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ITpusemcmaue eAaBHO20 pedakmopa

[IpuBeTCcTBUE TAABHOIO peAaKTOpa

Irybokoysamaemvie korre2u!

TpeTtuit Homep KypHaAa «/IHTerparuBHasi pU3MOAOTUSI» BEIXOAUT B IIPOAOASKAIOLIEECsT TPEBOXKHOE
AASI BCETO MMPOBOTO CO001lecTBa BpeMsi MaHAeMun KopoHaBupycHoi nHdexunn COVID-19, kotopas
MI3MEHMAQ )KM3Hb YeAOBEYECTBA BO MHOTMX acIieKTaX. B ycAOBusIX maHAeMMM S9AeKTpOHHasI popma oO1ie-
HS Yepe3 rA00aAbHYI0 KOMMYHMKALIMOHHYI0 KOMIIBIOTEPHYIO CETh CTaAa AASI MHOTVIX IIPe00AaAQIOLIEN.
baaroaapst MHTEpHETY COXPaHsEeTCsl BO3MOYKHOCTb aKTMBHOTO OOIIIeHVsI B HAYYHOM COOOIIECTBE.

Haur pusmoArornyeckmit )KypHaA «OTKPbITOTO AOCTYIIa» BHOCUT BKAAA B HayyHOe 00leH1e, TyOA-
KYys1 0030pBl ¥ OPUI'MHAABHBIE CTATby 110 aKTYaAbHBIM AASI MMPOBOJ HayKy BOIIpocaM (pU3MOAOTUM
1 GM3MOAOTMYECKMX ACIIEKTOB CMEXKHBIX HayK — I€HeTUKY, MOAEKYASIPHON OMoAoruy, 6uoxmumun, 6yo-
$bU3UKY, 300A0TMY, AHATOMUY, TUCTOAOTUY, dMOproAorun. OAHA 13 Ba)KHENMIINX LieAell )XKypHaAa —
CIO0COOCTBOBATb PA3BUTUIO MHTETPATUBHO (GU3MOAOTMN. MBI HAAEEMCS], UTO CO BpEMEHEM, C ITOSIBAE-
HYeM IYOAMKaLVii, pacCMaTPUBAIOLIMX KaKABIV M3y4yaeMblil MPOLEeCC KaK YacCTb, MHTErPUPOBAHHYIO
B (yHKIIMOHMPOBaHME L[EAOTO OPTaHM3Ma, ECTECTBEHHBIM IyTeM MCUYE3HET IPAaHMLIA MEeXAY TyOAMKa-
LUSIMU 110 «BONPOCaM (PU3UOAOTUM» U IO BONPOCAM (PM3UOAOTMYECKUX ACTIEKTOB CMEXHBIX HAyK».
JKypHaa npuBeTCTBYeT MyOAMKALMY O MEXaHU3MaX, KOOPAVHUPYIOLIVX B3aMOAEIICTBIE CUCTEM Opra-
HM3Ma 1 00eCIeurBaOIINX €r0 LEAOCTHOCTb.

AKTyaAbHO AASI MMPOBOJ HayK! CTaAd IPOOAeMa KOPOHABUPYCHOM MH(MEKLNY, ¥ MAPOBOE HayYyHOe
co00111eCcTBO POKYCHpPYeT BHMMAHME Ha pellieHNy BOIIPOCOB O MeXaHM3MaX aTOAOTMYEeCKMX M3MEHEHNI,
MHAYLIMPOBaHHBIX KOPOHABMPYCOM Y IALMEHTOB, B TOM YJMCA€ B 3aBMCUMOCTY OT BO3pacTa U/UAU CO-
HYTCTBYIOIMX 3a00A€BaHMi1. BbIsIBA€HHbIE 1 CTaBlLIMe U3BECTHBIMM PaKThI (HarpuMep, 0cobast ys3BU-
MOCTB IOXXMABIX AIOAEM MAY MALMIEHTOB C AMA0ETOM) OXKMAAIOT OTBETA YUEHBIX Ha BOIIPOC «IIOYEMY».
Harr )xypHaa HaunHaeT myOAMKaLMo 0030pHBIX CTaTell, MOCBSLIEeHHbIX 9TOM TpobAeMe. [lepBasi 13 HuX,
IIPEACTaBAEHHAs B HOMepe, aHAAU3MPYeT U3BeCTHBIN (HaKT: 000HATeAbHasI AMCHYHKLNSA KaK MHAMKATOP
paHHero 3a60AeBaHMsI KOPOHABUPYCHO MHPEKLMEN.

[TpuBeTCTBYIO UMTaTEAEI TPEThErO HOMEPA XypHaAa «/IHTerpaTuBHast GU3MOAOTUsI» 1 OAATOAAPIO
BCEX, KTO CA€AAA PEAABHOCTBIO €I0 BBIITYCK.

C ysaweHuem,

2AABHDLU pedaKmop
A. Il Qurapemosa

UnmeepamusHas gﬁusumoeuﬂ, 2020, m. 1, Ne 3 159
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Introduction

Abstract. Pavlov’s seminal observation that sham feeding in dogs stimulates
gastric acid secretion through the vagus nerve pioneered the concept
of the cephalic phase of digestion. This has been subsequently extended
to a wide range of mammals including humans. In the last decades, experimental
evidence in rats established that the three amino acid peptide thyrotropin-
releasing hormone (TRH) expressed in the brainstem plays a key role
in the vagal stimulation of digestive secretory-motor function. The dorsal
motor nucleus of the vagus (DMN) neurons expresses TRH receptor
subtype 1 (TRH-R1) and receives input of TRH containing fibers arising from
TRH synthesizing neurons in medullary raphe nuclei. The activation of TRH-
TRH-R1 signaling excites the firing of DMN neurons leading to the activation
of vagal efferent discharges and gastric myenteric cholinergic neurons.
This results in a vagally mediated and atropine-sensitive stimulation of gastric
secretory and propulsive motor function, along with duodenal and pancreatic
secretion. Importantly, the blockade of TRH or TRH-R1 in the brainstem
inhibits the gastric acid response to sham feeding in rats. Collectively, these
convergent data support the physiological relevance of medullary TRH-
TRH-RI1 signaling as the end effector of the vagally mediated stimulation
of digestive process in the cephalic phase.

Keywords: dorsal vagal complex, cephalic phase, gastric secretion, thyrotropin
releasing hormone (TRH), TRH receptor, sham feeding, vagus.

along with gustative input in the oral cavity required
the integrity of the vagus nerve.

At the beginning of the last century, Ivan Pavlov
pioneered contributions to the field of integrative
physiology by providing experimental evidence
of the existence of a “psychic” stimulation of gastric
acid secretion now known as the cephalic phase
of digestion (Pavlov 1910). This was achieved
by developing an experimental model in dogs
equipped with an esophagus and gastric fistula
whereby sham feeding consisting of swallowing
food without reaching the stomach was shown
to stimulate gastric acid secretion. Pavlov (1910)
also found that in dogs with gastric intact and va-
gally denervated pouches (Heidenhain pouch)
the gastric response to the vision and smell of food

160

Thereafter, the cephalic phase has been ex-
tended to a wide range of experimental mammals
(Zafra et al. 2006). In humans, the gastric acid se-
cretion initiated by meal expectations, visual, olfac-
tory, and gustatory stimuli contributes up to 50%
of the postprandial gastric secretory output and is
mediated by vagal cholinergic pathways (Feldman,
Richardson 1986). Subsequent investigations also
showed that, in addition to acid, the cephalic phase
encompasses the stimulation of a vast number
of gastrointestinal (GI) digestive processes (Kat-
schinski et al. 1992; Power, Schulkin 2008). Among
those, the saliva is the first secretion to be increased
by cephalic stimuli and the presence of food
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in the mouth (Mattes 1997). Others relevant im-
portant secretory components are the enhanced GI
hormone release, namely, gastrin (Goldschmiedt
et al. 1990; Kovacs et al. 1997), ghrelin (Simonian
et al. 2005), leptin (Sobhani et al. 2002) localized
in the gastric mucosa within the gastric G, X/A, and
mucosal cells respectively (Rindi et al. 2004), insu-
lin (Guemes et al. 2019) and pancreatic polypeptide
(Simonian et al. 2005) secreted from the pancre-
atic endocrine cells, as well as enzyme and bicarbon-
ate from exocrine pancreatic secretion (Ohara et al.
1988). Concomitantly with the secretions, sham
feeding increases GI motility (Rogers et al. 1993;
Power, Schulkin 2008). The anticipatory GI secretory-
motor responses induced by the cephalic phase
are integrative and adaptive in nature to prime
the gut to optimize the digestive, metabolic and
absorptive processes under conditions of impending
nutrient ingestion (Giduk et al. 1987; Katschinski
2000; Power, Schulkin 2008; Smeets et al. 2010).

Contrasting with the extended characterization
of the peripheral GI changes evoked by the ce-
phalic phase (Smeets et al. 2010), the underlying
chemical coding in the brain mediating the vagally
mediated response lagged behind. This was largely
due to the lack of methodological approaches
in dogs or humans to investigate the activation
of these circuitries particularly in the brainstem
(DelParigi et al. 2005). By contrast, a number
of experimental studies in rodents have unraveled
transmitters involved in vagal regulation of GI
function in the brainstem (Hornby et al. 1991;
Taché et al. 1995; Powley et al. 2000).

The present review will focus on convergent
neuroanatomical and functional evidence accumu-
lated during the past decades in rats supporting
arole of thyrotropin releasing hormone (TRH)-TRH
receptor 1 (TRH-R1) signaling in the brainstem
in the vagal dependent stimulation of GI function
and the possible physiological relevance as local
medullary effector of the vagally mediated ce-
phalic phase of digestion.

Hindbrain TRH-TRH receptor signaling
and gastric vagal myenteric activation

We made the initial observation in rats that
TRH injected the hindbrain cerebrospinal fluid
at the level of the cisterna magna induces a rapid
and potent increase of gastric acid secretion through
vagal and atropine-sensitive pathways while pe-
ripherally administered, the peptide had no effect
(Taché et al. 1980). This provided the first evidence
of the central action of a peptide to induce a vagal
stimulation of gastric secretion (Taché et al. 1981).
However, to delineate the physiological relevance
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of this observation in the vagal stimulation of gas-
tric function several criteria had to be fulfilled.
Namely, TRH should be present in fibers/terminals
projecting on preganglionic vagal motor neurons
of the dorsal motor nucleus of the vagus (DMN)
innervating the gut. TRH receptors (TRH-R) should
be expressed in DMN neurons and TRH-TRH-R
activation should induce activation of vagal effer-
ent fibers activity that innervate target cells involved
in stimulating GI function. Importantly, blockade
of TRH and/or TRH-R within the dorsal vagal
complex (DVC) should inhibit the vagal dependent
stimulation of gastric function evoked by stimuli
acting through brain-vagal pathways as those re-
cruited during the cephalic phase. So far, TRH-
TRH-R signaling in the brainstem is the only ligand-
receptor interaction for which these combined
neuroanatomical, electrophysiological and func-
tional criteria have been fullfilled (Taché et al. 1993;
2006; 2014).

Brain distribution by immunostaining showed
that dense TRH-immunoreactive (IR) fibers are
present in the rat DVC composed of the nucleus
tractus solitarius (NTS) and DMN (fig. 1A). Electron
microscopic studies further provided neuroana-
tomical evidence that TRH-IR localized in the
DVC nerve terminals create asymmetric synaptic
(excitatory) contacts on dendrites of DMN neurons
contributing vagal efferent innervation of the stomach
in rodents (Rinaman et al. 1989; Rinaman, Mise-
lis 1990). Of translational relevance, TRH-IR
fibers innervating the DMN in humans constitute
the most prominent network compared to twelve
other peptides immunostained under the same
conditions (Fodor et al. 1994). Additional brainstem
mapping studies with the combined use of knife
cut and tracing methods have identified that TRH-
IR fibers localized in the DVC do not originate
from the hypothalamus but from TRH expressing
neurons located in medullary raphe nuclei. Name-
ly, the raphe obscurus (Rob), raphe pallidus (Rpa),
and parapyramidal region synthetizing TRH con-
taining neurons send direct projections to the DVC
in rats (Lynn et al. 1991) and rabbits (Iwase et al.
1988) (fig. 1B-C).

The abundance of TRH-IR fibers and terminals
in the DVC is paired with the presence of TRH-R
expression. The initial autoradiography studies
showed that TRH binding sites have the highest
density within the medial column of the DMN
(Manaker, Rizio 1989; Bayliss et al. 1994) (fig. 1D)
where neurons contributing to the vagal efferent
innervation to the stomach are most prominently
localized (Powley et al. 1991; Holst et al. 1997).
The subsequent cloning of G-protein coupled
membrane bound proteins TRH-R subtype 1
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(TRH-R1) and TRH-R2 in rodents (Gershengorn,
Osman 1996) showed that only the TRH-R1 mRNA
subtype is expressed in the DMN and N'TS (Barnes
etal. 2010). The TRH-R2 is found mainly in corti-
cal and thalamic areas implicated in the processing
of somatosensory signals (Heuer et al. 2000; O’ Dowd
et al. 2000).

The activation of TRH-R1 by exogenously applied
TRH on in vitro rat brainstem slice preparations
or in vivo results in the excitation of gastric project-
ing DMN neurons in rats and guinea pigs (McCann
et al. 1989; Raggenbass et al. 1990; Travagli et al.
1992; Livingston, Berger 1993). This represents
a direct excitatory action by TRH on DMN neurons
since synaptic blockade and glutamate or musca-
rinic antagonists did not alter the response (McCann
et al. 1989; Raggenbass et al. 1990; Travagli et al.
1992; Livingston, Berger 1993). Along with the
activation of preganglionic vagal motor neurons,
there is a robust increase in efferent discharges
in the cervical or ventral gastric branch of the vagus
evoked by TRH or the stable TRH agonist — di-
methyl proline TRH (RX-77368) — injected into
the cerebrospinal fluid of anesthetized rats (So-
miya, Tonoue 1984; O-Lee et al. 1997). Addition-
ally, RX-77368 injected intracisternally, at a dose
that stimulates efferent activity in the gastric branch
of the vagus (fig. 2A), activates 90% of submucosal
and myenteric cholinergic neurons located in the
gastric corpus and antrum in rats (Miampamba
etal. 2001; 2011; Yuan et al. 2005). This was demon-
strated in conscious rats by double immunostaining
of gastric enteric neurons with Fos, the nuclear
marker of synaptic activation and PGP 9.5, a neuro-
nal marker (Krammer et al. 1993), or peripheral
acetyl cholinergic transferase (Yuan et al. 2005)
(fig. 2B) that was blocked by hexamethonium (Miam-
pamba et al. 2001). Collectively, these data indicate
that TRH injection into the brainstem increases
vagal efferent outflow to the stomach leading
to a nicotinic-mediated activation of gastric enteric
postganglionic cholinergic neurons in rats (fig. 2).

Brainstem TRH and the stimulation
of gastrointestinal function

To assess whether the endogenous TRH cir-
cuitry in the medulla oblongata plays a physio-
logical role in the vagal activation, we used low doses
of kainic acid to activate TRH synthesizing neurons
located in the medullary raphe nuclei or parapyra-
midal region and innervating the DVC (Taché et al.
1995). This resulted in a vagal-dependent, atropine-
sensitive stimulation of gastric acid and pepsin
secretion, mucosal blood flow and motility mimick-
ing the gastric responses to microinjection of TRH
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or a TRH stable agonist into the DMN in rats and
cats (Taché et al. 1984; Yang et al. 1993; 2000; Kaneko
et al. 1998; Kiraly et al, 1998;White et al.1991; Gar-
rick et al. 1994). It also resulted in stimulation
of pancreatic secretion (Okumura et al. 1995; Yang
etal. 2002; Yoneda et al. 2005). Moreover, polyclonal
TRH antibody selectively microinjected bilaterally
into the DVC to neutralize endogenous TRH
or antisense oligodeoxynucleotides pretreatment
given intracisternally to block TRH-R1 prevented
the stimulation of gastric acid secretion, motility,
and blood flow induced by the microinjection
of kainic acid into the Rpa, Rob or parapyramidal
region (Yang et al. 1993; 2000; Kaneko, Yang, Oh-
ning, Taché 1995; Kaneko, Kaunitz, Taché 1998;
Garrick et al. 1994; Sivarao et al. 1997).

Next, we assess in rats whether the TRH-TRH-
R1 signaling pathway plays a role as part of hindbrain
mechanisms stimulating the vagus under conditions
of central-vagally mediated gastric secretion. Mar-
tinez et al. (Martinezet al. 2002) developed a new
model of gastric acid secretion in response to sham
feeding induced by exposing fasted rats to sen-
sory, visual and olfactory stimuli of smell and vision
of Purina Chow without accessing to it. This in-
duced an elevation of basal acid secretion within
10 min after the onset of sham-feeding reaching
a peak increase of 130% over baseline at 20 min
followed by a decline to basal levels thereafter.
Moreover, the intracisternal injection of TRH-R1
antisense oligodeoxynucleotides given at doses
that suppress gastric acid output stimulated
by intracisternal TRH, blocked the acid response
to the sight and smell of food while a TRH-R1
mismatched oligodeoxynucleotide had no effect
under similar experimental conditions (Martinez
et al. 2002) (fig. 3).

Of interest is also the demonstration that TRH
in the brainstem-induce vagal stimulation of gastric
secretory and motor function can be inhibited
by several peptides innervating the DVC including
those that play a role in the immune (interleukin-1,
tumor necrosis factor-a) or stress (corticotrophin
releasing factor, urocortin 1) responses, as well
as other peptides innervating the DVC through their
projections from the paraventricular nucleus of the
hypothalamus (gastrin releasing peptide/bombesin)
or central amygdala (calcitonin gene related peptide/
adrenomedullin) (Morrow et al. 1995; Hughes et al.
1984; Martinez, Taché 2000; Hermann et al. 1999;
Heymann et al. 1991; Chen et al. 2002; Taché,
Bonaz 2007). It may be speculated that the cen-
trally mediated inhibitory action of these peptides
may have significance to curtail the cephalic phase
of digestion under conditions of infections, stress,
pain or fear, although it remains to be investigated.
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Fig. 1. TRH/TRH-R1 signaling pathways in the rat brain stem. Neuroanatomical evidence for a physiological role
of brain medullary TRH. (A): Drawing of dense distribution of TRH-IR fibers in rats dorsal vagal complex
(DVC) rostrocaudal to the obex. (B): TRH synthetizing neurons shown by in situ hybridization in the rat raphe
obscurus (Rob), pallidus (Rpa) and bilateral parapyramidal nuclei (paPy). (C): Schematic representation
of the rat medulla and projections of TRH synthetizing neurons to the dorsal motor nucleus.

(D): High expression of TRH binding sites in the dorsal motor nucleus (X) including
the medial portion projecting to the stomach
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Fig. 2. Intracisternal injection of TRH analog activates efferent spike activity in the gastric branch of the vagus
in urethane anesthetized rats (A) and gastric myenteric cholinergic neurons in conscious rats as showed
by double labeling of Fos, a marker of neuronal activation, and peripheral acetyl cholinergic transferase

as a marker of cholinergic neurons (B). (From O-Lee et al. 1997 and Yuan et al. 2005)
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The cephalic phase of gastric acid secretion in rats: role of
medullary TRH shown by blocking TRH-R1 synthesis
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Fig. 3. The psychic phase of gastric secretion demonstrated in dogs by Pavlov and reproduced in rats
by a sham feeding-induced increase in gastric acid output: suppression by selective blockade
of TRH receptor 1 in the brainstem supporting a role of TRH signaling
in the cephalic phase. (From Martinez et al. 2002)

Perspectives tors in the DVC have a physiological relevance

in the vagal cholinergic dependent regulation

Convergent experimental evidence supports of GI and pancreatic secretion and other vagally

that TRH synthesizing neurons in medullary raphe = mediated gut response during the cephalic phase
nuclei projecting to the DVC and TRH-R1 recep-  (fig. 4).

Fig. 4. Schematic representation of TRH interacting with TRH 1 receptor expressed
on dorsal motor nucleus neurons as well as stimulation of gastric, pancreatic
and intestinal function through the activation of vagal pathways
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The DVC receives direct projections from
forebrain sites including the parabrachial nucleus,
mesencephalic periaqueductal gray, paraven-
tricular and dorsomedial nucleus of the hypo-
thalamus, lateral hypothalamus, central nucleus
of amygdala, bed nucleus of stria terminalis, in-
sular cortex, anterior cingulate cortex, and orbi-
tofrontal cortex (Van der Kooy et al. 1984). It also
gets input from gustatory afferents in the oral
cavity (Van der Kooy et al. 1984). These circuits
offer potential pathways by which sensory infor-
mation of gustatory, olfactory, or visual nature

involved in the cephalic phase can influence neu-
rons of the DVC. Whether the activation of TRH-
TRH-R1 signaling in the brainstem represents
a common final effector mechanism activated
by forebrain and hindbrain neuronal circuit re-
cruited during the cephalic phase warrant further
investigations.
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AnHomanyus. [lepeaviBaHue KPOBY, TO €CTh IIEPEHOC KPOBU 13 KPOBOTOKA
OAHOTO YEAOBEKA APYTOMY B TEPAIIEBTIYECKMX LIEASIX, BOBHUKAO OTHOCUTEABHO
HepaBHO. OAHAKO MICTOPYS IepeABaHNS KPOBY HAUMHAETCS ellje B APEBHelIIIVe
BpeMeHa. PaHHSS UCTOPUS MCIIOAB30BaHMS KPOBU B A€YEOHBIX LIEASIX
CBsI3aHa C IPMAAHUEM eil MUCTUYECKUX CBONCTB. KpoBomyckaHue 1mmpoxo
MPaKTUKOBAAOCH C IV Beka A0 H. 3. 1 OBIAO OCHOBAHO Ha MPEAITOAOXKEHUN
I'mnmokpara, 4To 60A€3Hb MOXXET ObITh BbI3BaHA AUCOAAAHCOM MEXAY
YETbIPbMSI OCHOBHBIMY KMAKOCTSIMY TeAd. XOTs1 B AHTMYHOCTY 11 CpeAHEBEKOBbE
13BECTHO HECKOABKO OIVICAHUIA «ITePEAVBAHMI KPOBU», HO ITYTh K IIPAKTUYECKUM
MIOIBITKAM IeMOTPaHCY31UL TPOAOSKIAA TEOPHS KPOBOOOpalieHus YAbsIMa
Tapses (1628 r.) u paborer Kpucrodpepa Pena u Pobepra Boriast. [Tepsoe
IepeArBaHue KPOBU OT XMBOTHOI'O )KMBOTHOMY OcylilecTBUA Puuapp Aoyasp
B 1665 1., B TOo BpeMmsa Kak JKan Batuct Aenu B 1667 1. mpoBea mnepBoe
repeArBaHMe KPOBU OT >KMBOTHBIX YeA0BeKy. OAHOBpeMEHHO ¢ paboramu
Puyapaa Aoyspa B Auranm u JKana batucta Aenu Bo @paHuum, mopoOHbIe
9KCIIepMMEHTDI IPOBOAMAM 11 B APYTMX cTpaHax. [IpakTuyeckoe nepeanBaHue
KPOBM BO MHOTUX CAYYasIX SIBASIAOCH CAEACTBYEM Pa3BUTUA APYIMX Hayk.
B saTOM 0030pe KpaTKO M3A0XKEHbI OCHOBHBIE ACIIEKThI PaHHEN UCTOPUMU
IepeAVBaHMsI KPOBU.

Karouesvte croBa: KpoBooOpalleHKe, TepeAruBaHe KpOBHU, UCTOPUS
¢dusmnoaorun, Yuabsam lapseit, Puaapp Aoyap, Kan baruct AeHu.

Blood transfusion: The beginning
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Abstract. Blood transfusion, that is the transference of blood from
the circulation of one individual to that of another for practical therapeutic
purposes, is of relatively recent origin. However, the history of blood transfusion
dates back to ancient times. The early history of the use of blood for medical
purposes is associated with mystical properties attached to it in those days.
Blood-letting has been widely practiced since the 4th century BC and was
based on Hippocrates’ precept that illnesses originated in an imbalance
of the four humors that constitute living matter. Although there are a number
of descriptions of “blood infusion” in Antiquity and the Middle Ages, it was
the publication of the discovery of the circulation of blood in 1628 by William
Harvey and the work of Christopher Wren and Robert Boyle that paved
the way to the possible practical attempts at actual blood transfusion.
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Ot anTyHOCTU AO YuAabsiMa [apses

VicTopus nepeAuBaHus KPOBU CBOUMU KOPHSI-
MU YXOAUT BIAYOb BEKOB. AIOAY U3AQBHA OLIEHUAY
3HaUeHUEe KPOBU AASL )KU3HEAEATEABHOCTU Opra-
HU3MA, U TIEPBbIe MBICAU O TIPUMEHEHUN KPOBU
C Ae4eOHOI LIeABIO ITOSIBUAMCH 3aA0ATO AO Halleil
apbl. B ApeBHOCTU B KPOBU BUAEAU MCTOYHUK
>KUSHEHHOV CUABI U C €€ TIOMOIbI0 MCKAAU MCLIe-
A€HUS OT TSDKeAbIX 00Ae3Hel. S3HauMTeAbHas KPo-
BOTIOTEPSI CAY)KMAQ TPUYMHON CMEPTHU, YTO HEOAHO-
KPaTHO TIOATBEP>KAAAOCH B XOA€ BOVIH U CTVIXUMHBIX
bepcTBUIL. Bee 310 ctoco6CTBOBAAO BOSHUKHOBE-
HUIO UAEU O TiepeMeIleHU KPOBU 13 OAHOTO Op-
raHusma B Apyron (Huxkurtuna 2012).

VmeroTcst cBepeHMs 00 UCTIOAB30BAHUY KPOBU
B pPUTYaAax pasAUYHBIX KYABTYP KaK MCTOYHMKA
JKM3HEHHOM CcMABL. ECTb ymomMuHaHMs, 4TO ellle
BO BpeMsI APEBHEETUIIeTCKUX BOMH 32 BOVICKaMU
THaAU CTapa 6apaHOB AAS CITIOAB30BAHUS UX KPO-
BU IIPU A€YEHUU paHeHbIX BOMHOB. B ApeBHOCTHU
OBIAY TIOTIBITKY MCIIOAB30BATh KPOBb AASI A€UEHUs
pasAMyHbIX 3a00AeBaHMil. [IpuMeHsieMast AAST Ae-
4YeHUsl KPOBb yIOTpeOAsIAaCh BHYTPb. ApeBHue
HOPBEXKIIbI MMAY KPOBb TIOAEHEN U KUTOB KaK Ae-
KapcTBo oT anmAerncuu u unnHru (Learoyd 2012).

KpoBomyckaHue ¢ TOMOILBIO UTA AASI OCBOOOX-
AEHVS OT 3ABIX AYXOB OIIVMICAHO B KUTAVICKUX MEAV-
LIMHCKUX TeKkcTax [V Beka A0 H. 2. Vicrmoab3oBaHue
KPOBOITYCKaHMsI B MEAVLIVIHE HE3aBVICYIMO I1OSIBASI-
€TCsI B pa3HBIX KYABTYpax 1o Bcemy Mupy (Schmidt,
Ness 2006).

Apucroreab (384—322 A0 H. 3.) CYMTAA, UTO CEPA-
1je SIBASIETCSI LIEHTPOM (PU3UOAOTMYECKOTO MEXaHM3-
Ma, MECTOM AYIIU Y ICTOYHUKOM BCEX KPOBEHOCHBIX
cocyaoB (Aird 2011). I'unmoxpat (460—370 A0 H. 3.)
MMOAATAA, YTO TEAO COCTOUT U3 YETHIPEX KUAKOCTEN
(1epHast >KeAUb, JKEATAsST KeAYb, MOKPOTA U KPOBb),
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The first blood transfusion from an animal to an animal was performed
by Richard Lower in 1665, while Jean Baptiste Denis in 1667 carried out
the first blood transfusion from animals to humans. At the same time similar
experiments were carried out in other countries. Practical blood transfusion
in many instances was the consequence of developments in other sciences.
This review summarises some of the major aspects relating to the early history
of blood transfusion.

Keywords: circulation, blood transfusion, history of physiology, William
Harvey, Richard Lower, Jean-Baptiste Denis.

a 3AOpOBBE CBSI3aHO C HAAAHCOM ITUX KUAKOCTEIL.
B cayuae 60ae3HM Bpay AOAXKEH YCTPAHUTh AMUC-
6aAaHC TKaHEBBIX )XMAKOCTEN, B TOM YMCAE ITyTEM
kposonyckanus (Yapijakis 2009). KpoBomyckanust
M AVIETA BAVSIIOT TAIKOKE M Ha XapaKTep.

Bce aTO HalIAO OTpa)keHMe U B KAACCUYECKUX
AVTepaTypHBIX IpoussepeHmsx. Opucceit y fome-
Pa AaBaA MUTb KPOBb TEHSM IIOA3EMHOTIO LIapCTBa,
4TOOBI BEPHYTb UM peub 1 co3HaHue. Muds [ome-
pa u MmepuuuHy [MnmokpaTa 0ObeAUHSIET TIPeA-
CTaBAEHME O KU3HEHHOI CHAe KpoBU. B 0b6oux
CAyYasX KPOBb — TOYKA )KM3HEHHOT'O ITepeceyeHNs
ME>XAY BHEIIIHEN CPeAOV ¥ BHYTPEHHEN AUMHOCTDIO
(Pelis 1997).

ITopoOHbIe TpuMephl TPUBOAUT U [TyOAmit
OsBupnit (43 A0 H. 5. — 17/18 H. 5.) B 15-TOMHOM
KaTaAore rpeveckon u pumckon mudbororun «Me-
tamopdo3ei». B 7 kuure OBUAUIT OMUCHIBAET, KaK
Mepes, eHa fIcoHa, OMOAOAMAQ CBOETO CBEKpa
DcoHa, BAMB B ero BeHbl aaukcup (Learoyd 2012).
ITocae Toro xkak Mepee yAaAOCh BEDHYTb MOAOAOCTD
DCOHY, OHA pelllAd, COCTAaBMB KOBAPHBIN IIAQH,
OTOMCTHUTB cTapoMmy Ileanto 3a TO, UTO OH OOMaHyA
Slcona. OHa y6expaeT pouepeit ITeans: youtp
CBOETrO OTIIa, YTOOBI OMOAOAUTD €ro (puc. 1).

Pumckuit puaocod IManHui crapumit (23-79)
B kHure «Naturae Historiae» onucpiBaeT, KaK 3pu-
TeAV OPOCUAMCH Ha ap€eHY ITUTb KPOBb YMMUPAOIIMX
TAQAMATOPOB, XeAasl IOAYYUTb UX XpabpoCThb
(Learoyd 2012).

Taaen (129 (131) — ox. 200) coBeTOBaA NUTH
KPOBb COOaK KaK AeKapcTBo oT OemeHcTBa (Learoyd
2012). On Ha 0CHOBe OOHAPY )KEHMsI Ha TPYTax He-
AOHOILEHHBIX MAAEHLIEB OBAABHOTO OTBEpPCTUS
B MEXKEAYAOUYKOBOII TIEPETOPOAKE, @ TAK)KE OTCYT-
CTBUS KPOBU B A€BOM CEPALIE 1 apTepUsIX (CAEACTBIE
OCTPOI CMEPTH )XMBOTHBIX Y TAQAMATOPOB) CO3AQA
IO CYLIeCTBY NEPBYIO B ICTOPUY HAYKU KOHLIEILIMIO
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Puc. 1. Mepest yoexxpaeT pouepeit [Teanst yours ero.
I'paBropa AnToHuo TemmecTa Aasl cepun
«Mertamopdoser» OBrpus, A. 65. Amctepaam, 1606
(URL: https://collections.lacma.org/node/234482)

Fig. 1. Medea Urging the Daughters of King Pelias
to Murder their Father. Antonio Tempesta’s etching
for Ovid’s “The Metamorphoses’, plate 65.
Amsterdam, 1606 (available at: https://collections.
lacma.org/node/234482)

0 ABWKeHUN KpoBU. COrAaCHO 3TOV KOHLEMIUH,
LIEHTp KPOBOOOpallleHnsT — IeYeHb, el Bbipada-
TBIBAE€TCS KPOBb 13 MaTEPHAAQ, BCACHIBAIOIL[ETOCS
nocaAe npremMa nuiu (xuayc). VI3 neyeHu KpoBb
MOIAAQET B IIPABOE CepPALle, U3 KOTOPOTO pasHo-
CUTCS IO BCEMY TEAY U IOTAOIIAETCS TKAHIMU.
He6oabl11ast 4acTb KpOBU UePE3 MEXIKEAYAOUKOBYIO
IIEPETOPOAKY IIOIIAAAET B A€BO€ CEPALIE AAS ITNTA-
HUSI «ITHEBMbI», HallOAHsIIoIIel apTepun. Kak Ta-
KOBOE€ ABIDKEHIE KPOBU OBIAO OTHECEHO K TEOPUU
nutanus (Aird 2011).

ITocae mapenus PuMmckon umnepun AAUTEAbHbIN
IepuoA BpeMeHU MPAKTUYECKU He MPOUCXOAVAO
pUOOpEeTEHNSI HOBOTO 3HAHMSI TTOCPEACTBOM 9KC-
nepumeHTHpoBaHus. Ha npotsikeHuu Bcero Cpea-
HEBEKOBbBS CYUTAAOCH, YTO HPUUIECKUE U TICUXU-
yeckue 3a00AeBaHMS €CThb PE3YABTAT «IIAOXMX
COKOB» VAU SIAOB B KPOBU, YAQA€HVE KOTOPBIX
M3AEUUT MaLMeHTa. DTO AOCTUTAAOCDH ITyTEM KPO-
BOITYCKaHMI1, KOTOpbIe IIMPOKO NMPAKTUKOBAAUCH
B TO BpPeMsI, YTO OTPA’KEHO, B YaCTHOCTY, B «KHU-
re I'luaBku», HamMcaHHOM B X BeKe Ha aHTAO-CaK-
COHCKOM s3bIKe. LleHTpaMu 3ApaBOOXpaHeHNs 110
Bcell EBporie cTaHOBATCSI MOHACTBIPYU, TAE OCY-
IIECTBASIAU KPOBOITYCKaHMS, YAQA€HME 3Y0OB
u meAkue onepauuu (Schmidt, Ness 2006).

B XII Beke, BriepBbIe HaYMHASI C AHTUYHOCTH,
BCKPBITHE XUBOTHBIX OBIAO BO3pOXKAEHO B Caaep-
HO. BckpbiTie YeAOBeUeCKUX TeA BO30OHOBASIETCS
B KoHLe XIII Bexa B BoroHCKOM yHUBepcuTeTe.
Caepymole ABa BeKa LjeAb BCKPBITUI COCTOSIAQ
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He B TOM, YTOOBI IPOBOAUTH MCCAEAOBAHMS,
a CKopee B M3yYeHUU U NperopAaBaHUM paboT
laaena. B 1400-x rr. PeHeccaHc B VTaauu mpoBos-
rAQCHA Ha4aAO HOBOJI 3pbl B ICTOPUY €CTECTBEH-
HBIX HayK (Aird 2011).

VicTopusi nepeArBaHMsI KDOBY B STH TOABI TaK-
)Xe KpartHe 6eAHa Ha coObITus 1 paxTel. ECTh Aniib
paspo3HeHHbIe U He BCETAA AOCTOBEPHBIE YITOMM-
HAHMSI O EAVHUYHBIX MOMBITKAX B 9TOM HaIllpaBAe-
Hym. MtaabsHckuit ucropuk Ilackyase Buaaapu
(1827-1917) onuchiBaeT HEOOBIYHBIN GAKT O «ITe-
peAuBaHuM» KPOBMU, IPOU3BEAEHHOM mare VIHHO-
kenTuio VIII AAst AedeHst 1 omoAoKeHus (1492 1.)
(Sturgis 1942). CocTosiHue 3A0p0oBbs narnsl VIHHO-
keHTust VIII (1432-1492) B mocA€AHME TOABI XKI3-
HU OBIAO KpaliHe TsKeAbIM, B 1488 1. oH mepeHec
MHCYABT. Bpau ABpaam Meiip nepeana I'lane Pum-
CKOMY KPOBb TPE€X MAaAbYMKOB AECSTU A€T. DTOT
9KCIIEPVMEHT OBbIA TOBTOPEH TPUIKABI, HO 3aKOH-
YMACS TIEYAABHO: A€TU MOTUOAM OT KPOBOIIOTEPH,
a ITama 25 uroast 1492 1. cKOHYaACs OT 60Ae3HU
u crapoctu (Lindeboom 1954).

Bo3spoyxaeHie sKCIiepuMeHTAAbHbBIX U3bICKAHUI
B 1500-X IT. IPMBEAO K TOMY, YTO ICCACAOBATEAN
BIIAOTHYIO IPUOAM3UAKCH K IIEPEAMBAHUIO KPOBMU.
YrioMmuHaHMe O MepeAVMBaHUM KPOBU MMEETCs
BTpyAax A. Aubasusi (1540-1616), oryOAMKOBaHHBIX
B 1615 ., TA€ OH ONMCBHIBAET IPOLIEAYPY TEPEAVBAHNS
KPOBY C IIOMOIIIbIO CePeOPSIHOI KaHIOAU OT apTEPU
K apTepuM, HO HE YTBEPXKAAET, YTO IIPOBOAVA €€
(Chandler et al. 2012; Learoyd 2012). I[Topo6HbIe
SKCIIEPUMEHTBI TAK)KE MIPUIUCHIBAIOT UTAABSHCKO-
my Bpauy Ax. Kapaano (1501-1576), opHako HeT
AOKYMEHTUPOBAHHBIX TIOATBEP)KAQIOIINX AQHHbIX.

Yuansim IapBeit — co3parean Teopun
KPOBOOOpANIEHNS Y POAD €T0 UAEN

Vipaen o UUPKYASLMM KPOBM BBICKA3bIBAAMCh
u po TapBest. Apabckuit Bpau V6 an-Haduc (1213-
1288) ommcaA A€roYHbIN KPOBOTOK, 8 TAK)KE KATTMA-
ASIPHOE ¥ KOpOHapHOe KpoBooOpalljeH1e B KHUTe
«KommenTapuit k anaromun» (1242), copeprkabiiieit
MHOTI'O aHaTOMMYeCKMX OTKpbITUi. OH mucaa, 4To
KPOBb 13 ITPaBOJ KAMEPbI CEPALIA AOAXKHA TPUOBITH
B A€BYIO KaMepy, IIPOXOAS Yepe3 Aerkue, TAe OHa
CMEIIMBAETCSA C BO3AYXOM. DTO OTKPBITHE OIIPO-
Bepraao Teopuio I'aaena, Ho B EBpore ero Tpyab!
6b1AM mpakTUyecku HeusBecTHbl (Learoyd 2012).

MBbICAD O UUPKYASLIMY KPOBU B OPraHM3Me Bbl-
CKa3bIBaA U ucHaHcKkuil Bpau Mureap CepBeTt
(1511-1553), xoTOpsIit B 1553 I. BBIABUHYA UAEIO
0 CYILL|eCTBOBAHMY MaAOT'0 Kpyra KpoBoOOpaleHusI.
Ero xnura «Christianismi Restitutio» 6piaa yHu4-
TOXKE€HA, a CaM OH INIPM3HAH €PeTUKOM U COXOKEH
Ha KocTpe nukBuauyuu (Aird 2011).
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NraapsaHckuit xupypr MaTTteo Peaabpo Koaom-
60 (1516-1559), yueHuk Besaaus, Takxe mpea-
AOXVA TEOPUIO O MAAOM Kpyre KpOBOOOpaljeHus
(Eknoyan, De Santo 1997), 4yTo oTpa’keHO B 6AU-
craTeabHOI KHUTe «De Re Anatomica», omyban-
KOBaHHOM B 1559 1. y>xe nocae ero cmeptu. JTa
KHUTa OblAQ TIepeBeAeHa Ha AHTAUIICKUI SI3BIK
B 1578 r. n Ha HeMeuxkui1 B 1609 r., mupoxo uc-
NIOAB30BaAACh B Ka4eCTBe yueOHMKa 110 aHATOMUNU
(puc. 2). Cam Koaom6b0 6b1a mpuraaiieH Kosumo
Meaunuu npenoaasars B I lnzaHckom yHUBepcuTe-
Te. Habaropenuss KoaoM00 BrocaeACTBUM ObIAU
oleHeHbI [apBeeM.

Ho, B oTAMYME OT CBOUX HPEALIECTBEHHUKOB,
lapBei1 BriepBbie CHOPMYAMPOBAA TEOPUIO KPOBO-
oOpalljeHus U IPUBEA ee dKCIIepUMeHTaAbHbIE
AOKa3aTeAbCTBa. /1 HOBBIN 3TaIl B UCTOPUM Tepe-
AVMIBaHMSI KPOBM CBsI3aH MIMEHHO C OTKPBITUEM
Yuapsamom I'apeeem (1578—1657) AByX Kpyros
KpoBoobpaienus. Bo Bpemena lapBest B AHrann
OBIAO MAaAO BO3MOJKHOCTEN AASI U3YYEHUS MEeAU-
uuHbl. [IpenopaBanue B AoHAOHCKOM Koaaepdxe
Bpauveil CBOAMAOCH K 00Y4IEHII0 OCHOBAM aHATOMUM
U MIPOCTENIIVM XUPYPIrUUYECKUM IIPOLIEAYPaAM.
IToaTOMYy HEYyAMBUTEABHO, UYTO HEKOTOpPBbIE U3 HaUl-
6oAee MPEATTPUMMYUBBIX MOAOABIX AIOAEIT OTIIPAB-
ASIAVICb B MEAMLIMHCKME IIKOABI HA KOHTVHEHTE,

REALDEI COLYMBI
CREMONENSIS
In almo Gymaafio

»
celedarrem,

D x: aNaTOMICA
LISRL XV,

Puc. 2. Turyapnas crpanuia «De Re Anatomica»
(Eknoyan, De Santo 1997)

Fig. 2. Title page of “De Re Anatomica”
(Eknoyan, De Santo 1997)
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Bo @panuuu nan Mraauu. Auppo CKoTT, XUpPypr
Asxenvmca VI, 6p1a B ITapike Bmecte ¢ [Tutepom
Aoy 3a HECKOABKO A€T AO TOro, Kak I'apBeii ormpa-
BuAcs B VMrtaaui. B xonue XVI Beka ¢ppaHijysckas
Ml UTAABSIHCKasI IIIKOABI OKa3aAMCh Ha IMKe CBOEN
caaBbl. [Tapwx, Pum u Ilapysa caaBuauch npemno-
AaBaHMeM aHaToMuy. HanboAbLIyI0 M3BECTHOCTD
ITapye npuHec Besaauit u ero npeeMHUKHU. VIMeHHO
B ITapyro B 1597 1. B BO3pacTe A€BATHAALIATU A€T
OTHpaBMACS yunTbcs lapBeit. YeTripe ropa, mpo-
BepeHHble B [Taaye, u oOyuyeHne y AKupoaamo
®abpuio A AKBalleHAEHTE OKa3aAU pelawliee
BAMsIHME Ha GOpPMUPOBaHME B3TASIAOB YUAbsIMa
lapges. B 1602 r. on Bo3BpamaeTcs B AOHAOH, rae
YA€EASIET OUYeHb MHOTO BpEMEHM SKCIIEPYMEHTaM Ha
JKVBOTHBIX, KOTOpble B KOHEUHOM UTOr'e IIOATBEP-
AVIAV TIPaBUABHOCTB ero Teopuit. Korpa Tapseit 6b1a
n30paH AeKTOpoM AaMAMaHCKMX uTeHnit B 1615 T.
B BO3pacTe TPUALATU LIECTU A€T, OH CTaA Cpasy
CaMbIM BAMSITEABHBIM YUMTeA€M aHaTOMUY CBOETO
BpeMeHU. VIMeHHO Ha OAHOM U3 PaHHUX AEKLMI
B 1616 I. OH BIepBbIe YIIOMSHYA O CBOMX ITPEACTAB-
A€HUSIX 0 UPKyAsiuuy KpoBu (Graham 1953).

B 1628 r. oH my0AMKYeT 72-CTpaHUYHYIO KHUT'Y
«Exercitatio Anatomica de Motu Cordis et Sangui-
nis in Animalibus» («AHaTOMMUYECKOE UCCAEAOBA-
HYE O ABVDKEHUU CEPALIA Y KPOBU Y )XMBOTHBIX»),
rA€ OKOHYaTEABHO OTBEPT «IPUAVBHO-OTAMBHYIO»
cxeMy ABIDKeHUsI KpoBu [aaeHa u omycaa 3am-
KHYTYIO CUCTEMY KPOBOOOpAIlleHNs C ee MaAbIM
1 60ABLIMM KpyroM (puc. 3).

B npeaucAOBUM K PYCCKOMY IIepeBOAY IIPO-
M3BEAEHUS aHTAUIICKOTO YYE€HOTO BBIAAIOLUII-
cs dusuoaor Vieau Ilerposuu ITaBAOB Hanmu-
caa: «ITpya I'apBes He TOABKO peAKOI LIEHHOCTU
ITAOA €0 YMA, HO ¥ TIOABHUT €I'0 CMEAOCTU U CaMO-
oTBepkeHusi». OH roBopua, 4ro lapseit cBoum
AOKa3aTeAbCTBOM KPOBOOOpaIjeHUsI 3aA0XKMA
byHAAMEHT HOBOTO HampaBAeHUsS HayKu — ¢u-
3MOAOT VY >KVIBOTHBIX.

C aToro MoMeHTa 6Aaropapsi MpaBUAbHOMY
IIOHVIMAHUIO IPVHLIMIIOB ABVKEHNSI KPOBU B )KBOM
OpraHu3Me BAVBAHME A€UeOHBIX PAaCTBOPOB U ITepe-
AVIBaHVe KPOBU IOAYYMAO QHATOMO-(PU3MOAOT Y-
yeckoe obocHoBanue (Ribatti 2009). B 1628 r.
A>xoanHu Koaae, mpodeccop YHusepcurera
ITapym micaa o nepeArMBaHMY KPOBY KaK BO3MOX-
HOM METOAE MTPOAAEHNS )KU3HM, XOTS HeT HUKAKMX
AOKa3aTeAbCTB, UTO OH IIBITAACS CAEAAThb Ilepe-
AvBaHMe Ha npakTuke (Maluf 1954).

Opencuc IMorrep (1594—1678), ObIBIINIT BUKA-
puem Knuamaprona B Comepcere, B 1639 1. BpicKa-
3aA MBICAD O NIEPEAVBAHUY KPOBM OT OAHOTO 4Ye-
AOBeKa APYTOMY AASl AeueHMs. B pexabpe 1652 r.
ITortep B nucbme Ayxony Ob6epu onucbiBaeT
MPOLEAYPY NEPEAVBAHNUS KPOBU ABYM KypHULIaM:
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Puc. 3. TuryapHas crpanuna «Exercitatio Anatomica
de Motu Cordis et Sanguinis in Animalibus»
(mo: Auffray, Noble 2009)

Fig. 3. Title page of “Exercitatio Anatomica de Motu
Cordis et Sanguinis in Animalibus”
(Auffray, Noble 2009)

«f moka pasoyapoBaH (HO 3TO pe3yAbTaT Moeil
COOCTBEHHOI HEONBITHOCTH, TaK KaK s HUKOTAQ
He AeAaA 5TOTO paHee), He IIOAYYaeTCs, XOTS
s MHOTO pa3 NbITAACS paccedb BeHy. Sl IpuroTosua
HeOOABLIOV IIPO3PAYHBIN COCYA U3 3004, IIpUKpe-
VA TPYOKY 13 CAOHOBOJ KOCTH K lilee OAHOM
Y3 HUX [KypMlLi] ¥ TIOMECTHA ee B BEHY HV)KHETO
CyCTaBa HOTY, U BCE K€ 51 He MOT'Y IOAYYUTb OOAB-
e 2—3 KameAb KpoBu» (Learoyd 2012).

[ToTTep coobijaa 0 HECKOABKUX MoAudUKa-
LIMSIX CBOETO aIlapara AAS IIepEeAVBAHMS, HO HET
MMICbMEHHBIX AOKa3aTeAbCTB, YTO OH AVICTBUTEAD-
HO JICTIOAb30BAaA aIIapaT Ha IPaKTHKe.

B 1654 r. Bpau ®panuecko Ooaau (1624—1685)
u3 MecTtedka ITonmu B ViTaAnm npeaAO>XKHA repLio-
ry Tockanckomy DepanHanpy Il npousBopouTh
nepeAlBaHle KPOBU C IOMOLIbIO CepeOPSIHBIX AU
30A0TBIX KaHIOAD. VIAes He BIleuaTAMAQ replora,
¥ BCKope rocae 31oro oAAy ObIA yAQA€H B MaA€Hb-
K11 TOpOAOK CUTEPHIA BHe IrepLIOTCKIX 00AaCTel,
TA€ BEA CTOAb MI30AMPOBAHHYIO >)KM3Hb, UTO AQXKe
He 3HaA 0 paKTax IepeAuBaHMs KpoBU AOyspom
B Anrauu u Aenu Bo Opannun. OaHako B 1680 1.
DoAAY BHE3AITHO NPeAbSABASET ITpaBa Ha IPHOPK-
TeT KaK IIepBOOTKPbIBATEAb IT€PEAVBAHNA KPOBMU.
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DoAAM He UMeA HaMepeHMsI AeUUTD 3a00AeBaHNS
nepeAauBaHueM. Ero metop ObiA paspaboTaH AAs
OMOAOXKEHMSI TOXKUABIX AIOA€TL. OH BBIABUHYA MA€EI0
«OOMEHHOI0 TIePEeAVBAHUS», TP KOTOPOM BCS
KPOBbB B TEA€ PELIUIIMEHTA IIOCTENIEHHO 3aMEHAACh
ObI KPOBBIO 20 MOAOABIX AOHOPOB ITyTEM €XKEAHEB-
HbIX nepeArBaHuil. Ho sxcriepumenTaabHO Qoaan
HUKOTAQ MIEPEAVBAHUS HE IPOU3BOAMA, €T0 UAEU
OBIAY ICKAIOUMTEABHO YMO3pUTeAbHbIMU. HecoMm-
HeHHOU 3acAyron MOAAM SIBASIETCS OmMMCaHue
ammapara, ¢ MOMOIbI0 KOTOPOro MpsiMoe Iepe-
AVIBaHV€ KPOBU MOTAO OBITh BbITOAHEHO. OH 130-
Opa)kaeT KaHIOAIO 113 30A0Ta MAM cepebpa, BBEAEH-
HYIO B AOKTEBYIO BEHY PELIUIIMEHTA 11 COEAVHEHHYIO
C TpYOKOI1 M3 KMIIEYHMKA KOIIKM, COOAKM AU
3aii1a AM0o0 M3 aprepuu Ko3bl. Ha Apyrom xoHiie
TPYyOKa COEAMHSIETCSI C MAAEHBKVIM KOCTSIHBIM pac-
TPYOOM, IIPUCOEAVIHEHHOM K PYKE AOHOpAa TaKUM
C1oco60oM, YTOOBI B HETO MOCTYIIaAa KPOBb U3 HAaA-
pesa BeHbl. DOAAM yKa3bIBaA Ha HEOOXOAMMOCTh
n30eraThb MOMaAQHMsI BO3AYXA U IIPEAAATAA CIIO-
CcOOCTBOBATH MPOABIDKEHUIO KPOBU O TPyOKe
MpoTaAKMBaHMeM naAbLamu. Kpome Toro, oH ro-
BOPMA O IPEUMYILECTBE BHYTPUBEHHOTO BBEAEHMS
A€KApCTB 10 CPAaBHEHMIO C ITEPOPAABHBIM. B aTOI
CBSI3M COBEPLIEHHO 3aCAY>KEHHBIM BBITASIAUT TOT
dbaxT, uTo B 1936 I. yuacTHUKM | MeXXAyHapoAHOTO
KOHI'PEeCca 10 IepeAVBAHUIO KPOBM OTAAAM AOAXK-
Hoe rpesiM QOAAY U IPUKPENVIAYL MEMOPVIAABHYIO
AOCKYy Ha AoMe B KazeHTMHO, TA€ OH POAMACS
(Gilder 1954).

