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ITpusemcmaue eAaBHO20 pedakmopa

[IpuBeTCcTBUE TAABHOIO peAaKTOpa

Irybokoysamaemvie korre2u!

ITepBbiit HOMep KypHaAa «VIHTerpaTuBHas PpU3MOAOTUSI» BBIXOAUT BCA€A 32 IPa3AHOBaHUEM
170-aeTusi co pAHs1 poxxpeHust akapemuka V. IT. TTaBaoBa, mepBoro poccuiickoro aaypeata HobeaeBckoi
IpeMMM, KOTOPBII MO PaBY MPU3HAETCSI OCHOBATEAEM MHTETPATUBHOM (PU3NOAOTUN.

B mexxpyHapopHOoM Maciutabe XXI BeKk — Bek OMoMeAULMHbL HayKkul 0 )X13HU — B LIeHTpe BHUMAaHUS
MMPOBOI'O Hay4yHOro coobiecTBa. Ou3M0AOrMs, HalleAeHHAs Ha ITOAYY€eHVe 3HaHUI O QYHKLMOHUPO-
BaHMY OPTraHM3Ma B 3A0POBbe 1 O0AE3HI, 110 CBOEIT 3HAYMMOCTY AOAKHA 3aHMMATD LIEHTPAAbBHOE MECTO
cpeay OMOMEANLIMHCKYX HayK. VIMeHHO p13MOAOTYS SIBASIETCSI OCHOBOV MEAMLIVIHEL, O€3 ee YCIIeLHOTo
PasBUTUS TPYAHO NIPEACTABUTDb IIPOrpecc B MeAMLMHe. VIHTerpaTuBHas GU3MOAOTYS HalleAeHa Ha I10-
HUMaHue, KaKM 00pa3oM Ka’KAbII KOMIIOHEHT OpraHuaMa paboTaeT KaK 4acTb, MHTETrPMPOBaHHAS
B QYHKLMOHMPOBaHMe OpraHK3Ma KaK eAVHOTIO LIEAOT0, B 3A0POBbe 11 00AE3HIL.

OAHaKoO, HEKOTAQ OUY€eHb KpeTKye, ITo3ULnu (pU3MOAOrMHM CYLIeCTBEHHO 0CAAOAM BO BTOPOII TIOAOBU-
He XX Beka, 4TO sIBAsieTCsI TPOOAEMOI MUPOBOro Maciutada. B cBsizu ¢ aTm MeXXAYHapOAHBIIT COI03
¢dusmorornyeckux Hayk (International Union Physiological Sciences, IUPS) Ha cBoem nocaearem @usmo-
aorndyeckoM KoHrpecce (IUPS konrpecc) B Puo-pe->Kaneiipo B 2017 roay «61A B HabaT», IpOBO3rAaLiasi
AeBus «Return PHYSIOLOGY to center stage», COrAaCHO KOTOpOMY (PM3MOAOTMSI AOA’KHA BEPHYTHCS
Ha LIEHTPaAbHYIO Mo3uLuio. PepkoAaaerus XypHaaa coaupapHo ¢ IUPS BricTymaer 3a ykpernaeHue mno-
3uLmit ¢pusmororuu. Mpl HapeeMcsl, YTO Halll )KypHaa «VIHTerpaTuBHas ¢pusmororusi» OyAeT aTOMY
YKPEIAEHHIO CII0COOCTBOBATD.

C 0OABILINM YAOBOABCTBYMEM IPUBETCTBYIO YMTATEA€El IEPBOrO HOMepa KypHaAa «/IHTerpaTuBHas
¢bu3MoAOTMSI» U BBIP)KAaI0 HAAEXKAY Ha TIOAyUYeHMe PYKOIIMCEN, COAEPIKAILIX HOBBIE 3HAHUSA O PpU3No-
AOTMYECKMX IPOLieccax OpraHn3Ma, SpKO MAAIOCTPUPYIOLIVX 3HAUMMOCTb (PU3NOAOT MY AASI MEAULIVIHBI,
61oAOIMM, 3APABOOXPAHEHMS], KOTOPbIe OYAYT CIIOCOOCTBOBATDH YKPENAEHMIO KAIOUEBOI IO3ULMu Gu-
3MOAOTMY B HayKaX O >KM3HU U, B KOHEUHOM CUeTe, YKPEIIA€HIIO 3A0POBbsI YeAOBeKa.

C 6AaropapHOCTBIO KO BCEM, KTO CAEAQA PEAABHOCTDIO BBIITYCK IIEPBOrO HOMepa XypHaaa «VIHTe-
rpaTuBHast GU3MOAOTHSI».

C ysaweHuem,
2AABHDLU pedaKmop
A. Il Qurapemosa
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Abstract. The enteric nervous system (ENS) is an autonomic “brain-in-the-gut”
that integrates gastrointestinal motility, secretion and blood flow into homeostatic
patterns of gut behavior. Experimental models for the ENS are the same
as for all independent integrative nervous systems, whether in the vertebrate
brain and spinal cord or in invertebrate animals. The ENS coordinates
and organizes the behavior of the musculature, secretory glands and vascular
system, in each of the specialized organs of the gastrointestinal tract,
into meaningful behavior of each organ. The ENS stores a library of programs
for differing patterns of small and large intestinal adaptive behaviors. Programs
in the library are akin to 21* century digital “apps” that run on smart phones,
tablet computers and comparable devices.

Keywords: neurogastroenterology, enteric nervous system, paracrine signaling,
Ileus, emesis, power propulsion, postprandial motility, interdigestive motility,
gut defense, neural program library.

Introduction

The digestive tract is innervated by the auto-
nomic nervous system and by sensory nerves that
project from the gut to the brain stem and spinal
cord. Three divisions of the autonomic nervous
system innervate the digestive tract. Sympathetic,
parasympathetic and enteric divisions make-up
the autonomic innervation of the gut.

The enteric division, enteric nervous system
(ENS), functions as an involuntary “brain-in-the-gut”
that integrates gastrointestinal motility, secretion
and blood flow into homeostatic patterns of gut
behavior. Early electrophysiological evidence led
to designating the ENS as a brain-in-the-gut for
the first time in 1981 (Wood 1981). The heuristic
model for the ENS is the same as for all independent
integrative nervous systems, whether in brains
and spinal cords of vertebrates or in invertebrates,
such as the highly developed brain of the octopus
(Sumbre et al. 2001). The octopus brain communi-
cates with an independent neuronal plexus in each
tentacle that is analogous to the ENS and provides
integrative control for targeted movements of the ten-
tacles in the capture of prey (Sumbre et al. 2001).
The ENS, like the little brains in octopus tentacles,
is an independent nervous system that coordinates
and organizes the behavior of the musculature,

secretory glands and vascular system, in each
of the specialized organs of the gastrointestinal tract,
into functional adaptive behavior in the series
spacing of organs from esophagus to large intestine.

On the advice of his major professorial mentor,
C. Ladd Prosser, the author began electrophysio-
logical recording from neurons in feline ENS
in 1967, with first results published in 1969 and
1970 (Wood 1970; Wood 1973; Wood 2016).
Simultaneously, in the 1970s, electrophysiological
studies of neurons in the ENS were done at the Pav-
lov Institute of Physiology of the Russian Academy
of Sciences in St. Petersburg, Russia (Nozdrachev
1977; Nozdrachev et al. 1975a; Nozdrachev et al.
1977; Nozdrachev, Vataev 1981; Gnetov, Kachalov
1975a; Gnetov, Kachalov 1975b). The researchers
at the Pavlov Institute were the first to record from
neurons in the myenteric division of the ENS in situ
with blood flow intact (Nozdrachev et al. 1975b;
Gnetov, Kachalov 1975a; Gnetov, Kachalov 1975b).

