aHTHUTEN ObUTH BBICOKH-
MH. Y CEpOIMO3UTUBHBIX KCHIIWH HAa MPOTSHKEHUN BCEN
OepeMeHHOCTH cOOp JMaHHBIX (CHIBOPOTOYHBIE KOHIICH-
TpalMu TpUnropaHa, KUHYpPEHHHA U MX COOTHOIICHHS,
(eHmnanaHHa, TUPO3MHA U UX COOTHOILUEHUS, HEOITe-
puHa u Hutputos, IFN-y, TNF-o, IL-2, -10, -12, -6, -17)
OCYIIECTBIISUIM YEThIPE pasa U, JOMOJIHUTENBHO B MOCHe-
pomoBoMm riepuoze. [lomydeHHbIe TaHHBIE CPABHUBAIN CO
CIIy9aifHBIM 00pa3oM OTOOpaHHBIX B KavyeCcTBE KOH-

including quinolinic acid. The authors be-
lieve that during the postpartum period,
estrogens are associated with a pro-
inflammatory  profile and neurotoxic
kynurenine metabolites, whereas progester-
one has been associated with an anti-
inflammatory profile [62]. The cited studies
convince us that inflammatory cytokines
and TNF-o are involved in the formation of
periportal depression with the formation of
SB, which is realized in suicide attempts,
including completed suicide, as in previous
descriptions.

As in patients with major depressive
disorder, lipid metabolism disorders are
observed in depression in pregnant women.
Thus, in 17 patients with prenatal depres-
sion established according to DSM-IV crite-
ria, compared with 16 healthy women in the
control group, significantly lower concen-
trations of docosahexaenoic acid (p=0.020)
and eicosapentaenoic acid (p=0.019) were
found, but higher the ratio of concentrations
of omega-6 / n-3 polyunsaturated fatty acids
—n-6 / n-3 (p=0.007) and TNF-a (p=0.016).
The duration of current episodes of prenatal
depression was statistically significantly
correlated with concentrations of do-
cosahexaenoic acid and eicosapentaenoic
acid, n-3 polyunsaturated fatty acids, n-6 /
n-3 ratio, and TNF-a. The authors conclud-
ed that the findings indicate the presence of
an inflammatory component in pregnant and
postpartum women with depression [63].
The results of this study are generally con-
sistent with those obtained in studies of
victims of anorexia nervosa.

Additionally, pregnancy may alter im-
mune and metabolic responses to chronic 7.
gondii infection. Thus, when screening for
antibodies to 7. gondii in a population of
690 Hispanic pregnant women, 158 women
had a positive result (23% of the popula-
tion). Of these, 83% of those examined had
high antibody avidity levels. In seropositive
women throughout pregnancy, data collec-
tion (serum concentrations of tryptophan,
kynurenine and their ratio, phenylalanine,
tyrosine and their ratio, neopterin and ni-
trites, IFN-y, TNF-a, IL-2, -10, -12, -6, -17)
were carried out four times and additionally
in the postpartum period. The data obtained
were compared with randomly selected 7.
gondii  seronegative pregnant women
(n=128) who were randomly selected as a
control group. Pregnant women seropositive
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TPOJBHOU TPYIIBI CEpOHETaTHBHBIX K 1. gondii Gepe-
MEHHBIX >KeHIIWH (n=128). Y cepono3uTuBHBIX K 7.
gondii 6epeMeHHbIX KaTaboau3M Tpurnrodana ObLT Me-
Hee BBIPAKECHHBIM U UMEHUCh 00Jiee HU3KHUE KOHLEHTpa-
uuu [FN-y, OoJjiee BBICOKAas KOHIIGHTpAIlUs HHUTPUTA,
CypporaTHOro Mapkepa okcuja azota [64].

W3 mpencTaBIeHHBIX AAHHBIX CIEAYET, YTO HMPUYHU-
HOW aKTHBaIMu 00YCIIOBJICHHOTO MUTOKWHAMU U TNF-o
BOCTIJICHUS C PA3BUTUEM MEPHUIIAPTAIBHOMN 1ENPEeCcCHy U
CII moryT OBITh Kak MpsiIMble HapyIIeHHs: 0OMeHa KUHY-
pEHHMHA, TaK U ONOCPEJIOBaHHBbIE M3MEHEHHUEM KOHIICH-
Tpaluii NOJTMHEHACHIIIEHHBIX KUPHBIX KUCIOT U XPOHH-
4yeckoil nuBaszuei 7. gondii.

Cyuyuowvt u ungexyuu. CBsi3b MHOEKIIMOHHBIX 3a-
OosileBaHMil C CyuIHIaMHu yOeIUTEeNbHO MPOAEMOHCTPH-
poOBaHa B MCCJIEIOBAHWHU, OXBAaTHBIIEM mepuon ¢ 1995
mo 2013 rr. u B oOmieii cnoskHoCcTH 1,3 MIIH. YeJIOBEK,
poauBiuxcsa B nepuon ¢ 1977 nmo 2002 rr. B sToit ko-
ropre 0bU10 3aperucTpupoBano 15042 yenoBeka ¢ Hame-
PEHHBIM YJIEHOBPEAUTEILCTBOM (92% mnonyvaiu npoTH-
BOMH(EKIMOHHBIE cpeacTBa U 19% OblTH rocnuTamnsm-
poBaHbI TIO0 TIOBOY MHGpekmwmid) U 114 ymepmux B pe-
3yJlbTaTe PEeAN30BaHHBIX caMOyOuICTB (64% nomydanu
npoTuBoMH(pEKIMOHHbIE cpeacTBa U 13% ObUTH rocmu-
TAJIM3UPOBaHbI 10 MoBoAy MHGpekuui). Jlnna ¢ undek-
[USIMU, TIOJTyYaBIUE MPOTUBOMH(EKIIMOHHBIE CPE/ICTBA,
MMEIM TIOBBIIICHHBIH KO3()(UIIMEHT pUCKa NpeaHame-
penHoro camonoBpexaenus — 1,80 (95% JAU=1,68-
1,91). Ces3p yBenuyenus koddduuuenta pucka camo-
MOBPEX/ICHUSI C TNPUEMOM MPOTUBOMH(EKIIMOHHBIX
CpencTB mmena no3a-3aBUCUMBIA 3¢ dekt (p<0,001) u
OCTaBaJIaCh 3HAYMMOMW 10 5 JIET NOocJIe NOCIEJHETO UH-
¢bunupoBaHus. Y JWIl C TOBTOPHBIMU TOCTIMTAIN3AIIH-
SMH TI0O TIOBOJy MH(EKUui OblT OOHApYy>KeH aJIAUTHB-
HBIIA 3((}EeKT ¢ MOBBIIICHHBIM KO3()PHUIMEHTOM pHCKa
3,20 (95% [AN=2,96-3,45) nna npeaHaMepeHHOro ca-
MonoBpexaeHuss [65]. OOmel xapakTepUCTHUKOW WH-
(EKIIMOHHBIX TPOIIECCOB SABJISETCS M3MEHEHHE cTaTyca
WMMYHHOH CHCTEMBI ¢ (OPMHPOBAHHWEM CHUCTEMHOTO
BOCTIAJICHUS, TPEHMYIIECTBEHHO TIO IIMKIOOKCHTE-
Ha3HOMYy MexaHu3My. Ho, kak 310 00Cy’k1anock BbILIE,
nepudepruueckoe BOCMAJIEHUE MOXKET HPOBOLUPOBATH
HelipoBocnanenue. MHayuupoBaHHbId MH(pEKIMEH 3a-
MyCK HEHPOBOCIAJICHUS, MOXET ObITh peajn30BaH He-
CKOJIBKMMH MEXaHU3MaMHU: PETPOTPATHBIM aKCOHAIh-
HBIM TIEPEHOCOM BHpPYyCa CO CIM3UCTONH OOOJIOYKH JIbI-
XaTeNbHBIX TYyTeH, MepuepuIecKuM BOCIAJICHUEM,
MOAYJIUPYIOIUM (PYHKIMIO MO3Ta, U MUTpallieid MOHO-
HYKJICapHbIX KJIETOK, MEPEHOCAIIUX BUPYC uepe3 re-
MaTtodHIedannueckuit 6apeep [66]. XpoHuueckoe Bs-

for T. gondii had less pronounced trypto-
phan catabolism and had lower concentra-
tions of /FN-y and higher concentrations of
nitrite, a surrogate marker of nitric oxide
[64].

From the presented data it follows that
the cause of activation due to cytokines and
TNF-o, inflammation with the development
of peripartum depression and SB can be
either direct disturbances in kynurenine
metabolism or mediated by changes in the
concentrations of polyunsaturated fatty ac-
ids and chronic invasion of 7. gondii.

Suicides and infections. The associa-
tion of infectious diseases with suicide was
convincingly demonstrated in a study cover-
ing the period from 1995 to 2013 and a total
of 1.3 million people born between 1977
and 2002. In this cohort, there were regis-
tered 15042 people with intentional self-
harm (92% receiving anti-infectives and
19% hospitalized for infections) and 114
deaths from completed suicide (64% receiv-
ing anti-infectives and 13% hospitalized for
infections). People with infections who re-
ceived anti-infectives had an increased risk
ratio for intentional self-harm of 1.80 (95%
CI=1.68-1.91). The association between an
increase in the risk ratio for self-harm and
the use of anti-infective drugs had a dose-
dependent effect (p<0.001) and remained
significant up to five years after the last
infection. In individuals with readmissions
for infections, an additive effect was found
with an increased hazard ratio of 3.20 (95%
CI=2.96-3.45) for intentional self-harm
[65]. A general characteristic of infectious
processes is a change in the status of the
immune system with the formation of sys-
temic inflammation, mainly through the cy-
clooxygenase mechanism. But, as discussed
above, peripheral inflammation can trigger
neuroinflammation. Infection - induced trig-
gering of neuroinflammation can be realized
by several mechanisms: retrograde axonal
transfer of the virus from the mucous mem-
brane of the respiratory tract, peripheral
inflammation modulating brain function,
and migration of mononuclear cells carry-
ing the virus across the blood-brain barrier
[66]. Chronic, low-grade inflammation
induced by infection may increase the risk
of suicide for several months after the peak
of the virus [67]. It is known that previous
pandemics have led to an increase in the
incidence of suicide. For example, during
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JIOTEKyIllee BOCHaleHne, MHAYLUPOBaHHOE UH(pEKLNEH,
MOXET YBEJIMYHUTb PUCK CYMIIHMJA B T€UEHHE HECKOJb-
KMX MeCsLEeB Iocie MHKa 3a00J€BaeMOCTH BHPYCOM
[67]. U3BecTHO, 4TO paHee MPOTEKABIIME MaHAEMUU
NPUBOJAMIN K YBEJIMYEHUIO YacTOThl CYHULUIOB.
Hamnpumep, Bo BpeMs BCIBIIIKHA aTUIINYHON THEBMOHUH
B ['onkonre B 2003 roxy HaOIOmaics 3HAYUTEIbHBII
pOCT CyHLIMIOB B MOMYJISIIUHU JIFOJIEN B Bo3pacTe 65 JeT
u ctapiie [68].