B 1658 r. moHax-0eHepexkTuHel; Pobepr pe [aben
OIMCAA TaK Ha3bIBaeMOe «00IIeH1e» KPOBU, ITOA
KOTOPBIM OH MOHMMaA «3p}eKTUBHOE MPOXOXK-
A€HUe KPOBU 3A0POBOTO YeAOBEKa VAU APYTOro
JKMBOTHOTO I10 BeHaM CA2b0ro MAM OOABHOTO
4eAOBeKa» U yTBEPXKAAA, UYTO 7 TOAAMU paHee
MoHax DAou IInyo CKOHCTpyMpoOBaA AAS 3TON
LleAM ammapaT U3 ABYX MAA€HbKUX cepeOpsIHbIX
TPyOOK.

CaMble paHHVE UHBEKLMY B KPOBOTOK IPUIHK-
cbIBaloT HeMl1ly [eopry pon Bapenpopdy, koTopbiit
B 1642 1. AASI Ae4eHVST OOABHBIX OXOTHUYBMX COOAK
BIIPBICKMBAA B VX BEHBI BUHO, ICIIOAB3YST AASI
atoro MeAakue Koctu nruy, (Maluf 1954). Takxke
MIMEIOTCS CBeAeHUs, 4To B lepmanuu B 1664 .
Morauu Aanueab Mariop (1634—1693) npumeHsia
A€KapCTBa BHYTPMBEHHO, 8 BO3MOXKHO, 1 OCYIL[ECT-
BASIA TT€peAMBaHye KPOBY, ICIIOAB3YsI CepeOPsIHBII
UUAMHAD ¢ Kanwoaen (Maluf 1954).

BocTopxeHHO BcTpeTuAu yyeHue I'apses
B AHTAMY YYaCTHUKY TaK HasbiBaeMoro «Oxcdopa-
CKOTO 3KCIIEPYMEHTAABHOTO PpriA0COdCKOro KAyOar.
B 3Ty nccaep0BaTEABCKYIO IPYIIITY, KOTOPOI PyKO-
BoauA Pobept Boriab (1627-1691), Bxoauau Puuapa,
Aoyap (1631-1691), Tomac Yuaauc (1621-1675),
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Yuapsm Ilertu (1623-1687), Kpucrodep Psx
(1632—-1723), Askon Aokk (1632—-1704), AskoH
Merioy (1643-1679), PobepT I'yk (1635-1703)
VI MHOTM€ ApyTYe. Y4aCTHUKM KAYOa B CBOMX 9KC-
IepYMEeHTaX CTPEMUANCH K AAAbHENIIEeMY pas-
BUTUIO TeOpUU KpoBooOpaienus. A ¢ 1656 1. oc-
HOBHBIM O0'BEKTOM MX MICCAEAOBAHUI CTaAa KPOBb.

B aToT nepuop B akTBe «OKCHOPACKOTO KAY-
6a» y>Ke OBIAY TIepBbIE B MUPE AOKYMEHTHUPOBaHHbIE
BHYTpMBEHHbIe BAUBaHNsI, BbITIOAHeHHbIe KpucTo-
dbepom Penom (Weaver 1923). AuamasoH ero uH-
TepecoB ObIA (EHOMEHAABHO MIMPOK. 3aMUCKU
KopoaeBckoro Hay4HOro o01jecTBa CBUAETEAD-
CTBYIOT, UTO HayuHas pabora PeHa BKAIOUaAa Tpy-
ABI TIO MEXAHVIKE, ADXUTEKTYPE, IH)KEHEPHOMY A€EAY,
ACTPOHOMMM, OIITVIKE, METEOPOAOT MM, MUKPOCKO-
MM, MEAVLIMHE Y aHaTOMMU. boAbllioe BAUSHME
Ha (GOpMUpPOBAHNE €r0 eCTECTBEHHO-HAayYHbIX
B3TI'ASIAOB OKa3aAa Teopusi KpoBoobOpaienus lapsest.
LiMpKyAsiLiusl KpoBM NpuBAeKaAa BHUMaHue Kpu-
ctodepa PeHa Ha npotspkennn Beeit kusHu. Oxo-
A0 1656 T. OH Ha4YaA MPOBOAUTD 3KCIEPMMEHThI
10 BHYTPUBEHHBIM BBEAEHNSIM COOaKaM HaCTOMKHU
oINS, MMBA, BUHA, 9AsT, MOAOKA U T. A. VI300peTeHue
PeHOM BHYTPUBEHHOI T€paNuy NUMEAO KOAOCCAADb-
HOe 3HAaUY€HME AASL XVMPYPIUYECKON IPAKTUKN.
B nuceme capy Yuabamy Ilertu Pen paeT kparkoe
OIMICaHVE CBOMX 9KCIIEPUMEHTOB, IIOAYEPKMBasI UX
KaMHMYecKoe 3HayeHue. OH nuet: «CaMblIl 3Ha-
YUTEAbHBIM 5KCIIEPUMEHT, IPOAEAAHHDBIM MHOM
B IIOCAEAHEE BpeMs, TAKOB: s BAMA BVMHO U 3Ab
B KPOBOTOK )XMBOJ CO0aKy, B BEHY, AOCTaTOUYHO
MHOT0, TOKa OHA He CTaAa KpaliHe MbsIHa; HO BCKO-
pe TI0CAe 3TOr0 OHM BBIIIAYM C MO4YOH. CAMIIKOM
AOATO PacCKa3bIBaTb O ITOCAEACTBUAX ONMUYMA,
KOTOPBIIT 51 BBOAMA TaKuM ke obpasom. S crpem-
AIOCb K TIPOAOAXKEHMIO 3TOr'0 KCIIEPUMEHTA, KO-
TOPBIV IIPOABET CBET HAa TEOPUIO U IIPAKTUKY Bpa-
yeBaHus» (Gibson 1970).

B xauecTBe MHbeKLMOHHON Urabl K. Pen uc-
IIOAB30BAaA IITMYbE MIEPO, & BMECTO INIPHULA ITy3bI-
pu pbi6 u skuBoTHBIX (Weaver 1923). Takum 06-
pPa3oM, 3HAMEHUTOI'O aHTAMIICKOTO apXUTEKTOpa
Kpuctodepa PeHa MOXXHO IPUYUCAUTD K OCHOBO-
IIOAO)KHVIKaM COBPEeMEHHOI MH(Y31OHHON Tepanuu
¥l BHYTpMBeHHOr0 Hapko3sa (Gibson 1970).

IlepBbie aKCepUMeEHTbI
10 IepeANBAaHUI0 KPOBU

ITepBoe opuIMaAbHO 3aperuCTPUPOBAHHOE
nepeAuBaHMe KPOBU KMBOTHBIM OCYILE€CTBAEHO
aHramdyaHuHoMm Puyappom Aoyspom. C Havasa
1662 1. OH MIPUCTYNMA K YYACTHIO B SKCIIEPMMEHTaxX
10 BHYTPMBEHHBIM BAUBAHMAM, aAANITUPOBAB TEX-
HUKY TIpoBepAeHMs sKcnepumenTa Kpucrodepa
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Pena. OH paboTaa coBmMecTHO ¢ ToMmacom YuAAUCOM.
Bckope y Aoyapa poauaach upesi: miepeAuTb KpoBb
OT OAHOTO >XMBOTIO OPraHu3Ma APYrOMY, O 4eM
BIIEpBbIE YIIOMMHAETCs B ero nucbMe Pobepry
boriaro B nioHe 1664 r. Aoyap M3Ha4YaAbHO 3alAa-
HUPOBaA IPOBECTU ABA PA3HBIX SKCIIEPYMEHTA.
CyTb OAHOIO 9KCIEPUMEHTA, IPOBEAEHHOIO YKe
B aBIycTe 1665 I., 3aKAI0YAaAACh B IIepeAVBAHUM
KPOBMU OT 60ABLION coOaKy (MacTrda) K MaAeHbKOM
cobake 1 B MOCAEAYIOIEM HAOAIOAEHUY, OYAET AU
YeTBEPOHOTUIT PELIUITMEHT 00AAAQTH TOI K€ CUAO,
4TO 1 AOHOP. OH pacceK COHHYIO apTepuIo cobaKy,
ITyCTUB €l KPOBb, TI0KA OT KPOBOIIOTEpU cobaKa
He OKa3aAach Ha rpaHu rubean. A 3ateM Ipu 1o-
MOILY CePEOPSIHBIX KAaHIOAb COEAVHMA SIPEMHYIO
BeHY COOaKU-peLUIIeHTa I COHHYIO apTePUIo
cobaKky-AOHOpa, OCYIIECTBMB TaKUM 00pasom
IpsIMOe IepeAVBaHye. PasyMeeTcs, ONBIT He MOA-
TBEPAVA BO3MO>XHOCTD IT€PEAAYY CUABI C TOMOILBIO
reMoTpaHCcdy3uM, HO 3aTO COCTOSIACS (HAKT ITEPBO-
ro AOKYMEHTVMPOBAHHOIO IePEeAMBAHUS KPOBU
OT OAHOT'O JKUBOTHOI'O APYroMYy. Pe3yAbTaThl 3THX
VICCAEAOBAaHMII ObIAM OITyOAMKOBaHEI B 1666 T.
B «®uaocodckux Tpypax AoHpoHckoro Kopo-
AeBCKoro obujecta». B kuure Puyappa Aoyspa
«Tractatus de Corde» (1669) (puc. 4) coaep>XUTCst
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Puc. 4. TuryabHas crpannua «Tractatus de Corde»
(Maluf 1954)

Fig. 4. Title page of “Tractatus de Corde” (Maluf 1954)
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Puc. 5. Tabauna 7 us «Tractatus de Corde» Aoyapa, mokassiBaroiiasi cepeOpsiHble TPyOKU
AASL COEAVMHEHMSI COHHO apTepuu OAHOTO JKUBOTHOTO U sipeMHOI BeHbI Apyroro (Maluf 1954)

Fig. 5. Table 7 in R. Lower’s “Tractatus de corde” (1669) showing the silver tube fittings
used to connect the carotid artery of an animal with the jugular vein of another (Maluf 1954)

HOAPOOHBIN OTUET O EPBOM YCIEIIHOM IEPEAU-
BaHMM KPOBU U IIPUBOAUTCS OIMICAHME VICTIOAB30-
BaBIINXCS [IPY 3TOM UHCTPYMEHTOB (puc. 5).

B apyrom skcrieprmeHTe AOyap IMAAHMPOBAA
MCIIOAB30BAaTh ABYX COOaK OAVMHAKOBOTO pasMepa
AASI IEPEAVBAHUS KPOBHU, UTO U OBIAO BBIITOAHEHO
coBMecTHO ¢ Tomacom Yuaanucom B peBpase 1666 T.
OHU nepeAMAU KPOBb U3 apTepUU IO OUEPEAU
oT ABYX MacTudoB B BeHy TpeTbelt cobake. [Ipu
9TOM CODaKU-AOHOPBI MOTMOAK, & cobaKa-peLu-
MVEHT 0CTAAACh )XUBOM. AOYap CUMTAA, UTO IIepe-
AVIBaHVE€ KPOBY MOXXET ObITh OCYLECTBAEHO IPU
octpoM KpoBorteueHun (Fastag et al. 2013).

Comroaa ITeric, koTopbii BlocAeACTBYM (B 1684 T.)
ObIA 130paH Ha AOAXKHOCTBD TpesupenTa Kopoaes-
CKOTO 0O0lI[ecTBa, ONMCHIBAET B CBOEM AHEBHMKE
cobbITUA 14 HOAOPS 1666 ., Koraa B IpelreM-KoA-
A€A’Ke OH CTaA CBMAETEAEM TAKOT'O SKCIIEPMMEHTA:
«B TpelreM-KOAA€AKE CETOAHS BEYePOM OBIA MH-
TepecHbIi1 aKcriepuMeHT. OAHOI cobaKe MyCTUAK
KpOBb, ITOKa OHa He yMepAa. Ee KpoBb nepeauan
ApYroit cobake, OAHOBPEMEHHO ITyCKasi €l KpOBb
C ApPYroyi CTOpoHBI TeAd. IlepBast 3 HUX yMepaa
Ha MeCTe, a Apyrasi 4yBCTBYeT Ce0s1 O4eHb XOPOILIO,
¥ ¢ OOABLION BEPOSITHOCTBIO C Hell Bce OYyA€eT B IIO-
psipKe. DTO AQ€T TIOBOA HaAEeSIThCSI HA BO3MO>KHOCTD
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YAYULIEHVSI 3A0POBbsI UeAOBeKA TaKUM ITyTeM»
(Giangrande 2000).

Ilpropurer B nepeAMBaHUN KPOBU YEAOBEKY
npunapaexut JKany baructy Aenn (1643-1704).
Korpaa usBectus 06 skcnepumenTax «OKcdopa-
CKOro KAy0a» B KOHLle 1666 r. — HauaAre 1667 .
aocturau ITapioka, @paniysckas AkapeMys HayK
pelrAa HEMEAAEHHO TIOBTOPUTD UX BBUAY Kpaii-
HeJl aKTYaAbHOCTM M HA3HAYMA AASI 9TOTO CIIeLIM-
AABHBINT KOMUTET, BKAIOUABILINI aHaToMa Aynu
laitana, pooxtopa Kaopa Ileppo u actpoHoma
Appuana Osy. 22 sHBapa 1667 r. Ayu IaitaH BbI-
NOAHVA nIepBoe B [lapike mepeauBaHye KpOBU OT
XMBOTHOT'O )XMBOTHOMY (MCITOAB30BAA ABYX CO-
6aK). ITO COOBITIE IPUBAEKAO BHUMAaHNE OIIIIO-
3ULIMOHHOV AKapoeMuy HayK pUAOCOPCKOM IpyII-
bl AHpu Ayn Xabepa oe MonTmopa (1600-1679),
B KOTOPYIO BXOAVIA TIPUABOPHBIN Bpad AIOAOBU-
kxa XIV JKan batuct Aenu. AabTepHaTUBHBIE 9KC-
IepUMEHTBI OBIAO MOpy4YeHo npoBecTu JKaHy
Batucty Aenn u IToalo DMMepely, XUpPypry 0OAb-
Huupl CB. KBeHTNHa. 3 MapTa 1667 1. OHM IIpoO-
BEAU TIepeAVBaHe KPOBY OT OAHOI COOAKM APYTOIL.
2 amnpeas 1667 r. XKan baruct AeHu ycneuiHo
IepeAMA KPOBb OT TPeX TEASIT TpeM cobakaM,
0 YeM MOYKHO Y3HAaTh 13 OITyOAMKOBAHHBIX IICEM
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Aenn poe MoHTMODY (KOmust OTOCA@HA 22 UIOASI
1667 r. B AoHpoHckoe KopoAaeBckoe HayyHOe
061ecTBO) (puc. 6).

IlepBoe B CTOpMYM MEAVLIVIHBI YCIIELIIHOE IIepe-
AVIBaHV€ KPOBM >)XMBOTHBIX YEAOBEKY OBIAO OCY-
mecTBAeHO 15 uwoHs 1667 r. JKau batuct Aenn
BMecTe ¢ [ToaeM DMMepeneM IepeArAM OKOAO
250 MA apTepMaAbHOM KPOBU ATHEHKa 15-AeTHeMy
AYIIEBHOOOABHOMY I0HOILIE, HAXOAUBLIEMYCS B O4€Hb
TSDKEAOM COCTOSTHMY TTOCA€ D6oAee 20 «AedeOHbIX»
KpoBomyckaHuil. IlepearBaHme 0ka3aA0Ch ycrel-
HpIM. HacTynuBuiee yayuireHme B COCTOSIHUU
MalMeHTa AAAO ITOBOA K AAAbHENMIINM IOMBIT-
KaM [POM3BOAUTD TPAHCPY3MI0 KPOBU OOABHBIM,
1 A€HU CTaA OYeHb aKTMBHBIM IPONAraHAVNCTOM
nepeauBanus Kposu (Farr 1980; Chandler et al.
2012). OH MoAvYepKUBaA UMEHHO TE€PATeBTUYECKOe
3HaueHue nepeanBanusi Kposu (Chin-Yee, Chin-Yee
2016).

Bropoe nepeArBaHue KpoBU OBL{bI OBIAO TIPO-
BEAEHO COPOKAMATUAETHEMY KPEIIKOMY MY>KUM-

(439) Namb.x 7

ALETTE

: " H T
G e e KON T,

| Counfellor to the French King, and Mafler of Requelts,

By I: DENIS Profeffor of Philofo
R i, Y

Munday July 22. 1667,

—— e
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Puc. 6. TutyabHast cTpaHuiia «A letter concerning
a new way of curing sundry diseases by transfusion
of blood» (Farr 1980)

Fig. 6. Title page of “A letter concerning a new way
of curing sundry diseases by transfusion
of blood” (Farr 1980)
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He, IAETEHIMKY KpeceA, KOTOPbI Ha CACAYIOLUIL
e A€Hb BEPHYACS K cBoell pabore. TpeTbum pe-
UumnMeHToM cTaA baiipon BoHpA, MOAOAOI 1IBeA-
CKUI1 ABOPSIHIH, TSDKeAO 3a0oaeBimit B [Tapmke,
BO BpeMsI CBOEro OOABLIOrO MyTelecTBUs o EB-
pore. OH 6bIA B TAKOM 0€3HAAEXHOM COCTOSIHUM,
YTO BCe BPAYM OTCTYMMAMCH OT IIOIIBITOK BBIA€UUTD
€r0, U POACTBEHHUKU 00PATUAKCH K AeHM C TPOCh-
0011 AUIIIb TOABKO MTOAAEPYXaTh HEMHOTO OEeAHSTY
nepep cMepTbio. [Tocae nepBoit TpaHcdy3uu Kpo-
B TeA€HKA OOABHOIT TOYYBCTBOBAA Ce05T HECKOAD-
KO AyYIIIe ¥ A2>Ke HaYaA pa3roBapuBaThb. Bo Bpemst
BTOPOI1 TPaHCPY3UY OH yMep, HO IIPETEH3MUI OT POA-
CTBEHHUKOB K AeHu He mocaepoBaro (Chandler
et al. 2012).

OAHAaKO C YeTBepTBHIM ITALMIEHTOM Y AeHY BO3HUK-
AV Cepbe3Hble HEMPUATHOCTU. DTO ObIA 34-AeTHUIL
AntyaH Mopya, KOTOpBIIT epuoAndecku cberaa
n3 pAoMa. Ero >xeHa Hapesaach, UTO IIepeABaHue
KPOBY IIOMOXXET YyTUXOMMPUTb OYIHBII HpaB
Mopya. 19 pAekabpst 1667 r. Aenu u DMMmepel
IepeAVMAM eMy OKOAO 175 MA KpOBM TEA€HKa,
HaLeHTy CTaAo Ayultre. [Iporeaypa 6142 MOBTO-
peHa HECKOABKO AHEI CIYCTs; KOTAQ BAMBaHUE
MpUOAMKAAOCH K 3aBeplieHN0, Mopya mo>kaAo-
BAACS Ha MOSICHUYHYI0 OOAB, KOTOpasi COBIIaAa
C HEPOBHBIM ITyAbCOM. Ha caeAyIoluii AeHb y Hero
IIOIIIAQ HOCOM KPOBb, MOYa CTaAd TeMHO. Yepes
ABa Mecslia ero ICUXMYeCKoe COCTOsIHME CHOBA
YXYALIMAOCDH, M )KEHa HaCTOsSIAQ HA HOBOM Ilepe-
AvBaHun. OAHAaKO OHO OKa3aAOCbh HEYAQUHBIM,
I K Bedepy CAeAyIollero AHA Mopya ymep npu
M3BECTHBIX COBPEMEHHOM MEAULIIHE CUMITTOMAaX
reMOAUTUYECKOro 110Ka. Ero kena o6BuHMA AeHu
B CMEPTU MY)Xa. 3a BpaueOHbIE AEVCTBUS, IPU-
BeAllMe K CMepTy 00ABPHOTO, AeHu ObIA IpUBAEYEH
K CyAy. Bo3MOJKHO, )KeHII[MHA cpeAasa 3TO 3asaB-
A€HUeE, YTOOBI CHATH C cebst BCSIKME MOAO3PEHMS
B YOMIICTBE, TaK KaK BIIOCAEACTBUU OBIAO AOKa-
3aHO, YTO MIMEHHO OHAa AAAd CBOEMY CYIIPYTY SIA.
CyA HpUHSIA BO BHMMaHMe 3TO OOCTOSITEABCTBO
1 17 anpeast 1668 1. TOAHOCTBIO onpaBAaA AeHu,
HO 3aIIPEeTUA AIOObIe IIONBITKY IIepeAVBAHMS KPO-
BJ YeAOBeKY 0e3 opMLMAABHOIO pa3pelleHNs
MeAULMHCKOTO dpakyAabTeTa [Tapikckoro yHuBep-
CUTETa, IPEACTABUTEAN KOTOPOI'O BBICTYIAAU
IPOTUB MOAOOHBIX 3KCIIepuMeHTOB. [laraTa aAe-
nytaToB OpaHiuy paccMOTpeAd 00CTOSATEABCTBA
Aeaa B 1678 . 3aKOHOAATEABHO 3allpeTAa Iiepe-
AVIBaHME KPOBU OT YXMBOTHBIX 4yeAoBeky (Maluf
1954).

B Tom xe 1667 r. Puuapp Aoyap coBMeCTHO
¢ 9aAMyHAOM KMHrom BbINOAHMA ITepBOe B AHTAUM
nepeArBaHue KpoBu yeaoBeKy (Walton 1974).
SDTUM 4eAOBEKOM, COTAACMBIINMMCS Ha Ilepe-
AVBaHMe cebe KpOBU OBLbI, ObIA 22-AeTHUIL
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Puc. 7. IlepeArBaHVE KPOBHU OT SITHEHKA YEAOBEKY
(Chandler et al. 2012)

Fig. 7. Lamb-to-human transfusion
(Chandler et al. 2012)

AYLIEBHOOOABHOI CTYAEHT 60rocAoBusi ApTyp
Kora (puc. 7). IlepBoe nepeanBaHue 6bIAO OCY-
1[eCTBAEHO 23 HOsI0psi. BOABHOIT TOYYBCTBOBAA
ce0si Ayullle I AQA COTAACHE Ha BTOPOe IepeArBa-
Hue yepe3d 3—4 aHs (Lower 2002). [ToBTOopHOE
repeArBaHMe COCTOSIAOCHh 12 pAekabpst 1667 T.
u okazaroch yaauHbeiM (Chandler et al. 2012).

Bormpoc o nmpuopuTeTe NepBOro rnepeAnBaHus
KPOBM BBI3BaA OYPHYIO AUCKYCCUIO MeXKAY AeHu
n Aoyspom. Aenn Hanmcaa Tenpu OapeHOypry,
cekpeTapio AOHAOHCKOTO KOPOAEBCKOTO 0o01ie-
CTBa, 3asBASISI O CBOEM IIPUOPUTETE MEPBOTO
HepEeAMBaHUS OT )KUBOTHOTO K Y€AOBEKY, AOOABUB,
4YTO «IIPOEKT IMepeABaHMsI OOABHBIM KPOBHU 3A0-
POBOTO )XMBOTHOTO» ObIAa 3apyMaH 10 AeT Ha3ap
(1657 r.) Ha cobpanuu «mpocaaBaennoro Oo6ie-
ctBa BupTtyoszoB». OapeHOYpr Bo3pasua, 4To
«QHTAMYAaHE BIIOAHE MOTAU Obl OBITH MEPBBIMU,
€CAM ObI OHM He OBIAY CTOAD AEAVIKQTHBIMY B BOII-
pocax bOe3omacHOCTU XKu3HU yeAoBeka» (Hall,
Hall 1980).

CoraacHo xpoHoAoruu cobbrTuit, Puyapa Aoyap
BBITIOAHVA TTIEPBOE NIepeAVBaHe KPOBU OT XXUBOT-
HOro >XMBOTHOMY (1665 1.), B TO Bpems Kak JKaH
batuct AeHu ocyiiecTBUA IepBoe IepeArBaHMe
KPOBU OT >KMBOTHbIX YeA0BeKy (1667 r.). [Tyranuia
Y TIOCA€AYIOLIMe TIPeTeH31M Ha IIPUOPUTET [IEPBO-
IO ITepeAMBAHYS CBSI3aHBI C AEVICTBUSIMU PEAAKTO-
pa «®uaocodckux TpyaoB Aonaounckoro Kopo-
AeBckoro obmectBa» Ienpu Oapen6ypra. Konus
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nucobma JKana barucra Aenu poe MoHTMOpY ObiAa
oTocAaHa 22 uwAs 1667 r. B AoHpoHckoe Kopo-
A€BCKO€e HayqHOe 00111eCTBO U AOAXKHA ObIAA OBITH
OIyOAMKOBaHa B MIOABCKOM HoMepe «Duaocodckix
TpyA0B». OAHAKO MUCHbMO YBUAEAO CBET TOABKO
B ceHTsI0pe 1667 1. (Keynes 1967).

ITocae moAy4yeHMs U3BeCTUS 00 OCAO>KHEHUAX
IepeAVBaHNS KPOBY, TOAY4YeHHbIX AeHu Bo OpaH-
iy, «OxcOopACKHit KAYD» TaK)Ke IPeKPaTUA CBOU
9KCIIePMMEHTBHI ¢ reMoTpaHcoysusamu. B 1673 1.
AeHu ObIA TpuraaiieH B AHrAMIO KopoaeM HYapAb-
3oM IL. Bo Bpemst Geceabl KOPOAD MTO’KEAAA Y3HATD
moApo6Hee 06 skcrepumMenTax AeHn C mepeAnBa-
HueM KpoBu. Haxoasice B AHraum, AeHu AOBOABHO
yCIelHo AedrA ¢ppaHiy3cKoro mocaa. Hecmorps
Ha IIpeAAOXKEHNSI OCTaThCsI, OH BepHYyAcs B [Tapirx,
rA€e IPOAOAKMA CBOU 3aHSTUSI MaTeMaTUKOM
VI APYTVIMM TOYHBIMM HayKaMU, HO HUKOTAQ OOAbIIIe
He BO3BPAILJAACS K MEAVLIVIHE U TeM D0Aee K Tpo6-
AeMe TniepeAuBaHMs KpoBu. OH yMep 3 OKTSA0ps
1704 r. B ITapmxe (Chandler et al. 2012).

OaHoBpeMeHHO ¢ pabotamu Puyapaa Aoyaspa
B Auraum u >XKana batucra Aenu Bo @pan-
LMY, TOAOOHbBIE SKCIIEPUMEHTHI IPOBOAUAUCH
" B Apyrux crpaHax. B loaaanauu Penbe pe [paad
IIPOBOAVIA 9KCIIEPVIMEHTHI 110 IIEPEAVIBAHUIO KPO-
BU Ha KUBOTHBIX. B TepManuu 6b1A0 IPOBEAEHO
HECKOABKO IIEPEAVBAHMI KPOBU OT OBel] YeAOBe-
Ky baarasapom Kay¢pmannom u Marreycom [ot-
¢dpupom ITypmannom (1648-1721). Moraun Cu-
rM3MyHA DAbCroAbl (1623-1688), Bpau bapoHa
BpaHpeHOYprckoro, Takxe BBITOAHUA HECKOABKO
nepeAauBanuii. OH U3BeCTEH B OCHOBHOM 0Aaro-
Aaps cBoeit moHorpaduu «Clysmatica nova» (1667),
B KOTOPOJ ITOSIBUAACH ITePBas UAAIOCTPALVsI BHY-
TPUBEHHO MHBEKLIMY YEAOBEKY C ITOMOIIBLIO
mwnpuua (puc. 8). OH IPeATOAOXKMA, YTO B3aMHbIe
IepeAVBaHMsI KPOBU MEXAY MY>KEM U >KEHOM
MOT'YT YPEr'yAUPOBaTh CeMeNHble Pa3HOTAACHS
(Maluf 1954).

AsxoBanuu I'yabeapmo PuBa (1627-1677) mbl-
TAACS IPOBECTH TaKye XKe 9KCIIepUMeHTHI B PuMe.
PuBa 6b14 xupyprom B «Ospedale della Consolazione»
(BoApHMLIe yTeweHNsT) 1 CAYKUA € 20 uroH: 1667 T.
110 9 Aexabpst 1669 r. raaBHbIM BpauoM nansl Kan-
MmeHTa IX. PuBa mpoBea Tpu myOAMYHbBIE AEMOH-
cTpayuu nepeArBanus Kposu 10 poexabpst 1667 .
B Pume. OpHUM 13 manneHToB 0b1A DpaHyecko
Cunnbaappy, npodeccop MeAULIMHBI PUMCKOro
YHUBEPCUTETA, CTPAAABLINIT TSKEABIM 3a00Ae-
BaHMEM, KOTOPOMY II€pEAVAM KPOBb SITHEHKA.
Orneparus npoiaa ycrneuHo, xotst CuHrb6aAbau
yMmep oT 6oae3Hu B dpeBpase 1668 r. Bropoir na-
LMeHT ObIA «00A€eH B TeuyeHUe 16 AeT, cTpapas
OT HEIIPEPBIBHONM AXOPAAKN», & TPETUN CTPaAAA
OT MaASIpUITHON AMXOpaAKu. CBUAETEASIMU 3TUX
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Puc. 8. IlepBasi MAAIOCTpaLIMSl BHYTPUBEHHO
MHbeKLMK YeroBeKy 13 «Clysmatica nova»
V. C. Dabcroabua (Maluf 1954)

Fig. 8. The first illustration of an intravenous injection
in man from J. S. Elsholtz’ “Clysmatica nova”
(Maluf 1954)

DKCIIEPVMEHTOB CTAAU M3BECTHBIE BPauM TOr'O
BpeMeHU, BKAoYast AskoBanHu Mapust Kocraniiy,
A>xoBannu Tpyaan, AntTonno Sruamo [lerparnans,
M>xakomo CunubaAbau. B AeHb IpoBeaeHus mepe-
AVIBaHVSI OHM COCTABMAM AOKAQA, KOTOPBIiT ObIA
MOATIMICAH ¥ HOTapuaAbHO 3aBepeH (Marinozzi
et al. 2018).

VTaApsiHCKYME Bpaul ICTIOAB30BAAM AASL TIepe-
AVIBQaHUSI KPOBM NPUOOPBI, OTAMYABILMECS OT VIC-
MMOAb3YEeMBIX B APYI'MIX €BPOIIENICKMX CTPaHaxX.
Hampumep, 06 ycTpoiicTBe 13 ABYX HEOOABIINX
MUITETOK, COEAMHEHHbBIX BMeCTe, COOOIIAA0Ch
B «Ragguaglio» TuHaccy 1 B apXMBHBIX ICTOYHMKAX
XVII Beka, npoaHaansupoBaHHbIX A. CUMUAK
(puc. 9). Tunaccu cooburaer o pabore xupypra
/1. MarHaHu, KOTOPBIil ObIA TAQBHBIM BPa4OM I1aIIbl
Munoxentus XI ¢ 21 centsbps 1676 1. mo 12 aBry-
cra 1689 r. B 1667—-1668 rr. MarHaHu ycCIIelIHo
SKCIIEpUMMEHTMPOBAA C IIEpEeAVBaHMEM KPOBU
JKMBOTHBIM Pa3HbIX BUAOB, AEMOHCTPUPYSI, UTO
HOBasl KPOBb OXKMBASIET YMUPAIOIMX COOAK.

B 1668 r. [Taoao MaHdpeau, yueHuk Pussi,
npoBeA B Pume psip skcniepumenToB ¢ C. Kannaa-
xu n b. Cumonueaan. Bmecte ¢ CumoH4YeAAn,
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Puc. 9. YcrpolicTBa AASl TepeAMBaHMS KPOBH,
JCIIOAB3YyeMble UTaAbsIHCKMMMU Bpadyamu B X VII Beke
(Marinozzi et al. 2018)

Fig. 9. Blood transfusion devices used by Italian
doctors in the 17" century (Marinozzi et al. 2018)

KOTOPbII1 Ob1A aHATOMOM U Xupyprom B «Ospedale
della Carita» (BoAbHUIIE GHAATOTBOPUTEABHOCTH),
MaHppeay TOBTOPUA OIBITHI IEPEANBAHUS KPO-
BM Ha cobaKax 1o GpaHIy3CKOMY METOAY, C Iiepe-
AVIBaHVEM 13 YEPEITHO apTEPU OAHOTO KMBOT-
HOIO B IpEMHYIO BEHY Apyroro. 2 siHBaps 1668 r.
CHUMOHYEAAN ITepeAVIA KPOBb 13 COHHOV apTepun
SITHEHKA B BEHY YeAOBeKa 110 MMeHM AHAXKEAO AU
Yruna. K coxxaaenuto, MaHdppear He yTOUHSET,
KaK AOATO IPOKUA TTALJMEHT MTOCAE ITepEAVBAHMSL.
OH yTBepXAaA, YTO KPOBb XVMBOTHBIX NMUTAET
1 OXXMBASIET TOUHO TaK >Ke, KaK YeAOBevYecKas
KpoBb. MaHdpear cUMTaA IPUUYMHAMU HEYAAYU
HEKOTOPBIX CBOMX IIPEAIIECTBEHHMKOB He TeXHU-
yecKue OUMOKY U UCIIOAb30BaHNE KUBOTHBIX,
a ypesMepHOe KOANYECTBO NepeArBaeMOoil Kpo-
BU B 0AMH npueM. OH moaaraa 6oaee 6e3omnac-
HBIM IIPOBEAEHVE MHOXKECTBEHHBIX IT€PEAVBAHNI
C VICIOAB30BaHVEM HeOOABLINX KOAMYECTB KPO-
BU, KaK ObIAO moka3aHo I. PuBa u V. Marsauu
(Marinozzi et al. 2018).

OAHaKO HEOAHOKPATHbIE HeyAQUHbIe TIOMbITKY
HepeAMBaHMs KPOBH, IIOBAEKIIVE 32 CO001 ribeAb
AIOAEII, TIPMBEAY K TOMY, UTO K 1678 1. OpuTaHCKMII
1 GpaHIy3CKUIT TapAAMEeHThI 3alpeTUAU Tepe-
AVIBaHMe KpoBY, a B 1679 1. [1arma Pumckuit nzpaa
3aNPEeTUTEABHBIN SAMKT Ha IepeAVBaHMe KPOBIUL.
DTOT 3ampeT OOAee YeM Ha CTO AET 3aTOPMO3UA
M3ydeHue AaHHOro Bornpoca. Auib B 1749 r. Kant-
BEAA, IPEACTABUTEAD MEAULIMHCKOTO QaKyAbTETa
ITapy>KkcKoro yHMBEpCUTETA, 3asIBUA, UTO Iepe-
AVIBaHV€ MOTAO OBl OBITb OUEHDb Ba)KHBIM B Upe3-
BBIYAHBIX CUTYaLUsX, CBSI3aHHBIX C OOABLION
kpoBomnorepeit (Learoyd 2012).

B XVIII Beke 13BeCTHO AUIIb HECKOABKO YIIO-
MUHAHMI O TIepeArBaHuy KpoBu. B «O61weit cucte-
Me xupyprun» («General System of Surgery»)
(1763) Aopeni Xeitcrep (1683—1758), mpodeccop
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MEAVLIVHBI YHUBepCUTeTa XEABMILUTAATA, OMUCAA
Yl TIPOMAAIOCTPUPOBAA 000PYAOBaHME, KOTOPOE OH
IIOAQraA Ba)KHBIM MICIIOAb30BAaTh AAS [TEPEAVIBAHMS,
HO IIPU3HAACS, YTO CaM 3TOro He mpobosaa. OH
MPEAAOKUA VICIIOAB30BaTh ITOABIE LIMAVHAPBI
113 METaAAQ MAY KOCTY, CETMEHT COHHOV apTepuy,
MOYETOYHMK OBbIKA, TEAEHKA VAU SITHEHKA U AQXKe
Tpaxero yTku (puc. 10).

B XVIII Bexe ObIAM OTKPBITBI Ba>KHbIE KOMIIO-
HEeHTBI KpoBU. YuAbaM lapsen, Puuapa Aoyap,
Pobepr [yk u Apyrue yueHble OTMEYaAY, YTO KPOBb
B A€TOYHBIX BEHaX CBETA€E, UYeM B AETOUHBIX apTe-
pusx. OTcioaa CAEAOBaA BBIBOA, UTO AerKue I10-
TPEOASIIOT YTO-TO BOXXKHOE 13 BO3AYXa, HO 3HAHUS
06 atmocdepe ObIAM pacnAbIBYaTBIMU. B 1774 T.
A>xozed TTpuctanm (1733—1804) OTKPBIA HOBBIIT ra3
Yl Ha3BaA ero «AepAOrMCTMPOBAHHBIN BO3AYX».
B 1775 r. Autyan Aopan AaByasbe (1743-1794)
OIIVICAA CBOVICTBA 3TO YAaCTM BO3AYXA M HA3BaA ee
KICAOpPOAOM. ITocae OTKpBITHS KMCAOPOAQ U €70
CBOJCTB UTaAbsiHel] MukeAae Po3a BMecTe ¢ aHa-
tomoMm AHtoHno Ckapma (1747-1832) npoBea
9KCIIePMMEHTHI, TI0Ka3aBILNE, YTO )KMUBOTHOE IIOCAE
CUABHOI KPOBOIIOTEPY HE MOXXET ObITh PEaHUMU-
pPOBaHO BBeAEHMEM CBIBOPOTKM, AASI TOrO HEOO-
XOAMMBI BCe KOMIIOHEHTBI KpoBU. OH IoAaraa, yto
IIPY OCTPOI KPOBOIIOTEPE BO3MOYKHO ITPMMEHEHME
reTepoOAOTrMYHOrOo nepeauBanusa. OAHAKO B XOAe
€ro OIIBITOB ABe Yepernaxy MorubAM Iocae mepe-
AVIBaHMSI KPOBY TEAEHKA.

Mapu @paHncya KcaBbe bumra (1771-1802),
bpaHuysckuit pusmoaor, usydaa apdexTsl nepe-
AVIBaHVSI TEMHOM ACOKCUT€HU3MPOBAHHOM KPOBY,
npoBead B 1805 r. mepBbIe ONbITHI C IEPEKPECTHOM
uupKyasigueni. OH COeAUHSIA TPOKCUMAaAbHBIN
KOHEI] COHHOW apTepUM OAHOV CODAKU C AUCTAAD-
HBIM KOHLIOM COHHOJ apTepuu APYroi cob6axu.
Koraa cobaka-A0HOp cTaAa 3aAbIXaTbCs U €€ apTe-
pUaAbHasi KpOBb ITOTEMHEAQ, COOAKa-PeLUIIEHT
TaIOKe IOTepsiAa CO3HAHUE.

OcBeTAeHVe BEHO3HOI KPOBY IIPY BO3AEVICTBUN
BO3AYXa IIPMBEAO K OTKPBITUIO aHTUKOATYASIHT-
HOTO 9¢deKTa HENTPAABHBIX COA€L, TPU AOOaBAe-
HIM KOTOPBIX LIBET KPOBU CTAHOBMACS sipue. AHT-
AMVICKUM aHATOM YUAbsIM XbrocoH (1739-1774)
OTMeYyaA aHTUKOAI'YASTHTHbIE CBOMICTBA Pa3AMYHBIX
HETPaAbHBIX COA€IT, AODABAEHVE KOTOPBIX IIPEAOT-
BpalljaAo cBepThiBaHMe KpoBUu. O BAUSHUM pas-
AVYHBIX COA€N Ha LJBET U CBEPThIBaHME KPOBU
ynomuHaau Ax. Xeupan (1721) u Tomac llIBenke
(1743) (Maluf 1954).

BospoxaeHue nHTepeca K IepeAVBaHMIO KPOBU
CBsI3aHO C MMeHeM Dpasmyca AapsuHa (1731-1802),
Aeaa Yapabsa AapBuHa. B cBoel kHure « Zoonomia»
(1794—1796) OH peAAOKUA B KadeCcTBe 000pyAO-
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Puc. 10. ViaarocTpauust u3 «O61eit cucteMspl
xupyprun» Aopenua Xeiicrepa (1763),
MTOKa3bIBAIOIAS TUITOTETUYECKIEe TIePEeAVBAHMS:
Fig: 10 — HenpsMoe nepeanBaHue;

Fig: 11 n Fig: 12 — nepeAauBaHus 13 BeHbl B BEHY
6e3 Hacoca; Fig: 13 — nepeAuBaHue 13 0eApeHHON
apTepuy OBLIbI B AOKTEBYIO BEHY YeAOBEKA
(Maluf 1954)

Fig. 10. Illustration from Lorenz Heister’s “General
System of Surgery” (1763) showing purely
hypothetical transfusions: Fig: 10 — an indirect
transfusion; Fig: 11 and Fig: 12 — vein-to-vein
“transfusions” without a pump; Fig: 13 — transfusion
from the femoral artery of a sheep into an antecubital
vein of man (Maluf 1954)

BaHUS AAS [TEPEAMBAHMS KPOBU ABa T'YCUHBIX TI€pa,
COEAVMHEHHBIX KulieyHKoM Kypuwsl (Maluf 1954).
B 1796 r. Dpasmyc AapBMH BBICTYNMA 32 IIEPEAU-
BaHMe KPOBHU B CAYYasiX, CBSI3aHHBIX C HEAOCTATOY-
HpiM niuTanueM (Hajdu 2003).

Takum 006pasoM, CTAaHOBAEHIME TIEPEAVBAHUS
KPOBU BO MHOTOM OBIAO CAEACTBUEM IPOTpec-
ca APYTMX HayK U IIOAYYMAO OypHOe pas3BUTUE
B XIX Beke.

179



HEPEAMBdHue KpOBU: HA4AA0

References

Aird, W. C. (2011) Discovery of the cardiovascular system: From Galen to William Harvey. Journal of Thrombosis
and Haemostasis, vol. 9, suppl. 1, pp. 118-129. PMID: 21781247. DOI: 10.1111/j.1538-7836.2011.04312.x
(In English)

Auffray, C., Noble, D. (2009) Origins of systems biology in William Harvey’s masterpiece on the movement
of the heart and the blood in animals. International Journal of Molecular Science, vol. 10, no. 4, pp. 1658—1669.
PMID: 19468331. DOI: 10.3390/ijms10041658 (In English)

Chandler, J. G., Chin, T. L., Wohlauer, M. V. (2012) Direct blood transfusions. Journal of Vascular Surgery, vol. 56,
no. 4, pp. 1173-1177. PMID: 22925733. DOI: 10.1016/j.jvs.2012.04.072 (In English)

Chin-Yee, B. H., Chin-Yee, L. H. (2016) Blood transfusion and the body in early modern France. Canadian Bulletin
of Medical History, vol. 33, no. 1, pp. 82—-102. PMID: 27344904. DOI: 10.3138/cbmh.33.1.82 (In English)

Eknoyan, G., De Santo, N. G. (1997) Realdo Colombo (1516—1559). A reappraisal. American Journal of Nephrology,
vol. 17, no. 3—4, pp. 261-268. PMID: 9189244. DOI: 10.1159/000169111 (In English)

Farr, A. D. (1980) The first human blood transfusion. Medical History, vol. 24, no. 2, pp. 143—-162. PMID: 6990126.
DOI: 10.1017/50025727300040138 (In English)

Fastag, E., Varon, J., Sternbach, G. (2013) Richard Lower: The origins of blood transfusion. The Journal of Emergency
Medicine, vol. 44, no. 6, pp. 1146-1150. PMID: 23499352. DOI: 10.1016/j.jemermed.2012.12.015 (In English)

Giangrande, P. L. (2000) The history of blood transfusion. British Journal of Haematology, vol. 110, no. 4,
pp. 758-767. PMID: 11054057. DOI: 10.1046/j.1365-2141.2000.02139.x (In English)

Gibson, W. C. (1970) The bio-medical pursuits of Christopher Wren. Medical History, vol. 14, no. 4, pp. 331-341.
PMID: 5500188. DOI: 10.1017/s0025727300015787 (In English)

Gilder, S. S. B. (1954) Francesco Folli and blood transfusion. Canadian Medical Association Journal, vol. 71, no. 2,
p. 172. PMID: 13182659. (In English)

Graham, J. M. (1953) William Harvey and the early days of blood transfusion. Edinburg Medical Journal, vol. 60,
no. 2, pp. 65-76. PMID: 13033783. (In English)

Hajdu, S. L. (2003) Blood transfusion from antiquity to the discovery of the Rh factor. Annals of Clinical & Laboratory
Science, vol. 33, no. 4, pp. 471-473. PMID: 14584763. (In English)

Hall, A. R., Hall, M. B. (1980) The first human blood transfusion: Priority disputes. Medical History, vol. 24, no. 4,
pp. 461-465. PMID: 6999258. DOI: 10.1017/s0025727300040588 (In English)

Keynes, G. (1967) Medical history: Tercentenary of blood transfusion. British Medical Journal, vol. 4, no. 5576,
pp. 410—411. PMID: 4861535. DOI: 10.1136/bmj.4.5576.410 (In English)

Learoyd, P. (2012) The history of blood transfusion prior to the 20" century — Part 1. Transfusion Medicine,
vol. 22, no. 5, pp. 308—314. PMID: 22994447. DOI: 10.1111/j.1365-3148.2012.01180.x (In English)

Lindeboom, G. A. (1954) The story of a blood transfusion to a Pope. Journal of the History of Medicine and Allied
Sciences, vol. 9, no. 4, pp. 455-459. PMID: 13212030. DOI: 10.1093/jhmas/ix.4.455 (In English)

Lower, R. (2002) An account of the experiment of transfusion, practiced upon a man in London. 1667. The Yale
Journal of Biology and Medicine, vol. 75, no. 5-6, pp. 293-297. PMID: 14580110. (In English)

Maluf, N. S. (1954) History of blood transfusion. Journal of the History of Medicine and Allied Sciences, vol. 9,
no. 1, pp. 59-107. PMID: 13118144. DOI: 10.1093/jhmas/ix.1.59 (In English)

Marinozzi, S., Gazzaniga, V., Iorio, S. (2018) The earliest blood transfusions in 17""-century in Italy (1667-1668).
Transfusion Medicine Reviews, vol. 32, no. 1, pp. 1-5. PMID: 29126578. DOI: 10.1016/j.tmrv.2017.09.003
(In English)

Nikitina, E. A. (2012) Nasledovanie grupp krovi [The inheritance of blood groups]. Saint Petersburg: Herzen State
Pedagogical University of Russia Publ., 105 p. (In Russian)

Pelis, K. (1997) Moving blood. Vox Sanguinis, vol. 73, no. 4, pp. 201-206. DOI: 10.1046/j.1423-0410.1997.7340201.x
(In English)

Ribatti, D. (2009) William Harvey and the discovery of the circulation of the blood. Journal of Angiogenesis Research,
vol. 1, article 3. PMID: 19946411. DOI: 10.1186/2040-2384-1-3 (In English)

Schmidt, P. J., Ness, P. M. (2006) Hemotherapy: From bloodletting magic to transfusion medicine. Transfusion,
vol. 46, no. 2, pp. 166—168. PMID: 16441589. DOI: 10.1111/j.1537-2995.2006.00697.x (In English)

Sturgis, C. C. (1942) The history of blood transfusion. Bulletin of the Medical Library Association, vol. 30, no. 2,
pp. 105-112. PMID: 16016531. (In English)

Walton, M. T. (1974) The first blood transfusion: French or English? Medical History, vol. 18, no. 4, pp. 360—364.
PMID: 4618310. DOI: 10.1017/50025727300019803 (In English)

Weaver, L. (1923) Sir Christopher Wren. Scientist, scholar and architect. London: Country Life, 173 p. (In English)

Yapijakis, C. (2009) Hippocrates of Kos, the father of clinical medicine, and Asclepiades of Bithynia, the father
of molecular medicine. Review. In Vivo, vol. 23, no. 4, pp. 507-514. PMID: 19567383. (In English)

180 DOI: 10.33910/2687-1270-2020-1-3-169-180


https://www.ncbi.nlm.nih.gov/pubmed/?term=Aird WC%5BAuthor%5D&cauthor=true&cauthor_uid=21781247
https://doi.org/10.1111/j.1538-7836.2011.04312.x
https://doi.org/10.3390/ijms10041658
https://doi.org/10.1016/j.jvs.2012.04.072
https://doi.org/10.3138/cbmh.33.1.82
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eknoyan G%5BAuthor%5D&cauthor=true&cauthor_uid=9189244
https://www.ncbi.nlm.nih.gov/pubmed/?term=De Santo NG%5BAuthor%5D&cauthor=true&cauthor_uid=9189244
https://doi.org/10.1159/000169111
https://dx.doi.org/10.1017%2Fs0025727300040138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fastag E%5BAuthor%5D&cauthor=true&cauthor_uid=23499352
https://www.ncbi.nlm.nih.gov/pubmed/?term=Varon J%5BAuthor%5D&cauthor=true&cauthor_uid=23499352
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sternbach G%5BAuthor%5D&cauthor=true&cauthor_uid=23499352
https://www.ncbi.nlm.nih.gov/pubmed/23499352
https://www.ncbi.nlm.nih.gov/pubmed/23499352
https://doi.org/10.1016/j.jemermed.2012.12.015
https://doi.org/10.1046/j.1365-2141.2000.02139.x
https://doi.org/10.1017/s0025727300015787
https://doi.org/10.1017/s0025727300040588
https://www.ncbi.nlm.nih.gov/pubmed/?term=Keynes G%5BAuthor%5D&cauthor=true&cauthor_uid=4861535
https://dx.doi.org/10.1136%2Fbmj.4.5576.410
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Learoyd%2C+P
https://doi.org/10.1111/j.1365-3148.2012.01180.x
https://www.ncbi.nlm.nih.gov/pubmed/?term=LINDEBOOM GA%5BAuthor%5D&cauthor=true&cauthor_uid=13212030
https://doi.org/10.1093/jhmas/ix.4.455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lower R%5BAuthor%5D&cauthor=true&cauthor_uid=14580110
https://www.ncbi.nlm.nih.gov/pubmed/?term=blood+transfusion+richard+lower
https://www.ncbi.nlm.nih.gov/pubmed/?term=blood+transfusion+richard+lower
https://www.ncbi.nlm.nih.gov/pubmed/?term=MALUF NS%5BAuthor%5D&cauthor=true&cauthor_uid=13118144
https://doi.org/10.1093/jhmas/ix.1.59
https://www.sciencedirect.com/science/article/abs/pii/S0887796317300950#!
https://www.sciencedirect.com/science/article/abs/pii/S0887796317300950#!
https://www.sciencedirect.com/science/article/abs/pii/S0887796317300950#!
https://www.sciencedirect.com/science/journal/08877963
https://doi.org/10.1016/j.tmrv.2017.09.003
https://doi.org/10.1046/j.1423-0410.1997.7340201.x
https://dx.doi.org/10.1186%2F2040-2384-1-3
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schmidt PJ%5BAuthor%5D&cauthor=true&cauthor_uid=16441589
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ness PM%5BAuthor%5D&cauthor=true&cauthor_uid=16441589
https://www.ncbi.nlm.nih.gov/pubmed/16441589
https://doi.org/10.1111/j.1537-2995.2006.00697.x
https://doi.org/10.1017/s0025727300019803

Unumeepamusuas ¢gusuoroeus, 2020, m. 1, Ne 3
Integrative Physiology, 2020, vol. 1, no. 3
www.intphysiology.ru

VYAK 57.024

O630pwi

DOI: 10.33910/2687-1270-2020-1-3-181-186

[ToABeKa «BBIYYEHHOIT 0€CTOMOIIHOCT»

A. A. Kykos™

! Mucturyt pusmoaornu um. V. I'. [TaBaoBa PAH, 199034, Poccusi, Caukt-IletepOypr, Hab. MakapoBa, A. 6

Csedenus 06 asmope
Amutpnit AHatoabeBnd JKyKos,
PVHLI AuthorID: 79722, e-mail:
dazhukovO@gmail.com

Ars yumuposanus: Xykos, A. A.
(2020) IMoaBeKa «BbIy4EHHO
6eCroMOIHOCTYY . MIHme2pamusHas
pusuorozus, . 1, Ne 3, c. 181-186.
DOI: 10.33910/2687-1270-2020-1-3-
181-186

Iloayuena 24 mapta 2020; mpouaa
peueH3uposanue 23 mas 2020;
npuHsTa 2 uoHs 2020.