Hierarchal neurophysiological organization

We now understand in 2019 that in the ENS,
like most integrative nervous systems, the compo-
nents are organized in hierarchal physiological
order. Like most central nervous systems, neuro-
physiology of the ENS is organized in hierarchical
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steps from lower to higher levels of physiological
complexity (Wood 1989; Wood 2012; Wood 2018).
Axonal projections out of the hierarchical order
to gastrointestinal effector systems determine
minute-to-minute behavior of the muscularis ex-
terna, mucosal secretory glands and blood vascu-
lature in the behaving gut. Integrated behavior
of the musculature and secretory glands takes place
as specific patterns of motility and glandular secre-
tion that distinguish differing forms of behavior
at levels of the esophagus, stomach, intestinal tract
and gallbladder. Behavioral states, emphasized
in this overview, reflect output from the uppermost
levels of complexity. Recognizable behavioral states
include: 1) Physiological Ileus; 2) Postprandial
State; 3) Interdigestive State; 4) Defense; 5) Emesis;
6) Haustration.

Absence of contractile activity in the muscula-
ris externa of the small and large intestine charac-
terizes the behavioral state of physiological ileus.
The postprandial behavioral state is especially
obvious in the small bowel. It involves digestive
behavior after ingestion of a meal and consists
of segmenting (mixing) motility integrated with
control of luminal pH and osmolarity at set-point
values. The postprandial state reverts to the inter-
digestive state when digestion and absorption are
completed. Motility in the interdigestive state is
characterized by the migrating motor complex,
which, in addition to specialized propulsive mo-
tility, initiates contraction of the gall bladder and se-
cretion of bile into the duodenum (Wood 2012).

The bowel, when in the defensive behavioral
state, is characterized by neurogenic hypersecretion
and ortho- or retrograde power propulsion working
in concert to expel quickly any agents in the lumen
that threatens bodily integrity. Power propulsion
in the upper small intestine is retrograde and reflects
output of the emetic behavioral program in the ENS
library. Power propulsion in the large intestine is
mostly orthograde and associated with defecation.

The ENS library of programs in the large intes-
tine has four neurogenically programmed patterns
of behaviors recognized as: 1) haustral formation,
2) physiological ileus, 3) defecatory power propul-
sion; 4) defense.

Cellular physiology of neurons, glia and synap-
tic transfer of chemically coded information from
neuron to neuron in integrated microcircuitry is
in the lower and middle levels of the ENS neuro-
physiological hierarchy. Stored at the highest levels
of organization of the hierarchy are programs
for behaviors that emerge from the organization
of the different kinds of neurons, their synaptic
connections and their connectivity into circuits
at lower levels.

6

A library containing a neural program for each
of the digestive behavioral states mentioned ear-
lier is stored at upper-most levels of complexity of
ENS hierarchal organization. The function of each
program in the library reminds one of the 21 cen-
tury digitally programmed “apps” in the Apple® Inc.
app store for smart phones, tablet computers and
comparable devices. Accordingly, the ENS programs
for the variety of independent behavioral states,
found in the small and large intestine, are called
“apps” in this overview. The author takes this
liberty in recognition of an intellectually sharp
medical stcudent, who suggested the analogy to him
during a lecture. The student’s “apps’, of course,
is a frivolous expression that will be used here
to emphasize the analogy with computational neu-
ral programs in the highest levels of the hierarchy
of neurophysiological organization in the ENS.

C. L. Prosser, Professor of Physiology at the Uni-
versity of Illinois, Champaign- Urbana campus,
in the United States, taught students, in his com-
parative neurophysiology lectures, that acquisition
of complete description of functions at lower levels
of hierarchical organization in a nervous system
does not predict behavior that emerges from
anervous system when it is responding and adapt-
ing to changes in its environment (Wood 2016).
Nevertheless, knowledge of electrophysiological
properties of single neurons and the synaptic con-
nections of individual neurons inside configurations
of neural circuits and networks at lower levels
of a neurophysiological hierarchy is essential for
understanding the physiology of independent in-
tegrative nervous systems like the ENS. For thorough
understanding of normal and abnormal gastroin-
testinal physiology, awareness of how the components
of the ENS work at each of the levels of hierarchical
organization is essential.

Postprandial app

The postprandial app, in the small bowel of mam-
mals, is triggered by the intake of a meal. This app
programs the mixing (segmentation) pattern of
motor behavior. Repetitive propulsive contractions
of the circular muscle coat of the muscularis ex-
terna, which propagate over very short distances,
account for the segmentation appearance when
the app is “running” Circular muscle contractions
in short propulsive segments are separated on either
side by expanded receiving chambers with relaxed
circular muscle and contracting longitudinal mus-
cle, each of which reflect activity in short blocks
of a hardwired polysynaptic propulsive circuit
in a lower level of neurophysiological hierarchy
(Wood 2012a; Wood 2018). The mixing motility
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continues at closely spaced sites along much
of the length of the small intestine for such time
as nutrients are present and sensed in the lumen.

Interdigestive app

The interdigestive app programs the migrating
motor complex (MMC), which is the small intesti-
nal motility pattern of the interdigestive state when
digestion and absorption have been completed and
nutrients are not present in the lumen (Wood 2012a;
Wood 2018). The MMC starts as large amplitude
contractions occurring at 3 per minute in hu-
man distal stomach. Activity starts in the antrum
and continues to migrate into the duodenum
and on through the jejunum to the ileum. When
this app is running, the MMC occupies a limited
length of intestine called the “activity front”, which
has an upper and lower boundary (Wood 2012a;
Wood 2018). The activity front slowly advances
(migrates) down the intestine at a rate that progres-
sively slows as it approaches the ileum. The circular
muscle contractions in the activity front are reflec-
tions of the formation of the propulsive segment
of a hard-wired propulsive motor circuit. Each pro-
pulsive wave traveling downward in the activity front
consists of reflexively wired propulsive and receiving
segment (Wood 2012a; Wood 2018). Successive
propulsive waves start at the oral boundary and
propagate to the aboral boundary of the activity front
where they stop. Successive propulsive complexes
start on average a short distance further in the aboral
direction and propagate on average a short distance
beyond the boundary where the earlier one stopped.
As a result, the entire activity front appears,
on motility recordings, to migrate slowly down
the intestine, “sweeping” the lumen clean as it
travels. In 1969 discovery of the functions of this
app by Joseph H. Suzurszewski inspired his mentor,
Charles F. Code, to name the MMC “the bowel’s
housekeeper” because it slowly sweeps biliary se-
cretions, sloughed epithelial cells and other nones-
sential contents downward and into the colon
(Szurszewski 1969; Code, Marlett 1975; Code 1979).
The physiological ileus app functions to keep the mus-
cularis externa in “silent” mode along the bowel
oral and aboral to the upper and lower boundaries
of the migrating activity front. Neither MMCs
nor physiological ileus can be found in the small
intestine in the absence of a functional ENS.