['unepBocnaneHue OnpeneneHo Kak KapAUHAIbHBINA
npu3Hak uHumpoBanus SARS-CoV-2 W BBI3BAaHHOTO
uMm COVID-19 [69]. Css3aHo 310 ¢ TeM, 910 SARS-CoV-
2 BBI3BIBACT TaK Ha3bIBAEMbIH IIMTOKWHOBBIN ILTOPM,
yBenuuuBas nponaykuuto [L-1, -6, -12, -18, XeMOKUHOB
CCL2, CCL5, GM-CSF (rpaHyiolMTapHO - MakKpo-
(aranpHbIi KOTOHUECTUMYIHpYOMUil (aktop), TNF-o
u IFN-y m cHwkas aOCoNIIOTHOE KoindyecTtBo 7-
mumoruroB CD4+ u CDS+ [70, 71, 72]. Uuagykropom
KOTOpOTO SIBIIIETCS PEATU3YIONIM MPOHUKHOBEHUE B
kieTky Bupyca SARS-CoV-2 cnaiik-0enok, NposiBiIsiO-
U TIPsIMOE BOCTIATUTENFHOE U MPOKOATYJISTHTHOE JIeH-
cTBUE. B couetanuu ¢ HapylmieHueM UMMYHHOU peryJis-
LMY, TPUBOASIIUM K CUHAPOMY BBICBOOOKIEHHS LIUTO-
KHHOB, 3TO MOKET MHIYLMPOBATh OCTpbIE LiepedpoBac-
KyJIIpHbIE WM HeHpoBOCHAaJIUTENbHbIE 3a00J€BaHUsA, a
TaK)K€ COIMPOBOXKIATHCS AMIJIOMIOTCHHBIMH MHUKpPO- U
Mmakporpombo3amu [73]. Kpome TOro, IMTOKMHOBAS IO-
Teps nenoctHoctu I'Ob B onpenenéHHbIX 001aCTIX MO3-
ra MOXET CHOCOOCTBOBaTb 3KCHPECCUU HEHPOHHBIMU
KJIETKaMU TPOBOCHAIUTENbHBIX MEINATOPOB, KOTOPbIE
MOTYT BIHSTH Ha (DYHKIIMIO MO3Ta CITyCTsI IOJITO€ BpeMsi
nocine paspenierus octpoit uapexmuu [74]. SARS-CoV-
2, KaK 0Ka3aJoch, MHQUIMPYET KICTKH MUKPOTIHH, YEM
00BsICHSIETCSI IOCTKOBUHAS IETpeCcCHsi, HaOIr01aroIas-
Csl Y HEKOTOPBIX OOJIbHBIX, MIEPEHECIINX ATy WHPEKIIHUIO
[75]. Bonpmire onaceHus: BhI3BIBAET (PAKT CBSA3HM YAcCTOT
CYyHMIIJIOB C MyTanuei 6enka ApoE (anmoJumonpoTerH),
uzodopma ApoEs' KoToporo sBnsercs NpelecTBeHHN-
KOM aMuWIouza. Y MOJIOABIX JIOJIeH, HOCUTEIICH aJuIeis
ApoE4, pUCK COBEpIIEHHs CyHWIIUIa TOYTH B TISTH pa3
BBIIIIE, YeM B nomyJsiuu [76]. B 1o sxe Bpemst reHoTHIT
ApoE, oxazancs cBs3aH ¢ 0ojiee YeM JBYKpPaTHBIM yBe-
Ju4eHueM ciyvaeB Tsokénoro teuenus COVID-19 y
TOCMUTAIIM3UPOBAHHBIX MalMeHTOB [77]. Y GonbHBIX B
octpyto ¢a3zy COVID-19 B chIBOPOTKE KpOBU OOHapy-
KUBAJINCH TIOBBINIEHHBIC KOHIIEHTpanuu [L-6, a Takxke
CHIBOPOTOUHBIN amuiiona A. VX KOHUEHTpaluu Koppe-

the SARS outbreak in Hong Kong in 2003,
there was a significant increase in suicide
rates among people aged 65 years and old-
er [68].

Hyperinflammation has been identified
as a cardinal sign of infection with SARS-
CoV-2 and the resulting COVID-19 [69].
This is due to the fact that SARS-Col-2
causes a so-called cytokine storm, increas-
ing the production of IL-1, -6, -12, -18,
chemokines CCL 2, CCL 5, GM - CSF
(granulocyte-macrophage colonystimulating
factor), TNF-a and [FN-y and reducing the
absolute number of 7 lymphocytes CD4 +
and CD8 + [70, 71, 72]. The inducer of
which is the spike protein that allows the
SARS-CoV-2 virus to penetrate the cell and
exhibits a direct inflammatory and procoag-
ulant effect. In combination with immune
dysregulation leading to cytokine release
syndrome, this can induce acute cerebrovas-
cular or neuroinflammatory diseases, as
well as be accompanied by amyloidogenic
micro- and macrothrombosis [73]. In addi-
tion, cytokine-induced loss of BBB integrity
in certain brain regions may promote the
expression of proinflammatory mediators by
neuronal cells, which may influence brain
function long after resolution of the acute
infection [74]. SARS-CoV-2 appears to in-
fect microglial cells, which explains the
post-COVID depression observed in some
patients who have had this infection [75].
The fact that suicide rates are linked to pro-
tein mutations is of great concern.
ApoE (apolipoprotein), the ApoE4' isoform
of which is a precursor of amyloid. In
young people who carry the ApoFE ;4 allele,
the risk of committing suicide is almost 5
times higher than in the general population
[76]. At the same time, the ApoE 4 genotype
was associated with a more than twofold
increase in the incidence of severe COVID-
19 in hospitalized patients [77]. In patients
in the acute phase of COVID-19, increased
concentrations of /L-6, as well as serum
amyloid A, were found in the blood serum.
Their concentrations correlated with the
severity of COVID-19 and mortality from
this infection [78]. That is, SARS-CoV-2 and
the COVID-19 induced by it trigger almost
all pathogenetic mechanisms, ultimately
leading to acute neuroinflammation, which

! Tenotun ApoEs, acconuuposan ¢ narorene3om Gonesnell Anpireiimepa u Iapkuncona / The ApoE 4 genotype is associated with

the pathogenesis of Alzheimer's and Parkinson's diseases.
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nupoBain ¢ TsoKecThio Teuenuss COVID-19 u cmepTHO-
cThio oT 3T0oi mHpekuuu [78]. To ectb, SARS-CoV-2 n
uHayuupoBanHas uM COVID-19 3anmyckaroT mpakThye-
CKU BC€ MAaTOTCHETUYECKUE MEXAHU3MBbI, IPUBOISIINE B
KOHEYHOM HUTOre K OCTPOMY HEHPOBOCHAJICHUIO, UMEIO-
mieMy BC€ IIAHCHI K XPOHHU3ALUH B BSJOTEKYIOLIYIO
bopmy.

Bo Bpems niepBoii Bostael COVID-19 ObLITO 32J10KY-
MEHTHPOBAHO YBEJIIMYEHUE YACTOT CYUIIMIAIBHBIX MBIC-
neit u CII y 6onpHBIX U HenaBHO nepenécmux COVID-
19 [79, 80, 81]. Metaananu3 13 6a3 maHHBIX UCCIIEAOBA-
HUH, COOOMIAIOIINX O PACIPOCTPAHEHHOCTH CYyULIUAAIb-
HBIX MBICJIEH, MOMBITOK MJIM CMEPTHOCTH B pe3yjbTare
CYUIHJIA KaK /10, TaK M MOCJe MaHAEMHUH, BBISBUI, YTO BO
Bpems nanaemun COVID-19 HaOmonanach TCHACHIMS K
POCTY CYHIMIAIBHBIX MBICIEH M TONBITOK camoOyOuii-
CTBa HECMOTpSI HAa TO, YTO YPOBEHb CaMOYOHIICTB OcCTa-
Bajica ctaOwibHeIM [82]. B SlmoHum Bo BpeMms BTOpoi
BostHbl COVID-19, ¢ utons no okta0ps 2020 r., exeme-
CSYHOE YHUCJIO CYULMIOB YBEIUUMUIOCh Ha 16%, npuuém
Oonbliee 4HCIO JOOPOBOJIBHBIX CMEPTEH MPOU3OILIO
cpenu >keHUMH U aesouek (37%) [83]. Ha 43% B Toii ke
nepBoii onoBuHe 2020 1. B FOxHoit Kopee yBennun-
JIOCh YHCJI0 CaMOYOMICTB Cpely KEHIIUH B BO3pacTe OT
20 neT, B TO BpeMsI KaKk YHCJIO CYULUI0B CPEAU MYKUNUH
cau3uiock [83]. LleHTp mo KOHTpOIIO U MpOopHIIaKTHKE
3a0oneBanuii CIIIA (CDC) npeacraBun JaHHbIE, YTO
CpeaHee eKEeHENeIbHOE YUCIO TOCTIMTANIN3AIUA B CBSI3U
C TONMBITKAMH  CaMOYOMICTBA  Cpeau  JCBOYEK-
MOJPOCTKOB BbIpocyo Ha 51% B nepuox ¢ ¢gespans 2021
r. mo mMapt 2021 r. nmo cpaBHenuto ¢ 2020 r. [84]. U3
STHX JAHHBIX CJEIyeT, YTO M3MEHEHHE YacTOThl CYHITHU-
noB B nepuon nannemuun COVID-19 B cyOnmomymsimmsx
MY)KYMH W KCHIMH MEHSJIOCh pa3HOHampaBieHHo. [le-
pHOJ MHMKA CYULUA0B ObUT KpaTKOBpeMEHHbIM. Crienyer
IyMaTh, YTO TOCIE TMHKOBOTO YBEJIMYEHHUS YUCIIO CYH-
IUJIOB HE BEpHYJIOCH K JIOKOBUIHOMY YPOHIO, a, CKOpee
BCEr0, CHHU3WJIOCH, YTO JKYPHAJIUCTHI W KOHTPOJBHHBIC
OpraHbI HE MTPOHAOIIIOIAITH.

Ho st pannue cooOmieHust He ObLIH MOATBEPKIC-
HBI B 00JIe€ MO3AHUX CUCTEMATUYECKUX 0030pax, MeTaa-
Hanu3ax W aHanu3e BpeMeHHBIX psaaoB [85, 86, 87]. bo-
Jiee TOro, NpU CBOJHOM aHalM3€ pe3ylbTaToB TPEX
GWAS wuccnenoBaHuii, TEHETUYECKH ACCOLMMPOBAHHbIX
C OJHOHYKJICOTHUIAHBIMH TMOJIMUMOp(PHU3MaMU HapyIICHUI
cyobpexTuBHOTO Onaromomyuust (298420 cmyuaeB), ne-
npeccun (113769 cmyvaeB) u cynnmmoB (52208 ciryda-
eB), conocraBieHHbIX ¢ 159840 cnyuasmu COVID-19
0e3 rocrutanu3anuu, 44986 cnydasMul TOCTIMTATU3AIANA
o ooy COVID-19 u tsoxé€neim Teuennem COVID-19

has every chance of becoming chronic in a
sluggish form.

During the first wave of COVID-19,
increased rates of suicidal ideation, at-
tempts (SB) were documented in patients
and recent survivors of COVID-19 [79, 80,
81]. A meta-analysis of 13 databases of
studies reporting the prevalence of suicidal
ideation, attempts, or suicide mortality
both before and after the pandemic found
that suicidal ideation and suicide attempts
tended to increase during the COVID-19
pandemic, despite rates suicide rates re-
mained stable [82]. In Japan, during the
second wave of COVID-19, from July to
October 2020, the monthly number of sui-
cides increased by 16%, with a higher
number of voluntary deaths occurring
among women and girls (37%) [83]. In the
same first half of 2020, South Korea saw a
43% increase in suicide rates among wom-
en aged 20 and older, while suicide rates
among men decreased [84]. US Center for
Disease Control and Prevention (CDC)
reported that the average weekly number of
hospitalizations for suicide attempts among
adolescent girls increased by 51% between
February 2021 and March 2021 compared
to 2020 [84]. From these data it follows
that changes in the frequency of suicides
during the COVID-19 pandemic in the
subpopulations of men and women
changed in different directions. The period
of peak suicides was short-lived. It should
be thought that after the peak increase, the
number of suicides did not return to pre-
COVID levels, but, most likely, decreased,
which journalists and control authorities
did not observe.

But these early reports have not been
confirmed in more recent systematic re-
views, meta-analyses and time series ana-
lyzes [85, 86, 87]. Moreover, in a pooled
analysis of the results of three GWAS stud-
ies genetically associated with single nucle-
otide polymorphisms impairments of sub-
jective well-being (298420 cases), depres-
sion (113769 cases) and suicide (52208
cases), compared with 159840 cases
COVID-19 without hospitalization, 44986
cases of hospitalization for COVID-19 and
severe COVID-19 (18152 cases) causal
relationship with susceptibility to COVID-
19 has not been established [88]. In particu-
lar, this result suggests that even in a popu-
lation of people genetically prone to depres-
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(18152 cnyvast) mpUYMHHO-CIIEICTBEHHON CBSI3U C BOC-
npuuMunBOCTEI0 K COVID-19 He ycranoBieHo [88]. B
YaCTHOCTH, 3TOT Pe3yJbTaT TOBOPUT O TOM, YTO JaXe B
MOMYJSIMAX T€HETUYECKH CKIIOHHBIX K JIENPECCHU U
cyunuaansHomy nosenenuto moxae COVID-19 ne yge-
JIMYMBAJ YHACIO CyMUMIO0B. boriee Toro, aHanus AaHHBIX
u3 21 ctpansbl (16 cTpaH ¢ BEICOKUM yPOBHEM JI0XOJa U 5
CTpaH C JOXOJOM BbIlIE CpeaHero — ABcTpaiusi, AB-
ctpus, Anrnus, bpasunus, ['epmanusa, Ucnanus, Wra-
nust, Kanana, Mekcuka, Hunepnauasl, HoBast 3enanaus,
[Tepy, [Monbma, Poccus, CHIA, Xopsartus, Yunm, JxBa-
nop, Dctonus, HOxuas Kopes, Anonwus) 3a nepuox c 1
staBaps 2019 1. mo 31 mapra 2020 r. BRISIBUJ CHIKEHHE
YHcaa CyMUUI0B B 9THUX CTpaHax, JHM00 4acToTa CyWIIH-
0B He u3MeHunach [89]. Ciaegyer OTMETUTh HEKUU Ta-
tomopdo3 CII xureneit Anonuu B mepuona maHAEMHU.
ABTOpPBI 0OHAPYKWJIH, YTO CMEPTHOCTH OT CaMOyOuiicTB
cpeau o0oux mojioB B Bo3zpacte 10 20 JeT U KeHLIUH B
Bo3zpacte 20-39 JeT 3HAYMTENbHO BO3pOCIa BO BpeMs
MaHAEMHH, HO HEOXKUIAHHO 3aMeJuia TEHICHLHMH K
CHIDKEHHIO emé 10 Haudana maHaemuu. bomee toro, 1o
naHeMHuH 6oJsiee BHICOKUN ypOBEHb HOJIHOIN 0e3paboTH-
bl CITIOCOOCTBOBAJ YBEJIMUYEHUIO CMEPTHOCTH OT Camo-
yOUICTB cpeau 00OMX IOJIOB, TOT/Ia Kak BO BpeMs IMaH-
JEMHUH TI0JIOKUTEIBHONW B3aUMOCBSI3H MEXKIYy CMEpPTHO-
CThIO OT CaMOYOMICTB Cpeay JKEHIIMH U YPOBHEM MOJI-
HOM Oe3paboTuIlbl He HaOmoanock [90].