Ipasa: © AsTop (2020).
OnybarkoBaHo Poccuiickum
TOCYAQPCTBEHHBIM IIEAArOTMYECKUM
yHuBepcuteToMm uM. A. V1. Tepiiena.
OTKPBITBIN AOCTYII HAa YCAOBMAX
Annensuu CC BY-NC 4.0.

Annomanyus. \aetcst KpaTkiuit 0030p U3yyeHMs Bbly4eHHO OeCIIOMOIIHOCTY —
COCTOsIHMSL, DOPMUPYIOLLETOCs Y KUBOTHOTO, [IOABEPTHYTOI'O HEKOHTPOAMPYEMOMY
cTpeccy. BelyyeHHast 6eCIIOMOIIHOCTD XapaKTepU3yeTCsl yTHETeHNeM KOTHUTUBHBIX,
5MOLIMOHAABHBIX ¥ MOTOPHBIX GYHKLMIL [T0aTOMY BBlyYeHHas1 6€CIIOMOIIHOCTD
paccMaTpuBaeTcs KaK MOAEADb AEMPeCCUBHOIO COCTOSHUS YeAOBeKa.
TeopeTnyeckoe 3HaYEHME U3YIEHIs BBIYYE€HHOI 0€CIIOMOIIIHOCTY B TOM, OHO
3aTparuBaeT Heke GYHAAMEHTAAbHBIE CBOJICTBA HEPBHOI CUCTEMBI, TOCKOABKY
3TO COCTOSTHYE IOAYYEHO HE TOABKO Y IIPEACTABUTEAEN BCEX KAACCOB II03BOHOYHBIX
JKUBOTHBIX, HO ! Y O€CITI03BOHOYHBIX )XMBOTHBIX U AQXKe CMOAEAMPOBAaHO
Ha OTAEABHBIX I'aHTAVSIX TapakaHoB. KaroueBbIM pakTopoM aAsl GOpMUPOBaHYS
BBIYYEHHO OECITIOMOLIHOCTH SIBASIETCSI HEKOHTPOAMPYEMOCTD BO3AEVICTBIS —
HEBO3MO)XHOCTb IIPUCIIOCOOUTBCS K CTUMYAY, HEBO3MOXKHOCTb 130eXKaThb
MAY U30aBUTHCS OT €r0 AEVICTBUSI MAU >K€ HEBO3MOXKHOCTD ITPEACKas3aTh
MOSIBAEHME 3TOTO CTUMYAAQ.

Karoueswoee crosa: BbIyY€HHas 6€CHOMOH1HOCTI>, CTpecCC, HEKOHTPOAVIPYEMOCTD,
HEIIPEACKa3yeMOCTh, HensberaeMocCTb.
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Abstract. The paper provides a brief review of the study of learned helplessness —
a state formed in animals subjected to uncontrollable stress. Learned
helplessness is characterized by inhibition of cognitive, emotional, and motor
functions. Therefore, learned helplessness is considered as a model of human
depression. The study of learned helplessness is theoretically viable because
this phenomenon affects certain fundamental properties of the nervous
system — this condition is observed not only in the representatives of all
classes of vertebrates, but also in invertebrates. Besides, the condition was
modeled on certain ganglia of the cockroach. The key factor for the formation
of learned helplessness is the stimulus uncontrollability, i. e. the inability
to adapt to the stimulus, the inability to avoid or get rid of its action,
or the inability to predict the appearance of this stimulus.

Keywords: learned helplessness, stress, uncontrollability, unpredictability,
unescapability.
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IloaBeka «BbLyHeHHOL 6eCHOMOULHOCIIY

OKo0AO IOAYBeKa Ha3aA B HAYYHOU AUTepaType
HOSIBUACS TEDMUH «Bbly4eHHasI 0€CIIOMOIHOCTb»
(BB) pAAst 0003HAYEHMSI COCTOSIHUS XXUBOTHOI'O
C AePUUIUTOM KOTHUTUBHBIX, MOTOPHBIX U 9MOLIU-
OHAABHBIX (PYHKLUI, BO3HUKAIOLIETO IIOCA€E TIPY-
MeHeHUsI K HeMy HEKOHTPOAMPYEMOI'O CTPeCccop-
Horo Bo3aeiicTBus (Overmier, Seligman 1967;
Seligman et al. 1968). B poaapHermnx paborax Ob1A0
ITIOKa3aHO, YTO NPUYMHOV BbIy4Y€HHON 6ecriomoll-
HOCTHU SIBASIETCSI HE CTPeCC caM Io cebe — KaKuM
OBl CUABHBIM OH HU OBIA, — a (PAKTOP HEKOHTPO-
aupyemoctu (Drugan et al. 1997; Maier et al. 1972;
Weiss 1970; 1971; Seligman, Beagley 1975). Bos-
AEJICTBE SIBASIETCSI HEKOHTPOAVPYEMBIM, ECAY OHO
XapaKTepU3yeTCsl OAHUM VAV HECKOABKVMMU CAe-
AYIOIIVIMY CBOMICTBaMMU: )KMBOTHO€ HE MOJKET
MPUCIIOCOOUTBCS K HEMY; )KUBOTHOE HE MOXET
HU 130aBUTHCSI, HU U30€XaTh ero; XUBOTHOE
He MOXXET IIPEACKa3aTh €ro MOsSIBAEHUE.

IlpakTuyeckoe 3HaueHue Bb B ToM, uTO OHO
paccMaTpuBaeTCs KaK MOAEAB AETIPECCUBHOTO
paccTpoiicTBa yeAoBeka. TeopeTuyeckoe 3HaYeHNE
usydenus Bb B ToM, oHO 3aTparuBaet Hekue QyH-
AaMeHTaAbHble CBOMICTBA HEPBHOM CUCTEMBI, I1O-
CKOABKY BbB moAyuyeHna He TOABKO y IpeACTaBHU-
TeAel BCeX KAACCOB ITO3BOHOYHBIX )XMBOTHBIX,
HO 1 Y 6€CTI03BOHOYHBIX XMBOTHBIX U AQ’K€ CMO-
A€AVPOBaHAa Ha OTAEABHBIX TAHTAMSX TapaKaHOB
(Eisenstein et al. 2016).

HeAb3st He oTMeTUTbh, uTO BriepBble BB Obiaa
noAydeHa B Aabopatopuu V. T1. TTaBaoBa (LlleHrep-
KpectoBHukoBa 1921). MopeAb Oblaa IOAyYeHa
CAYYAITHO, B XOA€ 9KCIIeP/IMEHTa, MIMEBLIEr0 COBCEM
Apyrue LieAu — VCCAEAOBaHME BO3MOXXHOCTEN
3PUTEABHOI CEHCOPHOI cucTemMbl. C MOMOIIBIO
MEeTOAQ YCAOBHBIX pedAeKCOB cobaKy obydasn
OTAMYATH KPYT OT aaaunca. Dopmy saaurca mno-
CTEIIEHHO, OT OIBITA K OIIBITY, MEHSIAY TaK, YTOOBI
OH BCe 00AblIIe 1 00ABLIIe TOXOAMA Ha KpYT. Korpa
COOTHOIIEHME OCEM SAAUIICA AOCTUTAO 8:9, cobaka
craAa ommbarbces. OHa He CMOTAa HayYUThCS pas-
AMYaTh QUTYPBI AQXKe 32 TPU HEAEAU 3aHSITUN,
a IIOTOM y Hee BHe3aITHO MCYe3Aa CIIOCOOHOCTD
OTAMYATD KPYT A2Ke OT SIPKO BBIPa’KEHHOTO, BbI-
TSIHYTOTO 9AAUIICA. BoAee TOTo, y cO0aKy mpomaAn
Y BCe APYTMie YCAOBHBIE pepAeKChI, BHIPAOOTaHHbIE
npexae. Cobaka, paHee CITOKOMHO CTOSIBINAS
B CTaHKe, Temepb «ObIAa MTOCTOSIHHO B ABUKe-
HUU U TTIOBUSIMBaAa». Takum 0O6pasoM, BIepBbie
B 9KCIIEPUMEHTE OBIAO ITOKA3aHO, YTO HEKOHTPO-
AVIpyeMasi CUTyalus IPUBOAUT K HAPYLIEHMSIM
B IIOBEAEHMMY, KOTOPbIE YKAQABIBAIOTCS B TPUAAY
AETPECCUBHOTO CUHAPOMA: KOTHUTUBHBIN, MOTOP-
HBII1 I SMOLIMIOHAABHBIN AePULINT.

OOpaTtum BHUMaHME Ha TO, YTO cobaka He UC-
IBITBIBAaAQ HU OOAU, HU F'OAOAQ, HU KaAKMX-AUOO
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APYTMX HEIPUSTHBIX (PU3NYECKUX OLIYIIEeHNIA.
EavHCTBEHHBIM PaKTOPOM, MI3MEHVBLIVM IIOBEAE-
HJI€ Y IICUXVKY >KMBOTHOTI'0, 0Ka3aAaCh HEBO3MOJXX-
HOCTb YCTaHOBUTb 3aKOHOMEPHOCTDb IOSIBA€HMS
IV, T. €. HEKOHTPOAVPYEMOCTD CUTYaLVN.

K coxaaeHnIo, 3HaUeHMe 9TOTO pe3yAbTaTa AAS
HayK/ O NOBEAEHUM OCTAAOCH HEIIOHSTBIM CO-
BpeMEeHHIKAaM!, XOTs B Te TOAbI HapyLIeHUs I10-
BEeAEHUS SKCIIEPMMEHTAABHBIX )KMBOTHBIX aKTUB-
HO U3YYaAUCh, B TOM YUCAe U B Aaboparopun
camoro V1. Il. [TaBaoBa. DKcnieprMeHTaAbHbIE
HEBPO3bI (KaK TOTAQ HA3bIBAAU XMBOTHBIE MOAEAU
MCUXUYECKUX PACCTPOIICTB YEeAOBEKA) MCCAe-
AOBATEeAU BBI3BIBAAM CTVIMYAQMMU, CBSI3aHHBIMU
¢ OOABIO U MCIIYTOM >KMBOTHOTO. Buaumo, ato
OBIAO CBSI3aHO C T€M, YTO TOTAQ TOABKO HEAQBHO
3aKoHuMAach IlepBast MupoBas BOVHA U IPaXXAaH-
cKkasi BoitHa B Poccuy 11 MMeAOCh OTPOMHO€ KOAU-
4eCTBO OOABHBIX HEPBHBIMU U MCUXUYECKUMU
00A€e3HSIMY, BbI3BAHHBIMU CPA)KEHNSIMU, TOAOAOM,
AneHussMU. KHUTM o cuxumaTtpum copepaau
MHO>XeCTBO IIPMIMEPOB PaCcCTPONCTB, BBI3BAHHBIX
BOIHOIT. Bpauu 1 OMOAOTU COCPEAOTOUMAU CBOE
BHMMAaHMe Ha ITOCAEACTBUAX CUAbHENIINX BO3-
AENCTBUI, @ BO3MOXHOCTDb AU HEBO3MOXXHOCTbD
KOHTPOAVPOBAaTh KM3HEHHYIO CUTYaLMI0 KaK
(baKkTOp BO3AEMCTBUS HA MICUXUKY AdXKe He pac-
cmatpuBaAn. Kak 6b1 To HU OBIAO, TETIEpb TEPMUH
«BBIy4yeHHasi 0€CIIOMOILHOCTb» SIBASIETCS Iepe-
BOAOM C aHTAUIICKOTO.

ITocKOABKY KAIOUEBBIM (PaKTOPOM AAST GOpMMU-
poBaHus Bb siBAsIeTCSI HEBO3MOXXHOCTD AASI 9KC-
MepUMEHTAABHOTO )XMBOTHOTO KOHTPOAMPOBATD
CUTYaLUIO, TO AASL BBIPQOOTKM 3TOTO COCTOSIHUSA
He 00513aTeAbHO Ipuberatb K 60A€BOMY BO3AE-
CTBUIO, AQXXe OYeHb crabomy. Xopolasi MOAEADb
BB — HEKOHTpPOAMPYeMbI1 AOCTYI K BUTAaAbHBIM
pecypcam (Job, Barnes 1995). AByx KpbIC Iome-
IIAI0T B KA€TKU C IIOMAKaMU, BOAQ 13 KOTOPBIX
IIOCTYIaeT IpU HaXXKaTuu nepasu. Ho B opHoM
13 KAETOK IIEAAAb «XOAOCTas», TO €CTb Ha)KaTue
Ha Hee He BAMSET Ha paboTy nmouaku. Bopa mocry-
IaeT TOABKO TOTAQ, KOTAQ Ha IleAAAb HKMMAeT
KpBbICa B ADYTOI1 KAETKe. Yepe3 HeAeAr0 TaKOTo pe-
)KMIMA Y KPBIC, KOTOpble HAXOAVAVICh B HEKOHTPOAU-
pYyeMoII CUTYaLy, OTMEYAIOTCS BCe CMMITTOMBI Bb.
Cyl1ecTBeHHO, YTO HUKAKMX IIPU3HAKOB 00€3BOXNM-
BaHUS OpraH13Ma Y 9THX XMBOTHBIX He 0OHAPYK1-
BaAU. DTO O3HAYAET, YTO CTPECCUPYIOLINM (HAKTOPOM
SIBUAQCB HE JK&KAQ, @ GaKTOp HEKOHTPOAMPYEMOCTH.

B Mop€eAM XpPOHMYECKOTO YMEPEHHOI'O CTpecca
BDb y KpbIC IOAYYalOT B pe3yAbTaTe TOTO, YTO
Ha IIPOTSDKEHMM YeThIpeX HEAEAb VX IIOABEPraioT
Pa3AMYHBIM BO3AEVICTBMSM: HAKAOH KAETKM, MOKpast
MOACTMAKA, MTHBEPCUS CBETOBOIO AHS (TEMHOTA
AHEM, CBeT IT0 HOYaM), AMILIeHNe KOPMa, AUIIEHIe
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BOADBI, pacCakBaHue B KAETKM ITOOAVHOYKeE, CCa-
JKMBaHI€ B OAHY KAETKY JKMBOTHBIX 13 ABYX KAETOK
(couMaAbHBIN CTPECC MAIOC MTepEeHaACEAEeHHOCTb)
(Willner 2016). Ka)kxayio HeaeAr0 IOPSIAOK BO3-
AEVICTBUI MEHSETCH B KBa3MCAYYaTHOM IOPSAKE,
4TOOBI COXPAHSAACH HETIPEACKA3yeMOCTb CUTYaLIUN.
Pe3yAbTaTOM TaKol1 IPOLIEAYPBI ObIAA CTAOMABHAS
Bb y >xuBoTHBIX. Ha 2TOI1 MOA€AM MTOKa3aHO, YTO
Bb conmpoBokpaeTcs arepAoOHMelN — CHUKeHUeM
MOTpeOAEeHMsI paCTBOpAa CaXxapMHa, — UTO SIBASIET-
Cs1 00BEKTUBHBIM [TOKa3aTeAEM SMOLIMIOHAABHOTO
AebuuTa. OTa MOAEAD MHTEpPECHA TEM, UTO UC-
MTOAb30BAaHHOE BO3AENCTBME KOMMPYeT «CTpecc
noBcepHeBHOCTM» (everyday life stress), pasBuBa-
IOLIMIICS Y MHOTMX AIOAEM B pe3yAbTaTe MHOXECTBA
MeAKMX HenpusiTHOCTel. Kadkpoe 13 Bo3pencTsui,
KOTOpO€ OBIAO NPMMEHEHO K KPbICAM M MBIIIAM,
€CAU NIPUMEHATDb TOABKO €r0 OAHO, TOXe BbI30BET
CTpecC U TIOCAEAYIOIIMe HAapYILIEeHMSI B IOBEAEHUN.
Ho Bce mapameTpsl moBeaeHMst 1 GU3MOAOTMYECKIE
NoKa3aTeAl OBICTPO BEPHYTCS K HOPMe IO OKOH-
YaHUU BO3AENCTBUSA UAU AQKe BO BpEMS HETO.
OAHaKO ITOCA€ AAUTEABHO YepeADI HeTIpeACKa3y-
€MbIX BO3AEVICTBUI XKMBOTHbIE AEMOHCTPUPOBAAU
BB, xoTopasi coxpaHsAAach HECKOABKO MecCslieB.
DTa MOAEADb AeTlpeccu YeAOBeKa apAeKBaTHA ellje
" AAUTEABHOCTBIO COXPAaHEHMA MOAYUYEHHBIX 13-
MEeHeHUI B TIOBEAEHUN.

AAs yeaoBeKka OCHOBHOM MCTOYHMK CTpecca —
He (u3MUecKye BO3AEICTBYS, a colMaAbHble. [To-
CTOSIHHOE COLIMaAbHOE AaBA€HMe TOXKe PUBOAUT
K BB. ABe He3HaKOMbIe MbILIY BCTYNAIOT B aTOHM-
CTUYeCKUI KOHTAKT. [[pourpasiiiasi moeAMHOK 0COOb
UCIIBITBIBAET CTPECC, OAHAKO BCe GU3MOAOTYECKIE
1 OMOXMMUYEeCKe MmapaMeTpbl BO3BPALAIOTCS
K HOpMe uepe3 HECKOADBKO 4acoB. Ecau )KuBoTHOE
MIOCTOSIHHO TEPIUT MOPaXkeH!sI IIPYU COLIMAAbHBIX
KOHTAaKTaX, TO CUTYaLMsl CTAHOBUTCA AAS HEro
HEKOHTPOAMPYEMOIL, I B pe3yAbTaTe Y )KUBOTHBIX
C OTIBITOM ITOCTOSTHHBIX IIOPa’KEHMIT B COLIMAABHBIX
KOH(AMKTaX BO3HUKAET CTOVKOE, COXpaHsIoLIeecs
HeAEASIMY, PACCTPONICTBO PYHKLVI, XapaKTePHOe
AAsT BelydeHHOU GOecriomoiHocTy (KyApsiBLieBa
u Ap. 2017).

Aast pasButusa BB He 0653aTeAbHO HeMOCpeA-
CTBEHHOE y4acTye B KOHTaKkTax. EcAx caMok mbl1ent
COAEP’KaTh PAAOM C arPECCUBHBIM CaMIIOM, KOTO-
PBII IIOCTOSIHHO MOOEXAQET B IIOEAVHKAX, TO Y Ca-
MoK pa3sBuBaetcs Bb. Ilpu Takoi mocraHoBKe
OIbITa CaMKa OTAE€A€HA OT CaMlja IIPO3PaYHbIM
6apbepOM C MHOTOYMCAEHHBIMU OTBEPCTUSIMMU.
JKuBOTHDBIE BUASIT APYT APYTa U BOCIPUHUMAIOT
3amax coceApd, HO He MOTYT BCTYIATh B HEMTOCPEA-
CTBEHHBIN KOHTaKT. OTMeTuM, uto BB 6b1Aa BBI-
3BaHa OTHIOAb HE HEAOCTYIIHOCTBIO CcaMLjd AAS
CaMKU, KOTOpasi IIPMXOAMAA B IOAOBOE BO30YXKAe-
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Hre. CaMKI Aep>KaAlCh B AAABHEM YTAY CBOE€N
MTOAOBUHBI KAETKM, KaK MOXKHO AQABIIIE OT CaMLja —
OH SIBHO OBIA @BEPCUBHBIM U, YBBI, HeM30eraeMbIM
ctumyAaoM (ABryctuHoBMY 2003). DTa MOAEAb
SIBASIETCSI TIEPBOIT MOA€eAbI0 BB, moAyuyeHHoM
Ha caMKax, KOTOpbIe, BOOOIIe TOBOPS, yCTOMUYMBEE
camI1ioB K coumasbHoMy cTpeccy (Dadomo et al.
2018).

AoCTouHCTBa ABYX ITOCA€AHMX MopeAel Bb
B TOM, UTO B HUX He VICIIOAb30BaHbI (PaKTOphI (pu-
3MY€CKOI CPEABI, 8 TOABKO COLIMAABHBIE KOHTAKTBL
O6e MOA€eAM BOCTIPOM3BOAST PEAABHYIO CUTYALIUIO
YeAOBEYECKOM JKU3HU: AIOAM 4aCTO CTPAAAIOT
OT CBO€J, MOXET OBITh TOABKO CyO'bEKTUBHOIL,
HEYCITEIIHOCTY U TIOPOI BBIHYKAEHBI IIOCTOSIHHO
HaXOAUTBCS 00K 0 OOK C HETPUSATHBIMU M AIOABM.

YyBCTBUTEABHOCTb K HEKOHTPOAVPYEMOMY
CTPeCCy U, COOTBETCTBEHHO, BEPOSATHOCTb (HOp-
MupoBaHusi BB 3aBMCUT OT HacAeACTBEHHBIX
dbakTOpoB. B yacTHOCTH, MMeeT 3HaYEHME BPOXK-
AEHHAsI CTpaTerusi oBeAeHMst )KUBOTHbIX. KpbIchl,
reHeTUYeCKM CeAeKTUPOBAHHBIE IO BBICOKON
Yl HUBKOJ CKOPOCTU BBIPAOOTKY YCAOBHOTO ped-
A€KCa aKTUBHOIO M30eraHus, AeMOHCTPUPOBAAU
Pa3AMYHYIO peaklMi0 Ha HEKOHTPOAUPYEMBIN
crpecc (PKykoB 1996). )KuBoTHbIe C BBICOKOII CKO-
POCTBIO BBIPAOOTKY aKTUBHOTO U30eraHust AeMOH-
cTpupoBaau BB, a )KMBOTHbIE C HU3KOI CKOPOCTHIO
BBIPAOOTKM aKTVBHOTO 130€raHus, IOABEPTHYThIE
CTpeccupyIolLell TPoLeAYPe B HEKOHTPOAVPYEMBIX
YCAOBUSIX, IPOSIBASIAY TIOBBIIIEHHYIO TPEBOT'Y,
HO He BB. DTOT BbIBOA MOAKPETASIETCS TEM, YTO
pasAnyus B peaKTUBHOCTU ABYX AMHUI KPbIC
He OrPAHUYMBAANCH U3MEHEHUSIMU B TIOBEAEHUM.
Y kpbic ¢ BB 6b1a2 0caabAeHa peryasius runodus-
AAPEHAAOBOIT CUCTEMBI 10 MEXaHU3MY OTpULa-
TeAbHOI 00pPaTHOIT CBS3M (IIOAOKUTEABHBIN AEK-
CaMeTa30HOBbIN TECT — OAMH 13 OMOAOTMYECKIX
MapkepoB penpeccun yeaoBeka (Nelson, Davis
1997)). Y xpsic, pe3aucTeHTHbIX K BB, HecMoTps
Ha MOBBILIEHHYIO CEKPeLVi0 KOPTUKOCTEPOHA,
TOPMO’KeHME TUNodu3-aApeHaAOBON CUCTEMBI
110 MeXaHM3MY OTPULIATEABHOI 0OpaTHOI CBA3U
COXPaHSIAOCE.

CaeayeT MOAYEPKHYTD, UTO ABE AVMHUY KPBIC,
CeAeKTMPOBAHHBIE 10 TPOTUBOIIOAOXKHO CII0CO0-
HOCTU B BbIpabOTKe aKTUBHOTrO u3beranusi, pas-
AVYQIOTCSI UMEHHO CBOMMU BPO>KAEHHBIMU CTPaTe-
TMSIMU TIOBEAEHNS, @ He CTIOCOOHOCTBIO K 00y4YeHII0
BOOOIIIe 1AM MaMsTbI0. JKMBOTHBIE, XOpOLIO 00Y-
Jalolecsi akTMUBHOMY U30eraHmio, IAoXo obyya-
I0TCs1 TACCBHOMY M30€raHunio, ¥ HA000pOT: HM3KasI
CKOPOCTb BbIPaOOTKM aKTMBHOIO M30eraHus co-
4eTaeTCs C BBICOKON CIIOCOOHOCTBIO K BBIpabOTKe
usberaHusi maccuBHoOro (Buxorpaposa, Kykos 1998;
Vinogradova, Zhukov 1999).
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IloaBeka «BbLyHeHHOL 6eCHOMOULHOCIIY

Boabiiasi 4yBCTBUTEABHOCTb K HEKOHTPOAM-
pyeMOMYy BO3AENCTBUIO X CKAOHHOCTB K (op-
MypoBaHMio BB y )KMBOTHBIX ¢ aKTMBHOII CTpa-
Terneun moBeAeHus (BBICOKOIT CKOPOCThIO dhop-
MMPOBaHMsI YCAOBHOTO pedaeKkca aKTMBHOTO
nsberanus) ObIAA TTOKA3aHA U AAS T€HETUYECKU
reTepOreHHON MOMyAsiLY KpbIc BucTap, ceaek-
TUPOBAHHBIX (PEHOTUNNYECKY 10 TOMY >Ke IpU-
3HaKy. JKMUBOTHBIX MOABEPraAM XPOHUIECKOMY
yMepEeHHOMY CTPECCY U TECTUPOBAAU UX TIOBEAE-
Hue. Y )KUBOTHBIX C aKTMBHOM CTpaTeruei mno-
BEAEHUS PE3KO BO3PACTAAO BPEMsI HETIOABVIK-
HocTu B TecTe [TopcoaTa, BO3pacTaAa TPEBOXKHOCTD
U CHIDKAAOCH TMIOTPpeOAEHME CAAAKOTO pacTBopa.
HamnpoTtus, >XUBOTHBIE C U3HAYAABHO MTACCUBHBIM
MMOBEAEHMEM TIOCAE YeThIPEXHEAEABHOTO CTpecca
AEMOHCTPUPOBAAU U3MEHEHUS B MOBEAEHUN,

MPOTUBOTIOAOXKHbIE «AKTUBHBIM» 0C00s1M (BuHo-
rpapoBa u Ap. 2013).

B 3akA4eHMe OTMETUM, YTO C MCIIOAB30BA-
HueM MopeAu BB 3a mocaepHMe moABeKka mccae-
AOBaHBI MHOTVE HEMPOXMMUYECKIE MEXaHM3-
MbI GPOPMUPOBAHUS U MPEAPACITOAOKEHHOCTI
K AETIPECCUBHO-TIOAOOHBIM COCTOSIHUAM. VI3ydeHbl
U TIPOAOAXKAIOT MHTEHCUMBHO M3y4YaTbCs U OMO-
Aormyeckue Mapkepsl BB, B vacTHOCTU HapyieHus
VIMMYHHOI CUCTEMbI, KOTOPble MOT'YT SIBUTHCS
OAHVM 13 HOBBIX TIOAXOAOB TE€PAIUU Aelpeccun
yeaoBeka (KyapsiBuesa u Ap. 2017).

HecmoTpst Ha GoAee YeM ITOAYBEKOBYIO ICTOPUIO,
BB siBAsieTCsl aKTyaAbHBIM MHCTPYMEHTOM B UC-
CAE€AOBAHMM MO3TOBBIX MEXaHN3MOB, B 0CODEH-
HOCTY MeXaHM3MOB IIOCTCTPECCOPHBIX PACCTPONICTB
(Maier, Seligman 2016).
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Annomayus. B aAvTepaType NOsSBMANCH AQHHBIE O BHE3aIIHOI MOoTepe
000HsTHYsT Y G0ABHBIX KOPOHABUPYCHOI MHbeKLMeit. B 5ToM 0030pe npuBoAsTCs
pe3yAbTaTbl 00CAEAOBAHMS TTALIMEHTOB, TOATBEP)KAQIOLINE CBSI3b MEXKAY
COVID-19-unduumpoBanmemM 1 aHocMuert. AHOCMUIO IPU3HAIOT KaK OAMH
13 CaMBbIX ABHBIX CUMIITOMOB, YTO II03BOASIET ITPEAIIOAATaTh HEPOTPOITHOCTh
BMPYCa, KOTOPBI SBASIETCS CAlT-CIelMPUIeCKUM AASI OOOHSATEABHOMN
CcUCTeMBL. B cTaTbe MopuepKUBAETCsA, UTO OOOHATEAbHAsT AMCHYHKLVS
BBISIBASIETCS HA PAaHHEN CTaAMV 3a00A€BaHNUA U IIPEALLIECTBYET er0 OCHOBHBIM
cumnToMaM. [109ToMy TOTepIo 0OOHSIHMS MOXKHO PAaCCMAaTPUBATh KaK MapKep
AOKAVIHNYECKOTO IPOSIBAE€HNUsI KOPOHAaBUPYCHOI nHbekuuu. B o63ope
PaccMaTpyBalOTCS MEXaHU3MBI, AesKallliie B OCHOBEe 000HATEABHON AUCOYHKLINY
B OOOHSITEABHOM HEMPOSIUTEAUM U LeHTPAAbBHOM HEPBHON CHCTeMe.
B Hacrosiee BpeMs BO3HMKAQ HEOOXOAMMOCTDb 0ObEKTUBHO OLIEHK! OOABIION
BBIOOPKY MauyueHToB, nHbuuupoBaHHbix COVID-19, Ha AOKAMHMYECKO
crapun 3aboaeBaHUsI. AASI AMAaTHOCTUKY OOOHSTEABHON AUCHYHKLIUM
pa3paboTaHbl CTAHAAPTHbIE OOOHSITEAbHBIE TECTDI, I03BOASIOIE TOAYYUTD
KOAMYECTBEHHbIe AQHHbIe, XapaKTepM3YyIolliJie Pa3SAUYHYIO CTelleHb HapyLIeHns
00OHSHMA. DTY TECThI XOPOLIO 3aPEKOMEHAOBAAM Ce0sI AASI pAaHHEI AMAaTHOCTVKM
TaKIX HelpOAereHepaTUBHBIX 3a00AeBaHMil, KaK 00Ae3Hb [TapKuHCcoOHa,
6oae3Hbp AAbLrerMepa. B yCAOBUSIX OTCYTCTBUSI MEAMLIMHCKUX TECTOB
Ha KOPOHABUPYC TECTUPOBaHYE OAb(DAKTOPHOI YYBCTBUTEABHOCTY MOXKET
CTaTb MHCTPYMEHTOM AASI BbISIBA€HUS MHOULMPOBAHNS Ha HAYaAbHOI
cTapAuM 3a00A€BaHMs ¥ OECCUMIITOMHBIX NMAlLIEHTOB AASI CBOE€BPEMEHHOI
VX CAMOM3OASALIMN.

Karoueswte crosa: COVID-19, anocmust, CTaHAQPTHBIE OOOHSATEABHbBIE TECTDI
UPSIT, Sniffin’ Sticks, 060HsITEABHBIIT HEPOSMTUTEANIA.

Olfactory dysfunction as an indicator
of early coronavirus infection

E. V. Bigday*", V. O. Samoilov'

! Pavlov Institute of Physiology, Russian Academy of Sciences, 6 Makarova Emb.,

Saint Petersburg 199034, Russia

Abstract. Recently published studies provide data on a sudden loss of smell
in patients with coronavirus infection. This review discusses the results
of a patient survey that confirms the association between COVID-19 infection
and anosmia. Anosmia is recognized as one of the most obvious symptoms.
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The article emphasizes that olfactory dysfunction is detected at an early stage
of the disease and precedes its main symptoms. Therefore, the loss of smell
can be considered as a marker of the preclinical manifestation of coronavirus
infection. The review discusses the mechanisms underlying olfactory dysfunction
in the olfactory neuroepithelium and central nervous system. Currently,
we face the need for an objective assessment of a large sample of patients
infected with COVID-19 at the preclinical stage of the disease. Olfactory
dysfunction is diagnosed through standard olfactory tests. The tests allow
to obtain quantitative data on the degree of disfunction of the sense of smell.
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as well as identifying asymptomatic patients for their timely isolation.
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BBepenne

B cBsa3u ¢ manaemuenn COVID-19 8 CMI
M B HayYHBIX MyOAMKALIMSX MMOSIBUAVICH AQHHbIE
0 XapaKTepHOM IIpU3HaKe KOPOHABUPYCHOI MH-
beKkuuM, KOTOPHIi BEIpaXkaeTcsi B moTepe 000H-
HUSI, IPUBOASIIEN K ITOoTepe BKyca. B oranune
OT aHOCMMMY, KOTOpasi BOSHUKAET IIPU BCEX BUPYC-
HbIX 3200A€BaHMAX (HaIpyMep, pUHOBUPYC, T PUIIIT
Y1 aA€HOBUPYC), 0COOEHHOCTBI0 KOPOHABMPYCHOM
VHQEKLUNN SIBASETCS BHE3aIHasI II0TePst 00OHIHYS
0e3 NMpU3HAKOB HACMOPKA M OTEKOB CAU3VCTON
Hoca. llccaepOBaHMAMY 3TUX CUMIITOMOB 3aHMU-
Maetcs 38 cTpaH u okoAo 500 Bpaueit co Bcero
Mypa. AHOCMMIO NIPMU3HAIOT KaK OAVMH M3 CaMbIX
SIBHBIX CUMIITOMOB, YTO ITO3BOASIET IIPEAIIOAATATD
HEMPOTPONHOCTb BUpPYCA, KOTOPBIN SIBASIETCS
canT-crequdUIecKnuM AAsT 0OOHSATEABHON CHUCTe-
MBI 3aM€Y€eHO, YTO QaHOCMUS IPOSIBASIETCS AMOO
Ha paHHeN CTaAMM Ipoliecca 3a00AeBaHMs, AUOO
y MalLMeHTOB C A€TKO¥ GpopMoIi 3a00AeBaHNS AU
0e3 KOHCTUTYLMOHAABHBIX CUMITOMOB. AMepu-
KaHCKast AKaAeMMsl OTOAQPVIHIOAOT MM Y OpUTaHCKas
Accouyanysi OoTOpMHOAAPVMHIOAOT UM PEKOMEH-
AVIOT AODABUTB MOTEPIO OOOHSIHMUS B CIIMCOK Iep-
BUYHBIX CUMIITOMOB AAsL ckpuHuHra COVID-19
(Xydakis et al. 2020).

AuTteparypHble AQHHBIE CBYAETEABCTBYIOT
o cBasn Mexay aHocmuein 1 COVID-19. Tak,
B VlpaHe npoBeAr OHAalH-aHKeTMpoBaHue 14 991
nanyeHToB ¢ MOATBep>XXKAeHHBIM COVID-19 B He-
CKOABKMX IpoBUHLMsIX. OKa3aA0Ch, YTO TOABKO
B TeueHye MapTa OAHOBPEMEHHO C 3IMAeMMeN
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COVID-19 0bIAO MOBBILIEHO YNCAO CAYYa€eB BHe-
3anHol anHocvuu (Bagheri et al. 2020; Brann et al.
2020; Hopkins, Kumar 2020).

Takum 06pa3oM, BO3HMKAQ HEOOXOAVMMOCTD
B MICCAEAOBAHUY OOOHSTEABHOM AVCPYHKLUM
PV KOPOHABUPYCHOV MHMEKLMN.

PoAb 00OHSHMS B )KU3HU Y€AOBEKa

OOoHsHE SABASIETCS OCHOBHOM CEHCOPHOI
MOAQABHOCTBIO, KOTOPAsi 00eCeuBaeT KMBOTHbIM
U YEAOBEKY BOCIpUsTHE UHGOPMALM U3 BHELI-
Hero mupa. OOOHsITeAbHAsI CUCTEMA YEeAOBEKa
IIpPeACTaBAsIET COOOI OYeHb UYYBCTBUTEABHBIN Ae-
TEeKTOp AeTY4MX XMMUYeCKMX BellecTB. HemoBpex-
AeHHast 0OOHSTEABHAsI CHCTEMA MOXKET OTIPEAEAUTD
He3HauMTeAbHble KOHLIEHTPaLUY ITaXy4uX MOAEKYA
Y MAEHTU(QULIMPOBATD UX CPEAV OUYEHD MTOXOXKMX
XVIMMYECKMX CTPYKTYP. POAb OOOHSHMS Y >KUBOTHBIX
1 yeAoBeKa obOumpHa. UyBCTBO 3amaxa IOMOraer
MAEHTU(ULVPOBATb NUILY, OLIEHVBATb €€ KaueCTBO
M YCUAVMBATD €€ BKyC. AKTMBALMS XeMOCEHCOPHBIX
KAETOK IIpeAoCTeperaeT OT MOTEeHLMAAbHBIX TOK-
CMYECKMX BellleCTB VAU IaTOreHOB. AKTUBaLMs
X€MOCEHCOPHBIX KAETOK B HOCOBOI TOAOCTY UHU-
LUMpPYeT MPOLLeCC HEMIPOHAABHOTO ONO3HABaHU,
KOTOPBINI MOXKET BAUATb Ha NOBEAEHMe, TOPMO-
HaAbHOE COCTOsIHME U aMouuu. Takum obpasom,
BCe OAOPAHTbI MOT'YT MCTIIOAB30BaTbCS )XMBOTHBIMU
AASI IOBBILIEHM I IIAHCOB Ha BbDKUBAaHNE, IO3BOASA
VM OIIpeAEASITb MeCTOHAaXOXKAEeHMe MCTOYHMKA
UL ¥ 130eraTh XMIHMKA Y TAKUX BHEIIHUX OTac-
HOCTel, KaK IIoKap.
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IMTaLeHThl CO CTOMKOM OOOHATEABHON AMC-
bYHKLMel TOABEP>KEHBI CTPECCY Y PUCKY Pa3BUTHS
IICYXMYECKMX PACCTPOVICTB, 0COOEHHO AETIPECCUML.
IToAy4eHbl aKCIiepYMeHTaAbHbIE IOATBEPKAEHUA
TECHOV CBSI3U MEXAY IOTepeil 000HITEAbHOM
GbYHKLMY U AETIPeCCUBHBIM NoBepeHeM. [ToaTomy
00OOHSHME MOYXXHO CYMTATh MapKepOM Aelpeccuy
(Croy et al. 2014). ITockoABKY Ipoexuuyu 13 060-
HATEAbHOI 00AACTY IepeKPhIBAIOTCA C 00AACTAMYU
HEJPOHHBIX CeTell, CBA3AHHbBIX CO CTPAXOM, CIIeL/-
(UYHBIM AASI TAHUKHY, TO Y AIOAEV, CTPAAQIOLINX
aHOCMMeN, MOXXKeT BO3HMKATh MaHUYeCKOe IOBe-
aenne (Wintermann et al. 2013).

Hapyuienust 000HsHMS P BUPYCHOM
MHQUIMPOBAHUY

[TpuuuH 000HATEABHO AUCHYHKLIMM MOXKET
ObITh HECKOABKO. CpeAV HUX BBIAEASIIOT [eHeTuIe-
ckue (Kallmann et al. 1944). O6onsiHMe TpomapaeT
npu YepenHo-Mo3roBbix TpaBmax (Schofield et al.
2014), KoTOpble MOTYT IPUBECTU K YIUNOY UAU
IPSIMOMY [TOBPEXXAEHMIO 00OHATEABHBIX AYKOBMULI,
BBI3bIBasI B KOHEYHOM UTOT€ BBIPOKAEHME U TMOEAD
HIePBUYHBIX CEHCOPHBIX HEVIPOHOB, PACIIOAO>KEHHBIX
B obousTeapHoMm sniuteaun (Holbrook, Leopold
2006). V3-3a cBOEro MoAOXKeHusI B HOCOBOI I10-
AOCTM, COTIPUKACAIOLIENICS C BABIXa€MBIM BO3AYXOM,
OOOHATEAbHBIE CEHCOPHBIE HEIPOHBI CUMTAIOTCS
OYeHb YSI3BUMBIMU AASI ACVICTBYSI TAKUX OMOAOTH-
YeCK! aKTUBHBIX BellJeCTB, KaK BOCIIAAUTEAbHbIE
LIMTOKUHBI B CAU3HU, IPOAYKTBI [PAHYA 203MHODU-
AOB, BAbIXaeMble TOKCUHbI AV XIMUYECKI€ Bellle-
CTBa, a TaK)Ke [MaTOreHHble MUKPOOPraHU3MBI,
6aKTepun AU BUPYCHI, KOTOPbIE MOTYT IIPUBECTHU
K AereHepauuy U MoTepe 0OOHITEABHBIX KAETOK
(Kern et al. 2000; Seiden 2004; Wrobel, Leopold
2004). OboHsHME YXYALIAeTCs C BO3PACTOM B pe-
3yAbTaTe HellpOoAereHepaLy Kak CEHCOPHBIX Hell-
POHOB OOOHSITEABHOTO SIIUTEAVS, TAK Y HEIPOHOB
B LieHTpaAbHOI HepBHOI1 cucteme (Gilbert et al.
2009; Richard et al. 2010).

APYroi Xopo1Io OMMCAHHO, HO HE IOAHOCTbBIO
MOHSITHOV MPUYMHONM aHOCMUM VAU TUIIOCMUM
SIBASIETCS IIOCTBUPYCHOE OOOHSTEABHOE PAaCcCTPOIL-
ctBo (PVOD). [TocTBUpYyCHAast aHOCMUSI SIBASIETCS
OAHOJ 13 OCHOBHBIX IIPUYMH MOTEPU OOOHSHUS
y noutu 30 % MaLMeHTOB, KOTOPasi HACTYIAET IOCAe
IPOSIBAEHMSI CUMIITOMOB NPOCTYAbL. Ho aHOCMUSA
COXPAHSIETCS U IIOCAe AeueHys. AHaAM3 Ouoncum
O00OHSATEABHON CAM3UCTON y manyeHToB ¢ PYOD
BBISIBMA MPU3HAKM AET€HEPATUBHBIX 3MEHEHU,
YTO IMOATBEP>KAQET IIPEATIOAOXKEHME O TOBPEXKAE-
HUM nepudepruIecKoro oTaesa 0OOHSITEAbBHOM
CEHCOPHOII CUCTEMBI, BbI3bIBAIOILIETO OTEPIO 000-
HsATeAbHOU yHkumm npu PVOD (Seiden 2004).
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boaee 200 pasaAMYHBIX BMPYCOB BbI3BIBAIOT 3a-
OoAeBaHue AbIXaTeAbHBIX myTeil. [Ipuyem B 15%
CAy4yaeB OHYM OTHOCSITCSI K paHee ONVCAHHBIM KO-
poHaBupycam. BepositHo, HOBBII BUpyc COVID-19
TaK)Ke MOXXeT BbI3BaTh aHOCMMIO Y MHPULIMPOBaH-
Heix nagrentos (Hopkins, Kumar 2020)

B pa6ote LI. T. Mosiix ¢ coaBTropamu (2020)
HapylleHye OOOHSIHMS OBIAO BBIABAEHO IIOYTU
y Bcex COVID-19-uHpULMPOBaHHBIX UCCAEAOBAH-
HBIX ITalIIEHTOB, HO B PA3HOM CTENEHN: OT aHOCMUU
(58 % cayuaeB) A0 Aerkoit Mmukpocmuu (13 % cay-
4aeB), M TOABKO y OAHOTO 13 60 06caeayeMbIx (2 %)
000HsIHIE COXPaHIAOCD B HOpMe (Moein et al. 2020).
ITO CBUAETEABCTBYET O TOM, UTO OCAabAeHMEe 000-
HSATEABHOM (PYHKLMM SIBASIETCSI OCHOBHBIM Map-
KepoMm nHpekuyun SARS-CoV-2 u B couetaHumn
C APYTMIMU CMITTOMaMM, IIO-BUAVIMOMY, SIBASIETCSL
CUABHBIM IIPOTHOCTMYECKVM ITOKa3aTeAeM NHY-
yuposaHus COVID-19.

I'lpu aHaAM3e AaHHBIX, MOAYYEeHHBIX OT 1480
MaLXeHTOB C IPUIIONOAOOHBIMY CUMIITOMAaMU,
B 68 % cAydaeB OTMe4yaAach MOTEPst OOOHSIHMS
y COVID-19-1103UTUBHBIX CYO'bEKTOB, TI0 CPaBHe-
HMIO € 16 % y COVID-19-0oTpuijaTeAbHBIX ALjIeH-
toB (Yan et al. 2020).

B aTu >Xe CpOKM IIPOBOAVIACS] aHAAU3 AQHHBIX,
IIOAYYEHHBIX [PV KOMIIbIOTEPHOM aHKETVPOBaHNUN
10069 yuyacTHUKOB uepe3 4 HeaeAM ITOCAE HayaAa
anupemMuyt COVID-19. PesyabTaTsl aHaAM3a MOA-
TBEPAVIAY KOPEAASILIVIIO MEXAY ITOTepeN 00OHSHMSA
1 COVID-19, a TakKe BHe3aITHOE HAaYaA0 AaHOCMUM,
KOTOpO€e YYaCTHMKM OTMeYaAu y cebs elrje A0 MO-
MeHTa 3amoAHeHus aHkeTsl (Bagheri et al. 2020).
PaHHee Ha4YaAO OOOHATEABHON AMCHYHKLMYU OT-
MEYaAOCh Y AIOA€l B Bo3pacTe A0 40 AeT, He UMe-
IOIIMX CHMIITOMOB KOPOHaBUPYCHOM MHQEKLIN.
CAeAOBaTeABHO, IMEHHO TaK/e MaLieHTbl MOT'yT
OBITh OAHUMMU U3 CKPBITBIX HOCUTEAEN, CIIOCO0-
CTBYIOIUX ObICTpOMY pacrpocTpanennio COVID-19
(Hopkins, Kumar 2020).

[Ipeanoraraembie MeXaHU3MBI
HapyueHusi 00OHIHMS

Bce 2T poaHHBIE CTaBAT BOMPOC O MeXaHMU3MaX,
AEXAIMX B OCHOBE OOOHITEABHOM AVCPYHKLINU
npu KopoHaBupycHoit unexuuu (Brann et al. 2020).
Xots TouHas MaTo(pu3nNOAOrUs MOCTBUPYCHOM
AQHOCMMM HEsICHA, OAHAKO ITOAATAIOT, UTO B KayeCTBe
OAHOI1 13 BEPOSITHBIX IPUUMH SIBASIETCS MOBPEX-
A€HVEe peLeNnTOPHBIX KAETOK OOOHSITEABHOTO
HeJpO3NUTEeANSL.

OO6OHATEAbHBIN HEMPOITUTEAUIT IPEACTAB-
ASIeT COOOI CTPYKTYPY, COCTOSALIYIO 13 HECKOAD-
KMX TUIOB KAeTOK. CITOCOOHOCTD BOCIIPMHUMATD
3amaxu MPUHAAAEXKUT 3PEAbBIM 0OOHSATEAbHBIM
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CeHCOpHBIM HelipoHaM. CBOU AEHAPUTHI, YBEH-
YaHHbIE 00OHSTEABPHBIMMU XXT'YTUKAMU, OHU I10-
CBIAQIOT K AlIMKAABHO TIOBEPXHOCTH, 0OpaIeHHOIT
K BHEILIHE CpeAe, @ aKCOHBI — B 00OHSATEABHYIO
aykoBuny (Kulaga et al. 2004; Williams et al. 2014).
OO0OHATEABHDIE KXI'YTUKM OKCIIPECCUPYIOT MOAE-
KYASIpHbIe 00OHSITeAbHBIE PELIENITOPBI, crielupu-
yecKue AASI AQHHOTO 3amaxa. Takum o6pasom,
Ha MMOBEPXHOCTU O0OOHSATEABHOTO SMUTEAUS 06-
pasyeTcsi MpOCTPAHCTBEHHAS] PUHOTOIMYECKASI
KapTa 3aMaxoB, YTO CBUAETEABCTBYET O TOM, YTO
y’XKe Ha ypOBHe nepudepuieckoro oraeaa 06o-
HSITEABHOJ CEHCOPHOL CUCTEMBI OCYILECTBASIETCS
KOAMpOBaHIe KayecTBa 3anaxa. [Toaromy cencop-
Hble KAETK! OTBEYAIOT 32 OOHapYy)XeHle 3a11axoB,
MOCTYMAIOIMX B IOAOCTb HOCA 13 OKPY>KaIOII[ero
BO3AYXa, U 3a epeaady MHopMaLuy o 3amaxax
B Mo3r (Saito et al. 1998).