Power propulsion app

The power propulsion app programs intestinal
motility for rapid clearance of luminal contents from
long segments of bowel during running of apps

Humeepamusuas ¢pusuoroeus, 2020, m. 1, \e 1

for specific behaviors, such as emetic motility
in the small bowel and defense in the large intestine
(Wood 2012a; Wood 2018). Power propulsive mo-
tility is characterized by strong, long-lasting contrac-
tions of the circular muscle coat of the muscularis
externa that propagate over long distances in the small
and large intestine. The contractions reflect forma-
tion of a specialized propulsive segment by of hard-
wired polysynaptic circuit and may be called “giant
migrating contractions” because they are consider-
ably stronger than the phasic contractions of the
circular muscle coat that appear in the activity front
of the MMC or in the mixing motility programmed
by the postprandial app.

Giant migrating contractions have prolonged
durations lasting for 18 to 20 seconds, when re-
corded in dogs (Otterson, Sarna 1994). They
are the circular muscle contractile component
in a propulsive segment formed by a hardwired
circuit in the power propulsion app and underlie
efficient propulsive motility that strips the lumen
clean as they travel at about 1 cm per sec over long
lengths of intestine in dogs. Motility programmed
by the power propulsion app differs from propulsive
motility in the activity front of the MMC app and
in the short-segment mixing seen when the post-
prandial app is running. The circular contractions
in the propulsive segment are much stronger, occur
independently of electrical slow waves and propa-
gation takes place over much longer stretches
of intestine.

Running of the power propulsion app rapidly
moves the luminal contents of the distal ileum and
colon in the anal direction. Noxious mucosal stimu-
lation is a trigger for calling-up this app and closing
any other motility app that might be running. Cramp-
ing pain, fecal urgency and diarrhea are often as-
sociated with this motor behavior. Mucosal exposure
to chemical irritants, introduction of luminal para-
sites, enterotoxins from pathogenic bacteria, allergic
reactions and exposure to ionizing radiation are
triggers for calling-up the aboral power propulsion
app. Physiological features of this nature suggest that
this app is a protective adaptation for rapid clearance
of threats from the intestinal lumen.

Defensive app

The defensive app safeguards and protects bodi-
ly integrity. Defensive Immuno- neural plasticity
of this nature at high levels of ENS neurophysio-
logical organization is apparent in infections with
intestinal parasites, such as Trichinella spiralis.
Repetitive propulsive complexes occur that are
significantly stronger than in uninfected controls
in terms of volumes of luminal liquid moved
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by each complex as it occurs in segments of guinea
pigjejunum in vitro (Alizadeh et al. 1987). The mo-
tor effects of first time T. spiralis infections subside
within ten to twenty days of infection. Reinfection
triggers the same motility response. However, due
to integration of immune memory and ENS control,
the behavioral response persists for extended pe-
riods of two or more months (Alizadeh et al. 1989).

Aborally directed power propulsion is a beha-
vioral component of a more highly organized de-
fensive app centered in higher levels of the ENS
organizational hierarchy. The defensive app is
called-up by paracrine exposure to neuromodula-
tors released during degranulation of enteric mast
cells (Wood 2012b; Wang et al. 2013; Wang et al.
2014). Reconfiguration of the synaptic networks
by an overlay of mast cell degranulation products
integrates output of a secretomotor app with output
of the power propulsion app in a timed sequence
(Wood 2012b; Wang et al. 2013; Wang et al. 2014).

The secretomotor app runs first and evokes
voluminous mucosal secretion of electrolytes and
H, O that “flushes” threats, which might consist
of infectious microorganisms, allergins or noxious
substances, into the lumen and holds them in sus-
pension. The neurogenic secretomotor response is
followed immediately by running of power pro-
pulsion in the anal direction. Power propulsion
rapidly propels the large volume of liquid toward
the anus. Arrival in the recto-sigmoid region causes
rapid distension, which triggers the recto-anal reflex
and relaxation of the smooth muscle of the internal
anal sphincter. Opening of the internal anal sphinc-
ter, in this situation in humans, underlies sensations
of fecal urgency and emotional anxiety because
the only remaining protection against incontinence
is spinally evoked contraction of the skeletal
muscle of the puborectalis and external anal sphinc-
ter (Wald 2018). Cramping abdominal pain reflects
the excessive force of the propulsive contractions
evoked during power propulsion. Symptoms of acute
explosive watery diarrhea occur at this point
in running of the app.

Neurophysiology of the defense app in mammals
is reminiscent of polymorphic neural network
described in the stomatogastric ganglion of lobsters
where a defined neural network is reconfigured
in different ways to form different functional outputs
to the same effector system or systems, as evi-
dently occurs in intestinal tract of vertebrates
(Bucher et al. 2006). Reconfiguration of the output
from the lobster network is accomplished through
the selective release of dopamine and serotonin
as neuromodulatory substances that overlay the en-
tire network in paracrine manner and act to alter
the electrical and synaptic behavior of the neural

8

elements in the microcircuits of the network. Para-
crine overlay of mast cell degranulation signals starts
the defense app in the same manner in the ENS
(Bucher et al. 2006).

Emetic app

The emetic app programs the specialized motor
behavior in the small intestine during emesis.
During emesis, the direction of power propulsion
in the upper one-third of the small intestine is re-
versed for rapid transport of the luminal contents
toward the stomach (Lang 2016). Controlled open-
ing of the gastric pylorus by the ENS permits entry
into the stomach and filling of the gastric reservoir.
Retching, which is under control of the cen-
tral nervous system as well as the ENS, empties
the reservoir. The ENS then opens the lower eso-
phageal sphincter and retching empties the stomach
of vomit.

Emetic behavior is called-up from the library
of apps either by commands from the brain or
by local sensory detection of threatening sub-
stances in the lumen (Lang 2016). Like the power
propulsion app in the distal small and large intestine,
the adaptive significance of the emesis app is rapid
removal of undesirable contents from the lumen
of the upper bowel.

Physiological ileus app

Physiological ileus is adapted here as a term
to describe absence of motility and propulsion
in the small and large intestine which is not patho-
logical. It is a basic behavioral state of the intestinal
tract where an ENS app programs quiescence of mo-
tor function. Physiological ileus disappears after
destruction or blockade of the ENS. Disorganized
and non-propulsive contractile behavior occurs
continuously due the autogenic contractile proper-
ties of unitary type intestinal smooth muscle when
ENS functions are anesthetized or destroyed by patho-
logical processes (Wood 1972; Brann, Wood 1976).

Quiescence of the intestinal muscularis externa
reflects the operation of an app in which synaptic
connections in ENS propulsive motility circuits are
closed. ENS inhibitory musculomotor neurons evoke
this behavioral state by firing continuously and sup-
pressing responsiveness of the muscularis externa
to electrical slow waves entering from interstitial
cells of Cajal. Physiological ileus is a normal behav-
ioral state in effect for varying periods of time
in different intestinal regions depending on cir-
cumstances, such as the time after a meal. When
the interdigestive motor app (MMC) is running,
the small intestine persists in a state of physiological
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ileus in the regions of intestine on either side
of the migrating activity front (Wood 2012a).
Medical literature describes “ileus” as being
mechanical, “dynamic” or “adynamic” obstruction
of the bowel. Adynamic ileus (paralytic ileus)
is pathological obstruction of the bowel due
to a paralytic-like state of the muscularis externa.
Dynamic ileus, on the other hand, is pathological
intestinal obstruction due to spastic contraction
(i. e., failure to relax) of the circular muscularis
externa in a segment of bowel. In view of the defined
characteristics of pathological ileus, “physiological

ileus” was invented as a useful term for referen-
cing the non-pathological absence of motility
in the small and large intestine. It is a normal state
of the bowel in which the ENS programs quiescence
of motor function through its control of inhibitory
innervation of the smooth musculature.