Ho, xak cnemyer u3 mamaeix CDC wu  The
Washington Post, ¢ ¢espans 2021 r. mo mapt 2021 r.
MPOM3OILIO NMUKOBOE YBEIMUYEHUE YHWCIIa HE3aBEPIICH-
HBIX M 3aBEPUIEHHBIX CYUIIUIOB B CYOMOIyJISAIUN MOJIO-
JbIX SKEHIIUH M JI€BOYEK-NIOAPOCTKOB, HO TNpPU 3ITOM
YMEHBIIMWIOCh YUCIO CYHUUI0B CPEau MY>KUuH. Takoe
pacxokJeHue MaHHBIX SBHO 0OycioBJeHO: 1) renuaep-
HBIMU pa3nu4usIMu (paHee Mbl COOOIIATH, YTO TeHAEp-
HBIH KO3(PPUIMEHT CyHIAaIbHOCTH (OTHOLICHNE YnCIIa
MYKYUH CYUIIUACHTOB K YMCITY KEHIIWH CYyHIIUJICHTOB)
B OoJibIielt Mepe MEHseTCS 3a CU€T W3MEHEHHUs dYrciia
CYMLUOB B cyOmomyssiuu mMyx4uH) [91]; 2) cpokamu
WCCIIEIOBaHMs, MUK CYMIIMJOB CPEAM KEHIIUH MpUILEN-
Csl Ha MEepHOoA, Cpa3y CleAyolui 3a 0ojiee paHHUM, B
KOTOPOM OBUIO OTMEUYEHO CHWKCHHE YHWCIIa CYHIUJIOB.
BaxxHocTh yuéra BpEeMEHHBIX TEPHUOIOB W TEHACPHBIX
pasnuuuil A TAKAX WCCIEAOBAHMM XOPOIIO BHJIHA HA
MpUMepe M3YUYEHHUs CTaHAAPTU3MPOBAHHOM MO BO3pacTy
cmeptHOcTH 0T camoyouiictB (CBCC) B Snonuu, xorto-
pas cumswiack B 2009-2019 rr., HO yBenuuymiach B
2020-2021 rr., Bo Bpems nangaemun COVID-19. CBCC
Obuta HIbke B Mapte-utoHe 2020 r. (Bo Bpems mepBoi
BOJIHBI TIaHIEMWH), HO BbIlIEe B Hroye-aexadbpe 2020 r.,

sion and SB, COVID-19 did not increase
the number of suicides. Moreover, analysis
of data from 21 countries (16 high-income
countries and five upper-middle-income
countries — Australia, Austria, England,
Brazil, Germany, Spain, Italy, Canada,
Mexico, the Netherlands, New Zealand,
Peru, Poland, Russia, USA, Croatia, Chile,
Ecuador, Estonia, South Korea, Japan) for
the period from January 1, 2019 to March
31, 2020 revealed a decrease in the number
of suicides in these countries, or the fre-
quency of suicides did not change [89]. It
should be noted that there is a certain
pathomorphism of the SB of Japanese resi-
dents during the pandemic. The authors
found that suicide deaths among both sexes
under age 20 and women ages 20-39 in-
creased significantly during the pandemic
but unexpectedly slowed downward trends
even before the pandemic began. Moreo-
ver, before the pandemic, higher rates of
total unemployment contributed to higher
suicide mortality rates among both sexes,
whereas during the pandemic, there was no
positive association between female sui-
cide deaths and rates of total unemploy-
ment [90].

But according to data from the CDC
and The Washington Post, from February
2021 to March 2021, there was a peak in-
crease in the number of unfinished and
completed suicides in the subpopulation of
young women and teenage girls, but a de-
crease in the number of suicides among
men. This discrepancy in data is clearly
caused by: 1) gender differences (we previ-
ously reported that the gender suicidality
rate (the ratio of the number of male suicide
victims to the number of female suicide
victims) changes to a greater extent due to
changes in the number of suicides in the
subpopulation of men) [91]; 2) the timing of
the study, the peak of suicides among wom-
en occurred in the period immediately fol-
lowing the earlier one, in which a decrease
in the number of suicides was noted. The
importance of considering time periods and
gender differences for such studies is clearly
illustrated by the study of age-standardized
suicide mortality (ASSM) in Japan, which
decreased in 2009-2019, but increased in
2020-2021, during the COVID-19 pandem-
ic. ASSM was lower in March-June 2020
(during the first wave of the pandemic), but
higher in July-December 2020 than the pro-
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yem mpornosupyemasi CBCC. Ilpu stom, B 2021 romy
CBCC y myx4nH ObljIa TTOYTH paBHA MPOTHO3UPYEMOM
CBCC, Torna kak CBCC y %eHIIUH B CTOJIMYHOM pPETrH-
one (17,5%, 95% JN=13,9-21,2%) u 3a mnpeaenamu
cronmuyHoro peruona (24,7%, 95% [AN=22,8-26,7%)
MpoAoJIKalia MPEBHIIIATh MPOrHo3upyemyo [92]. 3anas-
JIbIBAHHUE COBEPLICHHS CYULIUI0B JE€ThMH, IEPEHECILIUMU
COVID-19 ot nadumupoarus COVID-19 no MmomeHTa
TOCIIMTAIM3ALMN B CKOPYIO HOMOIIs N0 (akTy coBep-
meHus cynuuaa B cpeaHeM Ha 80-100 el oTMeueHO B
Nzpaune [93].

Bo3MokHO, 4TO POCT YKcia CyMIUIOB BO BpeMs U
nocie snuaemun COVID-19, otMe4eHHBII HEKOTOPBIMU
uccnenoBarensiMu u3 CIIIA, ObuT cBsI3aH ¢ HAYaBIIMMCS
HerocpeacTBeHHo mepen snugaemuein COVID-19 necs-
TUJIETUEM HEYKIIOHHOT'O YBEJIMYEHHUs YHCIIa CYULHIOB B
3pesioM Bo3pacte B 3Toi cTpaHe [94, 95]. Kpome Toro,
HCCIIeIOBATENN HE YWIH, YTO II0CJIe PE3KOro yBelude-
HUS YaCTOT COBEPIICHHS CYUIUI0B, BEI3BAHHOTO KAaKHM-
n100 BHEIIHHM (PAKTOPOM, CIEIyeT CHIDKEHHE YacTOT
HUKE YPOBHS, IPEIIECTBOBABLIETO IKCTPEMYMY BCIIEI-
CTBHUE TOT'O, YTO T€, KTO JOJKEH OBITh COBEPIIUTH B ATOT
NEpUOJ CYMULHUJ, €ro YK€ COBEpIIMWIM, a CIEAYoLas
KOTOpTa MOTCHIHAJIBHBIX CYUIIUACHTOB €II¢ He AOXKHIIA
JI0 BPEMEHU COBEPIICHHsI CBOETO CyWIIaa. TeM He Me-
Hee, HaIpalIMBaeTCsl MPEANOIOKESHHE, YTO POCT YHCia
CyHMIIIOB BO BTOpoM mepuoje nanaemuun COVID-19 B
HEKOTOPBIX CTpaHax ObUI CBSA3aH C BBIHYXJIEHHOW 0e3-
paboTuieil, a He ¢ UH()EKIMOHHBIM TOPAKEHUEM T'OJIOB-
HOTO MO3ra CyHMIMJEHTOB, MEPEHECIIUX HHOEKIHI0 M
norepsBIINX paboty. B Toif xe Snonun B nepuoxa nas-
nemun (2020-2022 rT.) YpoBEeHb 0€3pabOTHUIIBI TIPOIOI-
KHUTEITFHOCTHI0O MEHEE TPEX MECAIEB OBbLI MOJIOKUTEIb-
HO CBf3aH CO CTaHAAPTU3MPOBAHHBIMU IOKA3aTEIsIMU
cMepTHOCTH OT camoyomiicte Ha 100000 HaceneHus
CpeIu >KEHIIUH TPYyIOCHOCOOHOr0 BO3pacTa, KOTOPBII
OBICTPO CHUHXPOHHM3HMPOBAJICS CO BCIIBIIIKOW MaHIEMHH.
ITpomomxurensHOCTE Ooniee 12 mecsieB okazanachk Io-
JIO)KUTENIBHO CBSI3aHA CO CTaHIAPTH3MPOBAHHBIMHU TIOKA-
3aTeNsIMH  CMEPTHOCTH OT camoyOuiicte Ha 100000
HACEJICHUsI Cpei MYXKYHMH TPYIOCHOCOOHOr0 BO3pacTa,
YTO CHOCOOCTBOBAJIO MOCTOSSHHOMY POCTY CO CTaHIap-
TU3UPOBAHHOIO T[IOKa3aTelsi CMEPTHOCTH OT CcaMo-
youniicte Ha 100000 HaceneHus BO BpeMs IMaHAEMHUH
[96]. Hamu Taxke ObLTa HaiiieHa CTATUCTHYCCKH 3Ha-
qyMasi CHJIbHAsl CBA3b 0e3pabOoTHIBI C YacTOTaMHU CyH-
IUI0B, HO HE C MOTpediieHueM akorosst [97].

W Bcé€ ke, ecam yyecTb, UTO C CyULUAAMH acCOLUU-
POBAHO XPOHUYECKOE BSJIOTEKYIIEee HEHpOBOCHAJICHHE,
KoTopoe, no-Buaumomy, ¢popmupyet CII, nporekaromee

jected ASSM. At the same time, in 2021,
ASSM in men was almost equal to the pre-
dicted ASSM, while ASSM in women in the
capital region (17.5%, 95% CI = 13.9-
21.2%) and outside the capital region
(24.7%, 95% Cl=22.8-26.7%) continued to
be higher than predicted [92]. A delay in
committing suicide by children who have
had COVID-19 from infection with COVID-
19 to the time of hospitalization in an emer-
gency room after committing suicide by an
average of 80-100 days was noted in Israel
[93].

It is possible that the increase in sui-
cide rates during and after the COVID-19
epidemic, noted by some researchers in the
United States, was associated with the dec-
ade of steady increase in the number of sui-
cides in adulthood that began immediately
before the COVID-19 epidemic in this
country [94, 95]. In addition, the researchers
did not take into account that after a sharp
increase in the frequency of suicides caused
by some external factor, there follows a
decrease in frequencies below the level pre-
ceding the extreme due to the fact that those
who should commit suicide during this pe-
riod have already committed it, and the next
cohort of potential suicides has not yet lived
to see the time of their suicide. However, it
suggests that the increase in the number of
suicides in the second period of the
COVID-19 pandemic in some countries was
associated with involuntary unemployment,
and not with infectious damage to the brain
of suicide victims who suffered an infection
and lost their jobs. In the same Japan during
the pandemic (2020-2022) Unemployment
rates of less than three months were positive-
ly associated with standardized suicide mor-
tality rates per 100000 population among
working-age women, which quickly syn-
chronized with the outbreak of the pandemic.
Duration greater than 12 months was found
to be positively associated with standardized
suicide mortality rates per 100000 population
among working-age men, contributing to a
continued increase from the standardized
suicide mortality rate per 100000 population
during the pandemic [96]. We also found a
statistically significant strong relationship
between unemployment and suicide rates,
but not with alcohol consumption [97].