OO6oHsITEAbHbIE CEHCOPHBIE HEMIPOHBI OKPY»Ka-
IOTCSI ONIOPHBIMU KAETKaMU, KOTOPbIE, TOMUMO
OIIOPHOI, BBIITOAHSIOT (aroUTapHYI0, CeKpe-
TOPHYIO (AAST TIOAAEP)KaHMSI MECTHOTO COAE€BOTO
Y BOAHOTO OaAaHca) PyHKUUY U QYHKLIUIO AETOK-
CUKAI[UU TIOBPEKAQIOIINX aT€HTOB, IPOHUKAIOIUX
B SIIUTEAUI HETIOCPEACTBEHHO 13 OKPY’KaIolei
cpeant (Chen et al. 2014; Goldstein et al. 2016;
Nomura et al. 2004).

OOOHATEAPHDIN HEVPOSTUTEAUN COAEPKUT
6a3aAbHble CTBOAOBbIE KAETKU, KOTOPbIE HETpe-
PBIBHO OOHOBASIIOT IMOMYASILIMIO OOOHSITEABHBIX
CEHCOPHbBIX HEMIPOHOB, 00ecreunBasi HellporeHes
B TE€UEHME BCeil KUBHU AAS TOAAEPIKAHUS MHTAKT-
HOM oboHsTeapHOI cuctemsl (Barber, Coppola
2015; Roisen et al. 2001). bazaabHast 3apoAbliieBast
30Ha OOOHATEABHOI'O SIUTEAUS. — 9TO aKTUBHAS
HepOTeHHasl HUILA, CIIOCOOHast BhIpabaThIBATh
HOBbIE HEMPOHBI 13 CTBOAOBBIX KAeTOK. VipeHTU-
GUIIMPOBAHO HECKOABKO KATETOPUIT PA3AUYHbBIX
MOMYASIUI CTBOAOBBIX VAV IPOT€HUTOPHBIX
KAETOK OOOHSITEABHOTO HEMPOITIUTEANS, @ TAKXKE
TUIIBI KA€TOK-TIOTOMKOB, KOTOPbl€ OHY MOTYT
npousBoaputh (Chen et al. 2014; Goldstein et al.
2016).

CTBOAOBBIE KAETKI BKAKOYAIOT B cebs1 ra00y-
AsIpHbBIE 0a3aAbHbIE KAETKY, KOTOPbIe B OCHOBHOM
OTBEYAIOT 32 PereHepaLiio MePBUIHBIX CEHCOPHBIX
HEPOHOB BO BPEMSI HOPMAAbHOTO SITUTEAUAABHO-
ro 060poTa, U TOPU3OHTAAbHbBIE Ga3aAbHbBIE KAET-
ku. IlocaepHMEe AETICTBYIOT KaK aKTMBUPOBaHHbIE
pe3epBHbIe CTBOAOBBIE KAETKU MPU TIPSIMOM TIO-
BPEXXAEHUM SMTUTEAVS C TIOTEPEN OTIOPHBIX KAETOK
HapsiAy ¢ peuentopHbiMu. OHM 0OecIieunBaT
HpoAudepanio ¥ CIOCOOCTBYIOT BOCCTAHOBAEHUIO
oboHsTeAbHOTrO 3nnteans (Leung et al. 2007).

OOOHSITEABHDIN SMUTEAUIT COAEPKUT TaKKe
AOTIOAHUTEAbHBIE TUITbI KAETOK, BKAIOYAsI MUKPO-
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BUAASPHBIE, KOTOPbIE MOTYT AEMCTBOBATh KaK
CEHCOpHbIE KAETKU, U CEKPETUPYIOIE CAU3D
KAeTKU >KeAe3bl boymena (Nomura et al. 2004).

Takum 06pa3om, 0AbGHAKTOPHBI HEPOITIUTE-
AU SIBASIETCA BBICOKOYCTOMYMBON HEMPOIPOAU-
(dbepaTnBHOIT 30HOIT, COAEpIKallleil Kak pe3epBHbIE,
TaK U aKTMBHBbIE IIONMYASILIMY CTBOAOBBIX KAe-
TOK, pearupyolyxX Ha CUTHAABI OOPaTHON CBS3U
Y1 MHO>XECTBEHHBIE PETYASTOPHbIE MEXaHU3MBbI AAS
MTOAAEPPKaHUSA SIIUTEAMAABHOTO FOMeOCTasnca
(Choi, Goldstein 2018).

IToxaszaHo, yTo KkopoHaBupyc CoV-2 — Kak
SARS-CoV — 3apakaeT KAETKU ITOCPEACTBOM
B3aMMOAEICTBYS MEKAY €ro CIaKoBbIM (S) 6eA-
koM 1 6eakoM ACE2 (aHrMoTeH3MHIIpeB Aol
dbepMeHT 2) Ha KAeTKaX-MUIIEHSX; 9TO B3alIMO-
AeVicTBUe TpeOyeT pacuienAeHus S 6eAka mpore-
a3on kaeTouHoit nopepxHoctu TMPRSS2 (mem-
OpaHO-CBsI3aHHAsI CEPUHOBAsI NpoTeasa, Mpo-
AYKT reHa TMPRSS2). Pe3yAbTaTbl MOKA3bIBAIOT,
YTO OIIOPHBbIE KAETKM, KAETKU >KeAe3bl boymeHa
M TOPU3OHTAABHBIE CTBOAOBBIE KAETKM B 000-
HSTEABHOM 3IUTEAVM KO3KCIIPECCUPYIOT acco-
UuMpoBaHHbIN ¢ BxopooM CoV moaexyapt ACE2
n TMPRSS2, He akcnpeccupyommecs B 3peAbIX
peLenTOPHbIX HelIpOHax.

CaepoBareabHo, CoV-2 HanpsAMYI0 He BXOAUT
B CEHCOPHBIE HeJIPOHBI, @ BMECTO TOI'0 HalleAMBa-
€TCs1 Ha OTIOPHBIE M CTBOAOBBIE KAETKM, MHDULIM-
POBaHMEe KOTOPBIX MOXKET OBITb IPUYMHON aHOCMUM
I CBSI3aHHOVI C Hell OOOHATEABHON AVCPYHKLMU
y nauyeHToB ¢ COVID-19. TToaToMy naTTepHbI
SKCIIPECCU TEHOB B OOOHSTEABHBIX OMOPHBIX
VI CTBOAOBBIX KAETKaX MMEIOT BXXKHOE 3HAYEHMe
AAST KAMHUYECKOTO HaOAIOAEHMSI aHOCMUU Y T1a-
umenToB ¢ COVID-19 (Brann et al. 2020; Hoffmann
et al. 2020; Li et al. 2003). Takum obpa3om, cunra-
etrcd, yTo ACE2 u TMPRSS2 06s3piBaor CoV-2
MHOUIIMPOBATD KAETKU.

BbIsiBA€HO 3HaUMTEABHOE pa3HOOOpa3sye Cpean
BUPYCOB IO XapaKTepy U CTeIeH! IIOBPEKAEHUS
000HATEeABHOrO anuTeAus. Tak, 3apakeHre KpbIC
KOPOHABMPYCOM TaK)Xe BbI3bIBAE€T IIOBPEXKAEHNE
OTIOPHBIX KAeTOK B HeM. OAHaKO TpU MHPULIPO-
Banuu SDAV (Sialodacryoadenitis virus — xopo-
HaBMPYC) 3apa’keHNe HEMPOSMUTEANAABHON TKaH!
BO3HMKAET Yepe3 HECKOABKO AHEV ITOCAE ITIOBPEXK-
AEHUS PECITVIPAaTOPHOTI0 SMUTEANS Y COTIPOBOXKAQ-
€TCs1 IOTepeil He TOABKO €r0 peCHUYeK, HO 1 060-
HSITEABHBIX KT'YTUKOB CEHCOPHBIX HelipoHoB (Bihun,
Percy 1995).

BepositHo, 1 mpu nndexuymu CoV-2 y yeaoBeka
IIOBPEXXAEHVE OITOPHBIX KAETOK B O0OHSATEABHOM
STIMTEAUM MO>KET BBI3BIBATh YAQAEHME OOOHATEAD-
HBIX >KI'YTMKOB C [IOBEPXHOCT! CEHCOPHBIX HEJIpO-
HOB, MICKAIOYasl BO3MO>KHOCTD VX B3aVIMOAEVICTBUSA
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C OOOHSITEABHBIM CTMMYAOM C ITOCAEAYIOLIUM Ha-
pYlLIeHVEeM BCell apXUTEKTYPbl 0OOHATEABHOTO
SIUTEAVSI.

OOOHATEABHBIE peLieNTOPHbIE HEVPOHBI DKC-
HpeCcCUpPYOT OeAKM OOOHSTEABHBIX PELIENITOPOB
B JKT'YTMKOBOJI MeMOpaHe HapsIAy C APYTMIMU KOM-
IIOHEHTaMV CUTHAABHOM TPAHCAYKLIVIY, TAKMMU KaK
cretnduyeckue Aast 000oHsHMS G-O€AKM 1 IOHHbIE
kaHaAbl (Williams et al. 2014). CaepoBaTeAbHO,
€CAV KT'YTUKHU OTCYTCTBYIOT MAU UMEIOT A€(EKTbI,
oOHapy’KeHMe 3aI1axoB He MOYXKeT OCYIIeCTBUThHCS.

Takum 06pa3oM, KOpOHaBUPYCHAsT UHPEKLMs
OTIOPHBIX KAETOK MOXKET OBITb AOCTATOYHOI, YTO-
OBl BbI3BATh KaCKaAHOE TIOBPEKAEHME B 00OHS-
TEABHOM 3IIUTEAUY, KOTOPOE 3aBepIIAETCS Hapy-
meHreM QYHKLMM OOOHSITEABHBIX KAETOK.

CuMTaIoT, YTO MOTEPS 0OOHITEABHBIX CEHCOPHBIX
HEIPOHOB MO’KET BO3HMKATb 13-32 aHOMaAUN
B GyHKUMY 0a3aAbHBIX KAeTOK (Layman et al. 2009).
BoaMoxxHO, 4TO MHDEKLMs TOPM3OHTAABHBIX Oa-
3aABHBIX KAETOK, KOTOpble aKkcrpeccupyor ACE2
u TMPRSS2, Takke ctoco6CTByeT 000HATEABHO
AVCOYHKLIMN.

[ToAarar, YTO MpPU KOPOHABUPYCHOM MHOMU-
LIMPOBAHUM TIOBPEXXAEHIE ITUX KAETOK SIBASIETCS
HPUYMHON Pa3BUTUS AHOCMUU. DTO 00YCAOBAM-
BaeTCs TeM, UTO [P MEAAEHHOM CKOPOCTU Hell-
poreHesa, HabOAIOAQE€MOJ B 0OOHSTEABHOM 3IINTE-
AV, TVOEAD OIIOPHBIX KAETOK M HECIIOCOOHOCTD
rOPM30HTAABHBIX 0a3aAbHBIX KAETOK 3¢ (PEeKTUBHO
BO30OHOBASTD IOIYASILIVIIO 3DEABIX CEHCOPHBIX
HEePOHOB MPUBOAUT K aHocMun. Kpome Toro, mo-
BpPEXAEHME TOPU3OHTAABHBIX 0a3aAbHBIX KAETOK
MO>KeT BBbI3BaTb HapylleHre AudpepeHLpOBK
MPEALIECTBEHHNUKOB HEVIPOHOB, IIOAABASIS TEKYLI
HerporeHnes (Lin et al. 2017).

B pesyabraTe B anMTEAMAABHON TKaHU MOTYT
HAKaIMAMBATbCsI HE3peAble CEHCOPHbIE HEVIPOHBI,
He CIIOCOOHbIe pearnpoBaTh Ha creluduiecKme
0OOHSATEAbHBIE CTUMYABI U, BCAEACTBYE 3TOTO,
AAEKBATHO BBIIIOAHATb OOOHSATEABHYIO QYHKLVIO.

ACE2 1 TMPRSS2 akcrnpeccupyoTcs Takke
B MUKDPOBUAASIPHBIX KA€TKaX U KAETKaX >KeAe3bl
BoymeHa, BXOASIIIMIX B COCTaB OOOHSITEABHOTO
SMUTEAUS. DTU KAETKU PETYAUPYIOT AOKAAbHBIN
MOHHBI 6araHC. [l0aTOMY MOBpEXA€EHNE MUKDPO-
BUAASIPHBIX KAETOK B OOOHSATEABHON BBICTUAKE
MO>XXET U3MEHUTh MOHHbIE IPAAVEHTBI B OKpPYKa-
IOLell CPeA€e U, CAEAOBATEABHO, U3MEHUTb QYHK-
LIMIOHAAbHbIEe CBOJICTBA CEHCOPHBIX HEMIPOHOB.
IToBpexxpeHMe KAETOK KeAe3bl boymeHa Takke
MOJKET CII0COOCTBOBATh O0OHATEABHOM AUCPYHK-
LMY, TaK KaK [TOPa’keHNsI 9TOTO TUIA KAETOK CBSI-
3aHbI C IIMPOKMUM HapyllIeH/eM He TOABKO 000-
HSTEABHOTO HEIPO3IIUTEAVS, HO Y OOOHATEABHOM
aykoBup! (Eriksson, Brittebo 1995).
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BoisiBA€HA OAHA MHTEpEeCcHast 0COOEHHOCTb,
KOTOpast 3aKAI0YAETCS B TOM, YTO OOOHSATEAbHBIE
CEHCOPHbIE HEMPOHBI MBIIIIN U YeAOBEKA CIIOCOOHBI
9KCIIPeCCUPOBATb HECKOABKO MOAEKYA, MMEIOLIVIX
OTHOILIeHVe K IPOHMKHOBEHMIO KOPOHaBMPYCa
B KAETKU. DTOT BBIBOA IIPEATIOAATAET MEXAHU3MBI,
C IIOMOIIIBI0 KOTOPBIX Pa3AMYHble KOPOHABUPYCHI
MOTI'YT 3apa’kaTb OOOHSITEAbHbIE pPeLelTOPHbIE
KAETKIU.

VIHTepecHO OTMETUTbh, YTO Y IOHBIX MBIIIET],
B OTAMYME OT B3POCABIX, HAOAIOAAAUCH OoAee
HusKue ypoBHu akcrpeccuy ACE2 u TMPRSS2
B KAETKAX PECMUPATOPHOTO U OOOHATEABHOTO
snuteaueB (Brann et al. 2020). BepositHo, ¢ aTuM
CBSI3aHO ITOpPa’kKeHVe HOBBIM BMPYCOM TAABHBIM
00pa3oM MOXKUABIX TALIUEHTOB.

ITocKOABKY pacrosHaBaHMe, TPAHCAYKLMS
M HaYaAbHOE KOAMPOBaHMe 3araxa MpOUCXOAUT
B nepudepuieckoM oTaese 0OOHATEAbHON CeH-
COPHOJ CHCTEMBI, O4YEBMAHO, UTO AAS HOPMAABHO
O0OOHATEABHOV QYHKLUM HEOOXOAMMO MOAAEP-
JKaHMe MOMYASILUU 3PEABIX OOOHSITEABHBIX CEH-
COPHBIX HEMPOHOB, 3KCIIPECCUPYIOLMX AAHHBIN
00OHATEABHBIN PELENTOP, AKCOHBI KOTOPBIX CXO-
ASITCSI TOABKO K KOHKPETHBIM F'AOMEPYAAM B AY-
KOBMIIE, TA€ OHM 00PA3yIOT CMHAIICHI C MUTPAAD-
HBIMU MAM TapTUMHIOBBIMU KAETKaMU, 00Opasyst
B Hell IPOCTPaHCTBEHHYIO KapTy 3anaxoB (Mom-
baerts et al. 1996).

HecMoTps Ha TO, YTO MHOTME MCCAEAOBAHUS
OBIAM COCPEAOTOUYEHBI HA HEPO3MUTEANAABHbIX
VI3MEHEHUX Y MaLEeHTOB C MOCTBUPYCHOM 000-
HATEABHON AMCQYHKLMEN, ICCAEAOBAHMSI Ha >KU-
BOTHBIX ITOKa3aAH, YTO BUPYChl MOTYT IIOBPEAUTD
LleHTpaAbHble OOOHSITeAbHbIE ITyTU U Pa3AMYHBIE
00AacTy MO3ra, BKAIOYAsI 00OHSATEAbHbIE CTPYKTY-
PBI BbICLIEro nopsipka. AuchyHKUMS eHTPaAbHOM
HEpPBHO CUCTeMbI HabAOAQAACH ¥ 36,4 % maLeH-
ToB ¢ COVID-19 1 nposiBAsiAaCh B pa3AMYHbBIX
HEBPOAOTMYECKUX CUMIITOMAX, CBsI3aHHbIX ¢ LTHC
(Mao et al. 2020).

MHorue BUpYChI, B TOM YMCA€ KOPOHABUPYCBI,
PacCpoOCTPaHSIOTCS U3 HOCOBOTO SMUTEAMSI K 000-
HATEAbHOV AYKOBMIIe U I'PyLIeBUAHOM Kope. I1pea-
MOAAraeTcs, Yto 3Ta GopMa LeHTpaAbHO UHeK-
LU OMOCPEAYET OOOHSITEABHBIN AeDULIUT AasKe
B OTCYTCTBUE AAUTEABHOTO MOBPEXAEHUsS 000-
HATeAbHOTO snuTeAus (Barnett, Perlman 1993;
Bohmwald et al. 2018; Doty et al. 2019; Li et al.
2020; Netland et al. 2008; Wheeleret al. 2017;
Youngentob et al. 2001).

MHorue BUpYChI, Pa3MHOXasICh B KA€TKaX
A€TOYHOV TKaHU, BBI3BIBAIOT CHIKEHYE CKOPOCTU
AP PY31M ra30B B AETKUX, YMEHbIIAS AAbBEOASIP-
HbIi ra3oobMmeH. B pesyabraTte B LIHC pasBuBa-
€TCs TUIIOKCHSI, YBEANUMBAETCsI aHa3POOHBIN

191



ObouamervHas OUCHYHKYUA Kak uHOuKkamop parHeli cmaduu 3aboresanus COVID-19

MeTab0AM3M B MUTOXOHAPUSAX KAETOK FOAOB-
HOTro Mo3ra. B pe3ayAabrare BO3HUKAET CEpbe3HOE
MOBPEXAEHME CTPYKTYPbI U GYHKLMY HEPBHOM
CUCTEMBI, BKAIOYAs MIIEMUYECKME I3MEHEHMsI
HEeIPOHOB, 00YCAOBAEHHbBIE METa00ANYECKUMU
HapyLIEHUsIMU U TUIIOKCHEN BO BpeMsl OCTPOM
¢dasb1 6oae3nu (Abdennour et al. 2012).

AHaAM3 AQHHBIX, IOAYYEHHBIX OT ITalIVIEHTOB
¢ COVID-19, nokasaa, 4TO OHM CTPAAAIOT OT TH-
)xeaolt runokcun. IToutu y 40 % nmauneHTOB ¢ Ko-
pOHaBMPYCHOIT MH(EeKLMelT pa3BUBAIOTCS CUMIITO-
MBI AUC(YHKLIMY TOAOBHOTO MO3I'a, KOTOPasi MOXeT
BBI3BIBATb MH(MEKLVIOHHYI0 TOKCUYECKYIO aHIleda-
aomatuio (Wu et al. 2020).

Ocaabaenne pynkuymu LJHC moxxet nprBecTn
K HapYIIEHVI0 KOTHUTUBHBIX PYHKILIUI Y OOABHBIX
KOPOHaBMPYCHOM MHeKLMEeN. ITO IPEATOAOXKE-
Hlie TIOATBEP>KAQETCsI MoTepel CIoCOOHOCTH
MHQUUVPOBAHHBIX TALIIEHTOB UAEHTU(ULIMPOBATD
3amaxu, Kotopyio Habawpaau Aotu u Ap. (Doty
et al. 2019).

ITpeAAO>KEHO HECKOABKO MEXaHM3MOB IIOpa-
xenns LTHC neitporponusiMu Bupycamu. K mx
YMCAY OTHOCUTCSI HeIDOHHBIN NMYTh UX MPOHMK-
HOBEHMS B IEHTPAAbHYI0 HEPBHYIO CHCTEMY Yepes
00oHsITeAbHBIE HellpOHbL. [IpsiMble TpoeKInn
AKCOHOB O0OOHSITEABHBIX CEHCOPHBIX HEIIPOHOB
B 00OHSTEABHYIO AYKOBULY pOPMUPYIOT YHUKAAD-
HYI0 QHATOMUYECKYI0 OPTaHM3aLMI0 00OHITEABHBIX
HEPBOB U OOOHSITEABHOI AYKOBUIIbI, HAIIPSIMYIO
COEAVHSIIONIYIO IOAOCTD HOCA C ITEPEAHVIM MO3TOM.
Yepes 3TOT KaHAA MEKAY HA3aAbHBIM SIITEAVIEM
n LIHC xopoHaBupyC MOXeT MONAaCTb B MO3T
yepe3 0OOHSTEABHBIN TPAKT HA PAHHUX CTAAMSIX
uHpexunu uAu HazaApHou BakuuHauuu (Desforges
et al. 2020; Mori 2015).

OAHaKo, BO3MO>XHO, KOPOHABUPYC 13 CAU3UCTO
000AOYKYM HOCA MOXKET AOCTUIATh TOAOBHOT'O MO3-
ra yepes MeXaHU3Mbl, HE3aBUCUMbIE OT aKCOHAAD-
HOTO TPAHCIIOPTA 13 CEHCOPHBIX HEVIPOHOB, Yyepe3
OOOHSTEAbHBINI HEPB Y OOOHSTEABHYIO AYKOBULY
U yepe3 7 AHEU IOCAe 3apa’keHMsI BbI3BaTb BOC-
MAAUTEABHYIO U AEMMEAVIHU3MPYIOIYIO peaKLuu
(Gu et al. 2005).

Takum ob6pazom, CoV moxet mponukats B LIHC
¢ nepucdepun yepes HepBHbIE MYTU. DTOT BBIBOA
otHocutcst U K COVID-19-nnduipoBaHHbIM,
MOCKOADBKY MALIMEHThI YaCTO CTPAAQIOT OT TsKe-
AOV TMIIOKCHM, KOTOPasl MOXKeT BbI3BaTh MOCAe-
AyIolllee TIOBPEXXA€EHNEe HEPBHOW CUCTEMBI, CO-
IIPOBO>KAQIOI[€eCs] HAPYIIEHNSIMU KOTHUTVBHBIX
byHKLMI.

Takoe pa3BuTHe COOBITHIT YOEKAQET B HEOOXO-
AVMOCTHU 0OBEKTUBHON OLIEHKU OOABIIION BBIOOD-
KU mauueHToB, unuimposaHueix COVID-19,
Ha AOKAVMHUYECKON CTaAUY 3a00A€BaHMSL.
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I'To cBepenusAM Bpaueit, 3apakenne COVID-19
COIIPOBOYKAQ€ETCsI BHE3AITHOM ITOTepel 000HIHNS,
KOTOpasi IPEALLIECTBYET OCHOBHBIM XapaKTEPHBIM
CUMIITOMaM 3200A€BaHMSI U SIBASIETCS IPUI3HAKOM
6oaee aerkoit dopmbt COVID-19. YTo6bI MOHSTH,
SIBASIETCSI AVl PQHHSISI QHOCMUS IIPEALIIECTBEHHVIKOM
KOpOHaBMPYCHOI MHeKLuY, B 38 CTpaHaxX BeAET-
cs1 OecripelieA€HTHOe MEXAYHAPOAHOE MICCAEAOBa-
Hre cumnromoB COVID-19 y cTpaparomx aTon
nH}peKL1eN MaLMeHTOB C oTepeil 00OHIHMUS.
IToaararT, uto ecan Bupyc SARS-CoV-2 usHa-
YaAbHO KOHLIEHTPUPYETCSI B BEPXHUX ABIXaTEABHBIX
MYTsIX, BbI3bIBAsi OOOHSITEABHYIO AUCHYHKIIUIO,
TO ee BBISIBAEHME MOXXeT CHU3UTb PUCKU OoAee
TSDKEAOI U OBICTPO pa3BUBAIOIENICS THEBMOHMM.

[ToAaratot, 4TO TECTMPOBaHVE OOOHSHUS MOXKET
oMoub uAeHTUdMLMPOBaTh MatenToB ¢ COVID-19,
KOTOpPBIE HY>)KAQIOTCSI B PAHHEM A€YeHUM VAU Ka-
pantuHe (Moein et al. 2020). ITockoABKy 000HSI-
TeAbHasA AUCPYHKLMS HAOAIOAQETCS y DeccuMII-
TOMHBIX CYObeKTOB, 00beKTUBHASI KOAUYECT-
BEHHAasl OLleHKa 0OOHSATEABHON QYHKLUMM TTO3BO-
AUT CBOEBPEMEHHO M30AMPOBATh UX U YMEHb-
IIATh KOAUYECTBO O€CCUMIITOMHBIX AL, KOTOpPbIE
He OCO3HAIOT HEOOXOAVIMOCTU CaMOM30ASILIUN
(Hopkins, Kumar 2020).

PaspaboTaHbl pa3AMYHbIE CTAHAAPTHBIE 000-
HSTEAbHBIE TECTBI, CPEAU KOTOPBIX 0COOOI IM0-
nyAasipHocTbio ntoab3yercss UPSIT (University
of Pennsylvania Smell Identification Test), mpu-
MEHSIBLUIMIICS B OOABILIOM KOAYECTBE UCCAEAOBA-
HMI1, 0COOEHHO KaCaIOLIMXCSI HEMIPOAEereHePaTUBHBIX
3aboaeBanuit (Doty et al. 1984).

ITo ciocobHOCTM YeAOBeKa MAEHTUDULIPOBATD
3aI1axu MOsIBASIETCSI BO3MO)XHOCTb XapaKTep130BaTh
000HITEAPHYIO PYHKLIMIO HE TOABKO Iepudepuye-
CKOT0, HO Y LIeHTPAABHOTO OTA€AA OOOHSITEABHOTO
AQHAAM3AaTOPa, YTO AQET B PYKU MCCAEAOBATEAS
VIHCTPYMEHT AASI BBISIBA€HUSI PAHHUX KOTHUTVBHBIX
HapyIIEHNIT, YACTHBIM CAy4aeM KOTOPBIX SIBASIETCS
ocAabAeHMe paboyelt maMsITH, KOTOPbIe MOTYT OBbITh
IIOCAEACTBYEM KOpOHaBUpycHoi uHdpekuyu (Vernetti
et al. 2016).

B paborax mo uccAeAOBaHUIO MALIMEHTOB
¢ COVID-19 ucroab3oBaau rAaBHbIM 00paszom
UPSIT. Ho oH He BbIsIBAsIET AUCHYHKLIMIO 000-
HSITEABHOTO HEePOSIUTEANS, TaK KaK He IIPeAyC-
MaTPUBAET OIIPEAEAEHNSI TOPOTOB 0OOHATEABHOTO
oOHapyxeHus 3anaxoB. OAHAKO, KaK CAEAyeT
13 BBILIE CKa3aHHOTO, Y>)Ke Ha paHHMX 3Tarax 3a-
60AeBaHMsI KOPOHABMPYCHO MH]EKLIEeN CTpaAa-
€T IMEHHO CEHCOPHBIN 3NMUTEAUN. AASI OLIEHKU
neprdepruecKoro oTaeAa 0OOHITEABHOTO aHAAY -
3aTropa B KayeCTBe CTAHAAPTHOIO OOOHATEABHOTO
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TeCTa ICCAEAOBATEAM TOAB3YIOTCS «Sniffin’ Sticks»
(Oleszkiewicz et al. 2019). ITpeumyiecTBOM 3TOrO
TEeCTa SIBASIETCSI BO3MOXKHOCTD MTOAYYUTb MHGOP-
MAL[1IO TAKXKE 0 CIIOCOOHOCTI AUCKPUMUHUPOBATH
1 upeHTUGUUUpPOBaTh 3amaxu. TecTupoBaHue
KQXAOT0 YeAoBeKa 3aHuMaeT Ao 30 MUHYT. B pe-
3yAbTaTe 32 KOPOTKOE BPeMsI Bpau [IOAy4aeT IIOAHYIO
XapaKTepUCTUKY PYHKLMOHAABHOTO COCTOSIHUS
00OHSATEABHOI CEHCOPHOIT CUCTEMBI OT epudepun

AO LIeHTPAaAbHOI HEPBHO CCTEMDbI YK€ Ha pAaHHEM
9Tare KOPOHABUPYCHO MHPEKLVN.

CAep0OBaTeAbHO, B YCAOBMSIX OTCYTCTBUS MEAU-
LJMHCK/X TeCTOB Ha KOPOHAaBMPYC TeCTUPOBaHME
0ABb(}AKTOPHON YyBCTBUTEABHOCTM MOXKET CTaTh
VIHCTPYMEHTOM AASI BBISIBA€HVSI MIHQULIMPOBaHUS
Ha HAYaAbHOIT CTAAMM 3a00AeBaHMs 1 6eCCUMITTOM-
HBIX MalLJE€HTOB AASl CBO€BPEMEHHOM MX CaMO-
V30ASLN.

References

Abdennour, L., Zeghal, C., Deme, M., Puybasset, L. (2012) Interaction cerveau-poumon [Interaction brain-lungs].
Annales Frangaises dAnesthésie et de Réanimation, vol. 31, no. 6, pp. e101-e107. PMID: 22694980. DOI: 10.1016/j.
annfar.2012.04.013 (In French)

Bagheri, S. H., Asghari, A., Farhadi, M. et al. (2020) Coincidence of COVID-19 epidemic and olfactory dysfunction
outbreak in Iran. Medical Journal of The Islamic Republic of Iran, vol. 34, no. 1, pp. 446—452. DOL:
10.1101/2020.03.23.20041889 (In English)

Barber, C. N., Coppola, D. M. (2015) Compensatory plasticity in the olfactory epithelium: Age, timing,
and reversibility. Journal of Neurophysiology, vol. 114, no. 3, pp. 2023—-2032. PMID: 26269548. DOI: 10.1152/
jn.00076.2015 (In English)

Barnett, E. M., Perlman, S. (1993) The olfactory nerve and not the trigeminal nerve is the major site of CNS entry
for mouse hepatitis virus, strain JHM. Virology, vol. 194, no. 1, pp. 185-191. PMID: 8386871. DOI: 10.1006/
viro.1993.1248 (In English)

Bihun, C. G., Percy, D. H. (1995) Morphologic changes in the nasal cavity associated with sialodacryoadenitis
virus infection in the Wistar rat. Veterinary Pathology, vol. 32, no. 1, pp. 1-10. PMID: 7725592. DOI:
10.1177/030098589503200101 (In English)

Bohmwald, K., Gélvez, N.M.S., Rios, M., Kalergis, A. M. (2018) Neurologic alterations due to respiratory virus
infections. Frontiers in Cellular Neuroscience, vol. 12, article 386. PMID: 30416428. DOI: 10.3389/fncel.2018.00386
(In English)

Brann, D. H., Tsukahara, T., Weinreb, C. et al. (2020) Non-neuronal expression of SARS-CoV-2 entry genes
in the olfactory system suggests mechanisms underlying COVID-19-associated anosmia. Science Advances,
vol. 6, no. 31, article eabc5801. DOI: 10.1126/sciadv.abc5801 (In English)

Chen, C. R., Kachramanoglou, C., Li, D. et al. (2014) Anatomy and cellular constituents of the human olfactory
mucosa: A review. Journal of Neurological Surgery Part B: Skull Base, vol. 75, no. 5, pp. 293—300. PMID: 25302141.
DOI: 10.1055/5-0033-1361837 (In English)

Choi, R., Goldstein, B. J. (2018) Olfactory epithelium: Cells, clinical disorders, and insights from an adult stem cell
niche. Laryngoscope Investigative Otolaryngology, vol. 3, no 1, pp. 35—42. PMID: 29492466. DOI: 10.1002/
lio2.135 (In English)

Croy, I, Symmank, A., Schellong, J. et al. (2014) Olfaction as a marker for depression in humans. Journal of Affective
Disorders, vol. 160, pp. 80—86. PMID: 24445134. DOI: 10.1016/j.jad.2013.12.026 (In English)

Desforges, M., Coupanec, A. L., Dubeau, P. et al. (2020) Human coronaviruses and other respiratory viruses:
Underestimated opportunistic pathogens of the central nervous system? Viruses, vol. 12, no. 1, article 14. PMID:
31861926. DOI: 10.3390/v12010014 (In English)

Doty, R. L. (2019) Systemic diseases and disorders. Handbook of Clinical Neurology, vol. 164, pp. 361-387. PMID:
31604558. DOI: 10.1016/B978-0-444-63855-7.00021-6 (In English)

Doty, R. L., Shaman, P,, Dann, M. (1984) Development of the University of Pennsylvania smell identification test:
A standardized microencapsulated test of olfactory function. Physiology & Behavior, vol. 32, no. 3, pp. 489-502.
PMID: 6463130. DOI: 10.1016/0031-9384(84)90269-5 (In English)

Doty, R. L., Wylie, C., Potter, M. (2019) Clinical validation of the olfactory detection threshold module of the Snap
& Sniff® olfactory test system. International Forum of Allergy & Rhinology, vol. 9, no. 9, pp. 986—-992. PMID:
31283113. DOI: 10.1002/alr.22377 (In English)

Eriksson, C., Brittebo, E. B. (1995) Dichlobenil in the fetal and neonatal mouse olfactory mucosa. Toxicology,
vol. 96, no. 2, pp. 93—-104. PMID: 7886688. DOI: 10.1016/0300-483x(94)02914-g (In English)

Gilbert, P. E., Pirogovsky, E., Brushfield, A. M. et al. (2009) Age-related changes in associative learning for olfactory
and visual stimuli in rodents. Annals of the New York Academy of Sciences, vol. 1170, no. 1, pp. 718-724. PMID:
19686218. DOI: 10.1111/j.1749-6632.2009.03929.x (In English)

UnmeepamusHas gﬁusuwloeu,q, 2020, m. 1, Ne 3 193


https://doi.org/10.1016/j.annfar.2012.04.013
https://doi.org/10.1016/j.annfar.2012.04.013
https://doi.org/10.1101/2020.03.23.20041889
https://dx.doi.org/10.1152%2Fjn.00076.2015
https://dx.doi.org/10.1152%2Fjn.00076.2015
https://doi.org/10.1006/viro.1993.1248
https://doi.org/10.1006/viro.1993.1248
https://doi.org/10.1177/030098589503200101
https://dx.doi.org/10.3389%2Ffncel.2018.00386
https://doi.org/10.1126/sciadv.abc5801
https://dx.doi.org/10.1055%2Fs-0033-1361837
https://dx.doi.org/10.1002%2Flio2.135
https://dx.doi.org/10.1002%2Flio2.135
https://doi.org/10.1016/j.jad.2013.12.026
https://dx.doi.org/10.3390%2Fv12010014
https://doi.org/10.1016/b978-0-444-63855-7.00021-6
https://www.journals.elsevier.com/physiology-and-behavior
https://doi.org/10.1016/0031-9384(84)90269-5
https://doi.org/10.1002/alr.22377
https://doi.org/10.1016/0300-483x(94)02914-g
https://dx.doi.org/10.1111%2Fj.1749-6632.2009.03929.x

ObouamervHas OUCHYHKYUA Kak uHOuKkamop parHeli cmaduu 3aboresanus COVID-19

Goldstein, B.]., Goss, G. M., Choi, R. et al. (2016) Contribution of Polycomb group proteins to olfactory basal stem
cell self-renewal in a novel c-KIT1 culture model and in vivo. Development, vol. 143, no. 23, pp. 4394—4404.
PMID: 27789621. DOI: 10.1242/dev.142653 (In English)

Gu, J., Gong, E., Zhang, B. et al. (2005) Multiple organ infection and the pathogenesis of SARS. Journal of Experimental
Medicine, vol. 202, no. 3, pp. 415-424. PMID: 16043521. DOI: 10.1084/jem.20050828 (In English)

Hoftmann, M., Kleine-Weber, H., Schroeder, S. et al. (2020) SARS-CoV-2 cell entry depends on ACE2 and TMPRSS2
and is blocked by a clinically proven protease inhibitor. Cell, vol. 181, no. 2, pp. 271-280. PMID: 32142651.
DOI: 10.1016/j.cell.2020.02.052 (In English)

Holbrook, E. H., Leopold, D. A. (2006) An updated review of clinical olfaction. Current Opinion in Otolaryngology
& Head and Neck Surgery, vol. 14, no. 1, pp. 23-28. PMID: 16467634. DOI: 10.1097/01.m00.0000193174.77321.39
(In English)

Hopkins, C., Kumar, N. (2020) Loss of sense of smell as marker of COVID-19 infection. ENT UK. [Online]. Available
at: https://www.entuk.org/loss-sense-smell-marker-covid-19-infection (accessed 20.06.2020). (In English)
Kallmann, F, Schoenfeld, W. A., Barrera, S. E. (1944) The genetic aspects of primary eunuchoidism. American

Journal of Mental Deficiency, vol. 48, pp. 203—236. (In English)

Kern, R. C., Quinn, B., Rosseau, G., Farbman, A. I. (2000) Post-traumatic olfactory dysfunction. Laryngoscope,
vol. 110, no. 12, pp. 2106-2109. PMID: 11129030. DOI: 10.1097/00005537-200012000-00025 (In English)
Kulaga, H. M., Leitch, C. C,, Eichers, E. R. et al. (2004) Loss of BBS proteins causes anosmia in humans and defects
in olfactory cilia structure and function in the mouse. Nature Genetics, vol. 36, no. 9, pp. 994—998. PMID:

15322545. DOI: 10.1038/ng1418 (In English)

Layman, W. S., McEwen, D. P, Beyer, L. A. et al. (2009) Defects in neural stem cell proliferation and olfaction
in Chd?7 deficient mice indicate a mechanism for hyposmia in human CHARGE syndrome. Human Molecular
Genetics, vol. 18, no. 11, pp. 1909-1923. PMID: 19279158. DOI: 10.1093/hmg/ddp112 (In English)

Leung, C. T., Coulombe, P. A., Reed, R. R. (2007) Contribution of olfactory neural stem cells to tissue maintenance
and regeneration. Nature Neuroscience, vol. 10, no. 6, pp. 720-726. PMID: 17468753. DOI: 10.1038/nn1882
(In English)

Li, Y.-C., Bai, W.-Z., Hashikawa, T. (2020) The neuroinvasive potential of SARS-CoV2 may play a role in the respiratory
failure of COVID-19 patients. Journal of Medical Virology, vol. 92, no. 6, pp. 552—555. PMID: 32104915. DOL:
10.1002/jmv.25728 (In English)

Li, W., Moore, M. ], Vasilieva, N. et al. (2003) Angiotensin-converting enzyme 2 is a functional receptor
for the SARS coronavirus. Nature, vol. 426, no. 6965, pp. 450—454. PMID: 14647384. DOI: 10.1038/nature02145
(In English)

Lin, B., Coleman, J. H., Peterson, J. N. et al. (2017) injury induces endogenous reprogramming and dedifferentiation
of neuronal progenitors to multipotency. Cell Stem Cell, vol. 21, no. 6, pp. 761-774. PMID: 29174332. DOL:
10.1016/j.stem.2017.09.008 (In English)

Mao, L., Jin, H., Wang, M. et al. (2020) Neurological manifestations of hospitalized patients with COVID-19
in Wuhan, China. JAMA Neurology, vol. 77, no. 6, pp. 683—-690. DOL: 10.1001/jamaneurol.2020.1127 (In English)

Moein, Sh. T., Hashemian, S. M. R., Mansourafshar, B. et al. (2020) Smell dysfunction: A biomarker for COVID-19.
International Forum of Allergy & Rhinology, vol. 10, no. 8, pp. 944—950. PMID: 32301284. DOI: 10.1002/alr.22587
(In English)

Mombaerts, P., Wang, F., Dulac, C. et al. (1996) Visualizing an olfactory sensory map. Cell, vol. 87, no. 4,
pp. 675-686. PMID: 8929536. DOI: 10.1016/s0092-8674(00)81387-2 (In English)

Mori, L. (2015) Transolfactory neuroinvasion by viruses threatens the human brain. Acta Virologica, vol. 59, no. 4,
pp- 338-349. PMID: 26666182. DOIL: 10.4149/av_2015_04_338 (In English)

Netland, J., Meyerholz, D. K., Moore, S. et al. (2008) Severe acute respiratory syndrome coronavirus infection
causes neuronal death in the absence of encephalitis in mice transgenic for human ACE2. Journal of Virology,
vol. 82, no. 15, pp. 7264—-7275. PMID: 18495771. DOI: 10.1128/JV1.00737-08 (In English)

Nomura, T., Tokahashi, S., Ushiki, T. (2004) Cytoarchitecture of the normal rat olfactory epithelium: Light
and scanning microscopic studies. Archives of Histolology and Cytollgy, vol. 67, no. 2, pp. 159-170. PMID:
15468955. DOI: 10.1679/aohc.67.159 (In English)

Oleszkiewicz, A., Schriever, V. A., Croy, L. et al. (2019) Updated Sniffin’ Sticks normative data based on an extended
sample of 9139 subjects. European Archives of Oto-Rhino-Laryngology, vol. 276, no. 3, pp. 719-728. PMID:
30554358. DOI: 10.1007/s00405-018-5248-1 (In English)

Richard, M., Taylor, S. R., Greer, C.A. (2010) Age-induced disruption of selective olfactory bulb synaptic circuits.
Proceedings of the National Academy of Sciences, vol. 107, no. 35, pp. 15613-15618. PMID: 20679234. DOI: 10.1073/
pnas.1007931107 (In English)

Roisen, E. J., Klueber, K. M., Lu, C. L. et al. (2001) Adult human olfactory stem cells. Brain Research, vol. 890,
no. 1, pp. 11-22. PMID: 11164764. DOI: 10.1016/s0006-8993(00)03016-x (In English)

Saito, H., Mimmack, M., Kishimoto, J. et al. (1998) Expression of olfactory receptors, G-proteins and AxCAMs
during the development and maturation of olfactory sensory neurons in the mouse. Developmental Brain
Research, vol. 110, no. 1, pp. 69-81. PMID: 9733924. DOI: 10.1016/s0165-3806(98)00096-0 (In English)

194 DOI: 10.33910/2687-1270-2020-1-3-187-195


https://doi.org/10.1242/dev.142653
https://doi.org/10.1084/jem.20050828
https://dx.doi.org/10.1016%2Fj.cell.2020.02.052
https://doi.org/10.1097/01.moo.0000193174.77321.39
https://www.entuk.org/loss-sense-smell-marker-covid-19-infection
https://doi.org/10.1097/00005537-200012000-00025
https://doi.org/10.1038/ng1418
https://dx.doi.org/10.1093%2Fhmg%2Fddp112
https://doi.org/10.1038/nn1882
https://dx.doi.org/10.1002%2Fjmv.25728
https://dx.doi.org/10.1038%2Fnature02145
https://dx.doi.org/10.1016%2Fj.stem.2017.09.008
https://doi.org/10.1001/jamaneurol.2020.1127
https://dx.doi.org/10.1002%2Falr.22587
https://doi.org/10.1016/s0092-8674(00)81387-2
https://doi.org/10.4149/av_2015_04_338
https://dx.doi.org/10.1128%2FJVI.00737-08
https://doi.org/10.1679/aohc.67.159
https://dx.doi.org/10.1007%2Fs00405-018-5248-1
https://doi.org/10.1073/pnas.1007931107
https://doi.org/10.1073/pnas.1007931107
https://doi.org/10.1016/s0006-8993(00)03016-x
https://doi.org/10.1016/s0165-3806(98)00096-0

E. B. Buzoaii, B. O. Camotiros

Schofield, P. W., Moore, T. M., Gardner, A. (2014) Traumatic brain injury and olfaction: A systematic review.
Frontiers in Neurology, vol. 5, article 5. PMID: 24478752. DOI: 10.3389/fneur.2014.00005 (In English)

Seiden, A. M. (2004) Postviral olfactory loss. Otolaryngologic Clinics of North America, vol. 37, no. 6, pp. 1159-1166.
PMID: 15563908. DOI: 10.1016/j.0tc.2004.06.007 (In English)

Vernetti, P. M., Rossi, M., Cerquetti, D. et al. (2016) Comparison of olfactory identification patterns among Parkinson’s
disease patients from different countries. Chemical Senses, vol. 41, no. 1, pp. 77-83. PMID: 26512070. DOI:
10.1093/chemse/bjv062 (In English)

Wheeler, D. L., Athmer, J., Meyerholz, D. K., Perlman, S. (2017) Murine olfactory bulb interneurons survive infection
with a neurotropic coronavirus. Journal of Virology, vol. 91, no. 22, article €01099-17. PMID: 28835503. DOLI:
10.1128/JV1.01099-17 (In English)

Williams, C. L., Mclntyre, J. C., Norris, S. R. et al. (2014) Direct evidence for BBSome-associated intraflagellar
transport reveals distinct properties of native mammalian cilia. Nature Communications, vol. 5, article 5813.
PMID: 25504142. DOI: 10.1038/ncomms6813 (In English)

Wintermann, G.-B., Donix, M., Joraschky, P. et al. (2013) Altered olfactory processing of stress related body odors
and artificial odors in patients with panic disorder. PLoS One, vol. 8, no. 9, article €74655. PMID: 24086358.
DOI: 10.1371/journal.pone.0074655 (In English)

Wrobel, B. B., Leopold, D. A. (2004) Clinical assessment of patients with smell and taste disorders. Otolaryngologic
Clinics of North America, vol. 37, no. 6, pp. 1127-1142. PMID: 15563906. DOI: 10.1016/j.0tc.2004.06.010
(In English)

Wu, Y., Xu, X., Chen, Z. et al. (2020) Nervous system involvement after infection with COVID-19 and other
coronaviruses. Brain, Behavior, and Immunity, vol. 87, pp. 18—-22. PMID: 32240762. DOI: 10.1016%2F;j.
bbi.2020.03.031 (In English)

Xydakis, M. S., Dehgani-Mobaraki, P., Holbrook, E. H. et al. (2020) Smell and taste dysfunction in patients
with COVID-19. The Lancet Infectious Diseases, vol. 20, no. 9, pp. 1015-1016. PMID: 32304629. DOI: 10.1016/
$1473-3099(20)30293-0 (In English)

Yan, C. H., Faraji, F, Prajapati, D. P. et al. (2020) Association of chemosensory dysfunction and COVID-19 in patients
presenting with influenza-like symptoms. International Forum of Allergy & Rhinology, vol. 10, no. 7, pp. 806—813.
PMID: 32279441. DOI: 10.1111/alr.22579 (In English)

Youngentob, S. L., Schwob, J. E., Saha, S. et. al. (2001) Functional consequences following infection of the olfactory
system by intranasal infusion of the olfactory bulb line variant (OBLV) of mouse hepatitis strain JHM. Chemical
Senses, vol. 26, no. 8, pp. 953—963. PMID: 11595672. DOI: 10.1093/chemse/26.8.953 (In English)

UnmeepamusHas gﬁusumoeuﬂ, 2020, m. 1, Ne 3 195


https://dx.doi.org/10.3389%2Ffneur.2014.00005
https://doi.org/10.1016/j.otc.2004.06.007
https://doi.org/10.1093/chemse/bjv062
https://dx.doi.org/10.1128%2FJVI.01099-17
https://dx.doi.org/10.1038%2Fncomms6813
https://doi.org/10.1016/S1473-3099(20)30293-0
https://dx.doi.org/10.1371%2Fjournal.pone.0074655
https://doi.org/10.1016/j.otc.2004.06.010
https://dx.doi.org/10.1016%2Fj.bbi.2020.03.031
https://dx.doi.org/10.1016%2Fj.bbi.2020.03.031
https://dx.doi.org/10.1016%2FS1473-3099(20)30293-0
https://dx.doi.org/10.1016%2FS1473-3099(20)30293-0
https://dx.doi.org/10.1002%2Falr.22579
https://dx.doi.org/10.1093%2Fchemse%2F26.8.953

Unumeepamusuas ¢gusuoroeus, 2020, m. 1, Ne 3
Integrative Physiology, 2020, vol. 1, no. 3
www.intphysiology.ru

UDC 159.91

O630pwi

DOI: 10.33910/2687-1270-2020-1-3-196-201

Cardiorespiratory feedback training as a non-pharmacological
intervention and its application in stroke patients

V. V. Kemstach™", L. S. Korostovtseva® L. V. Sakovskiy', M. V. Bochkarev?,

A. N. Alekhin!, Yu. V. Sviryaev*?

! Herzen State Pedagogical University of Russia, 48 Moika River Emb., Saint Petersburg 191186, Russia
2 Almazov National Medical Research Centre, 2 Akkuratova Str., Saint Petersburg 197341, Russia
*Sechenov Institute of Evolutionary Physiology and Biochemistry, Russian Academy of Sciences,

44 Toreza Avenue, Saint Petersburg 194223, Russia

Authors

Valeria V. Kemstach, SPIN: 6370-
8744, ORCID: 0000-0002-0047-3428,
e-mail: v.kemstach@icloud.com
Lyudmila S. Korostovtseva,

SPIN: 2587-1588,

ORCID: 0000-0001-7585-6012,
e-mail: lyudmila korosto@mail.ru
Igor V. Sakowsky, SPIN: 1090-3333,
ORCID: 0000-0001-8947-1463,
e-mail: Igor.sakowsky@yandex.ru

Anatoly N. Alekhin, SPIN: 8042-3024,
ORCID: 0000-0002-6487-0625,
e-mail: termez59@mail.ru

Mikhail V. Bochkarev, SPIN: 5518-
3304, ORCID: 0000-0002-7408-9613,
e-mail: michail bv@list.ru

Yurii V. Sviryaev, SPIN: 5907-1097,
ORCID: 0000-0002-3170-0451,
e-mail: yusvyr@yandex.ru

For citation: Kemstach, V. V.,,
Korostovtseva, L. S., Sakowsky, L. V.,
Alekhin, A. N., Bochkarev, M. V.,
Sviryaev, Yu. V. (2020)
Cardiorespiratory feedback training
as a non-pharmacological
intervention and its application

in stroke patients. Integrative
Physiology, vol. 1, no. 3, pp. 196-201.
DOI: 10.33910/2687-1270-2020-1-3-
196-201

Received 11 April 2020; reviewed
13 May 2020; accepted 14 May 2020.