The physiological ileus app runs for varying
periods of time in different intestinal regions de-
pending on extrinsic factors, such as the time after
a meal and inhibitory noradrenergic input from
sympathetic postganglionic neurons during physi-
cal exercise.
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Annomauus. TlpoBepeHHble B KoHlle XIX cToAeTuss B AabopaTopusix
J. T1. TTaBAOBa omepanuy 1o BHEAPEHUIO GUCTYA B pa3AMYHbIE TIPOTOKY
MUIeBAPUTEABHBIX >X€Ae3 IMOAOIBITHBIX KMBOTHBIX, BBIAEAEHME UM
M30AMPOBAHHOTO XEAYAOUKA CO0OAK 11, HAKOHEL], IPOBEAEHHA s IM COBMECTHO
c E. O. lllymoBoii-CumMaHOBCKOI omepauyst 330paroToMmn U CBSI3aHHbIN
C Hell TaK Ha3bIBaeMblIl1 OIBIT «MHMMOTO KOPMAEHMSI» TO3BOAUAY MTOAYIUTD
YMCTBIN, HE CMELIAHHBII C MUIIeN, )KeAYAOUHBIN COK cobak. Ero xummyeckuit
COCTaB U pU3MOAOTMYECKIIE CBOVICTBA OBIAY IOAPOOHO M3YYEHBI, U AAAbHENIIINE
MICCAEAOBaHMS ITOKa33aAM BO3MOXKHOCTD IPVMMEHEHMs 3TOro Iperapara
B $GapMaKoAOTUM AASI A€YEHUST AIOAEN C PA3AUYHBIMU >KEAYAOYHBIMU
3aboaeBaHMsIMU. BriepBble COK KaK (papMaKOAOTMYECKUIT IIpernapar ObIA
ncnpoboBat B pykoBoAumoit C. IT. BOTKMHBIM TepaneBTUYeCKO KAMHUKE
BoeHHO-MeAMLIMHCKO aKapeMuM. VIcIbITaHus MoKa3aAu XOpollyie Pe3yAbTaThl
/I HEOCIIOPMMOe MPEeMMYIeCTBO HaTYPAAbBHOIO )KEAYAOYHOTO COKa Iepea
MMEBLIVMMKCS B IPOAQIKe merncuHamu. B aaboparoputo V. IT. TTaBaoBa cTaau
MTOCTYIATD 3aKa3bl Ha ero nmoAyuyenue. C 1898 r. HauaAaach 3aroToBKa 1 MpoAsKa
HOBOTO IIperapara, Koropasi bbiAa mopydeHa coTpyaHuky V. IT. TTaBaoBa —
E. A.Tanuke. OtnyckaAcs npemnapar B anteku 1 KanHuky CaHkT-Iletep6ypra,
3aTeM APYTUX ropoaoB Poccun, a Bckope mpoaaska ero CTaAa OCyLeCTBASTbCS
B pasanuHble ropoaa EBpormsl u, HakoHel, AmMepukn. KoAndecTBo eXXeropHo
MTOAYYaeMOT0 M IPOAABAEMOT0 COKa HEYKAOHHO POCAO, a K 1915 1. poocTurao
15323 paakoroB. CpeaCTBa OT IPOAAXKM COKA TOCTYIIAAM Ha HY>KABL AADOPaTOpUIL.
IMocae peBoatoLyy 1917 1. 3ar0TOBKA ¥ POAAYKA COKA BBIHYXKAEHHO ITPEKPATHUANCD,
ITOCKOABKY BCe 930(aroToMupoBaHHble cOOaKy MOrnbAm 13-3a HEAOCTATKa
crenaAbHOro nuraHus. [IpuBepeHHbIe B cTaTbe TEKCThI U doTorpaduu
IMCeM, HallpaBAEHHBIX B Aabopatopuio [TaBAOBa, MyOAUKYIOTCS BIIEPBBIE.

Karoueswie crosa: V. I1. [TaBaoB, uctopyst Gpuanororny, uCTopus papMakoAOIny,
HATyPaAbHBII )XEAYAOUHBIIT COK, KEAYAOUHbIE 3a00A€BaHMSL

Ivan Pavlov’s laboratories: The factory of gastric juice

L. 1. Gromova*?2

! Pavlov Institute of Physiology, Russian Academy of Sciences, 6 Makarova Emb., Saint Petersburg 199034, Russia
> Memorial Apartment Museum of Academician I. P. Pavlov, 2 Seventh Line, Vasilyevsky Island,

Saint Petersburg 199034, Russia

Abstract. In the late 19* century Ivan Pavlov and his lab team carried out
several landmark surgeries on experimental animals, e.g. a surgery to introduce
fistulas to the ducts of digestive glands, to isolate the gastric pouch in dogs
as well as an esophagotomy carried out by Pavlov together with Ekaterina
Shumova-Simanovskaya. The latter made possible the so-called “sham
feeding” experiment which allowed the team to collect pure gastric juice
unmixed with food. The team thoroughly studied its chemical composition
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[IpeabicTOpus Bonpoca

B 1904 r. VIBan IlerpoBud ITaBAOB cTaA mepBbIM
B Poccunt HOOeAeBCKUM AaypeaToM, IIOAYUYUB ITY
IPECTIDKHYIO HarpaAy 3a paboTsl o ¢pusnoaorum
nuieBapeHus. MexxayHapopHOe IIpM3HaHMe 3a-
CTaAO ero yke B Bo3pacTe 55 AeT, KOrAa 3a Iaeya-
MU OBIA MHOTOAETHUIT OTIBIT AADOPATOPHBIX UC-
CA€AOBaHMII 1 9KCIIEPVMEHTOB B 3TOM 00AaCTU
¢dusmorornn, pasapaboTaHbl METOABI BHEAPEHNSI
(bUCTYA B IPOTOKM Pa3AMYHBIX )KeAe3 MUIeBapy-
TEABHOM CUICTEMBI, yCOBEPIIEHCTBOBAHA pa3pabo-
TaHHas [elipeHralHOM omepaulus M30AMPOBaH-

HOT'O )KEAYAO4Ka.

B 1889r. . I1. ITaBAaoBbIM coBMecTHO ¢ E. O. Ily-
MOBOVI-CUMaHOBCKON ObIAQ YCITEIIHO MPOBEAEHA
ornepauys 330aroTOMuM C HAAOXKEHVMEM SKEAYAOYU-
HOI1, @ 3aTeM U ITaHKpeaTnyeCcKo GUCTYABI U CBSI-
3aHHBIN C HEV OMBIT TaK Ha3bIBAEMOI'0 «MHMMOTO
KOPMAEHUSI», AOKA3bIBAIOI[UI1 HECOMHEHHOE 3Haue-
HUe MCUXMYeCKUX SIBA€HUII B OCYILleCTBAGHUM IU-
IleBapUTEeAbHBIX IpolieccoB. CyTh aKcIlepyMeHTa
3aKAI0YaAaCh B KOPMAEHUY COOAK C epepe3aHHbIM
MUILEBOAOM, KOHLIBI KOTOPOTO ObIAU BbIBEAEHBI Ha-
PY>KY, KyCKaMM MsICa, KOTOpble BbIITAAAAY U3 IUILIe-
BOAQ 00paTHO B TapeAKy,  cobaka MOraa BHOBb MX
norAomath. [1py aToM 13 GUCTYABI )KEAYAKA BCe
BpeMsI «KKOPMAEHUS» BBIAEASIACS YUCTBIN, HE CMe-
IIAHHBII C ITULIEN YKEAYAOUHBIN COK. DTO «KOPMAEHME»
MOTAO TPOAOAYKATbCS B T€UEHNME AECSTKOB MUHYT,
U BCE 5TO BpeMsT HAOAIOAAAOCH AKTUBHOE BbIAEAEHUE
13 GUCTYABI )KeAyAOuHOTo coka. OnepupoBaHHbIE
JKUBOTHbIE ITIOAYYaAU MUY MCKYCCTBEHHBIM ITyTeM
VI YyBCTBOBAAU Ce0s1 BIIOAHE XOPOIILIO.