And yet, given that suicide is associated
with chronic, low-grade neuroinflammation,
which apparently forms SB, which lasts for
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roJjamMu, Mpexkie YeM 3aBepIIUTHCS CyHIMIOM, MpooIie-
My cBsizu COVID-19 ¢ cyununamu, HECMOTPSI Ha 3aBep-
LIEHUE TaHAEMHUH, HENb3sl CUMTATh McUepraHHoi. Bos-
MO’KHO, YTO Hac 0’KMJAET YBEIMUYECHHE YHCIIA CYULIUOB
B cyOmomynsnusx kak nepedonesmux COVID-19, Tak
U, 0COOEHHO, B MOMYJISAIMIX C MOCTKOBHIHBIM CHHAPO-
MOM, TO ecTh, Oonerommx COVID-19 B XpoHHUYECKOU
dhopme.

CBsI3b XPOHHUYECKOW TOKCOIIA3MEHHOW WH(EKITUN
TOJIOBHOI'O MO3Ta XOpOLIO JEMOHCTPHPYET HCCleloBa-
HUe, B KoTopoMm y 105 mur, coBepiaBIIMX MOMBITKH Ca-
MOyOwmiicTBa, ObUTa BBISBIICHA 0OJiee BBICOKAs cCepompe-
BaJICHTHOCTh K 1. gondii, yeMm y 135 310poBBIX Jitonei
KOHTpOJIbHOW rpymmbl [98]. PacmpocTpaH€HHOCTh TOK-
COIIa3MeHHOW WMH(EKINU YBEITUYUBACTCA C BO3PACTOM
U TapajyielbHO YBEITUYMBAETCS KOJUYECTBO IOMBITOK
camoy6wuiictBa [99]. MHTepecHO, 4TO mepcUcTUpYrOIIas
TOKCOIUTa3MEHHasi MH(MEKIUs KIACCUYECKH CBs3aHa C
9YacTOTOM MMU30(PEHUH, MOMBITKAMU CYHIUAA U «JIO-
POXKHOM sipocThiO». Takke MOKa3aHO, YTO paclpocTpa-
HEHHOCTh  TOKCOIUTa3MEHHOM  HMH(EKIUH  SBISETCS
YCTOWYMBBIM TIOJIOKUTEIBHBIM MPEAUKTOPOM TpEANpH-
Humatenbckoi aktuBHoctu [100]. Ilpu oGcnemoBanuu
510 my>xumH, 490 >xeHumH (cpeaHuit Bozpact 53,6+15,8
rona, nuamna3on 20-74 roaa), He UMEBIINUX MCUXUYECKUX
pacctpoiictB mo kputepusim DSM-1V, cepono3uTus-
HOCTb K 7. gondii oka3anach JOCTOBEPHO CBs3aHa ¢ 00-
Jiee BBICOKMMH TIOKA3aTeNsIMH PEaKTHBHOM arpeccuu
cpemu xeHumH (p<0,01), Ho He cpean MyxuuH. T.
gondii-o3UTUBHOCTH TakKe ObLIa cBsi3aHa ¢ OoJyiee BbI-
COKHM HMITYJIbCUBHBIM CTPEMJICHHEM K CEHCAIUsIM cpe-
i MostoAbix MyxkuuH (p<0,01) [101]. danubie coobiie-
HUSl XOpOIIO JEMOHCTPUPYIOT, YTO XPOHMYECKUH TOK-
COIIa3MO03 MEHsIeT MoBeneHue uvenoBeka. Ha moneky-
JSIPHOM YPOBHE 3TO MOXKET OBITh OOBSCHEHO TEM, YTO
MEPCUCTUPYIOMAsT TOKCOIIa3MeHHasi MH(MEKIUS TOJIOB-
HOT'0 MO3Ta MHAYLHMPYET yBeIuyeHue npoaykuuu IFN-y,
YTO B CBOIO OUY€pe/lb YBEIIMYMBAECT aKTUBHOCTh MHJI0JIA-
MUH-2,3-TMOKCUT€Ha3bl M, COOTBETCTBEHHO, 3aIyCKaeT
KMHYPEHMHOBBIN ITyTh MeTabonu3ma Tpunrodana [102],
KOTOPBIH, KaKk 00CY’>KIaJoCh BBIIIE, SIBISETCS OJHOW U3
0a30BBIX TMPUYHMH 3aIyCKa HEHPOBOCTAJICHUS W HHIYK-
nuu CII. Kpome Toro, y CyMIMIEHTOB C JJATEHTHOW TOK-
COIIa3MEHHOW MH(peKIHel OOHapy>KEHO 3HAUYUTEIbHOE
YMEHBIIIEHNE TUTA3MEHHBIX KoHueHTpauui [L-1co [103].
Tem He MeHee, y cepono3UTUBHBIX K 1. gondii GepemMeH-
HBIX JIATHHOAMEPHKAHOK C XPOHWYECKH IMPOTEKAIOIMIEH
TOKCOTIJIa3MEHHOW WH(EKINEH aKTUBHOCTh WHIOJIAMHH-
2, 3-MMOKCUTeHa3bl M KoHUeHTpauuu [FN-y okazaiuchk
Oonee HU3KUMHU, YEM Yy 3JIOPOBBIX JIUI KOHTPOJBHOM

years before ending in suicide, the problem
of the connection between COVID-19 and
suicide, despite the end of the pandemic,
cannot be considered exhausted. It is possible
that we can expect an increase in the number
of suicides in subpopulations of both those
who have recovered from COVID-19 and,
especially, in populations with post-COVID
syndrome, that is, those suffering from
chronic COVID-19.

The association with chronic Toxo-
plasma infection of the brain is well demon-
strated by a study in which 105 suicide at-
tempters had a higher seroprevalence of T.
gondii than 135 healthy controls [98]. The
prevalence of Toxoplasma infection in-
creases with age and the number of suicide
attempts increases in parallel [99]. Interest-
ingly, persistent Toxoplasma infection is
classically associated with the incidence of
schizophrenia, suicide attempts, and road
rage. The prevalence of Toxoplasma infec-
tion has also been shown to be a consistent
positive predictor of entrepreneurial activity
[100]. In a study of 510 men, 490 women
(mean age 53.6+15.8 years, range 20-74
years) who did not have mental disorders
according to DSM-IV criteria, 7. gondii
seropositivity was significantly associated
with higher rates of reactive aggression
among women (p<0.01), but not among
men. 7. gondii-positivity was also associat-
ed with higher impulsive sensation seeking
among young men (p<0.01) [101]. These
reports clearly demonstrate that chronic
toxoplasmosis changes human behavior. At
the molecular level, this can be explained by
the fact that persistent Toxoplasma infection
of the brain induces an increase in the pro-
duction of /FN-y, which in turn increases the
activity of indoleamine-2, 3-dioxygenase
and, accordingly, triggers the kynurenine
pathway of tryptophan metabolism [102],
which, as discussed above, is one of the basic
reasons for the triggering of neuroinflamma-
tion and the induction of SB. In addition, a
significant decrease in plasma concentrations
of IL-1 was found in suicide victims with
latent Toxoplasma infection [103]. However,
in those seropositive for 7. gondii in pregnant
Hispanic women with chronic Toxoplasma
infection, indoleamine-2, 3-dioxygenase
activity and /FN-y concentrations were lower
than in healthy controls [65].

It is assumed that T. gondii inhibits the
host cell apoptotic response [104]. Finally
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rpymisl [65].

[Ipenmonaraercs, uyro 7. gondii wWHTHOWpYET
aronTOTUYECKUHN OTBET KiIeTku-xo3siuHa [104]. OxoHua-
TeIbHO U epeHIIMPOBAHHbBIE KIETKH, aloNTO3 KOTO-
pPBIX O KAaKUM-TMOO MpUYMHAM 3a0JIOKUPOBAH, 4acTo
MpUOOPETAIOT MPOBOCHATUTENbHBIN, TKaHEIECTPYKTUB-
HBIA cekpeTopHbiid GeHotun [105, 106]. ITIporukHOBe-
Hue 7. gondii B TOJJOBHOM MO3T, KaK ITOJIarar0T, CBA3aHO
¢ CD45+ xmerkamu (nepudepudeckue Makpodaru).
WUndumuposannsie 7. gondii CD45+ makpodaru nepe-
MEIIAIOTCS] B TOJIOBHOW MO3T MO CTEHKaM COCYJoB, a 7.
gondii yBenWYMBAET NPOHHUIAeMOCTh ['Ob, obneruas
IIPOHUKHOBEHHE B napeHxumy wmosra CD45+ Makpo-
¢aros. [Ipu >TOM KIETKH MHUKPOIJIMU CTAaHOBATCS He-
nonswkueiMu  [107]. Kommpomeruposanne I'Db T.
gondii, BepOsITHO, CBSI3aHO C TEM, YTO 3TOT HATOTeH
WHIYIHUPYET BOCHAJICHHE B MUKPOCOCYZaX KOpPbHI U JH-
norenuu [108].

3aknouenue

[Mcuxugecku Oonpubix ¢ CIT u cyunuaentamu 6e3
MPEeAECTBYIOIUX CYULUAY KIMHUYECKH sBHbIX [IP
00BeMHAET KOMIUIEKC TE€HETUYECKUX, SIMUrEeHeTHYe-
CKHX U METaOOJIHMYECKUX PACCTPOMCTB, ONpeneIsieMbIX
KaK MEepBUYHOE WJIM BTOPUYHOE (MHIYIIUPOBAHHOE JPY-
roil BHEIIHEH NPUYMHON) XPOHUYECKOE BSUIOTEKYIIee
HelpoBocnaneHue. ['eHeTnueckuM MapKkepaMmHu Heupo-
BOCIIAJIEHUS SIBJSIOTCA OJHOHYKJICOTHUIHBIE IMOJIMMOP-
¢u3MBbI, Yaie B IPOMOTOPHOM 00JaCTH T€HOB, C KOTO-
PBIX TPAHCIUPYIOTCS LIUTO- U XEMOKHHBI BOCHAJICHUS,
MO0 OJHOHYKJIEOTHIHbBIE MOJIUMOP(PU3MBI [€HOB, KO-
TUPYIOMUX (PEepPMEHTH KHHYPEHHHOBOTO MyTH METabo0-
nu3ma tpuntodana. Kpome Toro, Henmb3s UCKITIOUYUTH U
n3MeHeHus narrepHa merwnuposanus JIHK stux re-
HOB, YTO MHHUIMUPYET SMUTCHETHYECKHUI 3amyck Heil-
pOBOCHAJIEHUS, YacTO MOJ BO3ACHCTBUEM BHEIIHHUX
OpUYUH (XpOHUYECKHi cTpecc u T.m.). K mMerabonmue-
CKMM MapKepaM HEHpOBOCHAJIEHUS MOXXHO OTHECTH
3HAYNUTEIPHO YBEJIWYCHHBIEC TUTa3MEHHBIE KOHIICHTpA-
MU 3THUX K€ XEMO- W IIUTOKMHOB, B TIEPBYIO OUYEPEIb
TNF-a, IL-6, CPB, a takxe OenkoB TSPO u Cx43.
Takxe MeTab0IMUYEeCKUMH IPEIUKTUBHBIMU MapKepamMmu
HEHWPOBOCMANIEHUSI MOTYT SIBISATHCS HEMOCPEICTBEHHO
(dbepMeHThl KHHYPEHUHOBOTO MYTH C U3MEHEHHOH dep-
MEHTAaTUBHON aKTHUBHOCTHIO.

BHemHrMY IprYuHAMU 3aIlyCKa HEMPOBOCHAICHUS,
uaayruupytoniero CIT (cywuiyibl), MOTYT SBISTHCS 3HA-
YUTEIbHBIC HAPYIICHHS JINTTUIAHOTO OOMEHa W NeUITuT
MOJIMHEHACHIIIEHHBIX >KUPHBIX KHCIOT, CIy4yailHOe MH-
1IeBO€ MOTpedIeHue TPUXOTeleHa, MpoayLuupyemMoro F.
culmorum, F. Graminearum. K BHEIIHMM NpUYUHAM

differentiated cells, the apoptosis of which
is blocked for some reason, often acquire a
pro-inflammatory, tissue-destructive secre-
tory phenotype [105, 106]. Penetration 7.
gondii into the brain is believed to be associ-
ated with CD 45+ cells (peripheral macro-
phages). Infected with 7. gondii CD 45+
macrophages move into the brain along the
walls of blood vessels, and 7. gondii increas-
es the permeability of the BBB, facilitating
the penetration of CD 45+ macrophages into
the brain parenchyma. In this case, microglial
cells become immobile [107]. Compromising
the BBB by T. gondii is probably associated
with the fact that this pathogen induces in-
flammation in the microvessels of the cortex
and endothelium [108].