Funding: This research was funded
by research grant No. 20-013-00874
(Russian Foundation for Basic
Research).

Copyright: © The Authors (2020).
Published by Herzen State
Pedagogical University of Russia.
Open access under CC BY-NC
License 4.0.

196

Abstract. The interaction between cardiovascular and respiratory systems
is a reciprocal one mediated by mechanical factors, autonomic nervous system,
and baroreflex regulation and manifested in the changes in heart rate, blood
pressure and ventilation. These changes can be rather easily registered
and measured, which opens the opportunity for clinical use (both in diagnostics
and therapy).

In the paper we briefly review the potential role and implementation
of cardiorespiratory biofeedback in treating patients with neurological diseases,
in particular, stroke survivors. The available evidence suggests that this method
based on the existing cardiorespiratory coupling mechanisms may prove its
efficacy in treating a range of medical conditions including cerebrovascular
disorders. The prospects of cardiorespiratory biofeedback application
in improving a stroke patient’s quality of life (including physical, emotional,
and cognitive levels) and clinical status require further investigation.
The topicality of determining the long-term effect of novel non-pharmacological
interventions as an adjunct to conventional therapies is defined by their
limitations and significant pharmacological load.

Keywords: cardiorespiratory coupling, cardiorespiratory feedback, biofeedback,
cerebrovascular diseases, neurological diseases, stroke, heart rate variability
biofeedback, non-pharmacological intervention.
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Interaction between cardiovascular
system and respiration

The interaction between cardiovascular and re-
spiratory systems has been extensively studied
and described in its physiological and pathological
variants. It is a reciprocal interaction which is me-
diated by mechanical factors (location of the lungs
and the heart in the thoracic cavity, changes
of the thoracic pleural pressure during respiration),
autonomic nervous system (in particular, vagal
activity), and baroreflex regulation, and is mani-
fested in the changes in heart rate, blood pressure
and ventilation (well-known manifestations are
cardiopulmonary reflexes, respiratory sinus ar-
rhythmia, etc.) (Bronicki et al. 2016). These changes
can be rather easily registered and measured,
which opens an opportunity for clinical use (both
in diagnostics and therapy).

In this paper we will discuss the available thera-
peutic approaches based on (bio)feedback, which
involve cardiorespiratory coupling and can be used
in the comprehensive treatment of stroke.

Heart rate variability biofeedback

One of the non-pharmacological interventions
targeting cardiovascular homeostatic reflexes (Ge-
virtz 2013) is heart rate variability biofeedback
(HRVB), also referred to as respiratory sinus ar-
rhythmia (RSA) biofeedback.

Heart rate variability refers to a measure of the vari-
ation among the intervals between consecutive
heartbeats over time (Thayer et al. 2012). There is
a range of measures used in order to assess HRV,
among them standard deviation of all intervals
between heartbeats in 24 hours, standard deviation
of 5 minute intervals, root mean square of successive
differences, and RSA.

RSA corresponds to the increase in heart rate
with inhalation and the decrease in heart rate with
exhalation and is considered to be a measure
of physical and emotional resilience and a reliable
physiological marker of autonomic balance, ho-
meostatic regulation, and adaptive stress-response.
Low HRV is associated with increased risk of mor-
tality, and HRV has been proposed as a marker
for disease (Thayer, Lane 2007).

In HRVB a participant practices a diaphrag-
matic breathing technique during which their
breathing slows down to 67 breaths per minute,
and RSA is maximized and matched to heart rate
patterns. When the pre-assigned training threshold
is surmounted, the participant receives feedback
which helps to promote and reinforce this physio-
logical pattern.
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Operant conditioning model

To some extent we can refer to operant condi-
tioning model (described by B. F. Skinner) when
we explore different types of biofeedback (HRVB,
EMG biofeedback, EEG biofeedback, galvanic skin
response biofeedback, etc.). Operant conditioning
as a method of learning establishes the link between
a particular type of behaviour and its conse-
quences. Thus, the target physiological pattern
(“behaviour”) is positively rewarded, and after
sufficient training tends to become reinforced.
Essentially, the efficacy of the training signifi-
cantly depends on a patient’s motivation and
compliance, as well as the ability of the therapist
to design optimal training protocol, determine
and adjust training thresholds and keep biofeed-
back in line with other interventions which are
being applied, i. e. psychotherapy.

HRVB: applications and possible mechanisms

Gevirtz (2013) summarizes scientific sources
on the application of HRVB in various disorders
and distinguishes the following clusters:

1. Asthma and chronic obstructive pulmonary
disease, functional gastrointestinal disorders, car-
diovascular disorders, fibromyalgia, hypertension,
and chronic muscle pain are considered to be af-
fected by HRVB by means of improved autonomic
regulation.

2. Depression, anxiety, and sleep disorders are
considered to respond to HRVB via central effects
by way of the vagal afferent nerve. Optimal perfor-
mance is considered to be another intervention
target within this proposed mechanism.

3. Lehrer et al. (2010) suggest that HRVB de-
creases autonomic dysfunction produced by lipo-
polysaccharide-induced inflammation in patients
with inflammatory conditions. Thus, further research
is necessary to determine the utility of HRVB in modu-
lating dysfunctional inflammatory responses.

According to Eddie et al. (2015), HRB has poten-
tial as an add-on intervention for established substance
use disorders treatment protocols as a method
to ameliorate autonomic nervous system dysregula-
tion in key processes implicated in the development
and maintenance of addictive pathology — affecting
dysregulation and craving.

Biofeedback application in stroke:
targets and delivery

Here we will focus on stroke as a leading cause
of disability among neurological diseases. Effective
non-pharmacological rehabilitation methods are
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constantly being sought to complement conven-
tional therapies, among them non-invasive brain
stimulation, brain-machine interfaces, biofeedback,
various types of psychotherapy, etc.

The most common biofeedback therapeutic
targets in stroke patients are gait biomechanics
and upper limb and lower limb sensorimotor defi-
cits. Recent research also investigates the effects
of neurofeedback on brain plasticity and cognitive
processes (Kober et al. 2017).

Biofeedback is traditionally delivered via visual,
acoustic or haptic modalities. It means that the in-
formation on physiological changes (muscle tension,
heart rate, breathing, electrical activity of the brain,
skin conductance, temperature, etc.) is measured
by electrical sensors and fed back to the patient via
stimuli of different modalities (pictures/video, sound,
or multimodal biofeedback). As well as a training
tool, biofeedback equipment can serve diagnostic
purposes: it can be used to register and analyze
the above-mentioned data.

Virtual reality (VR) environment is a novel
biofeedback delivery channel. It is an environment
generated by technical means replicating reality
as closely as possible, which is transmitted to a per-
son via visual, acoustic or haptic modalities.
VR simulates both exposure and response to ex-
posure. In order to create a convincing image
of reality, a computer synthesis of the character-
istics of and reactions to VR is performed in real
time, involving various technologies.

VR, which began its development in the form
of computer games, quickly proved itself as an ef-
fective method of neurorehabilitation. A major
experience in using VR has been accumulated
in the field of motor function recovery after stroke
(Cirstea, Levin 2000; Bourbonnais, Vanden Noven
1989; Bourbonnais et al 1992).

One possible feature determining the efficacy
of VR in motor function recovery after stroke
is the stimulation of motor imagery by means
of visual feedback. Research literature distinguishes
two components of motor imagery: the visual and
the kinaesthetic one. In the VR method, positive
visual feedback is added to the imagery. To date,
therapeutic efficacy of motor imagery (imaginary
movements) on the development of motor skills
has already been shown in many studies, both
in healthy subjects and in pathology. Experiments
have shown that in healthy volunteers, the same
areas of the brain are activated during motor im-
agery training as during real movement, but with
a slightly lower degree of involvement of the pri-
mary motor cortex (M1) and with some difference
in topography (Lotze, Halsband 2006; Sharma,
Pomeroy 2006; Simmons et al. 2008). Thus,
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the movement recreated in a virtual environment
is perceived by the brain as a real motor act and
is reinforced by positive visual feedback, which
in turn activates the undamaged parts of the motor
cortex, contributing to the functional restructuring
of neural connections and brain plasticity. To our
knowledge, the VR environment interface is not
currently used in HRVB, however, further develop-
ment and integration of these technologies cannot
be excluded in the future.

Potential levels of cardiorespiratory
biofeedback intervention in stroke: opinion

To our knowledge, no systematic research has
been undertaken to explore the effects of cardio-
respiratory feedback on physical, emotional, cogni-
tive or functional activity levels in stroke survivors.
We will discuss the potential effect of this type
of biofeedback on selected targets of post-stroke
rehabilitation, specifically autonomic regulation,
sleep, and emotional regulation.

1. Autonomic regulation

Impaired autonomic regulation, reflected
in a predominance of sympathetic activity, is reg-
istered in stroke survivors (Hilz et al. 2019). It is
yet to be discovered whether interventions (or
some specific types of interventions) that target
sympathetic activity inhibition or parasympa-
thetic activity promotion might be associated with
a better prognosis. Therefore, parasympathetic
reflex stimulation by means of HRVB training may
reinforce the improvement of autonomic regula-
tion after stroke.

2. Sleep

Sleep disorders are common after stroke and
are associated with various adverse outcomes (Seiler
et al. 2019).

Sympathetic overactivity including insomnia
and obstructive sleep apnoea syndrome is reported
in patients with sleep disturbances (Abboud, Kumar
2014). Without timely intervention acute insomnia
tends to transform into a chronic form.

Hyperarousal is considered a central element
in current etiological models of the insomnia dis-
order (Kalmbach et al. 2018). Cerebral hyper-
arousal affects somatic, cognitive and emotional
functioning. Common comorbidities of insomnia
include anxiety and mood disorders.

Non-pharmacological methods are considered
to be the first-choice treatment for stroke-induced
sleep problems. HRVB promotes parasympathetic
effects via greater vagus nerve traffic, thus helping
to initiate and maintain sleep.
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3. Emotional regulation

The most common neuropsychiatric distur-
bances due to stroke are depression, anxiety and
apathy (Ferro et al. 2016). About one-third of stroke
patients suffer from these conditions resulting
in impeded rehabilitation, more disability, a higher
risk of stroke recurrence, impaired social function-
ing, decreased quality of life, and an overall poor
prognosis. Moreover, hypothalamic-pituitary-
adrenal (HPA) axis and stress response are impaired
in depressive patients (Pariante, Miller 2001), and
stress axis activity correlates with post-stroke cog-
nitive impairment. According to recent TABASCO
study, elevated HPA axis activity predicts lower
cognitive outcomes after stroke (Ben Assayag et al.
2017).

The relationship between stroke and depression
is described differently by the neuroanatomical
and the psychological theory (Gainotti, Marra 2002).
The neuroanatomical theory suggests that a left
frontal stroke might cause a major post-stroke
depression, while the psychological theory con-
siders post-stoke depression to be a result of psycho-
social adjustment following stroke.

Depression influences several functional levels,
i. e. mood, cognition, and physiology. It provokes
a shift in autonomic regulation towards sympa-
thetic effects and decreased HRV (Kemp et al. 2014;
Koschke et al. 2009).

Research in a group of subjects with major de-
pressive disorder (MDD) suggests that HRVB may
promote a decrease in depressive symptoms (Kara-
vidas et al. 2007). The authors presume that regu-
lar exercise of homeostatic reflexes contributes
to the treatment of depression even when the
changes in baseline HRV are less significant. Seve-
ral other sources have also reported that HRVB
might show efficacy in reducing symptoms of de-
pression and anxiety (Patron et al. 2013; Henriques
et al. 2011; Tan et al. 2011).

We hypothesize that HRVB may be a promising
non-pharmacological intervention targeting baro-
reflex function and vagus nerve activity in treating
post-stroke depression as well. In addition, HRVB
helps a patient to transfer his or her attention

to the process of breathing and muscle relaxation
and distract it from maladaptive repetitive thoughts
and emotional tension.

HRVB may be a useful adjunct to psychothera-
py and antidepressants, bearing in mind that anti-
depressant medications do not increase HRV and
may even decrease it, according to some studies
(Bassett 2016; Gorman, Sloan 2000), and consider-
ing potential cardiotoxic effects of certain tricyclic
antidepressants (Kahl 2018).

Conclusion and future work

HRVB is a relatively new area of research,
and its potential in complex therapy of stroke is
yet to be discovered. Existing research suggests
that it may prove its efficacy in treating a range
of medical conditions including cerebrovascular
disorders. The prospects of cardiorespiratory bio-
feedback application in improving a stroke patient’s
quality of life (including physical, emotional, and
cognitive levels) and clinical status require further
investigation. The topicality of determining the
long-term effect of novel non-pharmacological
interventions as an adjunct to conventional thera-
pies is defined by their limitations and significant
pharmacological load.
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Annomanyus. Taviaabtbie kaetku (I'K) siBAastoTcst HanboAee pacrpocTpaHeHHbIM
TUIIOM KA€TOK B LIEHTPAABHOI HEPBHOI cCTeMe. VIHTepec K HM 3HAYUTEABHO
YBEAUYUACS 38 IOCAEAHVIE AECSITUAETSI ITO MEPe OCO3HAHMSI TOTO, YTO TAMS
SIBASIETCSI HE TOABKO «OIOPHBIMM» KAETKAMU AASI HENIPOHOB, HO TaKXe
peryAupyer BasKHble aCIIeKThbl Pa3BUTHs U GYHKLVOHUPOBAHWS HEPBHOII
cucteMbl. Y 1103BOHOYHBIX 'K BBIMOAHSIIOT ONMOpPHYIO, TpOodUIECKYIO,
CEKPETOPHYIO, PasTPaHUYUTEABHYIO U 3alUTHYI0 GyHKuuKu. Hecmorps
Ha TO, YTO HepBHas cucrtema Drosophila melanogaster oTHOCUTEABHO
MpoCTa MO CBOEN CTPYKTYpe, el NPUCYIM XapaKTePUCTUKU CAOKHO
YCTpO€EHHOI1 ranu MaekonuTaomyx. Cxoxects ranu Drosophila melanogaster
Y MAEKOMUTAMMX HA MOAEKYASIPHOM U MOP(OAOTMYECKOM YPOBHE AQeT
BO3MOKHOCTb IIPEAIIOAOXKUTD, YTO UCCAEAOBAHUE TAUU OECIIO3BOHOUHBIX
HO3BOAUT AyMLIIE IOHSITb OCHOBHBIE BOIIPOCHI PA3BUTHSI TAUM Y MAEKOIIMTAIOLIVX.
Vicnioab3oBanue Drosophila melanogaster paeT BO3MO>XKHOCTb U3y4aTh
PasAMYHBIE HEMIPOH-TAMAABHbIE B3aXIMOAEVICTBISI B MHTAKTHOM OPraHU3Me,
a ICIIOAB30BaHIe€ IINPOKOro Habopa MOAEKYASIPHO-TEHETUYECKIX METOAOB
[TO3BOASIET ICCAEAOBATb (PYyHAAMEHTAABHBIE BOIIPOCHI IPUPOADBI TAUN.
B 0630pe paHa KaaccubuKaLms TAMAAbBHBIX KA€TOK Drosophila melanogaster,
OIMCaHbl U3BECTHbIE HA CETOAHSIIHUI AeHb (QYHKLMYU BCEX TUIIOB IAUU
HaCEKOMOTO, a TaK)Xe [IPOBEAEHO CpaBHeHMe (YHKUUI Pa3HBbIX TUIIOB
TAVAABHBIX KAETOK MAEKOIIMTAIOILIMX U APO30(UABL.

Karouesote crosa: ravaabHbie KaeTKY, Drosophila melanogaster, HepBHas
CHUCTEeMA, HeIPOHbI, HEM PO Ab.
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Beepaenue

Abstract. Glia is the most common cell type in the central nervous system.
Interest in them has increased significantly over the past decades as it has
become clear that glia are not just “support” cells for neurons. They also
regulate important aspects of the development and functioning of the nervous
system. In vertebrates, glial cells perform supporting, trophic, secretory,
dividing and protective functions. Despite the fact that the nervous system
of Drosophila melanogaster has a simple structure, it is similar in function
to mammalian glia. The similarity of glia of Drosophila melanogaster
and mammals at the molecular and morphological levels suggests that
the study of invertebrate glia will provide a better understanding of the main
issues in the development of glia in mammals. Using Drosophila melanogaster
makes it possible to study various neuron-glia interactions in an intact
organism and the use of a wide range of molecular genetic methods allows
us to investigate fundamental questions about the nature of glia. The review
presents the classification of glial cells in Drosophila melanogaster, describes
the currently known functions of all glial cell types in insects, and compares
the functions of various glia types of mammals and Drosophila glial cells.

Keywords: glial cells, Drosophila melanogaster, nervous system, neurons,
neuropil.

yepBeit. [TuABKM cHAGXKeHbI OYEHDb CITeLIAAU3U-
POBAHHON TMTaHTCKON KAETOYHOIT TAMeN, obe-

TepMuH «Heporausi» (0T ApeBHErpeY. «Heil-
POH» — «BOAOKHO», KHEPB» U «TAUSI» — «KA€I1»)
BBeA Pypoabpd Bupxos B 1846 roay (Gilyarov
1986). Hertporaus npeacTaBasieT co001 COBOKYII-
HOCTD CIIELJIaAbHBIX BCIIOMOI'aTE€AbHBIX KAETOK
HEPBHOII TKaHU, KOTOPBIE YYaCTBYIOT B MeTa00-
AVI3Me€ HEIPOHOB U 3aIIOAHSIOT NIPOCTPAHCTBO
MEXAY HelIpOHaMU U OKPYKAIOIMMMU MX KaIlUA-
asipamu. ['anaapuble KaeTku (I'K) npucyrcrByror
MPaKTUYeCKN Y BCeX IPEACTABUTEAE! )KUBOTHOTO
yapcrBa. [Ausa xopoIo pa3BUTa y KOAbYATBIX

UnmeepamusHas gﬁusuwloeu,q, 2020, m. 1, Ne 3

CIie4MBalollell MMTaHNe HEIPOHOB IIPYU AAUTEAD-
HOM T'OAOAQHUY KMBOTHBIX. OAHAKO CyIIecT-
BYIOT OPraHM3Mbl, B HEPBHOJII CHUCTeMe KOTO-
PBIX Ha AQHHBII MOMEHT I'AUsI He OOHapy>KeHa.
TaxuM NpUMepOM SIBASIIOTCSI KMILIEYHOTIOAOCTHBIE
(Zavarzin 2000).

HecMoTpst Ha Ba)XHYI0 POAb TAUM, IPUPOAQ
TAVIAABHBIX KAE€TOK OCTA€eTCsI MAaAOM3Yy4YEeHHOIL.
PasAMYHBIX HACEKOMBIX, B IIEPBYI0 OYEPEAD IIAO-
AOBYI0 MyLIKy Drosophila melanogaster (Dr. mela-
nogaster) u MOTbIAbKA Manduca sexta, ycreimHo
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Paszsumue, cmpykmypa u pyHKyuu 2AuarvHoix kremok Drosophila melanogaster

VICTIOAB3YIOT B KQU€CTBE MOAEABHBIX OPTraHN3MOB
AASI ICCAEAOBaHUS PYHKLMM TAMM B IIpoLiecce
pas3Butus opranuama. OpAHaKO B HEKOTOPBIX
paborax 4yacTo o6Cy>XpaeTcsi BOIpoc o PpyHK-
L[JIOHAABHOM ¥ 3BOAIOLMOHHOM paszanuuyu ['K
MO3BOHOYHBIX U 0ecro3BOHOYHBIX. Hanpumep,
y Dr. melanogaster reH gcm sBAsieTCSI HEOOXOAU-
MBIM U AOCTaTOYHBIM (PAKTOPOM, OIIPEAEASIIOIINM
crietmaausauuio I'K, B To BpeMms Kak y MAeKonu-
tawowux gem (glial cells missing) reH, 1o-BUAUMOMY,
He Y4aCTBYeT B AQHHOM IIPOLeCCe, YTO MOXET
yKa3bIBaTh Ha pa3AMYHbIE MEXAaHU3MBI, OIIpEAe-
astiomue cnenaansanuio 'K (Freeman, Doherty
2006). OpHako nporeccsl Mopdorenesa (murpa-
LMsI KAETOK, A€A€HIEe Ha pa3AMYHbIE ITOATUIIBL,
B3aIMOAENICTBYE C HelIpOHaMU 1 o0epThIBaHMe
HelipoHa) 1 GyHKLyM ranu B 3peaoit LIHC (muranne
HeVIPOHOB, popMMpOBaHMe reMaTosHLehasne-
ckoro 6appepa (I'DB), ynmpaBaeHue HellpOHHOM
AKTVBHOCTBIO) OYeHb ITOXOXXM HAa MOAEKYASIPHOM
ypoBHe y Dr. melanogaster n'y mo3BOHOUHBIX. bo-
Aee TOTO0, pPa3BUTHE HEMPOHA, HAYMHASI C HAaBeAEHNs
aKCOHa U 3aKaH4YMBast GOpPMUPOBAHNEM CUHAIITHU-
4eCKIX CBsI3€ll, peryAupyercs raven y Dr. melano-
gaster ¥ MAEKOTIUTAIOIMX OAMHAKOBO. Vcroabp30-
BaHue Dr. melanogaster AaeT BO3MOXXHOCTb U3y4aTh
pa3AMYHble HEMPOH-TAMAAbHBIE B3aMIMOAEVICTBHUA
B MHTaKTHOM OpPraHM3Me, & MICIIOAb30BaHMe IPO-
KOTro Habopa MOAEKYASIPHO-TEHETUYECKUX METO-
AOB TMO3BOASIET VICCAEAOBATb (PYHAAMEHTAABHBIE
Borpoch mpupopbt 'K (Stork et al. 2012).

Kaaccudukauys u Gynkmym
TAMAABHBIX KAETOK

HepBHas TKaHb, KpOMe HEMPOHOB, COAEPKUT
KAETKMU ellle OAHOTO BMAQ — TAMAAbHBIE KAETKMU.
DTU KAeTKU 00eCleunBaioT MUTAHUE Y HOPMAaAD-
Hoe (QPYHKILIVIOHVPOBaHMEe HEIPOHOB, & TAIOKE ITOA-
AEP>KUBAIOT IIOCTOSIHCTBO CPEABI BOKPYT HEJIPOHOB.
TAust rpaeT poAb 9AEKTPUUECKOTO U30ASATOPA,
a TaK)Xe CAY)XUT IMPOCTPAHCTBEHHBIM OapbepoM
AASL paCIpOCTPaHEHUSI MEAUATOPOB U MOHOB.
I'K yyacTByIOT B Ipoljecce HaBUraLii aKCOHOB.
BAaaropapst cBoent CltocCOOHOCTU K AEAE€HUIO B Te-
yeHue Bcell )XusHu opranusma 'K yuactsylor
B IIpOliecce BOCCTAHOBAEHUS U pereHepanuu
HepBHoI1 TKaHu (Allen, Lyons 2018). ¥ maekomnu-
taroiux ['K sBAstioTCS HAaboAee pacpocTpaHeH-
upiMu KaeTtkamu LTHC u coctaBasitor Ao 90 %
OT 0011ero KoAndecTsa Kaetok mosra (Blinkov,
Glezer 1968). Y HaceKOMbIX HEPBHAsI CCTEMA CO-
Aepxxut 3HaunTeabHo MeHble ['K. Tak, ToabKO
10% 13 90 000 kaetox 3peaoit LIHC Drosophila
melanogaster siBasiiotrcst rauaabubiMu (Edwards,
Meinertzhagen 2010).
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1.1. Tunvt 2AUANbHBLX KACHHOK MAeKOnumarnuiux

Cyl1jecTByeT MHOXKECTBO CIIOCODOB KAQCCU-
dukaruu raun. I'K MmoxxHO KAaccubuumpoBaThb
IO PaCIOAOXEHMIO, ITo YAbTpacTpyKType (Hoyle
1986), dyukuuu u skcnpeccuu renos (Edwards,
Meinertzhagen 2010). ¥ MaekonuTaoLuX BCe
KAETKU HEeMPOTAUU MO aHATOMUYECKUM KPpU-
TEPUSIM AEASIT Ha KAETKM HEeIPOTAUM B MO3Te,
K KOTOPBIM OTHOCSITCSI aCTPOLIUTHI, OAUTOAEHAPO-
LUTHI, SIIEHAMMAa U MUKPOTAUS, U HA KAETKU
B [THC — mBaHHOBCKME KAETKU. ACTPOLIUTHI,
OAUTOAEHAPOLIUTBHI, STIEHAVMY U IIBAaHHOBCKME
KAETKU OOBEAUHSIIOT B MAKPOTAUIO.

1.1.1. Acmpoyumut

AcTtpouuTel cocTaBAsioT puMepHO 30 % KAETOK
LIEHTPaAbHOIT HEPBHOI CUCTEMbI MAEKOTTUTAOIUX
(Vasile et al. 2017). 9To — 60AbIIME 3Be3A000pas-
Hble KAETKY C MHOTOYMCAEHHBIMY TOHKVMMU OT-
POCTKaMU, ONAETAIOLIVMMY HEIPOHBI I CTEHKU
KamuAASIpoB. OTPOCTKM aCTpPOLIMTOB 00pasyioT
XapaKTepHbIe CIIAETEHMSI, KOOKAQAKY» BOKPYT
KPOBEHOCHBIX COCYAOB, TEA ¥ OTPOCTKOB HEPBHBIX
KAETOK, & TAK)Xe Ha TOBEPXHOCTY CEPOro BellecTBa
HEPBHBIX LIEHTPOB 1 IT0A CAOEM SIIEHAVIMHO TAVIM.
Takum ob6pasom, popMupyeTcs cucteMa MEXKAETOY-
HBIX IIleA€eVl I IPOCTPAHCTB, 10 KOTOPOM OCYIIeCT-
BASIETCSI TPQHCIIOPT BelleCTB, HEOOXOAUMBIX AASI
XKM3HEAESITEABHOCT) HEPBHBIX KAETOK (Zavarzin
2000). Kpome Toro, aTa cuctema BMeCTe C COCYAU-
CTBIM DHAOTEAMEM 00pa3yeT CTPYKTYPHYIO OCHOBY
I'9B, 06ycAOBAMBAIOLIETO CTPOTrUiL CrIeLMUIeCcKnit
KOHTPOAB 32 IIOCTYNAIOLIMMY K HEPBHBIM KAE€TKaM
xuMmnueckumu coepunenusmu (Obermeier et al.
2016). ACTpOLINTBI AEASIT Ha ABE IOATPYIIIIBL: (U~
OpUAASIpHbIE aCTPOLIUTBI M TAA3MaTUY€ECKYEe aCTPO-
uuThl. QUOPUAASPHBIE ACTPOLUTDI UMEIOT TOHKIE
VI CUABHO BETBSIIIMECS] OTPOCTKMU, COAEpIKallye
00ABIIIOE KOAMYECTBO CIIELIAAV3MPOBAHHBIX (U-
OpUAASPHBIX CTPYKTYp. OHM Tpe00AaAQIOT CpeArt
IIYYKOB MUEAVHU3MPOBAHHBIX BOAOKOH (B OeAoM
BellecTBe Mo3ra). [TaasmaTuyecKme acTpOLUTHI
copep)KaT MeHblle GUOPUAASIPHOTO MaTepuaAa
Y PacIpoCTpaHEHbI B CEPOM BeljeCTBe BOAUBMU TEA
HEIIPOHOB, ACHAPUTOB U CMHAICOB. [[aasMaTiueckue
ACTPOLUTBI XapaKTEPU3YIOTCS CAA00 BETBSILM-
mucst orpoctkamu (Zavarzin 2000). O6a tumna
ACTPOLMTOB 00Pa3yIOT KOHTAKTHI C KAMMAASPAMU
u "ertponamu (Leiserson et al. 2000).

1.1.2. OauzodeHopoyumot

OauropeHaporuThi (0Kk0A0 25—30 % oT 0b111ETO
yncaa ['K) mpeacTaBasiioT co6011 OKpYTrAble KAETKU
MEHbIILIEro pa3Mepa ¢ KOpOTKUMMU oTpocTKamu. Kak
npasuAo, ['K aToro tumna HemocpeACTBEHHO KOH-
TaKTUPYIOT C TEAAMU HEPBHBIX KAETOK. OAUTOAEH-
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APOLUTBI GOPMUPYIOT MUEAVHOBBIE 0O0OAOYUKM
KPYITHBIX aKCOHOB, TEM CaMbIM OOecrevnBasi
ux usoasyuo. Kpome T0ro, 0AUroAe€HApPOLUTHI
BBIITOAHSIIOT TPOPUUECKYIO DYHKIMIO I10 OTHOLIIE-
HUIO K HEMIpOHAM, NMPUHUMasl aKTUBHOE y4acTue
B ux Metaboausme (Dimou, Simons 2017).

1.1.3. Snenouma

DIeHAMMA COCTOUT U3 KAETOK LIMAVIHAPUYECKOI
dbopmbl, HA CBOOOAHOM KOHI[Ee PACIIOAATAIOTCS
pecHUYKM, OMeH1e KOTOPBIX CIIOCOOCTBYET LIUPKY-
ASILIMY CIIMHHOMO3TOBOI X1aKocTy. Ha mpoTuBo-
IIOAO>XKHOM KOHLIE KAETKY B MO3T OTXOAUT AAVHHBIY,
BETBSINIICS OTPOCTOK. KAeTKM ar1eHAMMBI BbI-
CTUAQIOT CTEHKM KeAYAOUKOB I'M 1 LieHTpaABbHbIN
KaHAA CIIMHHOTO MO3ra. DIEHAMMA UIPAeT POAb
6apbepa MesKAY KPOBbBIO U CIIIHHOMO3TOBOI JKUA -
kocteio (Delgehyr et al. 2015).

1.1.4. Muxpoerus

Mukporaust — kaacc ['K LTHC, BpinmoaHsrommx
POAB (parolUTOB, KOTOPbIE YOMPAIOT OMEPTBEBIIVE
y4acTku HepBHo1 TKanu (Boche et al. 2013). Muxpo-
TAVIsI OOpa3yeTcs U3 KAETOK COEAVHUTEABHON
TKaHU M COCTABASIET OKOAO 10% oT 0011ero yncaa
KAeToK Heviporann. B LJHC mukporaus npeacras-
A€Ha MEAKVMU KAETKaMU C oTpocTKamu. KaeTku
MUKpPOTrAMK $HarouuTUPYIOT MPOAYKTEI HEPBHOI
TKaHU Y IIOCTOPOHHYE YaCTUILIBL.

1.1.5. llIBaHHOBCKUE KACKU

IIsarnHOBCKMe KAeTKM HaxoaaTes B ITTHC (Kidd
et al. 2013). OHM y4acTBYIOT B 00pa3oBaHUM M1e-
AVIHOBOTO CAOsI BOKPYT IepuQepuitHbiX HEPBOB.
OAHaKO B MECTaX KOHTAKTA IIBAHHOBCKUX KAETOK
MIMEIOTCS yYaCTKM, CBOOOAHBIE OT MUEAVHOBOM
000A04YKK. OTPOCTOK HEPBHONM KAETKU B TAKUX
Yy4YaCTKaxX U30AMPOBaH OT OKPYKAIOLIUX TKaHEI
AVIIb TOHKAM CAO€M IIBAaHHOBCKMX KAeTOK. Ha-
AMYYie TAaKUX YYACTKOB 00€eCIiedrBaeT BO3MOXKHOCTh
60Aee OBICTPOro MPOBEAEHNST HEPBHOT'O MMITYAbCA.

1.2. Iruaarvuwie kremku Dr. melanogaster

B npouecce passutus Dr. melanogaster ot am-
OpMOHA AO MMAro BBIAEASIIOT TPU OCHOBHBIX TUIIA
I'K LTHC, mopdoaornyecku 1 GyHKLMIOHAABHO
cxoxue ¢ Tunamu 'K Mmaexonmraronyx: raus Kop-
TEKCa, TAUS HEVPONMAS U ITIOBEPXHOCTHAS TAMS,
a taxoke nepudepuriHas raus B [THC Hacekomoro.

1.2.1. IlosepxHOCMHAA 2AUA

KAeTku MoBepXHOCTHOM rauy 00pasyoT Ha-
pyxHbIil caroit DB, KoTOpoil OTAeAsIeT HEPBHYIO
CUCTEMY OT TeMOAVIM (GBI OTKPBITOI KPOBEHOCHO
CUCTEeMbI HACEKOMBIX. B COOTBETCTBIM C pacloOAO-
»KeHreM U (pOpMOIT KAETOK MO>XKHO BBIAEAUTD ABA
noATuIa moBepxHocTHHIX ['K: BHeIHMIT cAoi repu-
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HEBPAAbHOI (AMMKAABHO) TAUM, KAETKU, KOTOPOI
HOKPBIThI BHEKAETOYHBIM MaTPUKCOM, ¥ BHYTPEH-
HUI CAOVI CyOTIepyHEeBPaAbHOI (OCHOBHOI) TAUM.
Bo Bpems amOpuoreHesa cyoneprHeBpaAbHasi TAUS
nepBoii GopMUpYyeT HelpepbIBHbIN cA0M (Bainton
et al. 2005; Schwabe et al. 2005), a y>xe Ha Anun-
HOYHOV CTaAuyu popMUpyeTCss BTOPOIl ITOBEPX-
HOCTHBIN CAOM — II€PUHEBPAAbHAS TAUA.

[TepuHeBpaAbHasi TAMSI PACIIOAOXKEHA Ha TI0-
BEPXHOCTM TAaHTAMEB 1 00pa3yeT HapY)KHbBIN CAOI
HepBHOI cucTeMbl. KAeTKM IeprHeBPaAbHOM TAUA
HeOOABILOrO pasMepa 1 XapaKTePU3YITCs HAAK-
Y1ieM MaA€HbKUX SIAEP BBITSHYTOM GOPMBI, Y UMa-
ro ux npuMepHo 2250, 4To cocTaBAsIeT IPMMEPHO
17 % ot o011ero yncAaa rAMaAbHO MOMYASILN
(Kremer et al. 2017). TTokasano, uto HeT MOpdoO-
AOTVYECKVX Y MOAEKYASIPHBIX Pa3AVuMIT MEXAY
aanabimu kKaetkamu B LITHC u ITHC (Yildirim et al.
2019). B otanune ot Apyrux tunos 'K, kotopsie
00pasyTCs U3 SIIUTEANSI, KAETKY TePUHEBPAABHOM
rauu obpasyrorcs us me3opepmbl (Edwards et al.
1993).

Ha pAaHHBII MOMEHT QYHKLY TePYHEBPAABHBIX
TAMaABHBIX KAETOK AO KOHILIa He SICHBI, OAHAKO
MPEAIOAAraeTCs, YTO AQHHBIN TUI TAMAAbHBIX
KAETOK OTBeYyaeT 3a MOAAEp)KaHMe LIeAOCTHOCTHU
1 GOpMBI TOBEPXHOCTHOTO CA0sT Mo3ra (Kremer
etal. 2017). Bo BpeMst 5SMOPUMOHAABHON AUMMHOYHO
CTaAMIl NTepUHEeBPaAbHasI TAUSA GOPMUPYET OT-
POCTKM, IIOKPBIBAIOLIME CAOII CyOIIepUHEBPAABHOI
TAMM, ¥ TEM CaMbIM, KaK IIPEAIIOAATAIOT, ONIpeAe-
AsIeT pa3BUTHE U/UAU T€PMETUYHOCTb AQHHOTO
caos (Stork et al 2008). Takke U3BECTHO, YTO Ha
MO3AHEN CTapuu dSMOpUOreHe3a MOAEKYABL OOAD-
II0T0 padMepa, TaKMe KaK AeKCTpaH cyabdar pas-
mepom 500 kDa, 3ap€ep>KUBAIOTCSI BHELITHUM CAOEM
AQHHBIX KAETOK, YTO YKa3bIBaeT Ha X OapbepPHYI0
¢byukuumio (Stork et al. 2008).

Eije opHa BakHasi GyHKLMS TIepUHEBPAABHOI
TAUM — y4acTye B pOpMUPOBAHUM U PETYAMPOBa-
HUM CTEIEeHU >KECTKOCTU SA€MEHTOB HEPBHOM
cucreMsl. Tak, aTV KAETKY CIIOCOOCTBYIOT OTAOXKE-
HMIO TOACTOT'O CAOSI BHEKA€TOYHOT'O MaTPUKCA AU
TaK Ha3bIBa€MOJl HEIPOHAABHOM AaMeAAblL. B oT-
CYTCTBME€ HEMPOHAABHOM AAMEAABI HEPBHas CU-
cTema He mpuobpeTaeT KOHEYHYIO CBOICTBEHHYIO
AAst UMaro popmy 1 COOTBETCTBYeT MOPGOAOTHUHY,
XapaKTePHOI AAsSL SMOPUOHAABHON CTAaAUN pas-
Butus (Kim et al. 2014; Meyer et al. 2014; Pandey
et al. 2011; Petley-Ragan et al. 2016; Skeath et al.
2017; Tavares et al. 2015).

IToa cAoeM nepyHeBpaAbHBIX KAETOK pacioAa-
raeTcst TOHKUi cAoii cyorepuHeBpaabHoii (Yildirim
etal. 2019) ramu. 'K paHHOTO THIIa 06pa3yIOT MEX-
Ay CO00J1 MHOTOYMCAEHHbIE U30AUPYIOIVE MEX-
KAETOYHble KOHTAKThI, KOTOPble (PYHKLIMOHUPYIOT
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kak I'Db (Juang, Carlson 1992; Baumgartner et al.
1996; Unhavaithaya, Orr-Weaver 2012). Cy6nepu-
HeBPaAbHbIE KAETKY IPENSITCTBYIOT IPOHUKHOBE-
HUIO BBICOKOJI KOHLIEHTPALMY KaAVS 113 TEMOAUM-
¢b1 B HepBHYI0 cucTteMy (Bainton et al. 2005;
Desalvo et al. 2011; Mayer et al. 2009; Volkenhoff
etal. 2015; Zhang et al. 2018). SIopa kAeTOK cy6rie-
pMHEBPaAbHON TAMY OOABILETO pa3Mepa, M0 CpaB-
HEHUIO C KAeTKaMU IlepuHeBpaAbHO raun. Kpome
TOT0, KOAUYECTBO KAETOK CyOIepuHeBpaAbHOI
TAMY MeHbllle KOAUYEeCTBA KAETOK IIepUHEBPAAD-
ot rauu. B LIHC u ITHC umaro HacYMThIBAIOT
0K0oAO 300 KAETOK, YTO COCTaBAsIeT NpUMEPHO 2%
ot obuiero Koandectna rauu Drosophila (Kremer
et al. 2017). OAHO moAylapye MO3ra AMMMHKYI
Ha paHHell CTaAUM Pa3BUTUSA COAEPKUT MeHee
20 KA€TOK IIepMHEBPAABHON TAUM, VI UX KOAYECTBO
B X0Ae pas3Butusi Drosophila 3HaunTeAbHO He yBe-
anunBaetcd (Pereanu et al. 2005).

B pAomoaHeHMe K CBOeVl OCHOBHON OapbepHOIi
byHKUUYM cyOneprHeBpaAbHas TAUS TaKXKe yda-
CTBYeT B mpoAndepanm HeiipoOAACTOB, BO3MOX-
HO npu y4yactuu nepuHeBpasbHou ranu (Kanai
et al. 2018; Sousa-Nunes et al. 2011; Spéder, Brand
2014; Spéder, Brand 2018). Taxk, B oTBeT Ha CUTrHa-
ABI TEMOLIUTOB VAU TPODOLUTOB KMPOBOTO TEA
HACEKOMOTro CcyOnepuHeBpaAbHasl TAUS CEKPETU-
PYeT MHCYAMHONIOAOOHBIE nenTyAbl dILP, Tem cambiM
BAMSIST HA aKTUBHOCTD HeltpobaacToB (Holcroft
et al. 2013; Spéder, Brand 2014).

1.2.2. Irus kopmexca

KopTekcHas raus, HalmoMyHAOIast aCTPOLUTHI
MAEKOITUTAIOLINX, 00BOAAKMBAET TEAA HEMPOHOB
Y HePoOAACTbI, 00pasysi HAPY>KHbII CAOV (KOPTEKC)
LIHC (Dumstrei et al. 2003; Hartenstein 2011).
VHTepecHo, 4TO 0OAHA KAETKA KOPTEKCHOM TAUU
MoxeT 06BoAakuBaTh OT 1 A0 100 TeA HEPBHBIX
KAETOK 1 OOBIYHO KOHTAaKTUPYET C CyOIepuHeB-
PAABHBIM CAOEM U/uAM TAMei HeitpormAs (Stork
et al. 2012; Kis et al. 2015; Kremer et al. 2017).
ToHKMIT CAOVI KOPTEKCHOV TAMY OKPY)KaeT BHEIIHIOI0
MIOBEPXHOCTD MO3Ia II0A CAOEM CYOIlepuHEeBPAAb-
HOJ TAUM, A TAK>Ke OKPY)KaeT 4acCTb HEVMPOIMASLL
['AMaApHbIe KAETKM KOPTEKCA HEOOABILINE, OKPYTAON
dbopmer (Pereanu et al. 2005; Awasaki et al. 2008).

Mosr anuuHku Dr. melanogaster cCOAep>XUT
O0KOAO 150 KAETOK KOPTEKCHOV I'AUM Ha OAHO ITOAY-
urapue (Pereanu et al. 2005). [TokazaHo, 4TO raus
KOpTeKca BO BpeMs BCell AMMMHOYHON CTaAUU
UTpaeT CYILIeCTBEHHYIO POAb B pOpMUpPOBaHUY
MIPaBUABHOM IMPOCTPAHCTBEHHON OPMEHTALIMU
HeIIPOHOB 3a CUeT 00pa30BaHUA CTPYKTYPhI «TPO-
dbochonrnyma» (Dumstrei et al. 2003). TTomumo
TeA HEIPOHOB, AU KOPTEKCa TAKKe 000pavrBaeT
VX aKCOHBI, KOTOpPbIe NTPOPACTAIOT B HEMIPOIMAD
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10 Mepe Pa3BUTKS HEPBHOY CUCTEMbI HA AUYUHOY-
Hoit crapum (Pereanu et al. 2005). ITokasaHo, 4TO
KAETKU TAUM KOPTEKCA CITOCOOHBI HaKaMAMBATh
3HAYUTEAbHOE KOAUYECTBO AUMUAHBIX KalleAb Ha
crapyu anumHku (Kis et al. 2015), ocymectBasis
TeM caMbIM sHepreTuyeckue ¢pyukumu (Kis et al.
2015; Pennetta, Welte 2018). [Topo6Hast yHKIMA
CBOJICTBEHHA TAKXXe U aCTPOLIUTAM MAEKOIUTAIO-
wux (Bélanger et al. 2011). Kpome Toro, raus xop-
TeKca COBMECTHO C TOBEPXHOCTHOM TAMEN CO3Aa€eT
HUILY AASL IpoAUdepaLny HelipoOAACTOB, a B yC-
AOBUSIX OKUCAUTEABHOTO CTPECca U TUMIOKCUU
3alUIaeT HEMPOHBI U UX MPEAIIECTBEHHUKOB
OT AEVICTBMS aKTUBHBIX (POPM KUCAOPOAQ ITYyTEM
HaKOIIAEHNS AUTIMAHBIX Karieab (Bailey et al. 2015).

Y umaro HacuuTbeIBaeTCsi 0KOAO 2600 KAETOK
ranu Koprekca Bo Bceit LIHC Hacexomoro, yto co-
cTaBasieT npuMepHo 20% OT KOAMYECTBa BCex
rAMaAbHBIX KAeTOoK B LIHC. OyHKuMM ramm xop-
TeKca y umaro Drosophila melanogaster Bo MHOTOM
CXOXXU C ee PYHKLMAMM B Pa3BUBAIOLIENICSI HEPBHO
cucteme. Mem6panst 'K kopTekca uMeT 3HauM-
TeAbHbIT Gu3nueckuii KOHTaKT ¢ Db u ¢ Tpaxes-
MM HaCEKOMOTO. bAM3Kast CBsI3b TAMM C OCHOBHBIM
CaliTOM BBOAQ ra3000pasHBIX U MUTATEAbHBIX Be-
mecTB B LIHC o3nauaer, uro 'K xopTekca yyacT-
BYIOT B IIpOLiecce TOCTaBKyU ra3000pasHbIX U MK-
TAaTEAbHBIX BeI[EeCTB K HEMPOHAM, TaK >Ke KakK
acTpouuTsl MAeKomnuTanIux (Pereanu et al. 2007;
Stork et al. 2012; Freeman 2015).

1.2.3. Ihus Hetiponurs

KAeTky rany HelIponuAsL PaClOAAraloTCs Ipym-
IIaMy Ha MOBEPXHOCTU HEVPOIMASL, HO OCHOBHAS
Mmacca atux 'K ckoHlleHTprpoBaHa BOKPYT KOM-
IIOHEHTOB LIEHTPAABHOTO KOMIIAEKCA MO3Ta APO-
30¢uabl. Tak )Xe Kak ¥ OAUTOAEHADPOLMTBI, OHU
00pasyoT IPOAOAKUTEABHBIE CAOVICThIE MEMOpPaH-
Hbl€ CTPYKTYPBI BOKPYT OAVHOUHBIX aKCOHOB VIAUL
KAyOKoB akcoHOB (Ito et al. 1995; Klambt et al.
1991), Tem caMbIM obecIieunBas USOASALMIO U -
TaHMe HelIPOHOB. [AMsI HelIpOIMASI IpeACTaBAEHA
OOABLIMM KOAMYECTBOM KAETOK, KOTOpPbIE B 3a-
BUCUMOCTU OT MOAEKYASIPHBIX XapaKTePUCTHUK,
MopdoAroruu U GYHKLMM MOXKHO Pa3AEAUTH Ha TPU
MMOATUIIA: ACTPOLIUTOMOAOOHAS TAUSI, 0OKAAAOU-
Has (ensheathing) n obGepTriBarouas (wrapping)
rausi. KAeTKy acTpoLTONOAOOHOM TAMY CBSI3aHBI
C CMHAITUYECK/M HEMPOIMAEM, IAOTHO 3aTIOAHSIS
ero oobveM. VIx myukoobpasHass mopdoaorus
VI TECHBIVl KOHTAKT I'AIAABHOV MeMOpPaHbI C CMHAII-
CaMy HalIOMUHAKT MMAA3MaTUYECKMe aCTPOLIUTHI
MIO3BOHOYHBIX.

Ha 15 1 16 cTrapusx sMOp1rOHAABHOTO pa3Bu-
TUSI IPEAIIECTBEHHUKY TIEPBUYHOI aCTPOLUTO-
MOAOOHOI TAVM MUTPUPYIOT B 00AACTh HEMPOIIMASL.
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ITo mepe TOro KaK pOpMMUPYIOTCS OCHOBHBIE CTPYK-
TYPBI MO3ra — IPUOOBMAHOE TEAO M AHTEHHAABHbIE
AOAM, — TAVISI HEIIPOTIMAS 3aHUMAET CBOE OCHOBHOE
MTOAOXKEHVIE OTHOCUTEABHO AQHHBIX CTPYKTYP.
[TepBrYHbIE KAETKM ACTPOLUTONOAOOHON TAUK
VIMEIOT 3BE3AUYATYIO POPMY C OOABIIVM KOANYECTBOM
0TpocTKOB. OHU IPaKTUYECKY He TPOAUDEPUPYIOT
Yl He MUTPUPYIOT BO BpeMsI AUYMHOYHBIX CTAAUN
(Omoto et al. 2015), 0AHAKO IPOXOASIT HECKOABKO
1mKA0B aHApernaukauyy (Unhavaithaya, Orr-Weaver
2012). [Tomumo pocTa Teaa KAETOK yBEANIMBAET-
Cs1 M KOAMYECTBO OTPOCTKOB, 3aMIOAHSIONINX HEl-
poruAb. IIpeATIoAaraoT, 4YTO TAOTHOCTb CETU OT-
POCTKOB MEPBUYHOI aCTPOLUTOIIOAOOHON TAUNU
BAMSIET Ha PACIIOAOXKEHIE AKCOHOB BTOPUYHBIX
HeripoHoB (Spindler et al. 2009). B nayare mera-
Mopd03a OTPOCTKY KAETOK MIEPBUYHON aCTPOLIU-
TOTIOAOOHO TAMM HAYMHAIOT PParMeHTUPOBATHCH,
a BIIOCAEACTBUY IIOABepraoTcs anonrosy (Omoto
et al. 2015).

ITpeallleCTBEHHMKYM KA€TOK BTOPUYHOM aCTPO-
LUTOMOAOOHOM TAMU ObIAM UAEHTUDULIVIPOBAHBI
Ha CTAaAUM AVYMHKU TPEThero Bospacra. ITu
KAETKM TOpasp0 00Aee MeAKIe 10 pasMepy, YeM
MePBUYHAST ACTPOLIUTOTIOAOOHAS TAVS, U MMEIOT
BepeTeHO0Opa3Hyio popmy. [To mepe nmporexaHus
MeTamMopd03a MPeAIIeCTBEHHUKY aCTPOLIUTOTIO-
AOOHOI TAMV MUTPUPYIOT B IIPEAEAAX HEVIPOIIMAS
BAOAD aKCOHOB 1 3aTeM AU epEeHLIPYIOTCS YKe
B 3peAble KAeTKU. CeTb OTPOCTKOB aCTPOLIUTOTIO-
AOOHOI rAMM (GOPMUPYETCS Ha TIO3AHMX CTAAMSIX
Kykoaku (Omoto et al. 2015).

OcCHOBHasl pOAb aCTPOLUTOMOAOOHONM TAUMU
B pasButuu Drosophila melanogaster — y4actue
B 00pa30BaHMM OCHOBHBIX CTPYKTYP MO3I4Q, a TaK-
Ke YIIpaBAeHMe HaBUTraLyeil OTPOCTKOB BTOPUYHBIX
HerpoHoB (Spindler et al. 2009).

[Toka3aHo, YTO aCTPOLUTOMOAOOHAS TAVST MOKET
y4acTBOBaTh B (parounuTose B pa3BUBAIOIIENCS
HepBHou cucteme (Freeman 2015; Omoto et al.
2016; Tasdemir-Yilmaz, Freeman 2014).