IToAy4eHHBIIT TAKMM 00Pa30M UMCTDIN KEAYAOU-
HBIV COK COOaK BCECTOPOHHE OBbIA M3Y4€eH C TOYKU
3peHMUsI ero COCTaBa, 0COOEHHOCTEN ero XuMu3ma
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and physiological properties, while further research showed a possibility
to use the gastric juice from dogs in pharmacology to treat people with various
gastric diseases. The gastric juice was first tried as a pharmacological medication
at the therapeutic clinic of Military Medical Academy run by Sergey P. Botkin.
The tests showed good results and an indisputable advantage of the natural
gastric juice over pepsins available on sale. Soon, Ivan Pavlov’s laboratory
started receiving orders. The preparation and sale of the new medication
supervised by Evgeny Ganike, one of Pavlov’s employees, started in 1898.
The medication was distributed to drugstores and clinics of Saint Petersburg,
then other cities of Russia, and, before long, it was imported to Europe and,
atlast, America. The annual amount of juice production and sales grew steadily
to reach 15,323 bottles by 1915. The proceeds from juice sales contributed
to the laboratory development. After the 1917 revolution the production
and sales of juice phased out as all the experimental dogs died due to the lack
of special food. The paper features some texts and photos of the letters sent
to Ivan Pavlov’s laboratory that have never been published before.

Keywords: Ivan P. Pavlov, physiology history, pharmacology history, natural
gastric juice, gastric diseases.

B 3aBMCUMOCTU OT BMAQ IUINY, KOTOPYIO AaBaAU
oA OIBITHEIM >KMBOTHBIM. E. O. lllymoBon-Cuma-
HOBCKOM B 1893 I. yAQAOCb BBIAEAUTD U3 XKEAYAOU-
HOTO COKa OAMH 13 HanbOA€ee YUCThIX ITPEenapaToB
IEeNCYHA — TaK Ha3bIBaeMblil «3€pHYUCTBDII IIETICHHY,
KOTOpBIi1 B AaAbHeneM 0biA npyuMeHeH B CILIA
AASI TIOAYYEHVST KPUCTAAANYECKUX PEPMEHTOB.

B rabopartopusix [TaBAroBa n3yueHuem cocTapa
YKEAYAOYHOT'O COKa CO0aK 3aHMMAAMCh MHOTYIE €TO
YUYEHUKU U COTPYAHUKU, U KaXKABI U3 HUX BHEC
CBOIO A€ITY B pelleHNe 3TON PU3MOAOTYECKON
3aAQUM.

Tak, Il. H. KoHOBaAOBY yAQAOCh YCTaHOBUTD,
YTO ONTMMAaABHAS AAS MUIIEeBAPEHN KICAOTHOCTD
XeAypouHoro coka pasHsieTcs 0,2 % HClu uro cok
C TAKOU XapaKTePUCTUKOI 00AAAAET 3HAYUTEABHOI
AHTUCENTUYECKOI CIIOCOOHOCTBIO I MOXET AAU-
TEABHO COXPAHSATbCS IPY KOMHATHOM TeMIlepary-
pe. CpaBHMBas CBOJCTBA MpenapaToB IMencyuHa
CO CBOWICTBAaMMU >KEAYAOYHOTO COKa, COOpaHHOIO
IIPY MHMMOM KOPMA€HMY CO0aK, OH IPHUIIIEA K BbI-
BOAY, YTO IIOCAEAHMIT TOpa3p0 addeKTrBHee cripas-
AsleTCs C TlepeBapuBaHMeM nuiu. Ero pAokaap
«Pa3AnyHbIE cOpTa IPOAAKHOIO TENICHHA B CPaB-
HEHMM C HATYPAABHBIM >KEAYAOUYHBIM COKOM» OBbIA
3acayuran 13 mast 1893 r. Ha 3acepanuu O6jecTBa
pycckux Bpauent. B Tom xe ropy Konosaaos 3a-
muTuA Aucceprauuio «IIpopa’kHble TTenCUHBI
B CPaBHEHMM C HOPMAABHBIM )KEAYAOUHBIM COKOM»,
OAHUM U3 1IeH30POB KOTOpOI1 ObiA [TaBAOB.

A. ©. Camoi1A0B, ¢ 1892 r. paboTaBImit IPaKTH-
KaHToM B Ousnoaornyeckom otpese Vimmneparop-
ckoro VIHCTUTYyTa aKCIepMMeHTaAbHOV MEAMLIVIHbI
(IVIDM), usyyaA BAMSIHIE AAUTEABHBIX PEKIMOB
MUTAHMS Ha XKEAYAOUHYIO CeKpPeLMIO, ONPEAEAss
PaCIIENASIOIIYIO CUAY )KEAYAOUHOT'O COKa IO CII0CO-
6y C. I. MerTa. KoandectBo 6eakoBoOro ¢pepmeHTa
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B NMILEBAPUTEABHBIX COKaX OIPEAEASIAOCH C IIO-
MOIIbIO TIEPEBAPEHHBIX CTOAOUKOB 6eAka (B MM),
HaXOASILVXCS B CTEKASTHHBIX TPYOOUKaX, OIYII}eHHBIX
B TOT MAU MHOV MIUIIIEBAPUTEABHBIN COK. 21 OKTAOPst
1893 r. CamoiiaoB Ha 3acepanuy OO1jecTBa pyccKux
Bpayell I0ABEA UTOT CBOMX MCCAEAOBAHMIA, BBICTYIIUB
¢ A0oKAapoM «K MeToAy KOAMYeCTBEHHOTO OIpeAe-
A€HUS TIETICMHA U TPUIICUHAY.

Ocob6oe 3Hauenne umeau paborst I'L IT. XypkuHa,
COBMECTHO C KOTOPBIM ITaBAOB npon3BeA 3HaMe-
HUTYIO OIIepaLMI0 M30AVMPOBAHMS MaA€HbBKOIO
JKeAyAKa C COXpaHeHMeM ero uHHepBayuu. Pabora
MaA€HbKOTO M30AMPOBAHHOIO JKEAYAOUKA ITOA-
HOCTBIO OTPa’kaaa pabOTy OOABIIOrO XXEAYAKA,
SIBASISICD, TIO cAoBaM IlaBAOBa, ero «3epKaAom».
YuCThlit COK, COOPAHHBIN C TOMOIIbI0 BCTABAEHHOIT
B MAA€HbKUIT )KEAYAOK (PUCTYABI, TAK>)KE MO>KHO
OBIAO M3yYaTh XMMUYECKU. DKCIIEPYMEHTBI, IPO-
BeAEHHbIE Ha ONEPMPOBAHHBIX TAKUM 00Opasom
cobaKax, T0O3BOAMAU BBISIBUTh 3aKOHOMEPHOCTHU
CEeKpeTOPHOI peaKkL >KeAyAKa Ha pasHble BUADI
MUIIM Y TTOKa3aTh crieldpUIecKnii COCTaB JKeAy-
AOUYHOTO COKa IpU pa3HOM COAEPXXaHMU KOpMa
cobak (MOAOKO, xA€0, Msico). ITop pyKOBOACTBOM
ITaBaoBa XvkuH B 1894 1. 3a1IUTHA AMCCEPTALIUIO
«OTpeanTeAbHast paboTa KEAYAKA Y COOaKM», KO-
TOpAasi U B HAILI AHU He TepsieT CBOel aKTyaAbHOCTU.