Conclusion

Mentally ill patients with SB and sui-
cidal patients without a history of clinically
evident suicidal MD are united by a com-
plex of genetic, epigenetic and metabolic
disturbances defined as primary or second-
ary (induced by another external cause)
chronic inert neuroinflammation. Genetic
markers of neuroinflammation are single
nucleotide polymorphisms, more frequently
in the promoter region of genes from which
cyto and chemokines of inflammation are
translated, or single nucleotide polymor-
phisms of genes encoding enzymes of the
kynurenine pathway of tryptophan metabo-
lism. In addition, changes in the DNA
methylation pattern of these genes cannot be
excluded, which initiates the epigenetic
triggering of neuroinflammation, often un-
der the influence of external causes (chronic
stress, etc.). Metabolic markers of neuroin-
flammation include significantly elevated
plasma concentrations of the same chemo
and cytokines, primarily TNF-o, IL-6, CRP,
and TSPO and Cx43 proteins. Metabolic
predictive markers of neuroinflammation
may also be direct kynurenine pathway en-
zymes with altered enzymatic activity.

External causes of triggering neuroin-
flammation inducing SB (suicide) may be
significant disorders of lipid metabolism
and deficiency of polyunsaturated fatty ac-
ids, accidental dietary intake of trichothe-
cene produced by F. culmorum, F. gra-
minearum. External causes of neuroinflam-
mation may also include the consequences
of acute respiratory infections and the
chronic course of 7. gondii, which may also
be the cause of possible neuroinflammation.
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HEHpPOBOCTAJICHUS] TAaK)KE€ MOXKHO OTHECTH IOCIEICTBUS
OCTPBIX PECIUPATOPHBIX MH(PEKIUI U XpOHUYECKOe Te-
yenue 7. gondii, TaxXKe SBISIOUUXCA MPUYUHOU BO3-
MO>KHOTO HEMPOBOCTIATIEHUS.

[IpoBeneHHBIN aHATN3 MEXAHU3MOB 3aITyCKa HEUPO-
BocniasieHus1, accouuupyemoro ¢ CII mpum HeKOTOphIX
[P, numrHui pa3 yoekaaeT B OTCYTCTBUHU MPSIMOU CBSI3U
CYHMLUOB y TICUXUYECKH OOJBHBIX C MX OCHOBHBIM 3a-
6onesanuem (I1P) u neobxonumoctu paccmarpubath CII
(¥ cynnmipl) y ICHXWYECKHA OOJIBHBIX KaK KOMOPOUTHBIC
cocrostaus [109].

Takum o00pa3om, HEHPOBOCIAJICHHE MOXKET OBITh
3aIyIeHo Yepe3 pa3Hble MeTaboInYecKue MyTH U MoJie-
KYJISIpHbIE MEXaHU3Mbl. BO3MOXHOCTh BBIJENEHUS CyU-
IUACHTOB U3 Pa3HBIX MOMYJSIUI JUI] 0€3 MpeamecTBy-
IOIUX KJIMHUYECKUX HAPYIICHUH MCUXHUKHU U C PAa3HBIMHU
KIIMHUYECKH JTUarHOCTHPYEeMbIMH u3BecTHbIMU [IP B
onHopoauyto rpymnmy — CII (cyunmaamu) — o npusHaKy
HaJIM4Us y 3TUX JIML, UHAYLUPOBAHHOTO ONMUCAHHBIMU
BBIIIE PUYMHAMH HEWPOBOCIIANICHUS, JI0Ka3bIBaeT OUO-
JIOTUYECKYI0 MYJIbTH()AKTOPHYIO MPUPOAY CYHIIHIANTb-
HOCTH.

Hcxons u3 aHanu3a ¥ 00OOILEHUs JIUTEpaTypPHBIX
JAHHBIX JTOIYCTHMO CJEJaTh Psi/i BHIBOJIOB:

1. V ncuxuuecku 6ompHbIX Jun ¢ CII, coepuas-
IIMX CYUIMJIbI, Kak U y cyunujaeHTos 6e3 I1P, oOnapy-
JKUBAIOTCSl TMOBBILICHHbIE IIa3MEHHbIE KOHLIEHTPALUU
MapKepoB HelpoBocnaieHus (LMTOKUHOB MU XEMOKH-
HOB), W/MMO0 OJHOHYKJICOTHIIHBIE MOJIUMOPPHU3IMBI CO-
OTBETCTBYIOIIUX T'€HOB, PEUMYIIECTBEHHO B MPEPPOH-
TaJbHON KOpE W THIIOKaMIIe, BbI3BAIOIIUE yBEIUYEHHUE
KOHLEHTpaluil MapKepoB HEWPOBOCHIAJIEHUS B TOJIOBHOM
MO3re, B OTJIMYME OT JIUL CONOCTABUMBIX T'PYII KOH-
TPOJISL.

2. YV xeptB HeiporenHoi aHopekcuu CII (cyurm-
JIbl) aCCOLMHPOBAHO C BBICOKMMH IUIA3MEHHBIMH KOH-
ueHtpauussMu TNF-a u IL-6 1 BbIpaK€HHbIMU HapyIlle-
HUSIMU TJIA3MEHHBIX KOHIEHTPALUA JTUIHUIO0B.

3. CIl y XeHIIMH ¢ NepumnapTajlbHOMN aenpeccuent
aCCOLIMMPOBAHO KaK BBHICOKMMM KOHUEHTPALUUSIMHU IIUTO-
KMHOB HEWPOBOCHAJIEHUS, TaK M BBIPAKEHHBIMU H3MeE-
HEHUSIMH IJIa3MEHHBIX KOHLEHTpPAlUil MOJMHEHACHI-
LIEHHBIX XKUPHBIX KHACIOT.

4. HecmoTpst Ha HEOOJIbIIOE KOJMYECTBO HCCIENO-
BaHUN O CBSI3U CYHULUIOB Yy OOJBHBIX MIM30(pEeHHEH ¢
HEHUpPOBOCHAJIEHUEM, MOXHO CAENaTh OCTOPOKHBIM BbI-
BOJ, uTO y OoabHbIX mm3oppenueit ¢ CII (cynnumamn)
TaK)Ke€ BBISBJISICTCS] U3MEHEHHE KOHLIEHTPALUN MapKepoB
HEeHpoBOCTANICHUS.

The analysis of the mechanisms of
neuroinflammation associated with SB in
some MDs convinces us of the validity of
the conclusion made earlier, based on a
study of the relevant scientific literature,
about the absence of a direct link between
suicides in psychiatric patients and their
underlying disease, and the need to consider
SB (suicide) in psychiatric patients as
comorbid conditions [109].

Thus, neuroinflammation can be trig-
gered through different metabolic pathways
and molecular mechanisms. The possibility
of separating suicides from different popu-
lations of individuals without previous clin-
ical MD and with different clinically diag-
nosed known MDs into a homogeneous
group — SBs (suicides) — on the basis of the
presence of neuroinflammation induced by
the causes described above in these individ-
uals proves the biological multifactorial
nature of suicidality.

Based on the analysis and generalisa-
tion of the literature data, it is acceptable to
draw a number of conclusions:

1. Psychiatric patients with SB who
committed suicides, as well as suicides
without MD, have increased plasma concen-
trations of markers of neuroinflammation
(cytokines and chemokines), and/or single
nucleotide polymorphisms of the corre-
sponding genes, mainly in the prefrontal
cortex and hippocampus, causing increased
concentrations of markers of neuroinflam-
mation in the brain, in contrast to individu-
als of comparable control groups.

2. SB (suicidality) in victims of neuro-
genic anorexia is associated with high plas-
ma concentrations of TNF-a and IL-6 and
marked abnormalities in plasma lipid con-
centrations.

3. SB in women with peripartum de-
pression is associated with both high con-
centrations of neuroinflammatory cytokines
and marked alterations in plasma concentra-
tions of polyunsaturated fatty acids.

4. Despite the small number of studies
on the association of suicides in schizo-
phrenic patients with neuroinflammation, a
cautious conclusion can be made that schiz-
ophrenic patients with SB (suicide) also
show changes in the concentrations of neu-
roinflammatory markers.

5. The considered acute and chronic in-
fectious processes, mainly COVID-19 and
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5. PaccMoTpeHHBIE OCTpBIC U XpOHHYECKHE WH(DEK-
IMOHHBIE mporecchl, B ocHOBHOM COVID-19 u TOk-
COILIa3MO03, a TaKXkKe OCTPbIE PeCIUPATOPHbIE HHPEKLIUH,
OTJIMYAOTCs IMOBBIMICHHBIMU INIA3SMCHHBIMH KOHLCHTpPA-
HUSIMH  MapKepoOB HEMPOBOCMANIECHUS, YTO, BO3MOXKHO,

toxoplasmosis, as well as acute respiratory
infections, are also characterised by in-
creased plasma concentrations of neuroin-
flammation markers, which may be the rea-
son for higher suicide rates among persons
who have had these infections.

SBIIIETCSL MPUUMHON Oo0Jiee YacThIX CIIy4aeB CYUIUIOB
CpeH JIHL, IEPEHECIINX ITH UHPEKIHIH.

11.

Jlureparypa / References:

Odunonenko A.B., I'onenkoB A.B. Bimsnue mocnepono-
BOI menpeccuu Ha cemblo. [lcuxuueckoe 3m0posbe. 2011;
9 (6): 71-76. [Filonenko A.V., Golenkov A.V. The impact
of postpartum depression on the family. Mental health.
2011. 9 (6): 71-76.] (In Russ)

HammonansHoe pykoBoncTBo mo cyumunonorud / Ilog
pen. Bb.C. ITonoxero. M.: U3a-Bo MenuuuHckoe wHMOP-
MalMOHHO areHTCcTBO, 2019. 600 c. [National Guide to Su-
icidology / Ed. B.S. Polozhiy. Moscow: Medical Infor-
mation Agency Publishing House, 2019. 600 p.] (In Russ)
Mokrov G.V., Deeva O.A., Gudasheva T.A. The ligands
of translocator protein: design and biological properties.
Curr Pharm Des. 2021; 27 (2): 217-237. DOI:
10.2174/1381612826666200903122025

Setiawan E., Wilson A.A., Mizrahi R., Rusjan P.M., Miler
L., Rajkowska G., Suridjan 1., Kennedy J.L., Rekkas P.V.,
Houle S., Meyer J.H. Role of translocator protein density,
a marker of neuroinflammation, in the brain during major
depressive episodes. JAMA Psychiatry. 2015; 72 (3): 268-
275. DOI: 10.1001/jamapsychiatry.2014.2427

Zeng D., He S., Ma C., Wen Y., Song W., Xu Q., Zhao N.,
Wang Q., Yu Y., Shen Y., Huang J., Li H. Network-based
approach to identify molecular signatures in the brains of
depressed suicides. Psychiatry Res. 2020; 294: 113513.
DOI: 10.1016/j.psychres.2020.113513

Ambroésio G., Kaufmann F.N., Manosso L., Platt N.,
Ghisleni G., Rodrigues A.L.S., Rieger D.K., Kaster M.P.
Depression and peripheral inflammatory profile of patients
with obesity. Psychoneuroendocrinology. 2018; 91: 132-
141. DOT: 10.1016/j.psyneuen.2018.03.005

D'Mello C., Swain M.G. Immune-to-brain communication
pathways in inflammation-associated sickness and depres-
sion. Curr Top Behav Neurosci. 2017; 31: 73-94. DOI:
10.1007/7854_2016_37

Ting E.Y., Yang A.C., Tsai S.J. Role of Interleukin-6 in
Depressive Disorder. Int J Mol Sci. 2020; 21 (6): 2194.
DOI: 10.3390/ijms21062194

Liu H., Zhang Y., Gao Y., Zhang Z. Elevated levels of Hs-
CRP and IL-6 after delivery are associated with depression
during the 6 months post-partum. Psychiatry Res. 2016;
243:43-48. DOL: 10.1016/j.psychres.2016.02.022

. Enache D., Pariante C.M., Mondelli V. Markers of central

inflammation in major depressive disorder: A systematic
review and meta-analysis of studies examining cerebro-
spinal fluid, positron emission tomography and post-
mortem brain tissue. Brain Behav Immun. 2019; 81: 24-
40. DOI: 10.1016/j.bbi.2019.06.015

Jiang H., Zhang Y., Wang Z.Z., Chen N.H. Connexin 43:
An Interface Connecting Neuroinflammation to Depres-
sion. Molecules. 2023; 28 (4): 1820. DOLI:
10.3390/molecules28041820

12.

13.

14.

15.

16.

19.

20.

21.