Bo Bceit LIHC umaro Drosophila melanogaster
HaCUYUTbIBAETCs OKOAO 4600 KAETOK acTpOLIUTO-
IMOAOOHOI TAUM, 4YTO cocTaBAsieT 34 % oT Bceit
ranasbHoit monyAsiuuu (Kremer et al. 2017)

AcCTpouuTOnoA0OHAS TAMSI IPOAYLIMPYET aMu-
HOKVICAOTHBIE TPAHCIIOPTEPHI, HEOOXOAUMBIE AAS
o0OparHOro 3axBaTa rAyramMara ¥ raMMa-aMIHOMAC-
AstHoi1 KucAoThl (TAMK). TeM caMbIM AQHHBIN TUIT
TAVM TIPUHMMAaeT HEIOCPEACTBEHHOE y4yacTue
B CUHAIITUYECKOI ITepepade, obecreunBas basaHc
BO30Y>)KAQIOLIVMX M TOPMO3HBIX CUTHAAOB (Stacey
et al. 2010; Stork et al. 2014).

Ony6AMKOBaHVE Pe3yAbTaTOB TPAHCKPUIITOM-
HOTO aHAAM3a KAETOK aCTPOLUTOMOAOOHO TAUK
Yy AMMMHKY M y MIMaro OTKpbIBaeT LIMPOKME BO3-
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MO>XKHOCTU AASI AAABHENIIET 0 ICCAEAOBAHMSI PYHK-
uuit oaHHoro tuma kaetok (Huang et al. 2015;
Ng et al. 2016; Zhang et al. 2014).

KaeTku 00KAQAOYHOM TAUM TTAOCKOM (POPMBI
1 HEe UMEIT OTPOCTKOB. VX Teaa HaxoAATCsA
Ha MMOBEPXHOCTY HEMPONMASL, HO KOHTaKTUPYIOT
He TOABKO C KOPTMKAaABHOI 00AACTbIO, HO U C BHY-
TpeHHUMU CTpyKTypamu mosra (Kremer et al. 2017).

O06111e€ KOAMYECTBO KAETOK OOKAAAOYHO TAUN
cocrtaBaseT npuMepHo 3100. DT KAeTKM He Ae-
ASTCS Ha AMdMHOYHOM cTapuu (Peco et al. 2016),
Ha CTAaAMU paHHel KYKOAKY OHU I'MOHYT, HO CHOBa
o0pasyroTcs y)xe y umaro us Heipo6aactos I Tuma
(Omoto et al. 2015).

AQHHBIIT TUIT KAETOK TECHO CBsI3aH C aKCOHAMMU
u ¢ Tpaxessmu (Kremer et al. 2017).

KaeTku o6epThIBatoLLel TAMY IMEIOT ITAOCKYIO
BBITSIHYTYIO OPMY U IIOXOKU Ha TPSIAUL, CAOXKEH-
Hble B TpyOKM BOKpyT akcoHOB (Kremer et al. 2017).
DTUM OHUM HAIOMUHIOT HEMUEAUHU3UPOBaHHbIE
IIBAaHHOBCKIME KAeTKU MAeKonuTawinux. OAHaKo
00epThIBAIOLIAS TAMSI, B OTAUYME OT IIBAHHOBCKIX
KAETOK MAEKOIUTAIOLNX, AEAQET TOABKO OAUH
060poT BOKPYr 0AHOrO akcoHa. Ha mepudepun
AQHHBII TUIT KAETOK 0OopaumnBaer rnepudepuieckue
HepBbl. Ha AMYMHOYHOI CTapuM HaCEKOMOTO
KAETKU AQHHOTO TUIIA TAUU HE AEASITCSI, AOCTUTAS
Ha nepudepuuecKrx HepBaxX TUTaHTCKUX Pa3MepOB,
YTO MO3BOASIET BCETO TPEM UAU YEThIPEM KAETKAM
00epHYTb 0AVH HepB (Matzat et al. 2015). Y nmaro
KAETKU HauMHAIOT A bepeHnpoBaThCS U AQXKe
000paunBaIOT HEKOTOPbIe AKCOHBI MHAVIBUMAYAABHO
(Nave, Werner 2014 Stork et al. 2008).

ITokasaHo, 4To o0OepThIBatoLjast TAMs darouu-
TUPYeT AeOPUC OT AKCOHOB ITOCAE VX IIOBPEKAEHUS,
OCTaBASISI KTOHHEAN», 10 KOTOPBIM HOPMaAU3YyeT-
cs1 poct HeviputoB (Corty, Freeman 2013; Stork
etal. 2012). O01Iee KOAMYECTBO KAETOK 9TOTO TUIIA
TAUM BO BCel HEPBHOM CUCTeMe HaCUUThIBAeT
0K0A0 600 y 3peAbIX MyX.

1.2.4. Ilepugpepuiinas erus

[TepudepuitHast TAUS TIOAAEPKUBAET U 3aKAO-
4yaeT B 000AOUKY NepudepuiiHble HepBbI, BKAIOYAS
ABUTaTeAbHble U ceHCOpHble akcoHbI (Leiserson
et al. 2000), ToA0OHO IBAaHHOBCKUM KAETKAM MAe-
KonuTaoiux. KaeTku nepudepuitHoi rAun Mox-
HO Pa3AEAUTDb Ha IepyHeBPaAbHbBIE, CyOIeprHeB-
paapHble 'K, a Tak’ke 00epThIBAIOIYI0, BOKPYT
obpasyrouxcs nyukoB akcoHoB. Kak n B LJHC,
cyOnepuHeBpaAbHble KAETKY 00pasyloT Oapbep.
M nopo6Ho I'K LJHC, KA€TKM nIepUHEBPaABHOM
TAVM LIEAMKOM 00pasyloT CAOU TOABKO K KOHLY
AMUMHOYHOU cTapumn. KaeTku Bcex Tpex mopkaac-
coB nepudepuitHoN rauy OOAbLINE TI0 pa3Mepy,
a VX YMCAO He3HAUUTEAbHO. Tak, HarpuMep, CETMEHT
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HepBa bBHC AMYMHKM CBSA3aH TOABKO C 12 KAeTKa-
MU TIepUQpEPUNHON TAUN.

3akAuenne

MuTtepec x I'K 3HauMTEABHO YBEAMIMACS 32 MTO-
CAGAHME AECATHUAETHE N0 Mepe OCO3HAaHUA TOTO,
YTO IAMA SIBASIETCSI HEe TOABKO «OITIOPHBIMM» KA€T-
KaMM AASI HEIPOHOB, HO TaK)Ke PeryAupyeT BasKHbIe
aCIeKThI pa3BUTUA U GYHKLMOHMPOBAHMS HEPBHO
cucteMbl. Y mo3BoHOYHBIX ['K BRIMOAHSIOT omop-
HYI0, TPOUYECKYI0, CEKPETOPHYIO, pa3rpaHNyuN-
TEAbHYIO U 3alIMTHYI0 QYHKLuU. XOTs HepBHas
cucrema Dr. melanogaster OTHOCUTEABHO ITPOCTO
ycrpoeHa, ['K 06AapafoT aHaAOTMUHBIMY C MAEKO-
muTaomymn GyHkuusamu. Hecmorps Ha To, 4TO
MyX! He 00AaAQIOT 3aMKHYTOI KPOBEHOCHON
cuctemon, 'K obpasyroT aHasornunsii I'9b,

YTOOBI M30AMPOBATh HEMPOHBI OT OKPY’KaIoIeil
nx remoArM®bl. boaee TOro, AaXke pu 0OTCyTCTBUK
aAanTUBHOM MMMYHHOU cucTeMbl 'K Apo3oduabt
MPOSIBASIIOT HEKOTOPble UMMYHHbIE QYyHKLUY
MUKPOTAMM I03BOHOYHBIX, TaKVe KaK ITOTAOLLeHe
000A0Y€EK MepTBBIX HEVIPOHOB. V] HaKoHel, cyle-
cTByeT ocobbiit Tun 'K, mokpbIBamomx akCoH
U TEM CaMbIM BBITIOAHSIIOIUX POAD LIIBAHHOBCKUX
KAETOK MAeKonuTtamoiux. Mopdoaormyeckoe
1 GyHKLMOHaAbHOE cX0ACTBO ['K MAekonuTarommx
u Drosophila nosBoasieT ucnoabsosats Dr. mela-
nogaster AAsL U3ydeHUs TAMM in vivo. Eje opAHUM
IpeNMYILeCTBOM UCNOAb30Bauusa Drosophila
SIBASIETCSI BO3MOKHOCTD MccaepoBarhb 'K B -
TaKTHOM opraHusMme. /IcroAb3oBaHye pa3AMYHBIX
reHeTUYEeCKVX METOAOB Y CYLeCTBYIOIUIT LIVPO-
Kt BbI00p MapkepoB ['K mo3BoAsIIoT M3y4arhb Kak
otaeabHble Tunbl 'K, Tak u cuctemsr I'K.
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AnHomauust. Ha 0CHOBe AUTEPATYPHBIX Y COOCTBEHHBIX SKCIIEPYMEHTAABHBIX
AQHHBIX aBTOp II0Ka3bIBaET, KaK ABe BakHelIVe GyHKLMY HelipoHa Periuyca
MEAVLIVIHCKOV MUSIBKY — CEKPETOPHAsI I SAEKTPUYECKasi — CBSI3aHbI MEXAY
cob6oit. [Tpy HM3KOYACTOTHOM aKTUBaLMM HePpOH PeTiinyca BepeT cebst Kak
TUIIMYHASI HEPBHASI KAETKA, BBIAEASISI CEPOTOHMH M3 ITPECUHANTUYECKUX
OKOHYaHUM. IIpy BbICOKOYACTOTHOM pa3ppakeHUM HellpoH Petuuyca
NIPOSIBASIET CBOJICTBA CEKPETOPHON KAETKU, BBIAEASSI CEDOTOHMH ITyTeM
COMATUYECKOTrO K30L1MTO3a. MeXaHn3M ayTOTOPMOXKeHMsI (CeKpeTopHast
(YHKLYS), BBIIBAEHHBIN TPU BBICOKOYACTOTHOM CUHANITUYECKOM Pa3ApaskeHUN
HelipoHa PeTuuyca, M03BOASIET IPEAOTBPATUTD I'MIIEPAKTUBALIMIO €O
VIMIIYAbCHOJ aKTMBHOCTU (HepBHas1 PYHKLMS), UTO, B CBOIO OYepeAb, Yepes
AyTOMHIMOMPOBaHEe TOPMO3UT IUIEPAKTUBALIIO COMATUIECKOI0 SK30LMTO3a
(cexperopHast pyHKuws). [IpuBeAeHHBIE AQHHBIE AEMOHCTPUPYIOT, YTO HEIPOH
Perumyca sSIBASIETCS] YHUKAABHOM HEIPOCEKPETOPHOI KAETKOM, 00AaAQroLIeN
MOANYHKLMOHAABHOI AKTUBHOCTBIO.

Karoueswote crosa: HeﬁpocereTopHaﬂ KA€ETKa PeTumyca MUSBKY, COMaTUY€CKII
9K30LMTO3, MMITYAbCHAI aKTUBHOCTb.
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activity.

Beepaenue

HeitpocekpeTopHbie KAETKU MIUPOKO TIPEA-
CTaBA€HBI KaK Y IIO3BOHOYHBIX, TaK U Y 0€Cro3Bo-
HOYHBIX )XMBOTHBIX, OHU MEIOT CXOKee CTPOEHIEe
Y BBIIIOAHSIIOT B OpraHM3Me CXOXKMe (PYHKLUU.
OAHaKo M3y4yeHye MHOTYX ITPOLIECCOB, CBSI3aHHBIX
¢ ux akTUBHOCTHIO B LIHC 1103BOHOYHBIX >KMBOTHBIX,
3aTpyAHeHOo. OCOOeHHO 3TO KacaeTcsl COMaTUYeCKo-
IO 9K30L[1T03a, KOTOPBII YaCTO MOATBEP>KAAETCS
AVILIb KOCBEHHO. boAee pocToe CTpoeHre HEpBHOI
CUCTEMbI 0€CITO3BOHOYHBIX, MEHbIIIEE KOAUIECTBO
HEPOCEKPETOPHBIX KAETOK, UX IOBEPXHOCTHOE
PACITOAOKEHIE B MO3TE AEAQIOT 3TU KAETKU UC-
KAIOYMTEABHBIM OOBEKTOM AASI MUICCAEAOBAHUS UX
HepPBHBIX 1 CEKPeTOPHBIX PpyHKLMIL. OAHMM U3 TaKMX
00BEKTOB SIBASIIOTCS HeVipoHb! Petiuyca (HP) mo3-
ra MepAuLMHCKOM nusiBku. Hecmotpst Ha To, uto HP
SIBASIETCSI AQBHO Y XOPOLIO M3y4eHHBIM 00BEKTOM
C TOYKU 3peHUST MOPGOAOTUH, IUTOXUMUU U DAEK-
tpodusunosoruu (Lent 1981; Carretta 1988), cBsi3p
MEXKAY €0 OCHOBHBIMU QYHKLIMSIMU — CEKPETOPHOI
U SAEKTPUYECKON — OCBellleHa HEAOCTAaTOYHO.

LleAbto Hauiert paboTbl OBIAO Ha OCHOBE AUTE-
pPaTypHBIX U COOCTBEHHBIX KCIEPUMEHTAABHbIX
AQHHBIX II0Ka3aTh, KaK 9TV ABe BakKHell1ve QyHK-
LMY HEMIPOCEKPETOPHOM KAECTKU CBSI3aHbI MEXAY
cobor1.

HepsHas u cekperopHas akTuBHoCcTh HP

ABa mapHpix HP, pacoao>keHHble Ha ITOBepX-
HOCTM TaHTAMEB OPIOLIHOI HEPBHO LIETIOYKY Me-
AVILIVHCKOM NMUABKY, ABASIOTCA €AVHCTBEHHBIMU
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of the medical leech — secretory and electrical — are related to each other.
During low-frequency activation, RN behaves like a typical nerve cell, releasing
serotonin from the presynaptic endings. During high-frequency stimulation,
RN demonstrates properties of a secretory cell, releasing serotonin by somatic
exocytosis. The mechanism of autoinhibition (secretory function), revealed
during high-frequency synaptic stimulation of RN, allows to prevent
hyperactivation of its impulse activity (nervous function), which, in turn,
through autoregulation inhibits hyperactivation of somatic exocytosis (secretory
function). These data demonstrate that RN is a unique neurosecretory cell
with polyfunctional activity.

Keywords: neurosecretory Retzius cell of leeches, somatic exocytosis, impulse

HEMPOCEKPETOPHBIMU KAETKAMMU B Ka’KAOM TaHTAUN
(Lent 1981; Carretta 1988). Ot combt HP orxoaut
OAVIH OTPOCTOK, KOTOPBIN BOAU3U TeAd KAETKU
AEAUTCS] Ha HeCKOABKO. CaMblil KPYITHBIN HalpaB-
ASIETCSI Yepe3 LIEHTPAABHYIO KOHHEKTVBY B COCEA-
HM€ FaHTAMM — 9TO AeHAPUT. OTXO0AsA1ME B OOKOBbIE
KOHHEKTUBBI ABA KPYITHBIX OTPOCTKA M MHOTOUMC-
AEHHBIE MEAKI€ BETOUKY BHYTPU TAHTAUS — aKCO-
Hbl HP. VIMeHHO 1O 3TUM OTpPOCTKaM CepOTOHMH,
CUHTEe3UpPYeMBII1 B COMe KAeTKU, AupbyHAMpyeT
K KAETKaM-MUIIIeHsIM. BpIAO TOKa3aHo, 4TO 1 cOMa
HP, 1 ero akCoOHbI COAEPKAT OOABIIIOE KOAUYECTBO
TEMHBIX U CBETABIX BE3MKYA, 3aA[I0AHEHHBIX CEPO-
ToHuHoM (Bruns et al. 2000).

B skcriepumeHTax, COBMEUAONINX SAEKTPO-
dbusmorornyecKre u SAEKTPOHHOMUKPOCKOIMYe-
CKIe MCCAeAOBaHMs, OBIAO TTOKA3aHO, YTO MpU
BHYTPUKAETOYHOM pasppaxkennu HP opAvHOUHBIMUI
VIMITYABCAMU S9AEKTPUIECKOT0 TOKa yacToToir 1 I1g
HAOAIOAQETCS BBIAGAEHME CEPOTOHMHA U3 IIPeCH-
HANITUYECKUX OKOHYAHUI, PACIIOAOXKEHHBIX Ha
Meakux Betoukax HP BHyTpu ranramus, rae HP
KOHTaKTUPYeT C MOCTCUHAINICAMM BCTaBOYHBIX
VI MOTOPHBIX HEMPOHOB. [ [py 5TOM He NIPOUCXOAUT
3HAYUTEABHOI'O V3MEHEHMsI B IIEPETPYIIIPOBKe
VIAV ABVDKEHUY KPYITHBIX HEJPOCEKPETOPHBIX I'pa-
HYA, Haxopsiuxcs B Teae KaeTku (Beck et al. 2001;
Trueta et al. 2003; De-Miguel, Trueta 2005). Takum
00pasoMm, pu pasppaskeHnyt HU3KUMY 4YaCTOTaMU
HP BeaeT cebst Kak TUIIMYHASL HEPBHASI KAETKA,
VI CEpOTOHMH, BBICTYIasi B POAU HENIPOMEANATO-
pa, B 3aBucuMocTu ot tuna 5-HT-penentopos
Ha MMOCTCUHANITUYECKON MeMOpaHe aKTUBUPYET
VIAU TOPMO3UT MMITYAbCHYIO aKTUBHOCTB (V1A)
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HelipoHOB BHYTpU rauraus (Nusbaum, Kristan
1986). BuyTpukaeTouHas ctumyasinusa HP vac-
toramu 10-20 [11, Kak MOKa3aHO 3AEKTPOHHO-
MUKPOCKOTIMYECKVIMY Y AIOMVHECLIEHTHBIMU Me-
TOAQMU, BBI3bIBA€T aKTUBHOE IIPOABIVKEHNE KPYII-
HBIX HEIPOCEKPETOPHBIX IPAHYA U3 BHYTPEHHUX
KOMIIapTMEHTOB HellpoHa K ero MeMbOpaHe. B ko-
HEYHOM CyeTe MPOUCXOAUT 3K30LUTO3 CEPOTO-
HIHA B MEXKAETOYHOE MPOCTPAHCTBO TaHTAMS
(De-Miguel, Trueta 2005; De-Miguel et al. 2012;
De-Miguel, Nicholls 2015). Takum ob6pazom, npu
BBICOKOYACTOTHOM pasppakenun HP BeaeT cebs
KaK ceKpeTopHas KAaeTka. HeobxoauMoO 1oA-
YepKHYTh, YTO BCE OTU IKCIEPUMEHTBI, AOKa3aB-
111ie CBSI3b MEXAY (PYHKLMOHAABHO aKTUBHOCTbBIO
HP u yacToToil pa3pparkaroliero BO3AeNCTBYS,
BBIIIOAHEHBI IIPY BHYTPUKAETOYHOM pa3Apa’ke-
Huu HP.

IKCIEPYMEHTBI, MOAYAMPYIOLIVE AJICTBYE CO-
MAaT1YeCKOro 9K30T€HHOT0 CEPOTOHMHA, TOKA3aAl,
YTO alIIAMKALV CCPOTOHMHA HA HEPBHBIN FAHTAUN
BBI3bIBAET IOBBIILIEHNE UMITyAbCHOM aKTUBHOCTHU
(MA) 60ABIIMHCTBA HEIPOHOB, HAYMHAIOT reHEePU-
pOBaTh MMITYABCHI AQXKe «MOAYAliie» HEPBHbIE
KkAaeTku (Mar, Drapeau 1996; Moshtagh-Khorasani
et al. 2013). B To ke BpeMs cama HENPOCEKPETOP-
Has kaeTka — HP Ha anamkauuio cepoToHMHA
orBeuaeT Topmokennem VA (Kerkut, Walker 1967;
Smith, Walker 1973).

AelicTBYE 5K30T€HHOTO CEPOTOHMHA He Orpa-
H/YVBAETCSI €r0 BAMSIHMEM TOABKO Ha HEPB-
Hble KA€TKM BHYTpU raHrAusi. IToBbllIeH1 € KOH-
LIeHTpaLMi CEPOTOHMHA B MEXKAETOYHOM IIPO-
CTPaHCTBE TaHTAMSI BBI3bIBAET AECIMOASIPU3ALIUIO
TAVQABHOM KA€TKM, KOTOPasi aKTUBHO ITOTAOIAeT
9K30TeHHbII CEPOTOHMH (MapakpyHHasi QYHKLs)
Yl TPAHCIIOPTUPYET €ro B APYTMe YIaCTKM He TOAB-
KO TaHTAMS, HO U B KPOBb XMBOTHOrO. B aTom
cayuyae HP BpImOAHSIET S9HAOKPUHHYIO QyHK-
uuro (Willard 1981; Bruns et al. 1993; 2000).
Kpome Toro, MMeHHO IyTeM NpsIMOTO 3K30LUTO-
3a u3 orpoctkoB HP, HanpaBasoomuxcs yepes
OOKOBbIe KOHHEKTVBBI TAaHTANS, CEPOTOHVH aKTH-
BUPYET CEKPELINI0 CAV3Y >KEAE3UCTBIMU KAET-
KaMM, PACIIOAOKEHHBIMI B KOXK€ >XMBOTHOTO
(Ehinger et al. 1968; Marsden, Kerkut 1969; Mason
et al. 1979).

Takum 00pasoMm, 0030p AUTEPATYPHBIX AQH-
HBIX TI03BOASIET CAE€AAQTh BBIBOA, UTO OT YaCTOTHI
HpsIMOTO (BHYTPUKAETOYHOIO) pasApa’karolero
BO3AENCTBUS OYAET 3aBUCETD, KaKYI0 (PyHKLMIO
OyaeT ncroAHaTb HP — HepBHYI0 1AM ceKpeTOop-
HYI0. DT MOAEABHBIE SKCIIEPUMEHTHI TO3BOASIIOT
MoKa3aTh IO KpailHell Mepe TP CEKPeTOPHBIX
¢yHkumit HP: HellpoKpUHHYIO, TapaKpUHHYIO
Yl SHAOKPVHHYIO.
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B3anmoaeiicTBre MeXAY HEPBHOI
M CEKpeTOPHOI QYHKIMAMU
npy cMHanTN4eckoi akrupauun HP

DBbIAO TOKa3aHO, YTO SIAEKTPUYECKas aKTYBHOCTh
HP yBeanunBaeTcs pu MexaHMYeCKOM pa3Apaxke-
HMM KO>XKHOTO TOKpoBa nmusiBku (Szczupak, Kristan
1995; Velazquez-Ulloa et al. 2003). BoisiBaeHs! Tpu
TUIIA MEXaHOYYBCTBUTEABHBIX PELIENITOPOB B KOXKE
XUBOTHOTO — N-, P- u T-tumna. ITpu cuabHom 60-
A€BOM BO3AENCTBUM Ha CTEHKY TeAa )XMBOTHOTO
N-MexaHOUyBCTBUTEAbHbIE HEIPOHBI TEHEPUPYIOT
HusKovactoTHble cranku or 0,5 oo 2 I'u. Caaboe
AQBAEHVE VAU TTOTAQKMBAHNE BbI3bIBAET AKTUBALINIO
MeXaHOCEHCOPHBIX KAeTOK T'-TuIa, reHepupyoLmx
BBICOKOYACTOTHBIE paspsipbl oT 5 po 12 T11, me-
XaHOCEHCOPHble HellpOHbI P-TuIa reHepupyooT
paspsiabl cpeanent yactotsl (Fischer et al. 2017).
ITockoabky HP mMMeeT cMHanTU4eCKyIO CBA3b
¢ MexaHoceHCOpHbIMU HeripoHamu (De-Miguel,
Nicholls 2015; Fischer et al. 2017; De-Miguel,
Trueta 2005), TO, CAEAOBATEALHO, U i#1 VIVO OH MOXKET
MOAYYaThb pasppa’kawljee BO3AENCTBYE CaMOM
Pa3AMYHON YaCTOTbI, TECHO CBSI3aHHOII C )KU3He-
AESTEAPHOCTBIO )KUBOTHOTO.

B Hammux skcriepyMeHTax MbI IPOBOAVAU CU-
HanTuyeckyo akTuBauuio HP, ncrnoabsys yactors,
AQHAAOTMYHBIEe AMAaNla30HY YaCTOT CEHCOPHBIX Hell-
POHOB ITPU MEXaHNYECKOM Pa3Apa’keHU! ITOBepPX-
HoCTM TeAa nusiBKu OT 1 A0 10 'y (Sergeeva 1994;
1995). BpIAO 0OHAPY)KEHO, YTO UMITYAbCHBI OTBET
HP HaXxoAUTCS B ONpeAeAE€HHO KOPPEASILIVIOHHO
3aBUCUMOCTH OT YaCTOTBI Pa3APa’KaIOUINX CTU-
myAoB. Ilpy cuHanTMyeckoMm pasppakeHun ot 1
A0 5 T11 HEeIpOH MPOMOPIIMOHAABHO YBEAUYMBAET
yacToTy VA, oTBeyas MOTEHLIMAAOM AEVCTBUSA
(TTA) Ha KaXKABII pa3sApaKaloIUil CTUMYA.

IIpu 60Aee BBICOKOIT YaCTOTE CUHATITUYE-
ckol akTuBauuu ot 7 oo 10 I'y HabAIopaeTcs 3a-
BJMICMMOeE OT YaCTOTbI pa3ApakeH!sI yMeHbIlleHNe
4acTOTBI UMITyAbCHOM akTUBHOCTU HP (TabA. 1,
KOHTPOAB).

Habaroaast ymeHbliienre 4acTorsl VA u 3Has
0 TOPMO3SIIIIEM AEVICTBUM 9K30T€HHOT'O CEPOTOHMU-
Ha Ha HP (Kerkut, Walker 1967; Smith, Walker 1973),
MBI ITPEATIOAOXKUAY, UTO COMATUYECKIIA 9K30T€HHbI
CEPOTOHMH MOXeT GOPMUPOBATh Ty PEAKLIUIO
10 AyTOKpPMHHOMY TuIly. To eCTb CepOTOHUH, BbI-
AeasieMbint HP, oka3piBaeT TOpMO3HOE BO3AEICTBIE
Ha €ro MMITYAbCHYIO aKTUBHOCTb. UYTOOBI IPOBEPUTD
9Ty TMIIOTE3Y, OBIAY IIPOBEAEHDI OKCIIEPVIMEHTDI
B O€CKaABLIEBOM PACTBOPE, B pACTBOPAX HUMOAU-
MHa 1 KoaxuiyHa (Sergeeva et al. 2018). VsBecTHoO,
4TO B3anuMoAeicTBre noHoB Ca*™ C IUTOCKEAETOM
CTUMYAMPYET TPAHCIIOPT BE3UKYA HeMpoceKpeTa
K nmpecuHantuyeckon membpane HP (Bruns et al.
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Taba. 1. Visamenenue VIA HeltpoHa PeTunyca npyu CMHAITUYECKOM pasapaskeHun yactoramu ot 1 Ao 10 Iy

Table 1. Change in the IA of the Retzius neuron during synaptic stimulation at frequencies from 1 to 10 Hz

YacToTa aKTUBaLUU
1T 31 5T 7 I'g 10 I'g

Cepun

Irf‘f;)po“’ 1,05+0,13 3,040,0 5,040,0 3,64+0,2 3,07+0,2

+2

E*‘_CIZOP Oes Ca 1,0£0,0 3,040,0 5,040,0 7,0£0,0 10,0£0,0
H

R 1,0£0,0 3,040,01 5,040,0 7,040,0 10,0£0,0
I:(i/\l);]/ILU/IH 1,0+0,0 3,2+0,1 51+0,1 6,3+0,3 7,90%0,5

2000; De-Miguel, Santamaria-Holek et al. 2012).
[ToaTomy 6AOKapa MOCTYNAEHMS B KAETKY MOHOB
Ca*?, KoTopasi MPOUCXOAUT B OECKaABLIIEBOM pac-
TBOpE U B pacTBOpe HUMOAUNMHA (O6A0KaTOpa
KaAbLIMEBBIX KAHAAOB), IPEAOTBpAIaeT COMATH-
YECKUI1 5K30LUTO3 CEPOTOHMHA, & CAEAOBATEABHO,
1 BbI3BIBA€MOE UM TOPMOXXE€HUE VMITYAbCHOM
akTuBHOCTN HP. To >xe mpoucxoauT u mpu peit-
CTBUM KOAXUIIMHA, KOTOPBIN IIpEeAOTBpalaeT
cOOpPKY CyObeArHML] TYOYAMHA B MUKPOTPYOOUKH,
TaK)Ke OAOKMPYSI TPAHCIIOPT BE3UKYA CEPOTOHMHA
K MeMmOpaHe Heripona HP. B ycaoBusix aeitctBus
06eCKaAbLIEBOTO PACTBOPA, HUMOAUITMHA U KOA-
XULMHA [IPU CUHANTUYECKON aKTUBALIUU YaCTO-
tamu ot 7 A0 10 I'it HP oTBevaer ITA Ha KaXKAbIit
pasApakamoLMil CTUMYA — TOPMO3HAs peaKLys
He pasBuBaetrcs (Taba. 1, 6e3 Ca*?, HUMOAU-
nuH, KOAXuuuH). Takum 06pa3oM, BbISIBA€HHAs!
IpY CMHANTUYECKOM pa3ApPakeHMU TOPMO3Has
peaxkiuusi B YCAOBMSIX, HanboAee pUOAVDKEHHbIX
K in vivo, AeMOoHCTpupyeT, uTo HP 06Aapaer eige
OAHOVI HelTpOCeKpeTOPHO QYHKIMEN — ayTOMH-
rubupoBanueMm. Aast HP Haanume peakunu ayTo-

VHTMOVPOBaHMSI COMaTUYECKOTO CEPOTOHMHA
(cexpeTopHast QyHKLMsI) SIBASIETCS YpE3BbIYAITHO
Ba’KHBIM (PEHOMEHOM, MTOCKOABKY ITO3BOASIET
IIPeAOTBPaTUTDb runepakTuBanuio VIA (HepBHas
bYHKLMST) IPY BBICOKOYACTOTHOM PasApaskeHNH,
a 3TO, B CBOIO O4YepeAb, Yepe3 ayTOTOPMO>KEHNe
OyaeT 6AOKMPOBATh ¥ ITUIIEPAKTMBALIMIO COMATH -
4eCKOro sK3ouuTo3a (cekpetopHast QpyHKLusI).

Eite oAHMM paKTOM, AOKA3BIBAIOIUM y4aCTHE
HP B BBITOAHEHUY AV HEPBHOM, AU CEKPETOPHON
AKTUBHOCTH, SIBASIETCS TeHepalusi KA€TKOI OT-
AVYHBIX 110 aMIIAUTYAE U AAuTeAbHOCTHU [TA ipu
Pa3AMYHOM YaCTOTE CMHANTUYECKOM aKTUBALUMN.
B oTBeT Ha HM3KOYACTOTHOE CUHANITUYECKOE Pas-
ApaxeHue HP reHepupyeT BBICOKOAMIIAUTYAHBIE
CHalKy MaAOJl AAUTEABHOCTU — pOpMa UMITYAb-
ca, KOTOpasi MMeeT IIPeUMYyIieCTBEHHOe 3HaYeHe
AASL aKTUBAL[MM CUHANITUYECKUX TIpoLieccoB. [Ipu
BBICOKOYACTOTHOM Pa3APaKeHUM HEMIPOH reHepu-
pYeT Crailku MeHbIel aMIIAUTYABL, HO OOABILIE
AAUTEABHOCTU, KOTOpbIEe OYAYT OOA€e 3HAUMMBI
AAst popMUpOBaHMS COMAaTUYECKOTO 9K30LUTO3a
(Taba. 2).

TabA. 2. VI3MeHeHMe aMIAUTYABL U AAUTEABHOCTH IIOTEHLIAA] AVICTBYSI IIPY CUHAIITUYECKOM Pa3APaXkeHnn
HelipoHa Perunyca yacroramu ot 1 o0 10 Iy

Table 2. Changes in the amplitude and duration of action potential of the Retzius neuron
during synaptic stimulation at frequencies from 1 to 10 Hz

Cepun
KoHTtpoasb 1T 3T 10 I'g
®opma ITA
Amnanrtypa MxB 51,1 +0,4 44,0+ 10,8 58,0+0,2 38,34+1,7
AAUTEABHOCTD MC 6,0+ 0,04 7,2+0,3 5,9+0,02 10,0+0,1
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B3aumodeiicmsue mexy0y HepBHOIL U CeKpemopHOL PYHKYUIMU B OCYU,eCBAEHUU. ..

3akAuenne

IlpuBepeHHbIE AQHHBIE AEMOHCTPUPYIOT, YTO
HP aBAsieTCca YHUKAAbHOI HePOCEKPETOPHO
KAETKOI1, 00Aapaouieil TOAMGYHKLIMOHAABHOM
aKTUBHOCTbIO. [[OCKOABKY B Ka’KAOM TaHTAUU

ABa HeJpOHA, BBIMOAHSIOINX OAHOBPEMEHHO
Yl HEPBHYIO, ¥ CEKPETOPHYIO QYHKLMY, OTU KAET-
KU SIBASIIOTCSI ICKAIOUMTEABHBIM OOBEKTOM AAS
IMMOHMMAaHMs TOr'0, KaK CIleliMaAU3/MPOBaHHAas
HepBHasl KAETKAa MOXXET pPeryAupoBaTb MHOTMe
CTOPOHBI KM3HEAESI TEABHOCTY O€CII03BOHOYHOTO

6pIOIHHOﬁ HepBHOI;I LEeITOYKM HAXOAATCA TOABKO JKMBOTHOTIO.
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Abstract. Development of anxiolytics requires animal models; therefore
anxious (AX) and nonanxious (nAX) mice have been selectively bred based
upon their adult behaviour in reaction to handling. Since inadequate response
to postnatal challenges may have lifelong consequences, we aimed to determine
whether alterations in postnatal stress-coping may contribute to the state
of anxiety in adult AX mice. Maternal separation-induced ultrasonic vocalization
(MS-USV) was studied in one-week-old nAX-AX mice and one week later
the endocrine stress response was measured after lipopolysaccharide (LPS)
stimulation, a model of bacterial infection, with special focus on sex differences.
It was established that AX females produced a significantly lower frequency
and duration of MS-USV than nAX female mice. USV emitted by AX males
showed only a tendency to be reduced compared to nAX males. LPS injection
generated a significantly increased adrenocorticotropin release in nAX mice
only and with no sex-related difference observed. Resting corticosterone
levels were higher in AX mice compared to nAX, however, this difference
reached the level of significance only in females. LPS-injection was able
to induce significant corticosterone elevation with markedly higher levels
in AX females than nAX females. To sum up, we conclude that females are
more susceptible to the influence of stressors during the early postnatal period,
as they exhibited more pronounced reactions. The adult state anxiety
of the strain was not paralleled by MS-USV during the perinatal period. Thus,
the question arises if MS-USV indeed reflects anxiety only. According to our
expectation, AX animals had higher baseline stress-hormone levels, but their
reactivity to stressors was altered, which may have contributed to their
supposed adult phenotype.

Keywords: adrenocorticotropin, corticosterone, lipopolysaccharide, pup,
ultrasonic vocalization.
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Introduction

Pathological anxiety is quite common not only
in developed, but also in developing countries,
and its consequences lie heavy upon society (Kes-
sler et al. 2009). Although animals can merely
mimic the complex anxiety-related behaviour ob-
servable in humans, the low genetic variability
of inbred rodent strains as well as easy manipulation
and availability of tissues make animal models at-
tractive. To study the mechanisms and develop new
treatments, anxious mice (AX) were selected on the
basis of anticipatory anxiety behaviour during
a handling procedure (Szego et al. 2010; Horvath
etal. 2013). After several generations, AX mice were
more anxious compared to controls (nAX) in dif-
ferent well-established anxiety tests, such as the
open field, elevated plus maze, and light dark tests.

Although a difference in the reaction to early-
life adversity, such as suboptimal maternal care
or exposure to stress, may program the brain dif-
ferentially and lead to different adult phenotype
(Horvath et al. 2013; Maccari et al. 2014; Maniam
et al. 2014), little is known about the postnatal
reactivity of inbred anxious models and its contri-
bution to the development of their adult anxiety.
In this paper we aim to clarify this issue.

Separation from the nest is a distress that in-
duces the activation of hypothalamic-pituitary-
adrenocortical (HPA) axis in the offspring (Varga
et al. 2015). Corticotropin-releasing hormone and
arginine vasopressin from the hypothalamus control
the adrenocorticotropin (ACTH) secretion in the
adenohypophysis, which is the main regulator
of glucocorticoid (in rodent corticosterone) release
in the adrenal cortex (Ise et al. 2008; Walker et al.
2009). The behavioural consequence of maternal
separation is the emission of ultrasonic vocalisation
(USV) by the pups. Various animal species use USV
to communicate with each other and provide in-
formation about the environment (Brudzynski
2018). The quality and quantity of emitted USV
changes with age (Portfors 2007). Pups in stressful
situations use ultrasonic vocalization to call their
mothers. The frequency and duration of such USV
are considered indeces of anxiety, as anxiolytics can
attenuate them (Iijima, Chaki 2005), making USV
a widely used test of putative anxiolytic drugs.

Infections during the perinatal period are rather
common and may contribute to the life-long pro-
gramming of the brain and behaviour (Nguyen et al.
2015). The adaptability to challenges can be measured
by changes in the hormones of the HPA axis. Indeed,
lipopolysaccharide (LPS), a section of a Gramm
negative bacteria wall, induces a severe stress reaction
in vulnerable individuals (Lolait et al. 2007; Salome
et al. 2008; Walker et al. 2009; Balazsfi et al. 2016).

Humeepamusuas pusuoroeus, 2020, m. 1, Ne 3

In the present research we aimed to study ma-
ternal separation-induced USV and stress-hormone
reactivity to LPS injection in AX and nAX mice pups
in order to establish whether their altered behavioural
and hormonal stress-sensitivity during the chal-
lenges of the postnatal period may contribute to the
development of psychopathologies in this strain.

Materials and methods

1. Animals

nAX and AX inbred mouse strains were origi-
nally developed at EGIS Pharmaceuticals Co. (Bu-
dapest, Hungary) by combination of crossbreeding
and behavioural selection (Szego et al. 2010). Selec-
tion was made in adult mice on the basis of antici-
patory anxiety behaviour during the handling
procedure. When mice were moved to another cage,
some animals always ‘volunteered’ earlier, while
others always moved away from the experimenter.
Animals were separated into two groups, early
movers (non-anxious, nAX, control) and late
movers (anxious, AX), and were inbred.

Pups were kept with their mothers under
astandard 12h light—dark cycle (lights on at 8a. m.),
with food and water available ad libitum, and their
body weights were recorded during the tests. All
experiments were carried out between 9h and 14h.
All manipulations with the animals were approved
by the local committee for animal health and care
and performed according to the EU Directive
2010/63/EU on the protection of animals used
for scientific purposes.

2. Experimental design

On postnatal day (PND) 7-8 (both sexes,
10 litters, 6-10 pups/litter) pups were examined
in an ultrasonic vocalization test (USV, see details
below; n =14—-19/group), marked and placed back
with their mothers. A week later (PND 14-15)
LPS (Sigma-Aldrich, St. Louis, Mo. USA; O55:B5;
100 pg/ml/kg, dissolved in saline) or saline was
injected intraperitoneally (i.p.) to the same animals
(n=5-9/group) (Baldzsfi et al. 2016). One hour
later blood samples were taken for hormone mea-
surements (ACTH, corticosterone).

3. Ultrasonic vocalization (USV)

Pups were brought to a soundproof room and
placed in a 600 ml glass beaker without bedding and
heating. Several studies demonstrated that ambient
temperature plays a pivotal role in the rates of sep-
aration-induced vocalization. USV is lower when
the temperature is close to nest or skin temperature
(30-37 °C). In contrast, USV rates are higher
at room temperature (Portfors 2007; Ise et al. 2008;
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Walker et al. 2009). We chose the more stressful
room temperature condition for our experiments.

USV was observed for 10 min. as described
in one of the previous studies (Varga et al. 2015).
To describe the procedure briefly, individual calls
were detected by means of an ultrasonic-sensitive
frequency division detector (CIEL electronique,
CDB205 R2, coupled to a computer), which was
fixed on a holder 12 cm above the bottom of the
glass beaker. Vocalizations were recorded using
free Audacity 2.0.5. software and stored on a per-
sonal computer. Data were automatically counted
in the power spectrum 30-50 kHz (typically oc-
curring after maternal separation (Varga et al.
2015)) using a USV Counter software (developed
by S. Zsebdk). The total number and total duration
of calls per session were measured. In addi-
tion, USV frequency was calculated as the total
number /10 min.

4. Hormone measurements

Blood was collected after decapitation in ice-cold
plastic tubes, it was centrifuged, and the serum was
separated and stored at —20°C until analysis. ACTH
and corticosterone were measured by radioimmu-
noassay in 50 pl or 10 pl unextracted serum, respec-
tively, as described in earlier research (Varga et al.
2015). The intra-assay coefficients of the variations
were 4.7% and 7.5% for the two hormones, respec-
tively. All the samples from a particular experiment
were measured in one radioimmunoassay.

5. Statistical analysis

Data were expressed as means + SEM and analyzed
using STATISTICA 12.0 software package (StatSoft,
Inc., Tulsa, OK, USA) by analysis of variance
(ANOVA) using repeated measure (body weight;
factors “phenotype’, “time” and “sex”), two (USV;
factors “phenotype” and “sex”) or three way ANOVA
(LPS; factors “treatment’, “phenotype’;, and “sex”).
Post-hoc comparison was made by the Newman-
Keuls method and the results were presented
in figures (shown below). Correlation was calcu-
lated by the Pearson analysis. P values under
0.05 were considered as significant and between
0.1 and 0.05 was considered as trends.

Results

1. Weight

At 7-8 PND the body weight of all groups was
homogenous (Table 1). However, 7 days later, at the
time of LPS injection the AX females were signifi-
cantly heavier compared both to nAX females and
AX males (phenotype x sex: F . =3.74, p=0.05;
phenotype x time x sex: F | . =3.19, p=0.07).

2. Anxiety-like behaviour (USV)

Frequency (number of calls/10 min.) (phenotype:
F 6, =8.02; p<0.01) as well as duration (phenotype:
F 6 =11.09; p<0.01) of vocalization were gener-
ally lower in AX compared to nAX animals, but
during post-hoc comparisons the difference reached

the level of significance only in females (fig. 1). Thus,
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Fig. 1. Maternal separation-induced ultrasonic
vocalization (USV) on postnatal day (PND)

7-8 in anxious (AX) (n=19 male and 19 female) and
nonanxious (nAX) mice (n=15 male and 13 female).
AX mice emitted significantly less USV both in frequency
(number of calls per minute; A, B) and duration (added
together during the entire 10 min. observation period;
C, D) than nAX mice, which reached the level
of significance in females only. *p <0.05, *p <0.01 vs nAX

Table 1. Body weight of the animals

nAX AX
Weight (g)

Male Female Male Female
PND 7 4.26 +0.14 4.08+0.15 4.63+0.23 4.62+0.25
PND 14 7.46+0.23 6.87+0.19 6.99+0.47 7.91 £0.44*#
n 19 19 15 14

* p<0.05 vs female nAX; # p<0.05 vs male AX
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maternal separation resulted in sex-dependent dif-
ferences during the USV test.

3. Stressor exposure (LPS)

One hour after LPS injection a robust elevation
of plasma ACTH was observed in nAX, but not
in AX mice (treatment: F(1,4s) =37.7; p<0.01; phe-
notype x treatment: F . =22.8; p<0.05). ACTH
levels did not show sex-dependent changes either
under control conditions, or after LPS injection
(fig. 2A, B).

Plasma corticosterone levels after LPS treatment
increased in both phenotypes (treatment: F | =481
p<0.05). AX animals showed a higher level of cor-
ticosterone both under basal conditions and after
stressor exposure than nAX ones (phenotype:
F 4y=33.2;p<0.01). During post-hoc comparison
this hormonal hyperactivation in AX pups was
significant only in females (fig. 2C, D).

Finally, we found a significant negative correla-
tion between the studied USV parameters and
corticosterone levels among control conditions
(USV frequency — corticosterone: r = —0.45, p < 0.05;
USV duration — corticosterone: r = —0.46, p < 0.05).
There were similar tendencies after stressor expo-
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sure also, but it did not reach the level of significance
(USV frequency — corticosterone: r=-0.35, p=0.08;
USV duration — corticosterone: r =—0.38; p =0.06).

Discussion

Our findings demonstrated that nAX animals
emitted significantly higher USV after maternal
separation than AX pups. This difference was also
more pronounced in females than males. Acute
immune stress had a prominent effect on ACTH
response in nAX pups only, whereas corticosterone
levels in AX mice appeared constantly higher both
in basal and stress conditions.

Previous studies clearly suggested an enhanced
maternal separation-induced USV emission as a sign
of exaggerated anxiety both in rat and mice pups
(Winslow, Insel 1991; Iijima, Chaki 2005; Varga
et al. 2015; Baldzsfi et al. 2016). Moreover, rats
showing higher USV at PND 10 during a 2 min test
were more anxious in their adulthood as measured
in open field (Brunelli, Hofer 2007). However,
we have to emphasize, that their “controls” with
low USV during the perinatal period seemed to be
more aggressive and emit lower 55 kHz (pro-social,
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Fig. 2. Changes in stress-hormone levels 60 minutes after intraperitoneal lipopolysaccharide (LPS, 100 ug/ml/kg)
injection on postnatal day (PND) 14—15 in neonatal anxious (AX) and non-anxious (nAX) mice (n=38, 4, 6, 8
for males and 8, 5, 4, 9 for females, in the order of the columns): (A, B) adrenocorticotropin (ACTH, fmol/ml)
levels increased in response to LPS injection only in nAX mice without sex-dependent differences;

(C, D) corticosterone (pmol/ml) levels were higher in AX mice both during rest and after LPS stimulation.
LPS induced significant elevation in both phenotypes. The AX females showed higher levels
than their nAX counterparts. * p<0.05 vs nAX, ** p<0.01 vs saline
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marker of positive effects) USV in adulthood,
thus, the adult anxiety in these animals was not
unequivocal. Indeed, another laboratory found
a negative correlation between infant anxiety be-
haviour examined by maternal separation-induced
USV for 10 min. and adult anxiety measured
as immobility and 22 kHz USV during fear condi-
tioning (and partly by enhanced open arm fre-
quency on elevated plus maze in high infantile USV
group compared to low USV rats; p =0.058) (Wohr,
Schwarting 2008). We agree with the authors that
the emission of ultrasonic calls in infancy might
reflect an active coping style, based upon positive
correlations between calling and overt behaviour
observed by them, while in adulthood USV might
reflect a passive coping style shown by the same
group with a positive correlation between calling
and immobility. Moreover, behavioural effects
observed during isolation (e. g. USV) are part
of stress response, while behaviours during testing
in novel, but unthreatening situations (e. g. handling
as a selection method in our strain or elevated plus
maze) reflect the need for exploration. However,
in contrast to our findings, another inbred strain,
the high anxiety behaviour (HAB) and low anxiety
behaviour (LAB) animals selected based upon their
behaviour on elevated plus maze, was found to emit
higher USV examined either in 11-day-old rat pups
(Wigger et al. 2001), or 5-day-old mice pups (Kromer
et al. 2005), or adult rats in response to social defeat
(Frank et al. 2006). We might assume that different
factors contribute to the anxiety phenotypes
in the two anxious strains.

Maternal behaviour has a lasting consequence
on the adult anxiety-related behaviour and coping
style (Maniam et al. 2014; Nguyen et al. 2015).
It was shown that maternal licking and grooming
induce certain epigenetic changes in the pups, re-
sulting in altered stress responses and reduced
anxiety in adulthood (Weaver 2007; Lester et al.
2018). Increased USV in nAX pups might induce
more active maternal care, which might in turn
contribute to the development of a non-anxious
adult phenotype. On the contrary, the reduced USV
in AX pups might not promote sufficient maternal
nurturing, affecting the later-life behaviour. We
intend to explore the level of maternal care in our
mouse strain in a follow-up study.

The higher resting stress hormone levels in AX
mice pups may also result in negative consequenc-
es later (Musazzi, Marrocco 2016). Moreover,
the reduced stress reactivity to an immune challenge
in AX mice pups is also a reflection of a disrupted
coping style. Previously LPS was able to induce
significant stimulation in ACTH and corticosterone
levels in adult (Lolait et al. 2007) and postnatal
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(Balazsfi et al. 2016) mice, which was replicated
in our present experiments. Although HAB rats
previously demonstrated a larger increase in cor-
ticosterone levels to LPS administration than LAB
rats (Salome et al. 2008), their stress reaction to so-
cial defeat was also diminished (Frank et al. 2006),
similarly to our results. In our case, the lower level
of reactivity might be explained by the already
enhanced basal stress hormone levels.

Our data confirms the findings of a previous
study in a mutant mice strain, which suggested
sex-determined differences, particularly a higher
stress-hormone release in female subjects compared
to males (Lolait et al. 2007), thus supporting the
idea of increased vulnerability of females in response
to an acute stressor. Moreover, a previous study
in C57BL/6] mice found female pups to be more
susceptible than males to the effect of maternal
separation based on USV call frequency and dura-
tion (Yin et al. 2016). In our experiment nAX females
showed a tendency towards higher USV than males
(p=0.08) while there was no marked sex-related
difference observed in the response of AX mice,
and this could mean a significantly different rate
of USV when comparing AX to nAX in females,
but not in males.