JcnioAb30BaHMe )KEAYAOUHOTO COKA CO0aK
B ()apMaKOAOTMU U MEAMIVIHE

BriepBble MpUMEHUTD KEAYAOUYHBIN COK COOaK
AASI Ae4eHMsI MALVIEHTOB C HapyLIeHMsIMY padoThl
)KeAyAOUHO-KuieyHoro TpakTa peumacs C. IT. bot-
KuH. OH PyKOBOAMA TepaneBTUYECKUM OTAEAe-
HUeM KAMHUKY BoeHHO-MeAULIMHCKOM aKaAeMUN.
Pe3yAbTaThl KAMHMYECKUX VCIIBITAHUI TOKa3aAU
HECOMHEHHOe IIPeVIMYIeCTBO A€4eHN HATyPaAb-
HBIM >KEAYAOYHBIM COKOM II0 CPAaBHEHUIO C IMEB-
IIMMMCSI B IIPOAQSKE IETICHAMMU.

B 1893 r. HaTypaABHBIN )KEAYAOUHBII COK COOAK
KaK papMaKOAOIMYeCKMII IIpernapar ObIA BIEP-
Bble npepacTaBAeH OTaerom busmororuu VIVIDM
B KaueCTBe 5KCIIOHaTa [UrmneHn4yecko BbICTaBKU
B [leTepOypre B pazaeAe pusnororuu u papmMako-
AOTVIM Y BBI3BaA OOABILON MHTEPeC Y (apMaKOAO-
TOB U MEAVIKOB.

YyacTre boTkHa B 5TOM CMEAOM IIPOEKTE,
KOHEYHO, He CAy4aitHO. OH aKTMBHO ITPOIIOBEAOBAA
MPUHLINUII EAVHCTBA KAMHMKU Y HayKy, BIIEPBBIE
B COCTaBe PYKOBOAVMOI IM KAVMHUKY OTKPBIA PSIA
HAy4YHBIX AabOpaTopuil — OOI[eKAMHUYECKYIO,
06aKTepMOAOTMYECKYIO, XMMUYECKYIO U SKCIIepH-
MEHTAABHO-(PU3NOAOTMYECKYIO.

Cepreit IleTpoBuy 0Ka3aA OrpOMHOE BAVMSIHME
Ha Hay4Hylo cyAbOy ITaBaoBa. Korpa mo ero nnm-

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

unaruBe B okTsi0pe 1877 r. mpu Obmune cectep
MuAocepaust ¢B. [eoprust Opiaa opranmsoBana lllko-
AQ heAbALIIEpUL] AAST TIOATOTOBKU KBAaAUGDULIUPO-
BAHHOI'O CPEAHEr0 MEAVIIMHCKOTO IIepCOHAAA,
oH npuraacua ITaBaoBa unTaTh TaM Kypc $pusno-
aorun. C 1878 r. [TaBAOB BO3raaBuA 9KCIIEPUMEH-
TAABHO-(PU3UOAOTMYECKYIO AADOPATOPUIIO ITPU KAU-
HuKe BoTkuHa, B KOTOpoit mpopaboraa 10 aer.
B 1884 1. mo npeacTaBAeHI0 BOTKMHA OH MOAyUYMA
ABYXTOAMYHYIO HAyYHYIO KOMaHAVMPOBKY 32 IPaHULYY
AASL CT&KMPOBKU B AAOOPATOPUSIX 3HAMEHUTBIX He-
merkux ¢pusuoaoros K. Atopsura u P. Teripenraiina.

[TaBAOB BCIO >KI3HB OBIA OAaropapeH cBOeMy
HACTaBHUKY U IPOAOA’KAA BHEAPSITD B HAYKY IIPUH-
LuIbl cBoero yunrteas. Ha sacepanuu O6ijecTBa
PYCCKVMX Bpaueil, TIOCBSIeHHOM IaMsaTi boTknHa
(1894), oH TaKKe BbICKa3hIBAACS O HEOOXOAUMOCTY
€AVIHEHVISI MEAVILIVHBI 1 GU3NOAOTUM: «...MHe
IIPEACTaBASIETCSI )KeAQTEeABHBIM, — FOBOPYA OH, —
4TOOBI PU3MOAOTY ObIAY HOAEE 3HAKOMBI C KAMHU-
KOI U CIIELJMAABHO C KAMHUYECKOM Ka3yMCTUKOM.
CKOABKO MOYKHO YKa3aTbh CAy4aeB, TA€ KAMHIYECKYE
HAOAIOAEHMSI BEAU K OTKPBITUIO HOBBIX (GM3MOAO-
ruyeckux ¢paktoB. C APYroil CTOpOHBI, B MHTepecax
TOM JXKe HayK/ O YeAOBEYECKOM OpraHusMe ObIAO
ObI 04EHDb BBITOAHO, €CAU ObI MEAVKU OBIAY BIIOAHE
IPOHUKHYTbI PU3NOAOTMIECKUM 3HAHKEM. .. OTpOM-
Hasi TIOMOLIb BPayy CO CTOPOHBI (PM3MOAOTUM BO3-
MO>KHa TOABKO IIPY OAHOM CTPOTOM YCAOBUY, IIPU
IIOCTOSIHHOV IpOBepKe (P13MI0AOTMYECKIX AQAHHBIX
KAMHMYecKumy HabAropeHusamy; C. IT. BoTkuH 6b1a
AYYIIVM OAMIIETBOPEHMEM 3aKOHHOIO U ITAOAO-
TBOPHOTO COI032 MEAULIIHBL I PUBUOAOTUH, TEX ABYX
POAOB UEAOBEYECKOI AESITEABHOCTHU, KOTOpBIE Ha
HaIIMX T'Aa3aX BO3ABUTAIOT 3AQHME HAYKM O YEAO-
BeYeCKOM OpraHu3Me U CYASIT B Oyayiiem obecrie-
YUTb YEAOBEKY €ro Ay4ylllee CYaCTbe — 3AOpPOBbe
1 KusHb» (AHoBCcKuMiT 1894).