Chen M.J., Kress B., Han X., Moll K., Peng W., Ji R.R.,
Nedergaard M. Astrocytic CX43 hemichannels and gap
junctions play a crucial role in development of chronic
neuropathic pain following spinal cord injury. Glia. 2012;
60 (11): 1660-1670. DOI: 10.1002/glia.22384

Orellana J.A., Moraga-Amaro R., Diaz-Galarce R., Rojas
S., Maturana C.J., Stehberg J., Sdez J.C. Restraint stress
increases hemichannel activity in hippocampal glial cells
and neurons. Front Cell Neurosci. 2015; 9: 102.
DOI: 10.3389/fncel.2015.00102

Orellana J.A., Froger N., Ezan P., Jiang J.X., Bennett
M.V., Naus C.C., Giaume C., Séez J.C. ATP and gluta-
mate released via astroglial connexin 43 hemichannels
mediate neuronal death through activation of pannexin 1
hemichannels. J Neurochem. 2011; 118 (5): 826-840.
DOI: 10.1111/j.1471-4159.2011.07210.x

Lei L., Wang Y.T., Hu D., Gai C., Zhang Y. astroglial
connexin 43-mediated gap junctions and hemichannels:
potential antidepressant mechanisms and the link to neu-
roinflammation. Cell Mol Neurobiol. 2023; 43 (8): 4023-
4040. DOLI: 10.1007/s10571-023-01426-5

Brooks J.O. 3rd, Bearden C.E., Hoblyn J.C., Woodard
S.A., Ketter T.A. Prefrontal and paralimbic metabolic
dysregulation related to sustained attention in euthymic
older adults with bipolar disorder. Bipolar Disord. 2010;
12 (8): 866-874. DOI: 10.1111/j.1399-5618.2010.00881.x

. Ropret S., Kouter K., Zupanc T., Videtic Paska A. BDNF

methylation and mRNA expression in brain and blood of
completed suicides in Slovenia. World J Psychiatry. 2021;
11 (12): 1301-1313. DOI: 10.5498/wjp.v11.i12.1301

. Steiner J., Walter M., Gos T., Guillemin G.J., Bernstein

H.G., Sarnyai Z., Mawrin C., Brisch R., Bielau H., Meyer
zu Schwabedissen L., Bogerts B., Myint A.M. Severe de-
pression is associated with increased microglial quinolinic
acid in subregions of the anterior cingulate gyrus: evi-
dence for an immune-modulated glutamatergic neuro-
transmission? J Neuroinflammation. 2011; 8: 94. DOI:
10.1186/1742-2094-8-94

Erhardt S., Lim C.K., Linderholm K.R., Janelidze S.,
Lindqvist D., Samuelsson M., Lundberg K., Postolache
T.T., Triskman-Bendz L., Guillemin G.J., Brundin L.
Connecting inflammation with glutamate agonism in sui-
cidality. Neuropsychopharmacology. 2013; 38 (5): 743-
752. DOI: 10.1038/npp.2012.248

Bay-Richter C., Linderholm K.R., Lim C.K., Samuelsson
M., Triaskman-Bendz L., Guillemin G.J., Erhardt S., Brun-
din L. A role for inflammatory metabolites as modulators
of the glutamate N-methyl-D-aspartate receptor in depres-
sion and suicidality. Brain Behav Immun. 2015; 43: 110-
117. DOTI: 10.1016/j.bbi.2014.07.012

Brundin L., Sellgren C.M., Lim C.K., Grit J., Palsson E.,
Landén M., Samuelsson M., Lundgren K., Brundin P.,
Fuchs D., Postolache T.T., Traskman-Bendz L., Guillemin
G.J., Erhardt S. An enzyme in the kynurenine pathway

Tom 15, Ne 2 (55), 2024 Cyuyudosozus

51


https://www.elibrary.ru/contents.asp?id=34053203

HayuHo-npaxmuueckuil >KYpHa

https:/ /www.elibrary.ru/

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

that governs vulnerability to suicidal behavior by regulat-
ing excitotoxicity and neuroinflammation. Transl Psychia-
try. 2016; 6 (8): €865. DOI: 10.1038/tp.2016.133

Plancke L., Coton C., Amariei A., Kharfallah R., Duhem
S., Danel T., Charrel C.L. Suicide mortality in people with
mental disorders: a register-based study in north France.
Soc Psychiatry Psychiatr Epidemiol. 2020; 55 (11):
1503-1512. DOI: 10.1007/s00127-020-01892-y
Fernandez de la Cruz L., Rydell M., Runeson B., D'On-
ofrio B.M., Brander G., Riick C., Lichtenstein P., Larsson
H., Mataix-Cols D. Suicide in obsessive-compulsive dis-
order: a population-based study of 36 788 Swedish pa-
tients. Mol Psychiatry. 2017; 22 (11): 1626-1632. DOI:
10.1038/mp.2016.115

Trivedi M.H. Major depressive disorder in primary care:
strategies for identification. J Clin Psychiatry. 2020; 81
(2): UT17042BRI1C. DOI: 10.4088/JCP.UT17042BR1C
Wu S., Ding Y., Wu F., Xie G., Hou J., Mao P. Serum
lipid levels and suicidality: a meta-analysis of 65 epidemi-
ological studies. J Psychiatry Neurosci. 2016; 41 (1): 56-
69. DOI: 10.1503/jpn.150079

Messaoud A., Mensi R., Mrad A., Mhalla A., Azizi 1.,
Amemou B., Trabelsi 1., Grissa M.H., Salem N.H., Chadly
A., Douki W., Najjar M.F., Gaha L. Is low total cholester-
ol levels associated with suicide attempt in depressive pa-
tients? Ann Gen Psychiatry. 2017; 16: 20. DOI:
10.1186/s12991-017-0144-4

Aguglia A., Solano P., Giacomini G., Caprino M., Co-
nigliaro C., Romano M., Aguglia E., Serafini G., Amore
M. The Association Between Dyslipidemia and Lethality
of Suicide Attempts: A Case-Control Study. Front Psychi-
atry. 2019; 10: 70. DOI: 10.3389/fpsyt.2019.00070

Li H., Zhang X., Sun Q., Zou R., Li Z., Liu S. Association
between serum lipid concentrations and attempted suicide
in patients with major depressive disorder: A meta-
analysis. PLoS Omne. 2020; 15 (12): e0243847.
DOI: 10.1371/journal.pone.0243847

Sublette M.E., Galfalvy H.C., Fuchs D., Lapidus M.,
Grunebaum M.F., Oquendo M.A., Mann J.J., Postolache
T.T. Plasma kynurenine levels are elevated in suicide at-
tempters with major depressive disorder. Brain Behav Im-
mun. 2011, 25 6): 1272-1278. DOIL:
10.1016/j.bbi.2011.05.002

Bradley K.A., Case J.A., Khan O., Ricart T., Hanna A.,
Alonso C.M., Gabbay V. The role of the kynurenine
pathway in suicidality in adolescent major depressive dis-
order. Psychiatry Res. 2015; 227 (2-3): 206-212. DOI:
10.1016/j.psychres.2015.03.031

Janelidze S., Mattei D., Westrin A., Triskman-Bendz L.,
Brundin L. Cytokine levels in the blood may distinguish
suicide attempters from depressed patients. Brain Behav
Immun. 2011; 25 2): 335-339. DOLI:
10.1016/j.bbi.2010.10.010

Brown S.J., Christofides K., Weissleder C., Huang X.F.,
Shannon Weickert C., Lim C.K., Newell K.A. Sex- and
suicide-specific alterations in the kynurenine pathway in
the anterior cingulate cortex in major depression. Neuro-
psychopharmacology. 2023. DOI: 10.1038/s41386-023-
01736-8

Huang M.H., Chen M.H., Chan Y.E., Li C.T., Tsai S.J.,
Bai Y.M., Su T.P. Pro-inflammatory cytokines and suicid-
al behavior among patients with bipolar I disorder. J Psy-
chiatr Res. 2022; 150: 346-352. DOLI:
10.1016/j.jpsychires.2021.11.030

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Karimi M., Goldie L.C., Cruickshank M.N., Moses E.K.,
Abraham L.J. A critical assessment of the factors affecting
reporter gene assays for promoter SNP function: a reas-
sessment of -308 TNF- polymorphism function using a
novel integrated reporter system. Eur J Hum Genet. 2009;
17 (11): 1454-1462. DOI: 10.1038/ejhg.2009.80

Hajeer A.H., Hutchinson I.V. Influence of TNF-alpha
gene polymorphisms on TNF-alpha production and dis-
ease. Hum Immunol. 2001; 62 (11): 1191-1199. DOI:
10.1016/s0198-8859(01)00322-6

Kim Y.K., Hong J.P., Hwang J.A., Lee H.J., Yoon HK.,
Lee B.H., Jung H.Y., Hahn S.W., Na K.S. TNF-alpha -
308G>A polymorphism is associated with suicide attempts
in major depressive disorder. J Affect Disord. 2013; 150
(2): 668-672. DOI: 10.1016/j.jad.2013.03.019

Zhang L., Verwer R.W.H., Lucassen P.J., Huitinga I,
Swaab D.F. Prefrontal cortex alterations in glia gene ex-
pression in schizophrenia with and without suicide. J Psy-
chiatr Res. 2020; 121: 31-38. DOI:
10.1016/j.jpsychires.2019.11.002

Steiner J., Mawrin C., Ziegeler A., Bielau H., Ullrich O.,
Bernstein H.G., Bogerts B. Distribution of HLA-DR-
positive microglia in schizophrenia reflects impaired cere-
bral lateralization. Acta Neuropathol. 2006; 112 (3): 305-
316. DOI: 10.1007/s00401-006-0090-8

Powrdzek T., Mlak R., Brzozowska A., Mazurek M.,
Gotebiowski P., Malecka-Massalska T. Relationship be-
tween TNF-a -1031T/C gene polymorphism, plasma level
of TNF-a, and risk of cachexia in head and neck cancer
patients. J Cancer Res Clin Oncol. 2018; 144 (8): 1423-
1434. DOLI: 10.1007/s00432-018-2679-4

Lang X., Trihn T.H., Wu H.E., Tong Y., Xiu M., Zhang
X.Y. Association between TNF-alpha polymorphism and
the age of first suicide attempt in chronic patients with
schizophrenia. Aging (Albany NY). 2020; 12 (2): 1433-
1445. DOI: 10.18632/aging.102692

Rantala M.J., Luoto S., Krama T., Krams I. Eating disor-

ders: an evolutionary psychoneuroimmunological ap-
proach. Front Psychol. 2019; 10: 2200. DOI:
10.3389/fpsyg.2019.02200

Arcelus J., Mitchell A.J., Wales J., Nielsen S. Mortality
rates in patients with anorexia nervosa and other eating
disorders. A meta-analysis of 36 studies. Arch Gen Psy-
chiatry. 2011; 68 7): 724-731. DOI:
10.1001/archgenpsychiatry.2011.74

Accurso E.C., Sim L., Muhlheim L., Lebow J. Parents
know best: Caregiver perspectives on eating disorder re-
covery. Int J Eat Disord. 2020; 53 (8): 1252-1260. DOI:
10.1002/eat.23200

Duncan L., Yilmaz Z., Gaspar H., Walters R., Goldstein
J., Anttila V., Bulik-Sullivan B., Ripke S. Eating Disor-
ders Working Group of the Psychiatric Genomics Consor-
tium; Thomton L., Hinney A., Daly M., Sullivan P.F.,
Zeggini E., Breen G., Bulik C.M. Significant Locus and
Metabolic Genetic Correlations Revealed in Genome-
Wide Association Study of Anorexia Nervosa. Am J Psy-
chiatry. 2017; 174 9): 850-858. DOLI:
10.1176/appi.ajp.2017.16121402

Duncan E.L., Thornton L.M., Hinney A., Daly M.J., Sulli-
van P.F., Zeggini E., Breen G., Bulik C.M. Genome-Wide
Association Study Reveals First Locus for Anorexia Ner-
vosa and Metabolic Correlations. bioRxiv 088815. DOI:
10.1101/088815

52

Suicidology (Russia) Vol. 15, Ne 2 (55), 2024



https:/ /cynnmnnoaorus.pd /

HayuHo-npaxmuueckuii YypHaL

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Reyes-Ortega P., Ragu Varman D., Rodriguez V.M.,
Reyes-Haro D. Anorexia induces a microglial associated
pro-inflammatory environment and correlates with neuro-
degeneration in the prefrontal cortex of young female rats.
Behav  Brain Res. 2020; 392: 112606. DOI:
10.1016/j.bbr.2020.112606

Kahl K.G., Kruse N., Rieckmann P., Schmidt M.H. Cyto-
kine mRNA expression patterns in the disease course of
female adolescents with anorexia nervosa. Psychoneuro-
endocrinology. 2004; 29 (1): 13-20. DOI: 10.1016/s0306-
4530(02)00131-2