Conclusion

According to the three-hit concept of vulnerabil-
ity and resilience, aside from genetic predisposition
and stressful experiences in adulthood, the early
perinatal period is of utmost importance (Daska-
lakis et al. 2013). We might conclude that —
in accordance with our expectation — the higher
basal corticosterone levels of AX animals and their
altered stress reactivity to immune challenges may
contribute to their adult phenotype. The adult
anxiety phenotype of the strain was not paralleled
by higher maternal separation-induced USV, thus,
the question arises whether USV is indeed a good
model of perinatal anxiety or if it rather resembles
social communication or active coping with stress.
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Abstract. Since the very first publications on preimplantation genetic
testing, researchers have faced a serious problem — a high mosaicism level
in the preimplantation human embryos obtained by means of in vitro
fertilization cycles. The nature of this mosaicism and its high impact
on embryo development draws attention to this issue. In this research
we studied the cells from different parts of preimplantation human embryos
with mosaicism in the trophectoderm cells detected using Next-generation
Sequencing (NGS). Six human blastocysts with mosaicism in their
trophectoderm cells were each sectioned in three parts: two containing only
trophectoderm cells and one predominantly inner cell mass. These parts
were then analyzed individually. Our data indicate that the proportion
of aneuploid cells in bioptate taken for preimplantation genetic testing does
not necessarily reflect the true chromosomal status of the whole embryo
and cannot be extrapolated to that in the embryoblast cells. The results
of our study strongly suggest that mosaicism revealed in blastocyst reduces
the likelihood of finding the euploid chromosome set in the other parts
of the embryo. Karyotypes of cells from different parts of mosaic embryos
show low concordance. Chromosomal abnormalities in mosaic embryos are
unpredictably diverse, which may lead not only to loss of conception, but also
to the development of genetic disease in the offspring. According to our data,
the mosaic rate tends to increase in the samples containing trophectoderm
adjacent to the embryoblast, which may have physiological significance
for the implantation. Comparative studies focused on the concordance
of mosaicism level of and the type of chromosomal abnormalities detected
in different parts of preimplantation human embryos will improve clinical
recommendations regarding the transfer of mosaic embryos.

Keywords: mosaicism, human embryos, aneuploidy, preimplantation genetic
testing, in vitro fertilization.
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Introduction

Postzygous mitotic errors might result in cell
clones with unequal chromosomal sets within the
same embryo. This phenomenon has been described
as embryonic mosaicism. Mosaicism should be
considered thoroughly when being examined
in preimplantation embryos at blastocyst stage.
Numerous data estimate relatively high mosaicism
frequency in blastocyst (Weissman et al. 2017).
Meanwhile, mosaicism of trophectoderm (TE) cells
does not necessarily correspond to the one within
the inner cell mass (ICM) (Munné et al. 2017). This
fact can significantly complicate the interpretation
of preimplantation genetic testing (PGT) results.
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The observation that mosaicism in preimplanta-
tion human embryos is often identified in vitro
fertilization cycle with preimplantation genetic
testing for aneuploidy (PGT-A) raises the inevitable
question of how a mosaicism level can be reliably
estimated. Rapid advancement of Next-generation
Sequencing (NGS) in conjunction with a single cell
whole genome amplification techniques have stim-
ulated implementation of this approach for PGT-A.
The high sensitivity of the NGS method enables
researchers to identify with high confidence the
mosaicism in TE DNA samples with a single ab-
normal cell (20% for samples with 5 cells). With the
NGS approach it has been shown that mosaicism
frequency in preimplantation blastocysts varies
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from 17% to 47% in nine diverse artificial reproduc-
tive technology (ART) centres (Sachdev et al. 2016).
Nevertheless, the available comparative data on
chromosomal mosaicism values in TE and ICM
cells remains limited and controversial (Munne
et al. 2017).

Thus, maintaining the efficiency of ART requires
additional investigation of mosaicism. The principal
goal of the present paper is to discuss the applica-
tion of NGS-techniques in evaluating the mosaicism
level in diverse cell fractions of preimplantation
human embryos with TE mosaicism detected ear-
lier by PGT-A.

Materials and methods

All procedures were fulfilled according to the World
Medical Association’s Declaration of Helsinki.
The Scientific Review Board of the Research Insti-
tute of Obstetrics, Gynecology and Reproductol-
ogy named after D. O. Ott approved the research
and endorsed the fundamental research topic
No. AAAA-A19-119021290033-1. Informed consent
was obtained from all healthy voluntary participants,
who provided gametes for the research. Early hu-
man embryos were obtained by artificial insemina-
tion by means of intracytoplasmic sperm injection
procedure. Oocytes from 16 clinically healthy
fertile voluntary participants at the age of 20—
32 years with a normal karyotype were fertilized
in vitro with sperm from 11 clinically healthy donors
with a normal karyotype from the International
Centre for Reproductive Medicine (ICRM) sperm
bank according to the published protocol (Korsak
etal. 2019). Pronuclei and polar bodies were checked
16-18 hours after fertilization. Embryos were cul-
tured in sequential culture media solutions (COOK)
for 5—6 days up to blastocyst stage. The latter were
examined and graded in accordance with Gardner
classification (Gardner, Schoolcraft 1999). High
quality blastocysts were subjected to TE biopsy and
cryopreserved by vitrification in Kitazato medium
according to recommended protocol (Kitazato
Supply Co., Fujinomiya, Japan).

PicoPLEX whole genome amplification (WGA)
Kit (Rubicon Genomics) was used for whole genome
amplification. The concentration of WGA products
was measured with Quantus™ Fluorometer (Pro-
mega) and QuantiFluor® dsDNA System reaction
kit. DNA libraries were prepared according to
VeriSeq PGS kit (Illumina) and assessed for quality
with TapeStation 4200 (Agilent). Sequencing of
the libraries was performed on Illumina MiSeq.
Numerical chromosome abnormalities analysis was
carried out in BluFuse Multi v4.3 (Illumina) software.
This method provides effective resolution of 20 Mb.
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Embryos with detected single or multiple chro-
mosomal mosaicism in TE cells were thawed and
incubated until complete expansion. Such blastocysts
were sectioned in three parts with two containing
TE cells and one — predominantly with ICM cells
as previously described (Taylor et al. 2016). WGA,
sequencing, and qualitative DNA evaluation were
performed for each sample as indicated above.

Results and discussion

After morphological evaluation blastocysts
of high quality were subjected to TE biopsy for
PGT-A by NGS technique and cryopreserved. Six
blastocysts in which TE cells mosaicism was ob-
served were thawed and analyzed further (Table 1).

Embryo 492x94 e5 (No. 1) was characterized
by mosaic monosomy for chromosome 16 as indi-
cated by PGT-A. Non-mosaic monosomy 16 was
detected in the other two TE sites, however, in ICM
it was also detected in mosaic state. Presumably
the monosomy 16 had occurred during meiosis and
in some cells reduplication restored chromosome
set to euploid state. Mosaicism for trisomy of chro-
mosome 1 was detected in a sample containing ICM.
It is most likely that trisomy 1 emerged during the
cleavage stage, given that monosomy 16 and espe-
cially trisomy 1 are not found during prenatal stage.

Embryo 500x97 el5 (No. 2) demonstrated
mosaic trisomy for chromosome 8 as detected
by PGT-A. However, when analyzing cells from
other sites, not only monosomy 8, but also trisomy 8,
trisomy 3, monosomy 10, and X and Y aneuploidy
were found. All these anomalies most probably
resulted from mitotic nondisjunction during
cleavage. The presence of reciprocal mosaic aneu-
ploidy on chromosome 8 can indirectly point
to this. The transfer of this embryo could result
in pregnancy loss during the first trimester with
the high probability, as autosomal monosomy and
X nullisomy are lethal, and trisomy 3 in the pla-
centa leads to complicated pregnancy whereas
trisomy 8 by itself is responsible for 0.7%—0.8%
of all spontaneous abortions (Campbell et al. 2001).
Mosaic trisomy 8 is compatible with embryonic
development and live birth. The prognosis for em-
bryos with the male set of sex chromosomes (XY)
is more negative, as they are more likely to be born
since the ratio of newborn girls to boys with this
syndrome is 1:5 (Gardner, Amor 2018).

Embryo 590x77 e2 (No. 3) was marked by chro-
mosome 6 monosomy in the first sample and tri-
somy 6 in the ICM+TE sample. Reciprocal mosaic
aneuploidy for chromosome 6, as in the previous
case No. 2), may arise from chromosome nondis-
junction of euploid cell during the cleavage stage.
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Table 1. Molecular genetic study of embryos with detected TE mosaicism

Ne I])Zmbryo Embt:yo Analysis type Number | Detected chromosomal Percent
arcode quality of cells anomaly of abnormal cells
1 492x94 e5 BI3AB PGT-A 5 Monosomy 16 80

HBI3AB TE1 7 Monosomy 16 100%

TE 2 7 Monosomy 16 100%

ICM+TE 10 Trisomy 1 40%

Monosomy 16 80%

2 500x97 el5 BI3AA PGT-A 5 Trisomy 8 40%

HBI6AA TE1 10 Trisomy 3 50%

Trisomy 8 50%

XYY 10%

TE2 7 Monosomy 8 40%

Nullisomy X, Y 10%

ICM+TE 10 Monosomy 8 40%

Monosomy 10 20%

XYY 10%

3 590x77 €2 BI3AA PGT-A 5 Monosomy 6 40%
HBI3AA TE1 5-7 Euploid

TE 2 10 Nullisomy X, Y 10%

ICM+TE 10 Trisomy 6 60%

Trisomy 11 40%

Monosomy 13 60%

Nullisomy X, Y 40%

4 | 605x100 e4 BI3AB PGT-A 5 Trisomy 2 40%

Trisomy 9 40%

HBI6AB TE1 5 Trisomy 2 20%

Trisomy 9 20%

TE 2 7 Trisomy 2 40%

Trisomy 9 40%

ICM+TE 7 Trisomy 2 30%

Trisomy 9 30%

5 1605x100 e8 BI2AB PGT-A 5 Trisomy 8 70%

Trisomy 12 70%

Trisomy 16 70%

Monosomy 6 40%

Monosomy 7q 40%

HBI6AB TE1 5-10 Monosomy 6 20%

Monosomy Xq 40%

TE2 5-10 Trisomy 8 30%

Trisomy 12 30%

Trisomy 16 30%

Monosomy Xq 20%

ICM+TE 15 Trisomy 21 30%

Trisomy 4p 30%

Monosomy 6q 60%

Monosomy Xq 50%

6 |597x88 el8 BI2AA PGT-A 5 Trisomy 13 60%
HBI6AA TE1 5-10 Euploid

TE 2 5-10 Monosomy 13 20%

ICM+TE 15 Monosomy 13 10%
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However, it is probable that the nondisjunction
occurred later than in embryo No. 2, because embryo
No. 3 has a euploid cell line (TE 1) and a line diploid
for chromosome 6 (TE 2). Yet, as in the previous
case, an overall karyotype destabilization could be
suspected with probable aneuploidy for other chro-
mosomes not found in the first sample. The prob-
ability of giving birth to a healthy child with mono-
somy 6 detected in PGT-A sample in definite
proportion of its cells was negligible and the embryo
would not be recommended for transfer.

Embryo 605x100 e4 (No. 4) was a true mosaic
since trisomy for chromosomes 2 and 9 was found
in all samples from this embryo, although in differ-
ent proportions. The stage of its origin is difficult
to pinpoint, but it could possibly be a result
of multipolar mitosis. Chromosome nondisjunction
occurred rather early as the resulted blastocyst
contained cells with different chromosomal con-
stitution. It should be emphasized that mosaicism
on trisomy 2 is exclusively tissue-specific and was
detected only in extraembryonic mesoderm cells
during prenatal diagnostics (Griffin 1996; Wolsten-
holme et al. 1994). There is only one report which
describes cases of prenatal diagnosis of acardiac
twin pregnancy with mosaic trisomy 2 (Blaicher
et al. 2000). Full and mosaic trisomy 9 is often de-
tected in spontaneous abortion, but it is sublethal
(Baranov, Kuznetsova 2007). Thus the probability
of becoming pregnant after the transfer of an embryo
with simultaneously mosaic trisomy 2 and 9 seems
very low.

Embryo 605x100 e8 (No. 5) contained aneuploid
cells with imbalances in the entire chromosomes or
their arms. Such anomalies are indicative of karyotype
destabilization through mitotic divisions and mitotic
recombination in centromeric regions of chromosomes
(Giunta, Funabiki 2017). All these chromosomal
anomalies could occur during early cleavage divisions
(Daughtry, Chavez 2016). The probability of becom-
ing pregnant after the embryo transfer is low.

Embryo 597x88 e18 (No. 6) was marked with
chromosome 13 trisomy in 40% of its cells. Analy-
sis of the sample from different parts of the embryo
also showed monosomy 13 (reciprocal mosaic
aneuploidy) and euploid cells, indicating its origin
from mitotic nondisjunction at cleavage and pre-
dominant selection of monosomy clone.

The first article about the birth of a healthy child
with a normal karyotype as a result of transferring
an embryo with mosaic TE was published in 2015
(Greco et al. 2015). The number of relevant publica-
tions on the transfer of embryos with mosaicism
revealed by PGT-A detected by the NGS method is
increasing (Munne et al. 2017; Kushnir et al. 2018;
Victor et al. 2019). Hereby, transfer of embryos with
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mosaic TE can give rise to pregnancy and result
in the birth of a child with a euploid karyotype.
Nevertheless, the rate of successful pregnancies
is lower compared to that following the transfer
of euploid embryos (Kushnir et al. 2018).

The trend to transfer mosaic embryos gradu-
ally expands as the efficiency of prenatal testing for
chromosome imbalances steadily increases due
to further improvements of PGT-A techniques
(Sachdev et al. 2016; Victor et al. 2019). It is obvious
that the transfer of mosaic embryos should be
justified providing the absence of euploid embryos
for transfer in the same couple. Our data indicate
that the proportion of aneuploid cells in biopsy
taken for PGT-A analysis does not necessarily reflect
the true chromosomal status of the whole embryo
and cannot be extrapolated to that in ICM cells.
Meanwhile, our preliminary results indicate that
if a mosaic chromosomal imbalance was detected
in blastocyst, the probability of an euploid chromo-
some set in other parts is low. Consequently, mo-
saic embryo transfers should be considered with
caution. Clinical recommendation for embryo
transfer describes the requirements on prioritizing
the transfer of mosaic embryos respective of PGT-A
results (PGDIS position statement... 2019). The
main idea of the recommendation is that the deci-
sion regarding the transfer should be taken respec-
tively of the level of mosaicism and the data on the
effects of the particular chromosome (chromo-
somal region) on prenatal and postnatal develop-
ment (Grati 2014). Our data revealed that mosaic
rate in the samples containing TE adjacent to ICM
tends to increase, which may have physiological
significance for implantation. Further comparative
studies focused on the concordance of mosaicism
level of and the type of chromosomal abnormalities
detected in different parts of preimplantation hu-
man embryos will improve clinical recommendation
for embryo transfer.
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Annomayus. ITporpecc B 06aacTy MHGOPMALIMOHHBIX TEXHOAOT UL, CPEACTB
rA00aABHO O€CTIPOBOAHOI CBSI3M IPUBOAUT K M3MEHEHMUSIM B €CTECTBEHHOM
9AEKTPOMarHUTHOM (pOHEe 3eMAU U SKOAOTMUECKOI 6€30IaCHOCTH JKUBBIX
opraHu3MoB. [ IpeACTaBASIETCS AKTYaABHBIM MICCAEAOBATD BAVSIHIIE TEXHOTEHHBIX
Y €CTECTBEHHBIX 9AEKTPOMATHUTHBIX ITOAEI C UCTIOAb30BAHMEM MOAEABHBIX
01OAOTIECKIX 00BEKTOB, BKAIOYASI MEAOHOCHYIO ITY€AY, 0CO00 YyBCTBUTEABHYIO
K AEVICTBMIO DAEKTPOMAarHUTHBIX M3AyYeHUi1 (DMI) B cBsI3U C BPOXKAEHHOI
HEOOXOAVMOCTDBIO MX MCIIOAB30BAaHMS B €CTECTBEHHON Cpeae 00UTaHMs.
PaspabarbiBaeMble cucTeMbl 3aiuThi 0T DMV 3a cueT M3MeHeHNsI XapaKTePUCTUK
V3AYyYEHU MOI'YT TAK>Ke BbI3bIBATHb Cl'IeLU/ICl)I/[‘-IeCKI/Ie MaI'HI/[TO6VIOAOI'V[‘*IeCKI/Ie
peaxumm KUBBIX cuCTeM. B HacTosien pabore Ha MeAOHOCHOI TaeAe (Apis
mellifera 1..) usy4ueHo BAMsIHYUE Ha BPOXKAEHHbIE I KOTHUTUBHbIE KOMIIOHEHTBI
MIOBEAEHVSI YCTPOVICTB — pe30HaTopoB DMV, AeliCTBYIOIMX U30AMPOBAHHO
u Bkyme ¢ Wi-Fi-poyrepom, a Takke nsmeHeHuin (ocaabaeHust/ycuaeHmns)
MarH/UTHOTO IIOASI B MeCTe NPOBEAEHMS 9KCIIEPYMEHTA OTHOCUTEABHO
MarHMTHOTO moAsi 3eMan. IToka3aHO yrHeTalee AeCTBIE HA IIPOLECCHI
dbopmMupoBaHMs MAMATY BCEX U3y4yaeMbIX (paKTOPOB, KPOME YCUAEHHOTO
MarHUTHOTO MOAs (CTUMYyAMpYIoliee Bo3AericTBIe). [Ipu aTom HanboAee
rAy0OKMe M3MeHeHMs B IIpoLiecchl GOpMUPOBAHMS IAMSITU BHOCUT M3MEHEHNE
MarHuTHbBIX moaent. Kak ocaabaeHne, Tak U ycuAaeHUEe MarHUTHOTO TTOAS
3HAYUTEABHO MHIMOMPYET AOATOBPEMEHHYIO MaMsATh. HabAopaeMble 3MeHeHNs
B npoueccax GOpMUPOBaHUS MTAMSTU HEM30€XXHO OTPa3sATCS Ha AE€THOM
MUIEAOOBIBATEABHON AKTUBHOCTY U B LIEAOM HA IPOAYKTUBHOCTU CEMel
MEAOHOCHBIX ITUEA.

Karoueswbie crosa: MEAOHOCHAs IMMY€AQ, SAEKTPOMArHUTHDIE ITOAS, KPaTKOBPEMEHHAA
NaMATb, AOATOBPpEMEHHAS MTAMATbh.
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Beepaenue

[TapaaaeabHO TIporpeccy B obaacTu nH$oOpMa-
LIIOHHBIX TEXHOAOT U, ILMPOKOMY PACIPOCTpaHe-
HUIO B CBSI3U C 9TUM CPEACTB TA00aAbHOI becripo-
BOAHOII CBsI3M, HApaCTaeT yIpo3a paBHOBECUIO
6uocdepsl 3eMAU, SKOAOTUYECKOI 6€30TIaCHOCTH
XXMBBIX OpraHn3mMoB. O CTPeCcCOPHOM OTPULIATEAb-
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Abstract. Progress in the field of information technology and global wireless
communications leads to changes in the natural electromagnetic background
of the Earth and affects living organisms. Therefore, it is relevant to investigate
the influence of technogenic and natural electromagnetic fields using model
biological objects, including a honeybee, which is particularly sensitive
to electromagnetic radiation (EMR). Current EMR protection systems that
change the characteristics of electromagnetic radiation can also cause specific
magneto-biological reactions in living systems. In this study we used
the honeybee (Apis mellifera L.) to assess the effect of devices on the innate
and cognitive components of the honeybee behavior. The devices included
EMR resonators working in isolation and together with a WiFi router. We
also changed (weakened/enhanced) the magnetic field relative to the Earth’s
magnetic field at the experiment location. The experiments found that all
the factors under study, except for the enhanced magnetic field that produced
a stimulating effect, have an inhibitory effect on the memory formation.
Besides, both weakening and enhancement of the magnetic field significantly
inhibits long-term memory. The observed changes in memory formation will
inevitably affect the flight patterns and food-finding mechanisms in bees and,
in general, the productivity of honeybee colonies.

Keywords: honeybee, electromagnetic fields, short-term memory, long-term
memory.

HOM BO3AEMCTBUY HapYLIEHUI 9AeKTPOMAarHUTHO-
ro ¢oHa OKpy)KaloIleil CPEeAbl HA Pa3AUYHBIE CH-
CTEMbI OPraHM3Ma YeAOBEKa, )KUBOTHBIX U PaCTEHUI
CBUAETEABCTBYIOT MHOTOYMCAEHHBIE ICCAEAOBAHNS
nocaepHnx 10-20 aet (van Rongen et al. 2009;
Saliev et al. 2018). MHOroAeTHUE UCCAEAOBAHMS,
IIpOBeAEeHHbIe 3apyOeXKHbIMM YueHbIMM (CM. 0630p
Cucurachi et al. 2013) u Hamu (AomatuHa u Ap.
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2019), TOATBEP>KAQIOT HETATUBHBI CTPECCOPHBIN
XapakTep BAUSHUS 9AEKTPOMArHUTHBIX U3AYYEHUI
(DMM) Ha moBeAeHME U XKUSHEAESITEABHOCTD Ha-
CEKOMBIX, BKAIOYAsi MEAOHOCHYIO TueAy. [Ipu aTom
BBISIBAEHA CBSI3b MEXKAY pa3MepaMy TeAaa HaCceKo-
MOTO, AUDAEKTPUYECKUMU CBOMCTBAMI OObEKTa
Y BeAMIMHO abcopbumy DMI: makcumym abcopo-
LU HAaOAIOAQAU TIPU AAVIHE BOAHBI, CPaBHUMOII
c pasmepamu Teaa Hacekomoro (Thielens et al. 2018).
ITop Bo3aericTBeM DM y HaCEKOMBIX M3MEHSET-
Csl HeIpOHAAbHAsI AKTUBHOCTD B LIEHTPAABHBIX
u nepudeprnuecKnX OTAEAaX HEPBHOI CUCTEMBI
(Wyszkowska et al. 2016), a Tak)Ke TpaHCKpUITLV-
OHHas aKTUBHOCTh reHoma (Manta et al. 2017), uto
IIPUBOAWT, B Y4CTHOCTY, K OBBILIEHWIO IIPOAYKLIMN
crpecc-6eaka HSP70 (Wyszkowska et al. 2016).
IToAayueHHbIe paHHbIE (Cammaerts et al. 2012; Ao-
naryHa 1 Ap. 2019; Shepherd et al. 2018; 2019; Zhang
et al. 2016; El Halabi et al. 2013 u ap.) cBupA€eTEAD-
CTBOBAAM O PEAYKLIMY Y HACEKOMBIX, BKAIOYAS ITYEA,
KOTHUTUBHON, AOKOMOTOPHOM U PENIPOAYKTUBHOI
akTMBHOCTU. VI3 0630poB (Aomatuna u Ap. 2018;
Cucurachi et al. 2013) MO>XXHO IIOUEPIIHYTh CBEAEHNS
00 yiep6e, HAHOCMMOM 3A€KTPOMarHUTHBIMMU 3a-
I'PA3HEHMSIMU CPEAbI CEAbCKOMY X03411CTBY. Mexa-
HU3MBI BAUsIHUA DMVI Ha noBeaeHMe U Apyrue
(hOPMBI KUSHEAEATEABHOCTY >KMBBIX OPTaHU3MOB
VIHTEHCUBHO M3Y4alOTCs, OAHAKO OMOAOTMYecKast
ocHoBa peuenuyy DMV Ao0CTOBEpHO He BbISICHEHA.

PaspabarbiBaeMble CUCTeMbI 3aIUTh OT DM
3a CYeT CHVDKeHUs MOIIHOCTY, U3MEHEHHUsI MPOo-
CTPaHCTBEHHBIX XapaKTEePUCTUK, OTpaxkeHust DM
(Jasaitis et al. 2018) B COBOKYITHOCTH C APYTUMMU
MCTOYHMKAMM U3AYYEHMSI MOTYT TaK>Ke BbI3bIBaTh
crietudryecKre MarHUTOOMOAOTYECKIEe PeaKIUU
JKUBBIX cucTeM. [IpeAcTaBAsIeTCS aKTyaAbHBIM MC-
CAEAOBATbh UX BAUSIHIE C UCITOAb30OBAHMEM MOAEAD-
HBIX OMOAOTUYECKUX OObEKTOB, BKAKOYASI HACEKO-
MbIX (MEAOHOCHAS ITYEA]).

3HAYMMBIM 9KOAOTUYECKUM (HAKTOPOM SBASIET-
¢s1 MarHuTHoOe noAe 3emau. Ero namenenus npu-
BOASIT K COOI0 B pab0Te SHAOTEHHBIX MEXaHU3MOB,
Aexaimx B ocHoBe pesiteabHocTy LIHC (XoA0p0B,
AebepeBa 1992; AepHes u Ap. 2008; Cook et al.
2006) 1, TakuM 00pa3oM, BCeX CUCTEM OpPraHU3Ma.
OcaabAeHVe MaTHUTHOTO MTOASI B MECTe IIPOBeAe-
HUSI DKCIIEPUMEHTA SIBASIETCS AASI )KUBOTHOTO
crpeccopHbiM ¢pakTopom (Hukuruna u Ap. 2013).

MexaH13Mbl BOCIIPUATUSA U BO3AEVCTBUS Mar-
HUTHBIX IIOA€1 aKTVMBHO OOCYXXAQIOTCSI B AUTE-
patype. Hanboaee 060CHOBaHHOV U 3HAYMMOM
B OOBSICHEHUM OMOAOTMYECKUX U MEAULIMHCKUX
apdbexToB DMI U MarHUTHBIX TTOAEN MHOTUMU
aBTOpamiu (cM. 0030p: byuauenko 2014) npepcTas-
ASIETCSI MOAEKYASIPHASI KOHLIETILIVS, TAQBHBIM CTPYK-
TYPHBIM 3A€MEHTOM KOTOPOU SIBASIETCS MIOH-

Humeepamusuas pusuoroeus, 2020, m. 1, Ne 3

paAMKaAbHas apa — MPUEeMHUK MarHUTHBIX IOA€EN
Yl ICTOYHVUK MarHUTHbIX 3¢ dexToB. CAepyeT 0co-
00 MOAYEPKHYTD, UTO CYIIeCTBOBAaHME TAKKX T1ap
OOHapY’>KEHO B ABYX I'AQBHBIX )XM3HeoOeceuBa-
IOLIUX OMOXMMMYECKMX Mpolieccax — B pepMeH-
taTuBHOM cuHTe3e AT® u AHK (Byyauenko 2014).

MarHuTopeLenTopamMm y MYeAbl CAY>KaT KpHU-
craaapl Fe,O,, pacrioAoxeHHbIe B KA@TKAX KUPO-
BOT'O TeAQ B OPIOILKE, 8 XUTUHOBBII TIOKPOB ITYEABI
00AaA2€T MOAYTIPOBOAHMKOBBIMU CBOVICTBAMU
(Kumar et al. 2011; Wyszkowska et al. 2016).
B npotiecce roAeTa 1 rpu rnepeABIYXKEHUM [T0 COTAaM
B YAb€ ITYEABI TEHEPUPYIOT IIOCTOSIHHbIE Y MOAYAM-
pYeMble 3AeKTPUYECKIE TIOASL, CECHCOPAMU KOTOPBIX
CAYXXUT A>KOHCTOHOB OpPraH U APYyIMe MeXaHope-
LIENITOPBI, PAaCIIOAOKEHHbIE HA AHTEHHAX U TeAe
oco6u (EcpkoB 2018; Greggers et al. 2013). O6cyx-
AQ€TCsI POAD B peLieNLVM MYeAbl 9AeKTPOMarHUTHBIX
IIOA€J1 CBETOUYBCTBUTEABHOTI'O IUTMEHTA KPUIITO-
xpoma (Sheppard et al. 2017). ITueaa, opueHTUPYSICH
B IIPOCTPAHCTBE B YCAOBMSIX TIOAETA K OTAAA€HHBIM
MICTOYHUKAM KOPMa, UCIIOAb3YeT U3MEHEHMsI AO-
KaABHOI'O TeOMarHuTHOro noas 3emau (Valkova,
Vacha 2012).

BAusiHue M3MeHeHVSI MAarHUTHOTO TIOASI Ha KOT-
HUTUBHYIO CIIOCOOHOCTD ITYEABI paHee He U3Y-
4aAOCh.

Takum 06pa3oMm, B 3apauy HACTOsILEN pabOThI
BXOAMAO M3y4YeHle BAVSIHMI Ha NUILEBOE TIOBEAE-
HIie MEAOHOCHOI ITYeAbI (000HATEeABHOI, TUILEBOM
BO30YAMMOCTH, YCAOBHO-PE(PAEKTOPHOI AESITEAD-
HocTH): 1) pe3onaropoB «Aires Defender Pro»
(Aaree — pesoHaTopsl), paspaboraHHbIX DOHAOM
MICCAEAOBaHUI TEHOMa YeAOBeKa «AJIPac» (maren-
b1 N2 2231137 1 2230580 ot 20.06.2004), AencTBy-
I0lljVie M30AMPOBaHHO U BKyIle ¢ Wi-Fi-poyrepom;
2) UBMEHEHUI — 0CAaOAeHMsI/yCUAEHSI BHELITHE-
IO MarHUTHOTO TTIOASI B MECTe ITPOBEAEHMS DKCIIe-
pUMeHTa 3a CUeT IpUMeEHEHMs SKpaHUpPYIOLIeNn
KaMepbl ¥ KOAbLIEBBIX MarH/UTOB.

Martepuaa u MeTOABI

VccaepOBaHMSI IPOBOAMAM Ha paboumx 0co0s1x
MeAOHOCHOIT mueAbl Apis mellifera L. B Bo3pacTe
7-30 aHeit B AeTHuI iepuop, 2018 ropa (MroHb—
aBryct) (Koarymmn, BceBoaoXckuit p-H, AeHUH-
rpaackast obaactp, Poccus). TTuea copeprkaan
B HEOOABILINX YABSIX B KOMHAaTHOM IOMeIIeHUM,
B ceTyaron kamepe npu t 20—25 °C. Tueas! ObiAU
obecrieyeHbl O€AKOBBIM, YTAEBOAHBIM KOPMOM,
BOAOV. OUUCTUTEAbHBIE OOAETHI MYEABI MOTAY
COBEpIIATh eXXeAHEBHO.

1. AAsI OLIEeHKU BAMSIHUSI PE30HATOPOB «Aires
Defender Pro» mcnoAbsoBaAu 6 MAaCTUH, KOTO-
pble pa3MellaAl B LeHTpe KaXKAOM IPaHy KAETKU
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Dapapest, OTCeKalollell BHEIIHME SAEKTPUUECKLe
noast (puc. 1). Vicnoap3yemasi maacTvHa 3a CYeT
MMOASIPU3ALIMIOHHBIX CBOJICTB U ITOBEPXHOCTHOM
CTPYKTYPBI BeAeT cebs1 Kak MHOTOYaCTOTHBIN pe-
30HATOP, CIIOCOOCTBYIOINI ITPe0OpPa3sOBaAHUIO
BO30Y)KAQIOLIIETO M3AYY€EHMSI B HAOOP COOCTBEHHBIX
rapMoHuK pe3oHaTopa (KomeiabrioB u ap. 2007;
Cepos u Ap. 2006).

B pabore ncnoabszoBaau craHpapTHbiir Wi-Fi-
poyrep (becipoBopHOM MapiupyTusarop LinkSys
E1200-EE/RU) co cAeAyIOLMMY TEXHUYECKUMU
XapaKTepUCTUKAMM: YACTOTa OECTIPOBOAHO CBSI3Y —
2,4 TT1, KOAMYeCTBO U TUIl aHTEHH — 2 BHYTPEeH-
HYl€ aHTEHHBI, KOOPPULMEHT YCUAEHMS IITATHOM
aHTeHHbI (aHTeHH) — 4 ABu. PoyTep pacmnoaa-
raau B kKaeTke Dapapest (CTaAbHasI CETKa, pa3mMep
sveek — 1 MM) Ha CheMHOIT TOAKE TOA KPBIIIKOIT
CTPOTO IO LIEHTPY KaMephl.

Ilpomoxkoa onvima. I TueA UIBOAVIPOBAAY OT CEMbU
Y IOMelIaAy B KoanuecTBe 20 0cobell B ceTyaTyio
npo6upky (o6vem 120 cm®) ¢ kopmom. ITpoOupKy
BBIKAAABIBaAM Ha AHO KaeTKu Dapapest B LeHTp
Ha 24 yaca. B onbiTHOM BapuaHTe B KaeTKe Dapa-
A€sl HAXOAMACS TOT AU MHOV M3y4aeMblll UCTOY-
HUK BO3AeNCTBYS. KOHTpOAEM CAY)KMAM ITYEABI,
noMeleHHble Ha 24 Yaca B CETYATYIO IPOOUPKY
C KOPMOM, BBIAO’KEHHYIO Ha AHO B LIEHTP KAETKU
®Dapaaest, AVILIIEHHYIO Pe30HATOPOB, & TAKXKe MH-
TAKTHBIE ITYEABI B CETYATBIX IIPOOMPKAX TAKOTO JKe
pasMepa Cc KOpMOM, PACIIOAO’KEHHbIe BHE KAETKHU

B TOM >XKe IoMellleHuM ¢ Temmeparypoi 23 °C.
3a 3 yaca A0 MpoleAypbl 00y4YeHMsI KOPM U3 IIPO-
6upku ypaasian. IIpolieaypel oOydeHMs 1 TeCTH-
pOBaHMsA OCyllecTBASIAM BHe KaeTku Dapapest.
KasKABIN OIBIT TOBTOPSIAU TPVIPKABL.

2. AAsI CO3AQHUS YCAOBUIT OCAQOAEHNSI BHEIII-
Hero MarHuTHOro moAsi (MII) ucnoab3zoBaau
9KPaHMPYIOIIYI0 KaMepy 13 HEMarHUTHOI'O Mare-
puaAa, Ha KOTOPYIO OBIAO HAMOTAHO MOKPBITHE,
BBIIIOAHEHHOE 13 aMOP(GHOr0 MarHUTOMSITKOTO
maTepuara AMATI-172, uto 06ecrneynAo yMeHb-
LIeHVe BEAMYVHBI MHAYKLIMY MarHUTHOIO ITOAS
3emAM BHYTpU KaMepsl ¢ 45 MKTA B MecTe mpo-
BepeHUA sKcrepuMeHTOB A0 0,1 MKTA BHYyTpU
Kamepbl. AAsI KOHTPOASI UICIIOAb30BaAU UMUTYPY-
IOLIYI0 KaMepy, KoTopasi OblAa MU3TOTOBAEHA U3 TOTO
K€ HEMarHUTHOTO MaTepraAa, HO B KaueCTBe I0-
KPBITUS UCTIOAB30BaH YepHbIll moAusTuAeH. Obe
KaMepbl ObIAU BBITIOAHEHBI B BUAE LIMAMHAPOB
AnameTrpoM 10 ¢cM U BBICOTOI 25 CM, 3aKpbITble
C OAHOTO TOPLiA ¥ OTKPBITBIE C APYTOT0, TaK YTOOBI
B TAYOMHY KaMepbl Ha CEPEAUHY ee OCU AETrKO I10-
MelllaAach ceTyaTasi mpobupka ¢ 7 mieaamu (pasmep
MPOOUPKU: AAMHA — 6 CM, AaMeTp — 2,5 cMm).

AAsl cCO3AQHMA YCAOBUM YCMAEHUS BHEIIHETO
MarHUTHOTO TIOASI UCTIOAb30BaAU 2 KOABLIEBBIX
MarHuTa, paclioAOXKEHHBIX IT0 OAHOV OCY APYT Ha-
IIPOTUB APYTa, TaK YTO B MECTe IIOMeLIeHMsI IIPO-
OMpKM C 7 TTYeAaMM MHAYKUMSI cymMMapHoro MIT
coctaBasiaa 200 MKTA.

«KneTtka ®apages» ansa nccneaoBaHui

CbemHas
KpblLLKa

100

2-ypoBHeBad
nonka gns
Wi-Fi-poyTepa
(400x600)

400

Pe3oHaTop

30HbI pa3melleHns —
LEHTPbI BCEX rpaHei

Puc. 1. Cxema kamepsl («kaeTku Dapapesi»), UCTIOAb3YEMOI AASL ICCAEAOBAHMS,
¢ U306pakeH1eM 30HbI pa3MellleHlsI pe30HATOPOB

Fig. 1. The layout of the chamber (“the Faraday cage”) and the location of resonators used in the study
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BeAMuMHY MHAYKLMY MarHUTHOTO TOAS U3-
MepSIAU TPEXKOMIIOHEHTHBIM MarHUTOMETPOM
HB0302.1A (OOO «MaruuTHbie mpubopsi», Poc-
cust) ¢ auanasoHom usmepenuit 0,1-100 mxTa
U TPEXKOMITOHEHTHbIM MarHuToMeTpom HB0305.2A
Ha ocHOBe AaTuuKOB Xoaaa (OOO «MaruurtHble
npubopsi», Poccust) ¢ pAnamnazoHaMu M3MepeHUit
10 MTA 1 100MTA.

B aTuX aKcIlepyMeHTaX y4aCTBOBAAU 4 IPYIIITbI
ITYeA: 2 OTIBITHBIE U 2 KOHTPOAbHBIE. I lepBast onbIT-
Has TPYIIIA HAXOAMAACh B 9KpaHMpYIOLIell KaMepe,
ocaabAsolelt BHelHee MarHuTHoe roae (OMIT).
BTopas onbITHasA rpymnna — B YCAOBUAX YCUAEHUS
MarHuTHOro 1noast (YMIT). Tperps rpynmna — KoH-
TPOAD 1, B Kamepe, UMUTHUPYIOLIeN SKpPAaHUPYIOIL U
LVAUHApP. YeTBepTas rpynmna — KOHTPOAbD 2, MH-
TaKTHBIE IT4YeAbl (0€3 BO3AENCTBUS).

ITpOTOKOA OIBITA 3aKAIOUAACS B CAEAYIOLIEM.
HakaHyHe ycCIIbITaHNIT ITYEA M30AMPOBAAY U3 YADS,
pasMelaAu 1o 4 ceT4aThiM IPOOKPKaM C KOPMOM,
1o 7 0coberl B KaXXAOI1, KOTOPBIX AaAee TIOABepra-
AVI OTIIVICAHHBIM BBIIIE BO3AEVCTBMSIM B TeUeHUE
12 gacoB (20:00-8:00). ITeproa BO3AEMCTBUS CO-
BIIAAAA C TEMHOBOI (a30il LMPKaAHOTO pUTMA.
I'lo oxOHYaHMM BO3AEVICTBUA Y ITU€A U3bIMAAU KOPM
U ITOMellaAu Ha 1 yac B YCAOBMsSI C HOPMaAbHBIM
YPOBHEM MarHUTHOTO IOAS 1 TeMIiepaTypoii 25 °C.
VIHTakTHBIE mYeAbl HaxoauAMuch 13 (12+1) yacos
BHE YAbsI B IPOOVPKeE TAKOT'0 )Ke pa3Mepa, HO He MOA-
BEPraAlCh BO3AENCTBUAM. 3aTeM IPUCTYIAAU
K npoueaype obydyenns. Kaxayo cepuio onbIToB
MOBTOPSAM 1O 6—7 pas.

Vcroab3oBaAl METOA YCAOBHOTO pedaexca —
BpIpa0aThIBaAUM YCAOBHBINM MUILEBOI pedaexc
BoITATMBaHMA X000TKa (Proboscis Extension Reflex,
PER) Ha 000HsTEABHBIN pasppakuTeAb (Bitterman
et al. 1983), 0OAHOKPATHO COYETAast 3aMax TBO3AUKA
C nuieBbIM MopKpenaAeHreM (50 % pacTBop caxa-
pa) U IpOBEPSIAU €r0 COXpaHeHNe B KpaTKOBpe-
MeHHOVI (4epe3 1 MIH OCA€ IIPOLIEAYPBI 00y 4eHMsI)
" AOATOBpeMeHHO (uepe3 180 MuH mocAe mpo-
LleAypbl 00y4YeHMs) TaMsTU IIyTeM AMCTaHTHOIO
IPeADbSIBAEHMSI YCAOBHOTI'O Pa3APKUTEAS] — 3a-
rmaxa rBO3AMKIU. AeAeHle TaMsITH ITYeAbl Ha (a3l
npuBepeHo coraacHo pabore (Menzel 1999). Aas
BbIPabOTKM YyCAOBHOTO pedpaekca mieA, 06e3ABu-
>KEHHBIX C ITOMOIIIBI0 XOAOAOBOI'O HapK03a, M-
MOOMAM30BaAM 32 KPbIAbSI CITELIMAABHBIMU 3a-
JKMMaMM U TIOMEII[AA/ B YCTaHOBKY, IIO3BOASIOIIYIO
OAHOBpPEMEHHO TeCTUPOBaTh 18 ocobert. YcTaHOB-
Ka [IPEACTaBASIET COO0I TOPUBOHTAABHBIN METAA-
AVYECKUI CTEP)KEHb C OTBEPCTUSIMU AASL PUKCa-
TOPOB ITU€A, Pa3HECEHHBIX APYT OT Apyra Ha 20 cM.
OO6yueHue HaumHaAu yepe3 30 MUHYT MOCAe
Hapko3a. [Ipoieaypa oOyuyeHMs1 3aKAOYaAACD
B caepyiouieM. K anTeHHaM myea (6e3 conpuxoc-
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HOBEHUsS C HUMU) IIOAHOCUAM Ha CTEKASHHOI
AOTIATOYKE KAIAK apOMaTU3MPOBAHHOTO IBO3AU-
KOJ caxapHoOro pactBopa. Ha npoTspbkenun 5 cex
PEerucTpUpoOBaAU UUCAO MTYEA, OTBEYAIOIIMUX CITOH-
TaHHO peakliiyel BhITATMBAHUS X000TKa Ha 3amax
(oOoHsITEABHAsT BO3OYAMMOCTBD). 3aTeM KallAlo
apoMaTU3MPOBAHHOTO pacTBOpa MPUBOAUAU
B COIPMKOCHOBEHME C aHTEHHAaMU, TA€ Y ITUeA
PacroAO0KeHbl 00OHSTEAbHBIE M BKYCOBbIE pellern-
TOPBI, PETYCTPUPYS IIPY ATOM HaAMYMe (OTCYTCTBUE)
06€3YCAOBHOTO BPO>KAEHHOTO MULIEBOTO pedaek-
ca — BBITATMBAaHUSA X000TKa (nuiieBasi BO30YAU-
MOCTb). Aaree — myeAa, BBICYHYBIIAsi X000TOK,
MOTAQ B Te4eHle 2 CEeKYHA HacacblBaTb CaXapHbIN
pacTBOp (muIeBO€ MOAKpPENAEHNE YCAOBHOTO
CUTHAAA — 3araxa rBo3auKu). [TueAbl, AeMOHCTpHU-
pyloljie CIIOHTaHHYIO peakLyo U, HAlIPpOTUB,
He OTBETMBIINE 0e3yCAOBHO-pepAEKTOPHON Mu-
11eBOJ peakLyel, B AAAbHEMIIVX 9KCIIepPMMEeHTaxX
He yyacTBOBaAU. [loAydyeHHbIe AaHHBIE 0OpabaThI-
BaAl CTaTUCTUYECKU C UCTTOAb30BaHMEM Helapa-
MeTpUu4ecKux KputepueB MaHHa — YutHu u x>

Pe3yAbTaThl U 00CYXKAEHME

1. PesyAbTaThl N3y4eHUsA BAUSAHMS pe30OHa-
TOPOB Ha MUILEBYIO BO30YAUMOCTb 1 KPAaTKOBpe-
MEHHYIO TaMATb IPMBeAeHBI Ha puc. 2. Kak Mo>KHO
BUAETDb Ha PUCYHKE, PE30HATOPHI M30AVPOBAHHO
1 BKYIIe C POyTE€POM CHIDKAAU KaK YMCAO ITYEA,
OTBEYaIIX 0€3YCAOBHO-pepAEKTOPHOI IUIEBOI
peaxiueit (puc. 2a), TaK 1 YUCAO ITYEA, OTBEYAIOIINX
yCAOBHO-pedaeKTOpHOI peakuuei (puc. 260) yepes
1 MMHYTY IIOCA€ OKOHYQHMS TPOLIEAYPBI 00y YeH M.
ITocaepHee 0Ka3aA0Ch CONTOCTABMIMO C AEVICTBUEM
poyrtepa (AonaruHa u Ap. 2017).

Ha p0ATOBpeMeHHYIO IaMSTh pe30HATOPDI
BAVSIHUS He OKa3aAu. B To ke BpeMsi, AeNICTBYS
BKYIIE C POYTE€POM, P€30HATOPbI HUBEAMPOBAAU
€ro CTUMYAMPYIOIINI AOATOBPEMEHHYIO NTaMsITh
s dekT (Aomatuna u Ap. 2017). B cpeanem 88 %
MYeA OTBETUAM YCAOBHOM peakuueit uepes 180 Mu-
HYT 110 OKOHYaHUY NPOLIEAYPBI O0yueHNs], KaK
B KOHTPOABHOM I'PYIIIIe, TaK Y B ABYX OIIBITHBIX
(Bo3aelicTBME pe3oHATOpa — M30AMPOBAHHO
Y BKYIIE C POYTEPOM)

CaeAyeT OTMETUTD, UTO B OIBITaX HA MAEKOIIN-
TaroLyX (KpbIcaX) pe30HaTOPBI TAKOKE KYIVPOBAAK
BbI3BAaHHbIE POYTEPOM HapYILIEH!sI AOATOBPEMEH-
Hot mamsaTu (AroxukoBa u Ap. 2018). Pasamuus
B AEIICTBMUM PE30HAaTOPOB Ha KPaTKOCPOYHbIE
1 AOATOBPEMEHHO TeKYIIJe IPOLieCChbl, BO3MOXXHO,
CBSI3aHBbI C Pa3ANUMAMY MEXaHU3MOB pOpMIUPOBa-
Hus namATu. Kak nsBecTHo, B ocHOBe HpopMUPO-
BaHMs KPAaTKOBPEMEHHON MaMsATU AEXKUT peBep-
Oepalysi 9AEKTPUYECKX MMITYAbCOB B 3aMKHYTOM
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Puc. 2. BAusiHME pe30HaTOPOB, AEMICTBYIOLIMX U30AUPOBAHHO U BKYIIE C POYTEPOM,
Ha MUILEBYI0 BO3OYAMMOCTH (a) M KPATKOBPEMEHHYIO MaMsITh (6) IMYeAb

Fig. 2. The effect of resonators working in isolation and together with the router
on the honeybee feeding excitability (a) and short-term memory (b)

KOHTYpe B TeYeHle HEeCKOAbKUX MUHYT ITOCAE
00y4eHMs1, TOTAQ KaK AOATOBPEMEHHasl NMaMsTh
TpebyeT pabOThI reHOMa, CMHTE3a HOBBIX OEAKOB
Y IIepecTPOMKM CMHANITMYECKOr O allnapaTa Hellpo-
HoB (Lisman 2017).

Ha 060HsTeABHYIO BO3OYAUMOCTD U3yYaeMble
(dbaxkTOpbI BO3AENCTBUS He 0Ka3aAu. UUCAO Muea,
OTBETUBILINX CIIOHTAHHO peaKkLell BhITATMBAHNS
Xx000TKa Ha 3arax, COCTaBASIAO B cpeaHeM 2,8 % Kak
B KOHTPOAE, TaK U B OIIbITE.

IToABITOXMBAS 3Ty YaCTb UCCAEAOBAHUN, CAE-
AYET CAeAaTb 3aKAIOUYEHME O HEOOXOAUMOCTH
TEeCTUPOBAHMS Ha >KMBBIX 00bEKTaX YCTPOVICTB,
paspabaTbIBaeMbIX C LJEABIO YCTPAHEHWS HEraTVB-
HbBIX ITOCAEACTBUI BAUSHUS DML,

A

a

&0

40 1

2. PeayabTaTbl usydyenusa sausaauin OMII
u YMII noxasaau, YTO HY OAHO U3 UCITOAb3YyeMbIX
BO3AENCTBIII He 0Ka3aA0 BAVSIHMS HU HA CEHCOp-
HYIO, H/ Ha IIMILEBYIO BO30YAUMOCTb. CIIOHTaHHbBIE
peaKkLM y TYeA B 3TUX UCIIBITAaHUAX OTCYyTCTBOBA-
AU H1CAO TTYEeA, OTBETUBIIMX BPOXXAEHHOI MuIlle-
BOII peaklyel, COCTaBUAO B CpepHeM 56,9 % Kak
B KOHTPOABHBIX, TaK U OIIBITHBIX Ipymmax. Pe3yan-
TaTbl UCCAEAOBAHUI KPAaTKOBPEMEHHOI U AOATO-
BpeMeHHO NaMATU MeAOHOCHOV ITYEADbI IIPEeA-
CTaBAEHbI HA PUCYHKe 3.

Kak MO>XHO BUAETD Ha pUCYHKe 3, ABeHaALlaTU-
yacoBoe npebbiBaHue B ycaoBusax OMIT pesko
CHM3MAO CIIOCOOHOCTD ITYEA YAEP’KUBATDb B KPATKO-
BpEeMEHHON NMaMsT! BbIPAaOOTAHHBIN YCAOBHBIN
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Puc. 3. Baustuue ocaabaennoro (OMIT) u ycuaennoro (YMIT) MarHUTHOTO TTOAST
Ha KPaTKOBPEMEHHYIO (a) 1 AOATOBPEMEHHYIO (0) MaMsTh ITYEABI

* — pasanuus poctosepHsl, p<0,01.

# — pasanuusa pooctosepHsl, p<0,05

Fig. 3. The effect of weakened (WMF) and enhanced (EMF) magnetic field

on short-term (a) and long-
* — difference is significant, p<0.01.
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MUILEBOI peAeKC HA OOOHSTEABHBIN Pa3APAKUTEAD.
[TpOTMBONIOAOXKHOE CTUMYAMPYIOLLee BAUSIHME
ObIAO BBISIBAEHO Y ITueA B rpymme YMIL Mexay
KOHTPOABHBIMY ITYEAAMY PA3AUYUI HE HAOAIOA-
Aoch (puc. 3a).

CnocoOHOCTD IMYEA COXPAHATb B AOATOBpE-
MEHHOII MaMATY BbIpaOOTaHHbIE YCAOBHBIE ped-
A€KCBI 0Ka3aAaCh CHYDKEHHOI B 00€MX IpyImax —
OMIT n YMII — no cpaBHEHHUIO ¢ KOHTPOABHOM
(puc. 30).