VTaK, KAMH/MYeCKYe VICITBITaHVSI HATYPaAbHOTO
YKEAYAOUYHOTO COKa COOaK MOKa3aAl ero HeoCIo-
pUMOe IIPeVMYIIeCTBO B TEPAIIUU KEAYAOUHO-
KUILIEYHBIX 3a00AeBaHMil. BeCTb 0 HOBOM UyAOA€ii-
CTBEHHOM IIpernapaTe pasHecAach OYeHb OBICTPO,
1 B Aaboparopuio [TaBAOBa cTaAM mocTynarb 3a-
Ka3bl Ha ero noaydenue. 10 Hos6ps 1898 r. Ha Co-
BeTe V/IHCTUTYTA SKCIIepYMEHTAABHON MEeAVLMHBI
OBIAO pelIeHO HaleyaTaTh B ra3eTax 00'bsiBAEHIE
00 OTITyCKe )KeAyAOYHOro coka 1o crocoby ITas-
aoBa (I'ypeesa, UeObreBa 1969, 74). Hauaaach
3aroTOBKa 1 ITPOAaKa Ipemnapara. B aexabpe 1898 r.
ObIA 3aTOTOBAEH U OTIYLEH IIOTPEOUTEASIM BCETO
31 daaxon coxka. [Tocae 0ObsIBAEHMS B razeTax
Ha Dusnoaornyeckuit otaea VIVIOM obpymmacs
IIKBAA 3aIIpOCOB HA HOBBIM IIpernapar Kak 13 anTek,
TaK ¥ OT YaCTHBIX AUL. YAOBAE€TBOPUTD 3TOT CIIPOC
TI0Ka He OBIAO BO3MOXXHOCTH, 1 y)Ke 7 siHBaps1 1899 .
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Ha 3aCEAQHMMU XO3SMCTBEHHOro Komurera MIVI9OM
OBIAO pellIeHO OTITYCKAaTh COK AUILD B allTEKH, all-
TeKapCKyue CKAaAbI U 10 TpebOBaHMSIM Bpayeil
(T'ypeeBa, YeObieBa 1969, 76). Uepes ueTnipe
Mecsila X034aCTBeHHbI1 KomuteT VIVIOM yxke
MOACUYMTBIBAA AOXOABI OT IIPOAKM COKa, IYCThb
noka u Heboab1IMe. B uToroBom oryere 3a 1899 r.
YKa3bIBaAOCh, UTO 32 3TOT IIEPMOA OBIAO OTITYIIEHO
115 ¢parakoHOB, B caepyiomem 1900 r. sTa undpa
AocTuraa 262 GpArakoHOB.

15 peBpaast 1901 r. Ha 3acepanuu Coseta IVIOM
AnpexTop nHCTUTYTa C. M. AYKbSIHOB IIPEAAOKMA
paspaboTaTh CrelaAbHYI0 MHCTPYKLMIO IO YIIO-
TpebAeHMIo npenapara, HO [1aBAOB 3asBMA, 4TO
Bpauy, IPUMEHSAOLIE eCTeCTBEHHbDIN )KeAYAOUHBIN
COK, MOT'YT TIOAYYUTb HEOOXOAMMBIE CBEAEHMSI U3
AUTEPATYPBI, U COCTABASITD 0COOYI0 MHCTPYKLIUIO
HeT Hapo0HocTU. OAHAKO B HOSIOpe TOTO >XKe oA
TaKasi MHCTPYKLMI ObIAQ IM BCe-TaKy COCTaBAEHA
VI CTaAa MPUAATaThCs K PAAKOHAM C )KEAYAOUHBIM
cokoM (I'ypeeBa, UeObiieBa 1969, 93).

Crpoc Ha ’KeAYAOUHBI COK BCe BO3PaCTaA.
26 okTs0pst 1901 r. ITaBAOB Ha 3acepanuu CoBeTa
NVISM yxe roBOPUA O TOM, UTO «...AOA’KHOCTHOI
nepcoHaa PU3MOAOIMYECKOTO OTAEAQ HE VIMEeT
BO3MOYXHOCTH 0e3 yijepba AASL CBOMX Hay4HBIX
3QHSTUI YAEASTb Ha 3aTOTOBAEHME KEAYAOUHOTO
COKa CTOABKO BpEMEHMU U TPYAQ, CKOABKO OBIAO OBbI
JKEAAQTEABHO, U UTO HaAAEKAAO ObI aCCUTHOBATD
xoTs1 6bI 10 30 py6. B Mecs1] Ha BO3HAarpakAeHue
0Cco00ro AMLI, KoeMy OYAET HOPYYEHO 3aTOTOBAE-
H1e coka» (['ypeeBa, UebsliieBa 1969, 92).

Coser paspena [TaBAOBY mpUMCKaTb COTPYA-
HUKa AAS paOOTBI 110 3aTOTOBAEHMIO YKEAYAOYHO-
ro COKa, OCTaBUB 3a co00I1 0011ee HaOAIOAEHME
3a IIPOLIECCOM.

Takum coTpyaHukoMm ctas EBrennit AaekcaH-
ApoBud I'aHuke — opMH 13 yueHuKoB VIBaHa Iletpo-
BMYa, pabOTaBLINII y HETo B AabopaTtopuu ¢ 1894 .
Br16op Ha Hero maa He cay4aitHo. O6Aaaast cnoco6-
HOCTSIMY TEXHMKA-KOHCTPYKTOPA I AOCTaTOYHBIMU
3HaHUSAMMU B 00AaCTU PUBUKM U XMMUY, OH 4aCTO
BBIITOAHSIA BCIO TEXHUKO-METOANYECKYIO CTOPOHY
VICCAEAOBAHUI, OKa3bIBAA METOANYECKYIO TOMOIIb
Hay4YHBIM pabOTHMKaM, paboraBiuM y ITaBaoBa.

/13-3a TOr0, 4TO IOAYYaEMBbIX 13 Ka3HbI CDEACTB
4acTO He XBATAAO AAS IIPOBEAEHMS HayUHBIX VIC-
CAeAOBaHUI, 000pyAOBaHMEe AabopaTopuil ObIAO
BeCbMa CKYAHBIM, TaK 4YTO MHOTHUE «IPUOOPbI»
B Aaboparopuu VBaHa [TeTpoBuya ObIAM CKOHCTPY-
VIPOBaHbI ¥ COOCTBEHHOPYYHO 3TOTOBAEHBI IMEH-
Ho ['aHuke.

«...AAsT OYMCTKM IIOAYYAEMOTIO COKA OT CAY-
YalHBIX IIpYMecel OH COOPYAUA NPVUMUTUBHYIO
“BO3AYXOAYBKY” M3 ABYX BEAOCUIIEAHBIX KOAEC,
COEAVIHEHHBIX IIPVBOAHBIMU PEMHSIMY C KPAHOM
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TOPOACKOI'O BOAOIIPOBOAA HaA MEAHON BaHHOM
B [IPEAOIIEPALIIOHHON KOMHATE, TA€ MbIAV )KUBOT-
HBIX TIepeA HaaokeHueM ductya. Koaeca, cHab-
JKEHHbIEe YaIlIKaMU, IT0OA HAllOPOM CTPYU BOABI
BPAI[AAVICh, IPUBOASI B ABIKEHVE MeXa, KOTOPBI-
MU U IPOAYBAACS )KEAYAOUHBIN COK, OUYMILASICh
MPaKTUYEeCKU A0 KPUCTAABHOM MPO3PAYHOCTM.
[Tos)ke COK AOTIOAHUTEABHO MPOIYCKaAM dYepes3
CIeLaAbHO MPMOOpeTeHHbIe aMOepSHOBCKYE
bUABTPBI, 3apAep)KUBAIOLINE SIIILIA TAUCTOB 1 OaK-
tepun» (Hosapaues u Ap. 2011, 1. 2, 792).