Lafrance V., Inoue W., Kan B., Luheshi G.N. Leptin
modulates cell morphology and cytokine release in micro-
glia. Brain Behav Immun. 2010; 24 (3): 358-365. DOI:
10.1016/j.bbi.2009.11.003

Reyes-Ortega P., Ragu Varman D., Rodriguez V.M.,
Reyes-Haro D. Anorexia induces a microglial associated
pro-inflammatory environment and correlates with neuro-
degeneration in the prefrontal cortex of young female rats.
Behav  Brain Res. 2020; 392: 112606. DOI:
10.1016/j.bbr.2020.112606

Kang D., Kim H.R., Kim K.K., Kim D.H., Jeong B., Jin
S., Park J.W., Seong J.Y., Lee B.J. Brain-specific chemo-
kine FAM19AS5 induces hypothalamic inflammation. Bio-
chem Biophys Res Commun. 2020; 523 (4): 829-834. DOI:
10.1016/j.bbrc.2019.12.119

Maunder K., Molloy E., Jenkins E., Hayden J., Adamis D.,
McNicholas F. Anorexia Nervosa in vivo cytokine produc-
tion: a systematic review. Psychoneuroendocrinology.
2023, 158: 106390. DOI:
10.1016/j.psyneuen.2023.106390

Specht H.E., Mannig N., Belheouane M., Andreani N.A.,
Tenbrock K., Biemann R., Borucki K., Dahmen B., Demp-
fle A., Baines J.F., Herpertz-Dahlmann B., Seitz J. Lower
serum levels of IL-1p and IL-6 cytokines in adolescents
with anorexia nervosa and their association with gut mi-
crobiota in a longitudinal study. Front Psychiatry. 2022;
13: 920665. DOI: 10.3389/fpsyt.2022.920665

Corcos M., Guilbaud O., Chaouat G., Cayol V., Speranza
M., Chambry J., Paterniti S., Moussa M., Flament M.,
Jeammet P. Cytokines and anorexia nervosa. Psychosom
Med. 2001; 63 (3): 502-504. DOI: 10.1097/00006842-
200105000-00021

Dalton B., Leppanen J., Campbell I.C., Chung R., Breen
G., Schmidt U., Himmerich H. A longitudinal analysis of
cytokines in anorexia nervosa. Brain Behav Immun. 2020;
85: 88-95. DOI: 10.1016/j.bbi.2019.05.012

Mechelhoff D., van Noort B.M., Weschke B., Bachmann
C.J., Wagner C., Pfeiffer E., Winter S. Anti-NMDA recep-
tor encephalitis presenting as atypical anorexia nervosa: an
adolescent case report. Eur Child Adolesc Psychiatry.
2015; 24 (11): 1321-1324. DOI: 10.1007/s00787-015-
0682-8

Gaige S., Barbouche R., Barbot M., Boularand S.,
Dallaporta M., Abysique A., Troadec J.D. Constitutively
active microglial populations limit anorexia induced by
the food contaminant deoxynivalenol. J Neuroinflamma-
tion. 2022; 19 (1): 280. DOI: 10.1186/s12974-022-02631-
7

Steiner M. Perinatal mood disorders: position paper.
Psychopharmacol Bull. 1998; 34 (3): 301-306.

Sedlmayr P., Blaschitz A., Stocker R. The role of placental
tryptophan catabolism. Front Immunol. 2014; 5: 230. DOI:
10.3389/fimmu.2014.00230

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Sherer M.L., Posillico C.K., Schwarz J.M. The psycho-
neuroimmunology of pregnancy. Front Neuroendocrinol.
2018; 51: 25-35. DOL: 10.1016/j.yfrne.2017.10.006

Sha Q., Madaj Z., Keaton S., Escobar Galvis M.L., Smart
L., Krzyzanowski S., Fazleabas A.T., Leach R., Posto-
lache T.T., Achtyes E.D., Brundin L. Cytokines and tryp-
tophan metabolites can predict depressive symptoms in
pregnancy. Transl Psychiatry. 2022; 12 (1): 35. DOI:
10.1038/s41398-022-01801-8

Achtyes E., Keaton S.A., Smart L., Burmeister A.R.,
Heilman P.L., Krzyzanowski S., Nagalla M., Guillemin
G.J., Escobar Galvis M.L., Lim C.K., Muzik M., Posto-
lache T.T., Leach R., Brundin L. Inflammation and
kynurenine pathway dysregulation in post-partum women
with severe and suicidal depression. Brain Behav Immun.
2020; 83:239-247. DOI: 10.1016/j.bbi.2019.10.017

Sha Q., Achtyes E., Nagalla M., Keaton S., Smart L.,
Leach R., Brundin L. Associations between estrogen and
progesterone, the kynurenine pathway, and inflammation
in the post-partum. J Affect Disord. 2021; 281: 9-12. DOI:
10.1016/j.jad.2020.10.052

Chang J.P., Lin C.Y., Lin P.Y., Shih Y.H., Chiu T.H., Ho
M., Yang H.T., Huang S.Y., Gatecki P., Su K.P. Polyun-
saturated fatty acids and inflammatory markers in major
depressive episodes during pregnancy. Prog Neuropsy-
chopharmacol Biol Psychiatry. 2018; 80 (Pt C): 273-278.
DOI: 10.1016/j.pnpbp.2017.05.008

Prescott S., Mutka T., Baumgartel K., Yoo J.Y., Morgan
H., Postolache T.T., Seyfang A., Gostner J.M., Fuchs D.,
Kim K., Groer M.E. Tryptophan metabolism and immune
alterations in pregnant Hispanic women with chronic Tox-
oplasma gondii infection. Am J Reprod Immunol. 2023; 90
(3): €13768. DOI: 10.1111/aji.13768

Gjervig Hansen H., Kohler-Forsberg O., Petersen L., Nor-
dentoft M., Postolache T.T., Erlangsen A., Benros M.E.
Infections, anti-infective agents, and risk of deliberate
self-harm and suicide in a young cohort: a nationwide
study. Biol Psychiatry. 2019; 85 (9): 744-751. DOI:
10.1016/j.biopsych.2018.11.008

Troyer E.A., Kohn J.N., Hong S. Are we facing a crashing
wave of neuropsychiatric sequelae of COVID-19? Neuro-
psychiatric symptoms and potential immunologic mecha-
nisms. Brain Behav Immun. 2020; 87: 34-39. DOI:
10.1016/5.bbi.2020.04.027

Pape K., Tamouza R., Leboyer M., Zipp F. Immunoneu-
ropsychiatry - novel perspectives on brain disorders. Nat
Rev Neurol. 2019; 15 (6): 317-328. DOI: 10.1038/s41582-
019-0174-4

Yip P.S., Cheung Y.T., Chau P.H., Law Y.W. The impact
of epidemic outbreak: the case of severe acute respiratory
syndrome (SARS) and suicide among older adults in Hong
Kong. Crisis 2010; 31: 86-92. DOI: 10.1027/0227-
5910/a000015

Costanza A., Amerio A., Aguglia A., Serafini G., Amore
M., Hasler R., Ambrosetti J., Bondolfi G., Sampogna G.,
Berardelli I., Fiorillo A., Pompili M., Nguyen K.D. Hy-
per/neuroinflammation in COVID-19 and suicide eti-
opathogenesis: Hypothesis for a nefarious collision? Neu-
rosci  Biobehav Rev. 2022; 136: 104606. DOI:
10.1016/j.neubiorev.2022.104606

Chen G., Wu D., Guo W., Cao Y., Huang D., Wang H.,
Wang T., Zhang X., Chen H., Yu H., Zhang X., Zhang M.,
Wu S., Song J., Chen T., Han M., Li S., Luo X., Zhao J.,
Ning Q. Clinical and immunological features of severe

Tom 15, Ne 2 (55), 2024 Cyuyudosozus

53



HayuHo-npaxmuueckuil >KYpHa

https:/ /www.elibrary.ru/

71.

72.

73.

74.

75.

76.

77.

78.

79.

and moderate coronavirus disease 2019. J Clin Invest.
2020; 130 (5): 2620-2629. DOI: 10.1172/JC1137244
Hadjadj J., Yatim N., Barnabei L., Corneau A., Boussier
J., Smith N., Péré H., Charbit B., Bondet V., Chenevier-
Gobeaux C., Breillat P., Carlier N., Gauzit R., Morbieu C.,
Péne F., Marin N., Roche N., Szwebel T.A., Merkling
S.H., Treluyer J.M., Veyer D., Mouthon L., Blanc C., Tha-
raux P.L., Rozenberg F., Fischer A., Duffy D., Rieux-
Laucat F., Kernéis S., Terrier B. Impaired type I interferon
activity and inflammatory responses in severe COVID-19
patients. Science. 2020; 369 (6504): 718-724. DOI:
10.1126/science.abc6027

Garcia-Beltran W.F., Lam E.C., Astudillo M.G., Yang D.,
Miller T.E., Feldman J., et al. COVID-19-neutralizing an-
tibodies predict disease severity and survival. Cell. 2021;
184 (2): 476-488.¢11. DOI: 10.1016/j.cell.2020.12.015
3otoB ILB., AxmerpssHoB M.A., bymemrmna W.E.,
l'aparamesa E.Il., TonenxoB A.B., [eomumoB E.C.,
Urymuor C.A., Kuuepoa O.A., Koszno B.A., Jlro6oB
E.b., MepunoB A.B., OpnoB @.B., Ilerpos U.M.,
[Honomapésa M.H., Peiixepr JL.U., Ckpsabun E.I'.,
Muana B.A. COVID-19: TIICUXHYECKHE 17
HEBPOJIOTHYECKHE  TOCIEACTBUS: PYKOBOACTBO IS
Bpaueit / mox pen. IL.b. 3otoBa. M.: 'DOTAP-Menua,
2023; 224 c. [Zotov P.B., Akhmetyanov M.A., Bulygina
LLE., Garagasheva E.P., Golenkov A.V., Deomidov E.S.,
Igumnov S.A., Kicherova O.A., Kozlov V.A., Lyubov
E.B., Merinov A.V., Orlov F.V., Petrov I.M., Ponomary-
ova M.N., Reichert L.I., Skryabin E.G., Shidin V.A.
COVID-19: psychiatric and neurological consequences:
a guide for doctors / ed. P.B. Zotov. Moscow: GEOTAR-
Media, 2023; 224 p. (In Russ)

Klein R.S. Mechanisms of coronavirus infectious disease
2019-related neurologic diseases. Curr Opin Neurol. 2022;
35 (3): 392-398. DOI: 10.1097/WC0.0000000000001049
Yu X., Wang S., Wu W., Chang H., Shan P., Yang L.,
Zhang W., Wang X. Exploring new mechanism of depres-
sion from the effects of virus on nerve cells. Cells. 2023;
12 (13): 1767. DOI: 10.3390/cells12131767
Calderon-Garcidueiias L., Gonzalez-Maciel A., Reyno-
so-Robles R., Kulesza R.J., Mukherjee P.S., Torres-
Jardén R., Ronkko T., Doty R.L. Alzheimer's disease and
alpha-synuclein pathology in the olfactory bulbs of in-
fants, children, teens and adults <40 years in Metropoli-
tan Mexico City. APOE4 carriers at higher risk of sui-
cide accelerate their olfactory bulb pathology. Environ
Res. 2018; 166: 348-362. DOLI:
10.1016/j.envres.2018.06.027

Goldstein M.R., Mascitelli L. Identifying those at risk for
COVID-19 related suicide. Response to "Hyper / neuroin-
flammation in COVID-19 and suicide etiopathogenesis:
Hypothesis for a nefarious collision?". Neurosci Biobehav
Rev. 2022; 140: 104785. DOI:
10.1016/j.neubiorev.2022.104785

Filev R., Lyubomirova M., Bogov B., Kalinov K., Hristo-
va J., Svinarov D., Rostaing L. IL-6 and SAA — Strong
Predictors for the Outcome in COVID-19 CKD Patients.