TopMmossiiee yCAOBHO-pe(pAEKTOPHYIO AeSITEAD-
HOCTb BAusinue OMII 6bIAO paHee BbIIBAEHO
Ha APYTOM BMA€ HaCEKOMBIX — Apo3oduae (Hukn-
tuHa u Ap. 2017). Ha Apo3oduae AMHUM AUKOTO
tuna CS nzyvaan peiictue OMIT Ha cioco6HOCTD
HaCceKOMOTO BbIpabaThIBaTh Y COXPAHSITh B TEUEHNE
3 4acoB B NMaMsITU MHOW BUA YCAOBHOTO pedaeK-
ca — YCAOBHO-pe(pAEKTOPHOE MOAABAEHNE yXa-
YKVIBaHWSI, ICTIOAB3YSI MAEHTNYHYIO SKPAHMPYIOILYIO
KaMepy. [IpoTOKOA OIbITa OBIA TAaK)KE MAEHTUYEH.
DKpaHMpPOBaHME IPOBOAVAY B TeyeHKe 12 4acos.
HaxokaeHre B 3KpaHUPYIOLLell KaMepe COBIIaAa-
AO TIO BpEMEHHU C TeMHOBOM (a3oil LIUPKAAHOTO
putrma (20:00-8:00). ITocae BO3AEICTBUSI MyX
OCTaBASIAU B TeueHMe 1 4 nipu Temneparype 25 °C
1 HopMaAbHOro ypoBHsi MIT 3eman (48 MxTa),
a 3aTeM JMCIIOAb30BaAM B aKcIepuMeHTe. Bo Bcex
BapMaHTaX OIIbITA IIPVMEHSIAM MHTAKHBI/ KOHTPOAD
(0e3 BospeicTBus). OMIT He TOBAMSIAO HA CIIO-
COOHOCTB K 00yU€eHMI0 APO30GUABI — HEMOCPEA-
CTBEHHO Cpasy II0CAe TPEHMPOBKU Y MyX HabAIO-
AaAcsi BBICOKMIT MHAeKC 00yuenus (V10), Ho uepes
3 yaca 1O AOCTOBEPHO CHIKAACS, UTO CBUAETEAD-
CTBOBAAO O HapyLIEeHUSAX B Ipouecce GpopMUpo-
BaHUs nmaMsTu. [lapaareapHOe M3yyeHVe TpaHC-
KPUITLMOHHON aKTUBHOCTU Y MYX, a TAKXKe yyacTue
B 9TUX HKCIEPMMEHTAX MYTAHTOB AP030(dUABI
agn®3 (u3MeHeHHas CTPYKTypa reHa limkl) mo-
3BOAMAO aBTOpPaM paboThI BBICKa3aTh HEKOTOPbIE
COOOpa’keHNs1 [0 TIOBOAY MEXaHM3MOB BO3AECTBHUS
OMII. Vi3ameHeHMe B TPAaHCKPUIILIMOHHOM aKTUB-
HOCTHU Yy HaceKOMbIX Iop BausHuem OMIT no-
3BOAMAO NIPEATIOAOXKUTD HapylieHue B paboTe
Pa3AMYHBIX KAETOYHBIX CUTHAABHBIX KaCKaAOB,
PeryAupymoIIMX MpOLeCChl, CBsI3aHHbIE C IPUOO6-
peTeHreM MHAVBMAYAABHOTO OIBITA U €I0 COXpa-
HEHMeM B NMaMsTU.

ITapapokcaabHas peakyus Ha OMIT myTaHTOB
agn'? — 1MoAHOe BOCCTAaHOBAEHME TIOAABAEHHO
AEVICTBMEM MYTalMM CIOCOOHOCTYU K 00Y4YeHUIO
VI COXpaHEHMIO B IIAMSITY YCAOBHOM peaKLy — Io-
3BOAMAO aBTOPaM LIUTHUPYEMOIT pabOThI TOBOPUTH
00 y4yacTuu B 3TUX INpoljeccax rexa limkl, Bos-
MO>XHO€ M3MeHeHVe aKTUBHOCTI KOTOPOTO IOA
BaussHueM OMIT BepeT K U3MeHeHUIO QYyHKLUU
¢depmenta LIMK1 — KAI04€BOTO B PEMOAEAUPO-
BaHMM aKTMHA, MHOTOQYHKLMOHAABHASI POADb KO-
TOPOro B paboTe reHeTMYeCKOro armapara u Cu-
Harica xopoiio usBectHa (Bernard 2007).

Takum 06pasom, ABEHAALIATUIACOBOE OCAaDAE-
HYl€ MarHMTHOTO TTOASI OKa3aA0 BAMSIHME HA KOT-
HUTUBHYIO A€SITEABHOCTb HACEKOMBIX — ITUEABI
Y Ap030(MABI, — UHIMOKPYS TPOLIECCHI, YUYACTBY-
o1yie B GOPMUPOBaHMM KaK KPaTKOBPEMEHHOM
(myeAa), TaK U AOATOBpEMEHHOIT (ITUeAa U APO30-
¢buaa) mamsTu. AecTBME YCUA€HHOTO MarHUTHO-
IO [TOASI Ha ITYEAY OKa3aA0Ch Pa3HOHAIPABAEHHbBIM:
CTUMYAUPYIOIMM KPAaTKOBPEMEHHYIO U MHIMOU-
PYIOLIMM AOATOBPEMEHHYIO MaMsITh. [loAyueHHbIe
AQHHBIE TIOATBEPXKAQIOT T€3UC O BBICOKO YYBCTBU-
TEABHOCTH ITY€A K MI3MEHEHUSIM MarHUTHOT'O TIOASL.
[Tpu sTOM HanboAee rayboKue n3MeHeHUs B QYHK-
LIMOHMPOBAHUM BBICILIVIX OTAEAOB TOAOBHOT'O MO3-
ra mueAbl okasbiBaeT OMIL

HapyureHnne nporjeccoB ¢popMupoBaHus mamsi-
TU Y MEAOHOCHOII ITYEABI, BAVSIS Ha MPOLIECCHI
MOOVAM3aLMUY ITYEA HA NOCEelLjeH)e VICTOYHMKA
VLY, CHVDKAsI CIIOCOOHOCTD K IPOCTPAHCTBEHHO
OpMeHTALMM KaK IPU MOAETaX 32 B3ATKOM, TaK
VI TIpY BO3BPALL€HUM B YA€ll, ECTECTBEHHO MOXKET
naryOHO CKa3bIBaTbCs HA MUILEAOOBIBATEABHOI,
a CA€AOBATEAbHO, ! OTIBIAUTEABHOMN, U B LIEAOM
MPOAYKTUBHOJ aKTUBHOCTU CEMbU MEAOHOCHO
myeAnl (AomatuHa u Ap. 2017).

Bausnne namenenun MII Ha KOTHUTUBHYIO
(ycAOBHO-pedhAEKTOPHYIO) AESITEABHOCTb HACEKO-
MBIX IT0Ka3aHo BrepBble. CyliecTByIOLIast 00IHOCTD
MeXaHU3MOB GOPMUPOBAHMS TAMSITU Y 6€CII03BO-
HOYHBIX Y TO3BOHOYHBIX >KMBOTHBIX HA MOAEKY-
ASIPHOM YPOBHe [T03BOASIET MCIIOAB30BaTh HACEKO-
MBIX (MEAOHOCHYIO ITYEeAY U APO30(UAY) B KauecTBe
MOAEABHBIX O0BEKTOB AASI M3yueHNsT PUBUOAOTH-
YeCKMX Y MEAULIMHCKMX aCITEKTOB AEICTBUS DAEK-
TPOMAarHUTHBIX MOAEI.
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Annomayus. C IOMOULIBI0O METOAA I'MCTOXMMUYECKON BU3YaAU3aLU
alleTMAXOAMHACTePasbl (AX D) M3yyeHO MOCTHATAABHOE Pa3BUTHE KOMIIAEKCA
3aAHeAQTePAABHBIX siAep U mopyiuku (LP-pulvinar) xomxku. Y KMBOTHBIX
Bo3pacTa 4—21 AHS B AaT€PAABHOM sIAPe KOMIIA€KCA BbIABAECHO KAACTEpPHOE
pacnpeaeaenuie AX3 B Helponnae. CpepaHuit pasmep AXD KAaacTepoB
1 paccTosiHue MeXAy ux neHTpamu coctaBuau 200—-300 Mxm u 430—-600 MKkM
cooTBeTCTBeHHO. ONTUYECKNIT KOHTPACT KAACTEPOB OBICTPO HapacTaA
B ITePUOA MeXAY 4-M 1 14-M TOCTHATaAbHBIM AHEM, AOCTUTAsl MAaKCMMAAbHOTO
3HAYeHMSsI, TOCAE Yero ObICTPO CHYPKAACS, AOCTUTasI MUHMMAaAbHbIX 3HAUEHUI
Yy )KUBOTHBIX Bo3pacTta 21 AHell. ITockoabky AXD HampsMmyio cBsI3aHa
C HelpOHaAbHOU AuddepeHIpOBKOI U pasButueM, a AXD KaacTepbl
AOKaAM3YIOTCSI B TOM Xe 00AaCTU, YTO U HENPOHDI, OPTaHU3YIOLIEe
TaAAMOKOPKOBbIE CBSI3M, I0OAATa€M, YTO IOCAEAHME MOT'YT ObITh QYHKLIMOHAABHO
CBSI3aHBI C Pa3BUTHEM 3PUTEAbHBIX MOAYAEI.

Karoueswte crosa: xomnaexc LP-pulvinar, paHHMI TOCTHATAABHbIII OHTOTEHES,
aLleTMAXOAMHACTEPA3a, BpeMEHHOEe MeueHMe, KOIIKA.
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Abstract. Using histochemical stain for acetylcholinesterase (AChE),
the lateral posterior pulvinar complex (LP-P) was analyzed in kittens aged
0-123 postnatal days and in adult cats. In the lateral nucleus of the complex
(LPI) of kittens aged 4—21 days, a transient clustered AChE staining of neuropil
was revealed. The average size of AChE clusters varied between 200 and 300 mkmy;
the inter-cluster distance varied between 430 and 600 mkm. Optical contrast
of clusters increased rapidly from the 4" to the 14" postnatal day and, thereafter,
rapidly decreased up to the 21%-28" postnatal day. Since AChE is directly
linked to neuronal differentiation and development and AChE clusters are
located in the same area with neurons responsible for thalamocortical
connections, the transient clusters of AChE expression could be related
to the development of visual structures.
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Beepaenue

OcHOBHOIT 00beM aKCOHOB CETYATKU MIPUHU-
MalOT 3pUTEAbHbIE TAAAMUYECKUE SIAPA; OAHO U3
OCHOBHBIX (y XMIIIHBIX X IPUMATOB) — KOMITAEKC
3aAHeAaTepaAbHBIX SIAEP M MOAYIIKM (LP-P), moa-
pasaeasieMblit Ha AaTepaabHoe (LPl) u MepraAbHOE
(LPm) 3apHeAaTepaAbHbBIE SIAPA U TIOAYIIKY 3pU-
TeApHOTrO Oyrpa (pulvinar, Pulv) (Berson, Graybiel
1983; Raczkowski, Rosenquist 1983). Y xuiHbix
SAPO LPl yHUKaABHO Te€M, UTO SIBASIETCS €AMH-
CTBEHHBIM U3 aCCOLIMATUBHBIX SIAEP 3PUTEABHOTO
TaAaMyCa, OPraHU3YIOLUIM PeLUIIPOKHbIE CBS3U
co 3puTeAbHOU Kopoiu (Berson, Graybiel 1983;
Kato 1990; Casanova et al. 1997); atu npoexijun
noaaraiT MoayasiTopHbimu (Casanova et al. 2014).
Aapo LPl BoBAedyeHO B BpICIINME 3TAIbl 00Opa-
60TKM MHPOPMaLIUM O ABIDKYIIMXCS 00beKTax
(Dumbrava et al. 2001), a TakXe ImoAaraeTcs oT-
BETCTBEHHBIM 32 OCTAaTOYHOE 3peHMe MMOCAE T0-
BpeXAeHUs 3puTeAabHO Kopsl (Payne et al. 1991;
Kaas 2015). HecmoTpst Ha BaxkHYI0 poab LPl sippa,
0 ero MOCTHATAaABHOM Pa3BUTUU AO CUX IOP

UnmeepamusHas gﬁusuwloeu,q, 2020, m. 1, Ne 3

Keywords: LP-pulvinar complex, early postnatal ontogenesis, acetylcholinesterase,
transient staining, cat.

MaAO M3BECTHO, IO3TOMY €ro M3y4YeHME CTAAO
L[€ABI0 AQHHOI PabOTHI.

OAMH 13 HAAEKHBIX TUCTOAOTUYECKUX METOAOB
ApXUTEKTOHNYECKOTO AeaeHNs1 LP-P xoMrnAekca —
TUCTOXUMUYECKOE BbIsIBA€HME pepMeHTa alleTUA-
xoAuHacTepasbl (AXD), BOBAEYEHHOTO B OOpaTHBIII
3aXBaT ALlETUAXOAMHA U3 CUHAIITUYECKON IeAU
(Graybiel, Berson 1980; Kato 1986). 9toT ke MeTOA
MO03BOASIET ICCAEAOBATh OHTOTeHeTHYecKoe Gpop-
MMpOBaHMe MO3Ta, IOCKOABKY AXD BoBAeueHa
B ITpoLiecchl pocTa U A depeHIIPOBKY HEIPOHOB
1 obpasoBaHue Me>xxHerpoHHBbIX cBsisenn (Kristt
1989; Bigbee et al. 1999; Brimijoin 2005). Bo Bpems
9MOPUOHAABHOTO U PAHHETO TTOCTHATAABHOTO TIe-
proaa HabAIOAQIOT BpEMEHHO BBICOKUI CUHTE3
AXD B pa3HBIX CTPYKTypaX FOAOBHOI'O MO3ra
Kpbichl (Robertson et al. 1988; Geula et al. 1995;
Sendemir et al. 1996), xomku (Bear et al. 1985),
npumartos (Kostovic, Goldman-Rakic 1983; Kostovic,
Rakic 1984; Barone et al. 1994), 4T0 roAararmT cBsi-
32HHBIM C IEPMOAOM MHTEHCUBHOI'O POCTA aKCOHOB
U CUHaITOoreHesa. B paHHOIT paboTe MBI MCCAe-
AOBaAU paclipeAeAeHle U YPOBEHb aKTUBHOCTHU
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¢depmenTa AXD B LP sippax Mo3ra KOIIKY B BO3-
pacTe OT POKAEHUS AO NMOAOBO3peAoCTU. HacThb
AQHHBIX 110 2-HEAEAbHbBIM XMBOTHBIM YK€ OITyOAM-
koBaHa (Merkulyeva et al. 2015).

MarepuaAbl U METOADBI

Bce skcrieprMeHTaAbHbIE TIPOLIEAYPBI OBIAU
coraacoBaHbl ¢ Dtudeckort Komuccueit iucturyTta
dusuoaorum um. V1. T1. TTaBaoBa PAH 1 mpoBeaeHsbt
B COOTBETCTBUU C TpeOOBaHMSIMU AMPEKTUBBI
Ne 2010/63EU Espomnerickoro IlapaameHnra mo 3a-
yTe AAOOPATOPHBIX >KMBOTHBIX. VICIIOAB30BaHbI
HOPMaAbHO ITUTMEHTUPOBAHHbBIE KOIIKM B BO3PACTe
4,10, 14, 18, 21, 28, 34, 62, 123 AHs (110 2—3 XUBOT-
HBIX B KQXKAOV TPYIIITE) U ABA B3POCABIX )KUBOTHBIX.

ITpoueaypa mpoOOMOArOTOBKY TOAPOOHO OTIK-
caHa B (Merkulyeva et al. 2011). J)KuBotHsim
Bo3pacToM 123 aHs (rpynma «TpericupoBaHue»)
B 3pUTEABHYIO 00AACTh 3aAHEMEAVAABHON AaTe-
pPaAbHON cympacuAbBueBoit 6opo3sabl (PMLS)
BBOAMAM PETPOTPAAHBIN AKCOHAABHBIN MapKep
nepokcupasy xpena (I1X, Sigma VI, CIIA). Ome-
pauuio o BBepeHuo I1X ocymecTBAsiAY TTOA
o61uM Hapko3oMm (cmech «3oAaeTuaa» (Virbac
Colombia Ltd.) u «PomeTapa» (Bioveta Inc.)
13 pacyera 15 1 2 MI/KI COOTBETCTBEHHO) C T10-
MOIL[bI0 MUKpOIINPHULA [aMUABTOHA, COEAVMHEH-
HOT'O CO CTEKASTHHBIM MUKPO3AEKTPOAOM. MUKPO-
9AEKTPOA IOTrPy>KaAu B Kopy Ha ypoBHe P2.0-A1.5
(mo Horsley-Clarke) a ray6uny 1000—1500 MKM;
06beM BBepeHHOrO 25 % BopHOro pacrsopa I1X
coctaBuA 0,12-0,14 MKA. Hepe3 ABOe CYTOK IOA
rAyOOKMM OOLIM HapKo30M (CMech «30AeTrAa»
(Virbac Colombia Ltd.) u «<PomeTapa» (Bioveta
Inc.) n3 pacyera 150 1 20 Mr/Kr COOTBETCTBEHHO)
JKMBOTHBIX TPAHCKapAVAABHO NepdysnpoBasu
nocaepoBareAbHO 0,9 % NaCl u 4 % mapadpopmaab-
A€TMAOM. 3aTeM FOAOBHOM MOS3T U3BAEKAAH,
ITOCAEAOBaTEeABHO BbipepkuBaau B 20% 1 30 %
pacTBopax caxaposbl, ¥ Ha 3aMOpak1BaLieM
mukportome (Reichert, lepmanusi) usroraBaAnBaAu
dbpoHTaAbHbBIE CPE3bI KOPBI ¥ 3DUTEABHOIO TaAa-
Myca ToAlmHoi 50 MxM. BeiaBaenne ITX nposo-
AVIAM IO MeTOAY M.-M. Mesulam (1976). [Tepdy-
3UI0 KMBOTHBIX U M3TOTOBAEHME CPE30B MO3Ta
AASI ADYTMX BO3PACTHBIX IPYIII IIPOM3BOAVAY
AQHAAOTVMYHO ONVCAHHOMY BBILIIE.

BbIsiBA€HME aKTMBHOCTY alleTUAXOAVHACTEPA-
3bl Ha Cpe3axX MPOBOAMAM C TIOMOIL[bI0 MOAULIN-
POBaHHOTO TMCTOXMMMUYECKOro MeTopa KapHoB-
ckoro-Pyta (Schatz et al. 1992), peayabraTrom
BBIMIOAHEHMSI KOTOPOTO SIBASIACSI IIPELUIIUTAT
U3YMPYAHO-3€A€HOTO LIBETa HA MECTE AOKAAM3ALINN
dbepmenra. [Tporeaypa moapo6Ho ommcaHa B (Merku-
lyeva et al. 2015). Cpe3sl MOHTMPOBaAU Ha TIPEA-
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METHBIE CTEKAQ, BBICYIIVBAAM, TIPOBOAVAM ITO CIIMP-
TaM BOCXOASIIIIEN KOHIEHTPALUN, IPOCBETASIAN
B KCUAOAE U 3aKAKO4aAu B Bio Mount (Mraaus).
I'icToAornyeckue mpenapaTsbl oLUPPOBbIBAAU
¢ ucnoap3zoBaHueM Mukpockomna Olympus CX33
(Anonus) c oovekTBoM 10x u kamepoit Nikon
(Anonus) B paspeuenun 4000x6000 mukceAeir. Aast
KOAMYECTBEHHO OLIEHKM CTEIIeH! BBIPAKEHHOCTY
AX3 KAaCTepOB BBICUUTBIBAAY UX ONTUYECKUN
koHTpacT (OK) — oTHoOlLIeHMe ONITUYECKOM MAOT-
HocTu MeXAY TeMubiMu (OITT) u cBetabiMu (OITcB)
AOKYyCaMH sIAPa, o popmyae MarikeabcoHa: OK =
(OITr — OTIlcB) / (OTTt + OTIlcB). AAst cpaBHEHUS
BO3PACTHBIX IPYIII MCIIOAb30BaAM TeCcT MaHHa —
Yuthau (n — 4YUCAO CPe30B).

PesyAbTaThl U 00CYXKAEHME

ITaTTepH pacnipepeaenuss AX3D B LP-P KoMIAek-
Ce y B3POCABIX KMIBOTHBIX COOTBETCTBYET MMe-
IO[VIMCSI AUTEPATYPHBIM AaHHBIM (Berson, Graybiel
1983): HanboABIINIT yPOBEHD AKTUBHOCTHU (hepMeH-
Ta ormeuaercsd B Pulv u LPm, HauMeHbIIUI —
B LPl. Y xuBOTHBIX B Bo3pacTte 0—4 AHell aKTuB-
HocTb AX3 B siApe LPm Bbiie, ueM B siape LPI.
ITpu aTom B siape LPl y 4-AHEBHBIX XMBOTHBIX
OTMeuYeHbl OAMHOYHbIE OBaAbHble 00pa30BaHUSs
c 6oaee BbICOKMM ypoBHeM akTuBHOCTH AXD (AXD
KAQCTepBI); B CUAY BapuabeAbHOCTU UX GpOpMbI
1 pa3Mepa OIPEAEASIAY TOABKO ONTUYECKUI KOH-
Tpact AXD KAaCTepoB, HO He UX Pa3MepHOCTb.

Y Bcex >XMBOTHBIX B Bo3pacTe 10-21 pnent
B MpeAeAax CBETAOOKpaIIeHHOTO sapa LP/ Ha-
6Ar0p2eTCs OT 3 A0 5 oBaabHBIX AXD KAQCTEpPOB
(cxema, puc. 1A), HanboAee OTUETAUBO BUAUMBIX
Ha KayA2ABHOM IIOAIOCE sIApa (CTepeoTaKCUyecKuit
ypoBeHb A, —A, ), KaK 1 OBIAO NTOKa3aHO paHee
(Merkulyeva et al. 2015). Pazmep AXD kaacTepos
Yl PacCTOSIHME MEXAY HUMMU CUABHO BapbUPYIOT
B IIPEAEAAX €AVHON BO3PACTHOI rpymibl (pas-
6poc cpepAHMX 1o BceM rpymmnam: 193-273 Mkm
u 429-577 MKM COOTBETCTBEHHO), OAHAKO OHU
MMEIOT CAAOBIT TPEHA K YMEHBILIEHUIO C BO3PACTOM
(puc. 1B, C). B 370 Xe BpeMsi IPOUCXOAUT 3HAYU-
TEABHOE HapacTaHMe MMAOIIAAK 11 00'beMa 3PUTEAD-
HOTO TaAaMyca B paitoHe komnaekca LP-P (3393
MKM vs 4207 mkMm, n=8; p=0,0001) (puc. 1D),
COOTBETCTBYIOIIlee paHee BhIIBAEHHO AVHAMUKe
nmocTHaTaAbHOro pocra taaamyca (Villablanca
et al. 2000); Takum 06pa3oM, OTHOCUTEAbHBI
pasmep AXD kaacTepos B repunoa ¢ 10 mo 21 noct-
HaTaAbHBI A€Hb 3HAYUTEABHO yMEHbIIAETCs.

Kax 0b1A0 CKa3aHO BBILIIE, AASI KOAMYECTBEHHO
OLIEHKU CTeIleHU Brlpa’keHHOCTU AXD KAaacTepoB
BBICUMTBIBaAU uX ontuveckuit Kourpact (OK).
B xopoTtkuit nmepuoa BpeMeHu, C 4 1o 14 peHb,
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Puc. 1. PacipepeaeHue ¢pepMeHTa aLleTUAXOAMHACTEPa3bl (AX D) B KOMIIAEKCE 3aAHEAATEPAABHBIX SIAEP
u opywku (LP-P) y xouek Bo3pacta 4—21 pAHeit. A — cxema Aokaansanuu AXD matyent B siape LP/

y )KUBOTHOTO B Bo3pacrte 14 pAHeir; B, C, D — xapakrepuctuxu AX3 maTueir: AuHelHsbii pasmep (B), paccrosinne
mexay nardamu (C), ontuyeckuit Koutpact (D); E — AuHelHbIT pasMep AOP3aABHOTO TaAaMyca B 06AacTu
LP-P xomnaekca; F — pacnpepaeaenne HRP-MeueHbIX HEIpOHOB MocAe BBEAEHMSI MapKepa B 3pUTEAbHYIO
00AaCTb 3aAHEMEANAABHOI AATEPAABHOI CYIIPAacKAbBUEBOIT 00po3abl (PMLS) sxuBoTHOMY BO3pacToMm 123 AHs

Fig. 1. Distribution of acetylcholinesterase (AChE) in the lateral posterior pulvinar complex (LP-P) of cats aged
4-21 days. A — localization of the AChE clusters in the LPI of 14-day-old animals; B, C, D — parameters
of AChE clusters: linear size (B), distance between clusters (C), optical contrast (D); E — linear size of the dorsal
thalamus within the LP-P complex; F — distribution of HRP neurons retrogradely labeled from
the posteromedial lateral suprasylvian area (PMLS) in the animal aged 123 days

npoucxoaut 6picTpoe Hapactanue OK (0,012 vs
0,129; n=10; p=0,0002), 32 KOTOpPBIM CAEAYET TaKoe
e O6picTpoe ero mapeHue K 21 Ao (0,129 vs 0,056;
n=12; p=0,0001) (puc. 1E).

Y >)KMBOTHBIX B Bo3pacTe 3—7 HepeAb AX D Kaa-
CTepbl MOTI'YT OBITh BU3yaAU3UPOBAHBI TOABKO
nocae A06aBOYHOT0 KOHTPACTUPOBAHUS OLUPPO-
BaHHBIX M300pa)XeHMIt; Y KOTSAT CTaplie 7 HEAEADb
KapTuHa pacrpepereHrss AXD CXOpHA C TAKOBOI
y B3pocabIx Kouek (Graybiel, Berson 1980): ypoBeHb

Humeepamusuas pusuoroeus, 2020, m. 1, Ne 3

AXD B siApe 04eHb HU3KUIA, I KAACTEPHBIX 00pa-
30BaHUI B €r0 IIpeAeAax He BbISIBASIETCSI.
KaactepHyo opranusauuio siapa LP/ paHee
AEMOHCTPVIPOBAAM ITPY M3YIEHUH €TO KOPTUKOIIe-
TAABHBIX IIPOEKLVI, TOCKOABKY HelIpOHBbI, MHULIV-
UpYIOLIVIe STU TPOEKLUY, 00pa30BbIBAAY PETYASIP-
Hble rpynmsl (Berson, Graybiel 1983; Raczkowski,
Rosenquist 1983; Pospichal et al. 1996). Y skuBoTHBIX
rpynnsl « IpericupoBaHue», MICIOAb30BAaHHBIX
B Hailen pabote, HerpoHblI siapa LPl, peTporpasHo
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meueHble HRP, Taxke OBIAU CIPYNIMPOBAHbI
B OKpyrAble Kaactepsl (puc. 1F) pasmepom 313,7 +
11,2 MM x 244,2 + 8,1 MKM, YTO COIIOCTaBUMO
¢ paamepoM AXD KAaCTepOB, BbISIBA€HHBIX Y >KI-
BOTHBIX MAQAILIVX BO3PaCTOB.

ITpupoaa kaacTepHoU opraHusauuu sapa LP[
He SICHa AO CUX IIOP; OHa MOXXeT OBbITh CBs3aHa
C mpoueccaMiu pasBUTHSI CAMUX HEMPOHOB, IO-
CKOADBKY HakomnAeHre AXD HalpsIMYI0 BAUSET
Ha A depeHLMPOBKY HEMPOHOB, POCT AKCOHOB
" AGHAPUTOB, cuHantoreHes (Robertson et al. 1988;
Kristt 1989; Bigbee et al. 1999; Brimijoin 2005),
VIAM OTpakaTb BeTBAeHMe OoraThix AX D BOAOKOH,
MPUXOASIIVX U3 COOTBETCTBYIOLIVX CTPYKTYP.
ITo xpaiiHelt Mepe, HEOAHOPOAHAsI CTPYKTYpa LP/
siApa OblAa HEOAHOKPATHO BBbIsIBA€HA B 9AEKTPO-
¢dusmoaornveckux paborax (Casanova et al. 1989;
Chalupa, Abramson, 1989; Dumbrava et al. 2001).
YTo KacaeTcss BeTBAEHMSI BXOASAIMX BOAOKOH,
KOTAQ MBI BIiepBble BbIsIBUAK A XD KAaCTepsl sippa
LPI, To IpeATIOAOXKUAM, YTO OHU UMEIOT CBSI3b
C KOAAMKYASIPHBIMY BXOAQMU, TIOCKOABKY CXOAHBIE
AXD KAacTepbl pacrmoAaraAucCh mapaAA€AbHBIM
psiaom B coceaHeM siape LPm (Merkulyeva et al.
2015), HOAYYAIOIIMM MOIHbIE KOAAUKYASIPHbIE
npoexuuu (Berson, Graybiel et al. 1991; McHaffie
et al. 1991). PaHee KOAAMKYASIpHBIE TTPOEKLIUY
K SIAPY LPm BBISIBASIAUL AVILIb B OTPaHUYEHHO
obaacTu siapa, Ha rpaHutie ¢ Pulv (Abramson,

Chalupa 1988); MO>XKHO IIPEATIOAOXKUTD, UYTO Y MO-
AOABIX >)KMBOTHBIX 3TU NMPOEKLMU MOTYT OBITH
60Aee MMPOKO PACIIPOCTPAHEHBI B TIPEAEAAX SIADPA.
B Aro6oMm cayuae, BeisiBAeHHbIe AXD KAacTepbl
MOTYT SIBASITBCSI DAEMEHTOM 00I1[eil MOAYABHO
OpraHu3alyy 3pUTEABHO CUCTEMBI.

Hapactanue ontuyeckoro koHrpacrta AX29
raTyein MPOUCXOAUT B CXXAaTble CPOKU: OT MUHMU-
MAaAbHOIO — B BO3pacTe 4-X AHEU, AO MaKCHU-
MaAbHOTO — B Bo3pacTe 14 aAHeil, 1 0OpaTHO —
K Bo3dpacty 21-28 aHerl. Ilpexxae TpaH3UTOpHOE
ycuaeHne akTuBHOCTU AXD BO BpeMs paHHEro
MTOCTHATAABHOTO Pa3BUTHsI OBIAO BBISIBAEHO B IIEPEA -
Hux xoamax kouku (Illing, Graybiel 1994), Taaa-
MU4ecKMx siapax Kpbicbl (Robertson et al. 1989),
MEePBUYHON 3PUTEABHON KOpe KOUIKM U MaKaKu
(Bear et al. 1985; Dyck, Cynader 1993; Barone et al.
1994). AvuHaMuKa MeuyeHUsI TeA HEMPOHOB HIX-
HUX CAOEB MEPBUYHONM 3PUTEABHON KOPbI KOIIKU
B pabore (Bear et al. 1985) TouHO Takas e, KaK
nmoAyuyeHHasi Hamu AAst AXD kaacTepoB siapa LPL.
B KOpe KpbICHI TAaK)Ke BBIABAEHBI TOIYASLIVIY Hel-
pOHOB, cuHTe3upyomux AXD BO BpeMsl Y3KOro
aTamna paHHEro IMOCTHAaTaAbBHOTO OHTOreHe3a
(Geula et al. 1995). TlpuHumasi BO BHUMaHUE
TO, 4TO SAPO LPl TeCHO CBsI3aHO C MEPBUYHOIT
3pPUTEABHOM KOPOI, MOXXHO NPEAIOAOXUTD, YTO
dbopmupoBaHuEe KAACTEPOB ABYX 3TUX CTPYKTYP
B3aMMOCBSI3aHO.
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Annomayusa. boae3Hb AAbLreiiMepa sIBAZETCA MYAbBTU(GAKTOPHBIM
HelpOoAereHepaTBHBIM 3a00AeBaHMeM. Ee AarHocTuka, B 0CO6eHHOCTI
MPYDKU3HEHHAS], YaCTO 3aTPYAHEHA, 2 MEXaHI3MbI BOSHUKHOBEHMS AO CUX IIOD
He sicHBL. TeM He MeHee 0OHapY>KeHbI HEKOTOPbIe MapKePBbI, CAMBIM 3HAYVMbIM
13 KOTOPBIX ABASIETCSI U3OBITOUHOE OTAOXKEHME aHOMAAbHO CBEPHYTBIX
0EAKOB — aMMAOMAHOTO IEINTHAA 0eTa B COCTaBe aMUAOVAHBIX OASIIEK
u rutepdochoprAMPOBAHHOTO Tay-OeAKa B BUAE HEMPODUOPUAASIPHBIX KAYOKOB.
Tounble IIPpUYMHBI BOSHMKHOBEHNS 3TUX U APYI'MIX MapKE€pOB HEN3BECTHBI,
OAHAKO YCTAaHOBAEHO, YTO VX MOSIBAEHMIO MOI'YT CIOCOOCTBOBATb (hAKTOPBLI
caMoI1 pa3AMYHOII IPMPOADI, 9K30T€HHbIE I SHAOTE€HHbIE. AelICTBUTEABHO,
PYICK AQHHOJA ITATOAOTVM MOKET OBITH CYIIeCTBEHHO ITOBbIIIIEH U3-3a FTeHeTIeCKUX
IIPEAPACIIOAOXKEHHOCTEI], TaK KaK ObIAO BBIIBAEHO HECKOABKO I'€HOB, MyTaLluy
B KOTOPBIX aCCOLMMPOBaHbI ¢ 60Ae3HbI0 AAblLreiivepa. OakTopbl BHELIHEN
CpPEABI, HEIIPaBMABHbIIT 00pa3 >XM3HU U COMYTCTBYIOLIYE eMy 3a00A€BaHNMS,
B TOM 4lICA€ U MeTabOAMYECKUe HAPYIIEHVs], TAKOKe BHOCST CBOM BKAAA
B pasBUTHE AQHHOV maTtoAoruu. OAHUM U3 BXXHBIX paKTOPOB MOKET SIBASTBCS
XPOHMYECKUIT CTPECC, U3BECTHBIN CBOEN CTIOCOOHOCTBIO OKa3bIBAaTh HETATVBHOE
BAMSHME HAa Pa3AMYHbIE CHUCTEMBl OpraHM3Ma M Ha HEPBHYIO CUCTEMY
B YaCTHOCTU. B AaHHOM 0030pe KpaTKo pacCMOTPEH BKAAA XPOHMYECKOTO
cTpecca B marorenes 60ae3Hu Aablrelimepa.

Karouesote crosa: 60Ae3Hb AAbLireiiMepa, HelipoAereHepaLyis, XpOHNYEeCKII
cTpecc, runorasaMo-rumnousapHo-appeHokoptukaabHas cuctema (ITAKC),
KOPTHU30A, TAFDKOKOPTUKOVMAHBIE TOPMOHBI.
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Abstract. Alzheimer’s disease is a multi-factorial neurodegenerative disease.
Its diagnosis, especially in vivo, is often difficult, and the mechanisms of its
development are still not clear. However, some markers were found, the most
significant of which is the excessive deposition of abnormally folded proteins —
beta-amyloid plaques and hyperphosphorylated neurofibrillar tangles of Tau
protein. The exact causes of these and other markers are not known, but it has
been established that factors of various nature, both exogenous and endogenous,
can contribute to their manifestation. Indeed, the risk of this pathology increases
significantly due to genetic predispositions since there are several genes whose
mutations are associated with Alzheimer’s disease. Environmental factors,
improper lifestyle and accompanying diseases, including metabolic disorders,
also contribute to the development of this pathology. Another important factor
is a chronic stress which has a negative impact on various body systems
including the nervous system. This review summarizes the contribution
of chronic stress to the pathogenesis of Alzheimer’s disease.

Keywords: Alzheimer’s disease, neurodegeneration, chronic stress, hypothalamic-
pituitary-adrenocortical axis (HPA axis), cortisol, glucocorticoid hormones.
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Poav cmpecca 8 namozenese 6ore3nu Aivyeelimepa

boAe3Hp AablreiiMepa, ee MapKepbl
u GaKTOpHI pUCKa

Boaesub Aabureitmepa (BA) — ato Heitpoaere-
HepaTuBHOe 3ab0AeBaHMe, HaMboAee pacpoCTpa-
HeHHasl popMa AeMeHLIMM, XapaKTepU3yIoIasics
IPOTrPeCCUPYIOLIMU CO BpeMeHEM HapyIIeHMIMU
KorHuTUBHBIX QyHKuui (Ballard et al. 2011). Ae-
YeHNsl, CHOCOOHOTO CYIECTBEHHO 3aMEAAUTD AU
TeM DoAee IPeAOTBpaTUTh pa3ButTre BA, He cyie-
CTBYeT. AMarHoCTuKa, B 0COOEHHOCTY PaHHs,
TaKXKe 3aTpyAHeHa. Hanboaee TOUHO AMarHO3 MOA-
TBEPXKAAETCS IIPU TOMOLIM KOMITBIOTEPHO TOMO-
rpaduu roaoBHoro mosra (Marcus et al. 2014),
a TaK)Xe MMOCMEPTHO, TOCPEACTBOM T'MCTOAOTMYE-
CKOTO aHaAM3a TKaHell MO3ra, TaK KaK M3BeCTHO,
YTO FAABHBIMU 'MCTOMIATOAOTMYECKMMU MapKepamMu
BA SBASIIOTCS aMUAOUAHBIE OASIIIKY U Heipodu-
O6puaasipHble Kayoku (Braak, Braak 1991). Ix 06-
pasoBaHMe B Pa3AMYHBIX 00AACTSIX TOAOBHOTO
MO3ra, @ B 0COOEHHOCTH B TMUITIIOKAMIIE I MUHAQ-
AVIHE, Hapy1iaeT GopMUpOBaHYe MaMsTH Y 9MOLIY-
OHAABHYIO PETYASLIMIO.

PasButuio BA MoryT cioco0CTBOBaTh pasAN4HbIe
(dbakTOpBI, TaKMe KaK AabeT BTOPOTo TUIIA, TUIIEP-
TOHMsI, METaDOAMYECKIE CUHAPOMBI, CEPAEYHO-CO-
CyAUCTbIe 3a00A€BaHMs, a TaKKe HechaAaHCUPO-
BaHHbII PALMOH MMUTAHMSI, KYpPeHue, TOHV)KEeHHAs
¢busnyeckast 1 KOTHUTUMBHAS aKTUBHOCTD 1 XPOHM-
yeckui ctpecc. [TlocaepHre nccaeAOBaHVS IPUBEAU
K 00A€€ TOAHOMY TTOHMMaHMIO MEXaHU3MOB BAVISIHYS
XPOHMYECKOTO CTpecca Ha TeYeHMe U NPOrpeccu-
poBaHuMe 3ab00A€BaHUI, & TAK)Ke TOr0, KaK caMu
3a00A€eBaHMsI HAPYIIAIOT HOPMAAbHYIO PEaKLIMIO
Ha CTPEeCC, IPUBOAS K BO3HUKHOBEHMIO TICUXOHEB-
poaoruveckux cumnromon (Caruso et al. 2019).

Crpecc kak ¢pakTop pucka
0oAe3Hn AAbureiimepa

Co BpemeH [aHca Ceabe, BriepBbl€e ONMCABIIETO
cTpecc Kak brmorornyeckuit GeHOMeH, U3BECTHO,
YTO XPOHUYECKUIL CTPECC MOXKET CTaTh IPUINHON
Pa3BUTHUS padAMYHBIX maToAormit. CTpecc akTUBU-
pyeT IuroTaAaaMo-runodusapHoO-aApeHOKOP-
tukaapHyio cuctemy (ITAKC), uro npuBoput
K 3aITyCKy KacKapa pU3MOAOTUYECKUX PeaKLIMIL.
CHauaAa CTpecC MHAYLMPYET BBICBOOOXKAEHME
KOPTUKOTpONMH-peAnsuHr-dakropa (KPD), xkoro-
Pbli1, B CBOIO OYePeADb, CTUMYAMPYET IePEAHIOI0 AOAIO
runo¢usa AASL CeKpeLy AAPEHOKOPTUKOTPOITHO-
ro ropmoHa (AKTT). 3atem AKTI ctumyanpyer
KOPY HaATIOYEeYHMKOB, CIIOCOOCTBYSI BBIAEAEHUIO
TAIOKOKOPTUKOMAHBIX TOPMOHOB — KOPTU30Aa
y 4YeAOBeKa 11 KOPTMKOCTEPOHA Y IPbI3YHOB. B Hopme
topmoskeHre [ TAKC ocy1ecTBAsIeTCA TOCPEACTBOM
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MeXaHMU3Ma OTPULIATEABHOI 0OPaTHON CBsI3U
(Tasker, Herman 2011).

TTpOAOAKUTEABHBIIT CTPECC MPUBOAUT K Upe3-
MEPHO AAUTEABHOV aKTUBALUU U, B AAABHEIIIEM,
aucperyasuuu ITAKC. B pesyabTaTe runepcexkpe-
yust rarkokoptukonpaoB (I'K) moxer mpusectu
K HapyILIeHMI0 TOMeOCTa3a opraHusma. Tak, mpo-
AOAKUTEAbHOE Bo3aericTBue I'K okasbiBaeT He-
raTUBHOE BAMSIHYE Ha HEPBHYIO CUCTEMY, MHAYLIM-
pys arpoduio rumnmokammna u npedpoHTaABHOM
Kopsl (McEwen 2008) u runepTpoduo MIUHAQAMHBL
(Vyas et al. 2004), 4TO BIIOCAEACTBUYU MOKET IPU-
BECTU K HapYIIEHUSIM MaMITH, SMOLMOHAABHOM
HeCcTabMABHOCTY, OKUCAUTEABHOMY CTPECCY, HEMPO-
BOCITAAEHUSIM, 2 CAEAOBATEABHO, U K PA3AUYHBIM
HEePOAETeHePATUBHBIM 3a00AeBaHUAM, BKAIOYAS
BA (Canet et al. 2019) (puc. 1).

AokAanHnyeckme nccaepoBanust BA mpoBopsTcs
Ha MOAEABHBIX )XKUBOTHBIX C BA-TI0AOOHBIMY TaTO-
AOTMSIMU, KaK TpaHcrenHpix (Gotz et al. 2018), Tak
1 He TpaHcreHHbIX (Shree et al. 2017). OpHu u3
IIepPBBIX AOKa3aTeAbCTB CBsI3M cTpecca ¢ BA Obian
MTOAYY€EHbI, KOTAQ BBeAeHue ak3oreHHbIx [ K kppicam
MTOBBICUAO SKCIIPECCUIO TIPEAIIECTBEHHNKA beTa-
amuaoupa (amyloid precursor protein, APP) u crio-
Cc0OCTBOBAAO OTAOXKEHMIO TUTEPPOCHOPUAUPO-
BaHHoro Tay-0eaka (Elliott et al. 1993; Budas et al.
1999). TToBbIIIEHHOE OTAOXKEHME AMUAOUAHBIX
OAsIILIEK Y HEVIPODUOPUAASPHBIX KAYOKOB OBIAO
BBISIBAEHO U Y TPAHCT€HHBIX MBILLIEV C TUTIEPIKCIIPEC-
cueit KPO u APP (Dong et al. 2012; Campbell et al.
2015b). OpAHaKO BaXKHO OTMETUTb, YTO OTAOMKEHME
0601Xx 6eAKOB OBIAO CHIDKEHO Y IPBI3YHOB C Aedu-
uuToM KPO nan xe HokayTHbIX 110 perienitopy KPD
(Filipcik et al. 2012; Campbell et al. 2015a). Crpecc,
BBI3BAaHHbBII UMMOOMAM3ALMEN, TAKXKe YBEAUYNA

Ctpecc

/_"ﬁ/\ .

BonezHb
Anbyreiimepa

Ouecperynauua
ITAKC

AKIF KopTuaon

Puc. 1. boae3ub Aapnreinmepa u [TAKC
Fig. 1. Alzheimer’s disease and the HPA axis
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o0pa3oBaHMe OeTa-aMIUAOUMAHOTO IENITUAQ Y TPAHC-
TEHHBIX MBIILIEN, TPUYEM CXOXKUI PE3YABTAT HAOAIO-
AAAcCs 1 ipy BBeAeHMy UM ak3oreHHoro KPO (Kang
et al. 2007). Kpome Toro, KAeTKU HENPOOAACTOMBI,
nMHKyOupoBaHHble ¢ 'K, mokazaAu MoBbIlIEHHYIO
aKcripeccyio APP 1 cBSI3aHHBIX C HUM (epMEHTOB
(Green et al. 2006). Takum 06pa3oM, XOTsI AQHHBIE
MOAEAY TOABKO CXO0XM ¢ BA 1 IpeACTaBASIIOT co0011
ckopee BA-110A0OHBIE HEBPOIIATOAOT MM, & BBEAEHME
I'K viAM MX TTOBBIIIEHHAST SKCIIPECCHSI AUIIIb YaCTUY-
HO IMUTHPYET MHAYLIMPOBAHHYIO CTPECCOM aKTHU-
Bayuio [TAKC, BplireykazaHHbIE MICCAEAOBAHMS
MOKa3aAl, YTO CTPECC AEVICTBUTEABHO UrPaeT KpU-
TUYECKYIO POAD B IaToreHese BA.

AHaAM3 MyTalUM1 y TaLMeHToB ¢ bA nossoauna
BBISIBUTD aCCOLIMALIMIO MEXAY AQHHBIM 3a00A€Ba-
HueM 1 MyTaiuei B reHe 113-HSD1, kopupyoiiem
1183-rmpApoKcuCcTEpOUA AETUAPOTEHA3Y, KATaAU3U-
pYIOIIYIO IpeBpallieH1 e OMIOAOTYeCKY MTHEPTHOTO
KopTu3oHa B koptusoa (de Quervain et al. 2004).
®apmakorornyeckoe nHrubuposanue 113-HSD1
y MBIIIEN CIIOCOOCTBOBAAO YAYUIIEHUIO MPO-
crpancTBenHon nmamsitu (Sooy et al. 2010) u cHu-
YKEHMIO KOAMYECTBa AMUAOMAHBIX OASIILIEK B KOpe
u MmuHpaauHe (Sooy et al. 2015). HokayT paHHOrO
reHa npuBeA K cHypKeHMoo yposHs 'K B rumnmo-
KaMIle, a TAKXXe K YAYULIEHUIO AOATOBPEMEHHOM
u mpocTpancTBenHon nmamsTu (Yau et al. 2015).

Ba)kHeNIIM MOAEKYASIPHBIM IIpM3HAaKoM DA
SIBASIETCSI HAKOIIA€HYE Tay-0eAKa B BUAE HeNpo-
(bUOPUAASIPHBIX KAYOKOB, 00AAAQIOLIMX HEMIPOTOK-
cuuHocTbio (Igbal et al. 2010). OpHO U3 HepaBHUX
VICCAEAOBAHUII BBISIBUAO, UTO B HOPMeE Tay IOA-
BepraeTcsi SHAOCOMHOI pAerpapauuu (Vaz-Silva
et al. 2018). [Toka3zaHo, YTO HOKAYT reHa, KOAUPY-
IOLeT0 MaAylo ryaHosuHtpudocdar ruppoasasy
(I'Tdasy) Rab35, urpamiyio KAIOUEBYIO POAb
B PEryASILIMY COPTUPOBKY Tay Ha ITYTU K A30COMaM,
3HAUMTEABHO 3aMeAAsIeT ero Aerpapauuio. Kpome
TOTO, B HEIPOHAABHOI KYABTYpe, 00paboTaHHO
I'K, 6b140 3abUKCHPOBAHO U3OMPATEABHOE CHIKE-

Hue skcrpeccuu Rab35. 3arem skcnpeccus Rab35
u Apyrux sHpouutapHsix ['Tdas 6b1aa n3MepeHa
B I'UITIIOKAaMIIe KPBIC, KOTOPbIE IOAYYaAU VHbEKLUY
I'K. YpoBens axcnpeccuu Rab35 aericTButeAbHO
OBbIA CHVDKEH, B TO BpeMsI KaK 3KCIIPECCUST APYTUX
I'T®a3 He MeHAAACD. B 11leAOM pe3yAbTaTBhI in1 Vitro
W in Vivo IO3BOASIIOT IIPEATTOAOXUTD, uTo I'K crienin-
dbuyeckn mopaBASIOT TpaHCcKpunuio Rab35, uto
U TIPUBOAUT K HapYLIEHUSM B AeTrPapaLy Tay.

bpiAO TaxKe MPOAEMOHCTPUPOBAHO, YTO BBI-
3BaHHOe cTpeccoM runepdochopruArpoBaHue Tay
He OBIAO TIPEAOTBPAILEHO AAPEHAAIKTOMMUEN, OA-
HAKO ero He HaDAI0AQAOCh Y Mblllel1 ¢ AepuLuToM
peuentopa KP® 1-ro tuma (KPOP 1) u y mbiuei,
MOAYYaBUIMX CeAeKTUBHbBIN aHTaroHuct KPOP 1
(aHTasapmuH). Ha ocHOBaHMM BBILIEONMCAHHBIX
AQHHBIX aBTOPBI ICCAEAOBAHNSI IPUILIAY K 3aKAIO-
YEHMIO, YTO TOAOOHbIE PE3YABTATBI MOT'YT YKa3bIBaTh
Ha crtoco6HocTb KP® MHAYLIMPOBaTh Tay-MaTOAO-
ruo HesaBucuMo oT akTusauuu ITAKC (Rissman
et al. 2007).

TakuMm 00pasoM, MOCAEAHME MCCAEAOBAHMS
CYLIeCTBEHHO PACIIMPUAY HAIIM MPEACTABAEHMS
o raroreHe3e BA u mokasaAu, YTO XpOHNYECKUIA
CTpeccC SIBASIETCSI IOTEHLMAABHBIM (HaKTOPOM
pucka pasBuTHsl AaHHOTO 3aboaeBaHus. boaee
TOI'0, MEXaHU3MBI, IOCPEACTBOM KOTOPBIX CTPeCC
BAMSIET Ha TeyeHMe BA, AOBOABHO pasHOOOpa3HbI
1 TpebyIoT 6oAee TiaTeAbHOTo u3ydeHus. OpAHaKoO
Ba)KHO OTMETUTD, YTO BCe BBILIEN3AOKEHHbIE
JICCAEAOBAaHMSA, OCHOBaHHble Ha BBepeHunu 'K,
He OTP)XAI0T PeaAbHOT0 OTBETA OPIaHM3Ma Ha CTpec-
COpPHOE BO3AEIICTBME, YTO TAaK’Ke OTKPBIBAET IIU-
POKUII IPOCTOP AASI AQABHENIIX 5KCIIePYIMEHTOB.
BeposTHO, pa3aAMUHbIe CTpaTerny, HalpaBA€HHbIE
Ha yCTpaHeHMe CUMIITOMOB, CBSI3aHHBIX CO CTpec-
COM, a TaK)Xe Ha IOBbILIEeHNe YCTOMUMBOCTY K HEMY,
MOTAM OBl YAYYIINTb Ka4€CTBO >KM3HU MMALIIEHTOB
C AEMeHIIVIEN, YBEAUUUTD €€ IIPOAOAXKUTEABHOCTD
U 3aMEAAUTD, 2 B AAABHEIIEM U IIPEAOTBPAaTUTD
pasBuUTHE TOAOOHBIX 3a00AEBaAHUIL.
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