Int. J. Mol  Sci. 2024; 25: 311. DOLI
10.3390/ijms25010311
Aly L., Sondergeld R., Holzle P., Frank A., Knier B.,

Pausch E., Dommasch M., Forstl H., Fatke B. Die
COVID-19-Pandemie verdnderte nicht die Zahl, aber die
Art psychiatrischer Notfille: Versorgungsdaten aus Ver-
gleichszeitrdumen von 2019 und 2020 [The COVID-19

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

pandemic has not changed the number but the type of psy-
chiatric emergencies: A comparison of care data between
2019 and 2020]. Nervenarzt. 2020; 91 (11): 1047-1049.
German. DOI: 10.1007/s00115-020-00973-2

Boldrini T., Girardi P., Clerici M., Conca A., Creati C., Di
Cicilia G., Ducci G., Durbano F., Maci C., Maone A.,
Nicolo G., Oasi O., Percudani M., Polselli G.M., Pompili
M., Rossi A., Salcuni S., Tarallo F., Vita A., Lingiardi V.
Italian Network for Research on Mental Health during
COVID-19 Pandemic. Consequences of the COVID-19
pandemic on admissions to general hospital psychiatric
wards in Italy: Reduced psychiatric hospitalizations and
increased suicidality. Prog Neuropsychopharmacol Biol
Psychiatry. 2021; 110:110304. DOL:
10.1016/j.pnpbp.2021.110304

Montalbani B., Bargagna P., Mastrangelo M., Sarubbi S.,
Imbastaro B., De Luca G.P., Anibaldi G., Erbuto D., Pom-
pili M., Comparelli A. The COVID-19 outbreak and sub-
jects with mental disorders who presented to an Italian
psychiatric emergency department. J Nerv Ment Dis.
2021; 209 4): 246-250. DOIL:
10.1097/NMD.0000000000001289

Yan Y., Hou J., Li Q., Yu N.X. Suicide before and during
the COVID-19 pandemic: a systematic review with meta-
analysis. Int J Environ Res Public Health. 2023; 20 (4):
3346. DOI: 10.3390/ijerph20043346

The Washington Post. Japan and South Korea see surge of
suicides among young women, raising new questions
about pandemic stress. Accessed December 3, 2021.
https://www.washingtonpost.com/world/ asia_pacif
ic/japan-suicides-pandemic-women/ 2020/11/28/0617¢
3a2-fdbd-11ea-b0e4-350e4e60cc 91 story.html

CNBC. Suicide attempts among adolescent girls surged by
more than 50% during pandemic, CDC says. Accessed
December 3, 2021.
https://www.cnbc.com/amp/2021/06/11/suicide-
attemptsamong-young-girls-surge-by-more-than-
50percent-duringpandemic-cdc-says-.html

Phiri P., Ramakrishnan R., Rathod S., Elliot K., Thaya-
nandan T., Sandle N., Haque N., Chau S.W., Wong O.W_,
Chan S.S., Wong E.K., Raymont V., Au-Yeung S.K.,
Kingdon D., Delanerolle G. An evaluation of the mental
health impact of SARS-CoV-2 on patients, general public
and healthcare professionals: A systematic review and me-
ta-analysis. EClinicalMedicine. 2021; 34: 100806. DOI:
10.1016/j.eclinm.2021.100806

Leske S., Kolves K., Crompton D., Arensman E., de Leo
D. Real-time suicide mortality data from police reports in
Queensland, Australia, during the COVID-19 pandemic:
an interrupted time-series analysis. Lancet Psychiatry.
2021; 8 (1): 58-63. DOI: 10.1016/S2215-0366(20)30435-1
Mclntyre A., Tong K., McMahon E., Doherty A.M.
COVID-19 and its effect on emergency presentations to
a tertiary hospital with self-harm in Ireland. Ir J Psychol
Med. 2021; 38 (2): 116-122. DOI: 10.1017/ipm.2020.116
Song H., Lei N., Zeng L., Li X, Li X, Liu Y., Liu J., Wu
W., Mu J,, Feng Q. Genetic predisposition to subjective
well-being, depression, and suicide in relation to COVID-
19 susceptibility and severity. J Affect Disord. 2023; 335:
233-238. DOI: 10.1016/j.jad.2023.05.019

Pirkis J., John A., Shin S., DelPozo-Banos M., Arya V.,
Analuisa-Aguilar P., et al. Suicide trends in the early
months of the COVID-19 pandemic: an interrupted time-
series analysis of preliminary data from 21 countries. Lan-

54

Suicidology (Russia) Vol. 15, Ne 2 (55), 2024



https:/ /cynnmnnoaorus.pd /

HayuHo-npaxmuueckuii YypHaL

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

cet  Psychiatry. 2021; 8 (7): 579-588. DOI:
10.1016/S2215-0366(21)00091-2

Okada M. Is an increase in Japan's suicides caused by
COVID-19 alone? Asian J Psychiatr. 2022; 78: 103320.
DOI: 10.1016/j.ajp.2022.103320

Koznos B.A., CanoxnukoB C.II., TomenkoB A.B.
CyuuunaipHOe — MOBEJCHHE:  TCHETHYCCKHH  aCHeKT
resaepHoro napagokca. Cyuyuoonozusa. 2021; 12 (2): 31-
50. [Kozlov V.A., Sapozhnikov S.P., Golenkov A.V. Sui-
cidal behavior: the genetic aspect of the gender paradox.
Suicidology. 2021; 12 (2): 31-50.] (In Russ / Engl) DOI:
10.32878/suiciderus.21-12-02(43)-31-50

Okada M., Matsumoto R., Motomura E., Shiroyama T.,
Murata M. Exploring characteristics of increased suicide
during the COVID-19 pandemic in Japan using provision-
al governmental data. Lancet Reg Health West Pac. 2022,
24:100481. DOI: 10.1016/j.1anwpc.2022.100481
Mevorach T., Zur G., Benaroya-Milshtein N., Apter A.,
Fennig S., Barzilay S. A following wave pattern of sui-
cide-related pediatric emergancy room admissions during
the COVID-19 Pandemic. Int J Environ Res Public
Health. 2023; 20 (2): 1619. DOI: 10.3390/ijerph20021619
Ding O.J., Kennedy G.J. Understanding vulnerability to
late-life suicide. Curr Psychiatry Rep. 2021; 23 (9): 58.
DOI: 10.1007/s11920-021-01268-2

Rothman S., Sher L. Suicide prevention in the COVID-19
era. Prev Med. 2021; 152 (Pt 1): 106547. DOI:
10.1016/j.ypmed.2021.106547

Matsumoto R., Motomura E., Okada M. Impacts of com-
plete unemployment rates disaggregated by reason and du-
ration on suicide mortality from 2009-2022 in Japan.
Healthcare (Basel). 2023; 11 (20): 2806. DOI:
10.3390/healthcare11202806

Koznos B.A., I'onerkoB A.B. CBs3b mpojax aJkoToJs C
JICBHAHTHBIM ToBegeHneM B YyBammu. Hayunvlii gpopym.
Cubupw. 2023; 9 (2): 33-36. [Kozlov V.A., Golenkov A.V.
Connection of alcohol sales with deviant behaviour in
Chuvashia. Scientific forum. Siberia. 2023; 9 (2): 33-36.]
(In Russ)

Bak J., Shim S.H., Kwon Y.J., Lee H.Y., Kim J.S., Yoon
H., Lee Y.J. The Association between Suicide Attempts
and Toxoplasma gondii Infection. Clin Psychopharmacol
Neurosci. 2018; 16 (1): 95-102. DOI:
10.9758/cpn.2018.16.1.95

Alvarado-Esquivel C., Sanchez-Anguiano L.F., Arnaud-
Gil C.A., Lopez-Longoria J.C., Molina-Espinoza L.F., Es-
trada-Martinez S., Liesenfeld O., Hernandez-Tinoco J.,
Sifuentes-Alvarez A., Salas-Martinez C. Toxoplasma
gondii infection and suicide attempts: a case-control study
in psychiatric outpatients. J Nerv Ment Dis. 2013; 201
(11): 948-952. DOT: 10.1097/NMD.0000000000000037

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Desmettre T. Toxoplasmosis and behavioural changes. J
Fr  Ophtalmol. 2020; 43 (3): e89-¢93. DOL:
10.1016/j.jf0.2020.01.001

Cook T.B., Brenner L.A., Cloninger C.R., Langenberg
P., Igbide A., Giegling I., Hartmann A.M., Konte B.,
Friedl M., Brundin L., Groer M.W., Can A., Rujescu D.,
Postolache T.T. "Latent" infection with Toxoplasma
gondii: association with trait aggression and impulsivity
in healthy adults. J Psychiatr Res. 2015; 60: 87-94. DOIL:
10.1016/j.jpsychires.2014.09.019

Coryell W., Wilcox H., Evans S.J., Pandey G.N., Jones-
Brando L., Dickerson F., Yolken R. Latent infection, in-
flammatory markers and suicide attempt history in de-
pressive disorders. J Affect Disord. 2020; 270: 97-101.
DOI: 10.1016/j.jad.2020.03.057

Gonzalez-Castro T.B., Tovilla-Zarate C.A., Juarez-
Rojop L.E., Lopez-Narvaez M.L., Pérez-Hernandez N.,
Rodriguez-Pérez J.M., Genis-Mendoza A.D. The role of
gene polymorphisms, and analysis of peripheral and cen-
tral levels of interleukins in suicidal behavior: A system-
atic review. J Affect Disord. 2021; 279: 398-411. DOI:
10.1016/j.jad.2020.10.024

Carmen J.C., Sinai A.P. Suicide prevention: disruption
of apoptotic pathways by protozoan parasites. Mol Mi-
crobiol. 2007; 64 (4): 904-916. DOI: 10.1111/5.1365-
2958.2007.05714.x

Kirkland J.L., Tchkonia T. Cellular senescence: a trans-
lational perspective. EBioMedicine. 2017; 21: 21-28.
DOI: 10.1016/j.ebiom.2017.04.013

Tower J. Programmed cell death in aging. Ageing Res
Rev. 2015, 23 (Pt A): 90-100. DOI:
10.1016/j.arr.2015.04.002

Schneider C.A., Figueroa Velez D.X., Orchanian S.B.,
Shallberg L.A., Agalliu D., Hunter C.A., Gandhi S.P.,
Lodoen M.B. Toxoplasma gondii dissemination in the
brain is facilitated by infiltrating peripheral immune.
Cells. mBio. 2022; 13 (6): e0283822. DOI:
10.1128/mbio.02838-22

Olivera G.C., Ross E.C., Peuckert C., Barragan A.
Blood-brain barrier-restricted translocation of Toxo-
plasma gondii from cortical capillaries. Elife. 2021; 10:
€69182. DOI: 10.7554/eLife.69182

Koznos B.A., 3otoB ILb., T'onenkoB A.B. Cyunumn:
reHeTMka ® matoMopdo3. MoHorpadus. TromeHs:
Bekrop byk, 2023. 200 c. [Kozlov V.A., Zotov P.B.,
Golenkov A.V. Suicide: genetics and pathomorphosis.
Monography. Tyumen: Vector Book, 2023. 200 c.] (In
Russ) ISBN 978-5-91409-572-4

DEBATE ASPECTS OF SUICIDOLOGY: THE RELATIONSHIP OF NEUROINFLAMMATORY
WITH SUICIDAL BEHAVIOR IN PERSONS WITH MENTAL DISORDERS. Part II

V.A. Kozlov!, A.V. Golenkouv!,
P.B. Zotov?

Abstract:

II.N. Ulyanov Chuvash State University, Cheboksary, Russia; pooh12@yandex.ru
2Tyumen State Medical University, Tyumen, Russia; note72@yandex.ru

The pathophysiology of the formation of suicidal behavior is considered using examples of the connection be-
tween neuroinflammation and its manifestations (suicidal thoughts, suicidal attempts and completed suicides) in
individuals with such mental disorders as: depressive disorder (major, peripartum depression), neurogenic ano-
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rexia (anorexia nervosa), schizophrenia, as well as suicides (suicidal behavior) associated with infectious diseas-
es (T. gondii, COVID-19). As a result of the analysis of a large body of literature data, a particular hypothesis is
expressed that mentally ill people with suicidal behavior (who have committed suicide) differ from mentally ill
people without suicidal behavior in the presence of genetic and/or metabolic markers of chronic low-grade neu-
roinflammation in the former. Signs of neuroinflammation are also observed in patients who have recovered
from COVID-19, at least in the early post-Covid period (up to 100 days after recovery) and in individuals who
are carriers of T. gondii. These data are compared with a previously identified increase in the number of suicides
in the group of people who had respiratory infections and people with allergies to pollen. Analysis of the mecha-
nisms of triggering neuroinflammation associated with suicidal behavior (completed suicides) in some mental
disorders allows us to conclude that there is no direct connection between suicides in mental patients and their
underlying disease and the need to consider suicidal behavior (completed suicides) in mental patients as comor-
bid condition. Suicide patients without previous clinical mental disorders and with different clinically diagnosa-
ble mental disorders can be divided into a separate homogeneous group - patients with suicidal behavior. They
are united by suicidal activity, which is induced by the causes of neuroinflammation described above, which
proves the biological multifactorial nature of suicidality.

Keywords: neuroinflammation, suicidality (suicidal behavior, suicide), major depressive disorder, peripar-
tum depression, neurogenic anorexia (anorexia nervosa), schizophrenia, T. gondii, COVID-19
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