MeTtoAnKa MOAy4YeHUsA HATYPAABHOTO
)KEAYAOUHOTO COKa CO0aK

Crioco6 MmoAyv€eHMsI YMCTOTO KEAYAOUHOTO COKA
OBIA TIPEAAOXKEH U AETAaAbHO pas3paboTaH ele
B 1890 r. Ero noppo6Ho ommcaa XvyKuH B CBOEM
cooOmmeHny Ha 3acepanny O61ecTBa pycCKUX Bpa-
vei1 B ceHTs10pe 1894 1.: « )KeAyAOK racTpoTOMMPOBaH-
HOV COOAKM IPEABAPUTEABHO ITPOMBIBAETCSI OOABIINM
KOAMYECTBOM TETIAOIT BOABL, BAUBAE€MOIT TIOCPEACTBOM
YKEAYAOUHOTO 30HAQ 1 BBIAMBAEMOI1 UePe3 KEAYAOU-
HYIO0 DUCTYAY, CAEAOBATEABHO, BBIITOAACKIBAETCS
HAYMCTO, KaK KOADQ; 3aTeM CoOaKe AQIOT KYCOK MSICa,
KOTOPBII OHA )KAAHO TAOTAET; HO KYCKM 9TU, He [0-
IaAast B )KEAYAOK, TOTYAC >K€ BbIBAAMBAIOTCS Ha-
PYXKY uepe3 230(aroroMmnyeckoe OTBEpCTIE; B TO
Ke BpeMsI 113 )KEAYAOUHOM (QUCTYABI HAUMHAET BbI-
AVIBaTbCsI CIIepBa KalAsIMM, @ 3aTeM U TIPSIMO CTPY-
€10 COBEPILIEHHO IIPO3PAYHbIN COK, KOTOPBII TYT >K€
1 cobupaeTcst B cocyA. Takum crmoco6om, KOTOpsIit
aBTOPBI Ha3BaAU “CIIOCOOOM MHMMOIO KOpMAe-
HUST, MOXKHO TIOAY4aTh y cobak ot 200 Ao 300 . c.
(xy6. cM. — [Ipum. aBmopa) >keAyAO4HOTO COKa
B 1-1,5 yaca (KoHoBaAOB) Oe3 maAeiiiiiero Bpeaa
AAST ee 3A0pOBbsi» (AHoBckuit 1894, 18) (puc. 1).

Puc. 1. [ToAyyeHMe )KeAyAOYHOTO COKa
OT 530 aroTOMUPOBAHHBIX COOAK
B Aaboparopuu V. IT. ITaBaoBa

Fig. 1. Receiving gastric juice from dogs after
an esofagotomiya in Ivan P. Pavlov’s laboratory
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ITockoABKY IpOBeAeHMe onepaLnii 330¢paroTo-
MuM OBIAO AOCTATOYHO CAOXKHBIM, [TaBAOB U ero
COTPYAHMKY ICKaAY BO3MOXKHOCTb OOA€€e IPOCTO-
IO METOAQ IIOAYYEHMS COKA.

OAHUM 13 TaKMX CIOCOOO0B OBIAO OIEpaLIOH-
HOe TIOAYUYeHlMe MAAOTO JKeAYAOUKA, U3 KOTOPO-
ro yepe3 QUCTYAY TaK>Ke BBIAEASIACS YMCTBIN,
He CMellIaHHBII C 1IIel )KeAyAOuHbli1 cok. Ho Ko-
AVYECTBO €ro OBIAO CAMIIKOM MaAO AASI IIPaK-
TUYECKOI 3arOTOBKU IIPOAYKTA, AQ U IIPOBeAe-
HYie ollepaLy TAK>Ke IIPEACTABASIAO AOCTAaTOYHO
CAO>KHBII IIpoLjecc.

Cotpyanux ITaBaoBa A. A. KameHckuir mpea-
AOXVA YIPOCTUTD OINEPALIMIO OTAEAEHMS MAaAOTO
JKeAypouKa. Ero MeTop 3aKAI09AACS B HAAOXKEHUN
rAyOOKOI AUTATYPBI B HYPKHEN YaCTH )KeAyAKa CO-
0aKy CO BCTaBA€HMEM B BBIAEAEHHbBIN CETMEHT
KaHIOAU AASI TIOAYYEeHMsI YMCTOrO COoKa. 23 ¢eBpa-
As11895 1. Ha 3acepanuu OOIecTBa pycCKMX Bpaveit
KamMeHCKMIT TO3HAKOMMA IIPUCYTCTBYIOLIMX CO
CBOUM HOBBIM MeTOAOM (SHoBckum 1895, 244).
ITaBAOB OTMETUA OPUIMHAABHOCTb U MPOCTOTY
MPEAAOYKEHHOTO METOAA (TAaBHBIM 06pasom mpo-
CTOTY U KOPOTKYIO AAUTEABHOCTDb IIPOBEAEHMUS
onepauuu). Ho, K coxkaAeHn1o, oneprupoBaHHasI
TaKuM 00pa3oM cobaka MOTAa AQBaTb COK TOABKO
B TeUEHME CeMU-AEBIATU AHEN, 3aTeM HaCTYIaAO
IIOCTENIEHHOE OTTOP’KEHME YIEMAEHHOI'O yYyacTKa
KeAyAKa. Tak 4To AASI IPaKTUYECKOTr0 KOMMepye-
CKOTO TIOAyYEHMS COKa 3TOT CIIOCOO TOXKe He ro-
AMACA. HaTypaAbHBIN KEAYAOUHBIN COK CTAAU
MOAYYaTh UCKAIOYMTEABHO CIIOCOOOM MHMMOTIO
KOPMAEHUSL.

ApXI/IBHbIe AOKYMEHTbDI

B dponpax MemopraabHOTO My3esi-KBapTHUPBI
V. TI. ITaBAOBa XpaHUTCA NANKa C NMCbMaMHU, aApe-
coanHbiMU B Dusnorormyeckui otaea VlHctury-
Ta 3KCIIEPUMEHTAABHOM MEAVLIVHBI ¥ AMYHO IIPO-
dbeccopy ['aHuKe C 3apocaMy Ha )KEAYAOUHBI COK,
a TaKoKe ¢ MH$opMaLyen o mpubopax, BbITyCKaeMBbIX
AASI AaOOPATOPHBIX HY>KA TOM MAY MHOI GUPMOIA,
1AM y>Ke BbICAaHHBIX B VIVIDM no 3anpocam [anu-
Ke. ITanka copep>xuT KoppecrnoHpeHuo 3a 1906—
1914 rr., B Hel xpanutcA 137 nyucem U MOYTOBBIX
OTKPBITOK. BOABIIMHCTBO MMCEM HAMCAaHO HA He-
MELIKOM sI3bIKe ¥ TpeOyeT IepeBoAa 1 AQABHeIILIIe-
ro aHaausa. OAHaKO AaXKe PyCCKOsI3bIYHAs KOP-
PECIIOHAEHLIVISI AQ€T AOCTATOYHO IMOAHOE IPEA-
CTaBA€HMEe 00 0COOEHHOCTSIX 3arOTOBKU U Iepe-
CBIAKM >KEAYAOYHOT'O COKa, TOTPEOHOCTH B KOTOPOM
C KXABIM T'OAOM BO3pacTaAad. 3alpoChl Ha IIOCTaB-
Ky COKa IIAU OT YaCTHBIX AUL], U3 POCCUIICKUX
¥ 3apy0OexHbIX anTeK u 6oApHuL. Cpeaut Hux: To-
Bapuiectso B. K. @epperina B Mockse, anTekapckuii
marasuHd M. V. Muaocaasckoro B CeBacTOIIOAE,

UnmeepamusHas gﬁusumoeuﬂ, 2020, m. 1, Ne 1
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LEKARNA ,U LIBUSE“

M‘ V ZIZKOVE, LIBUSINA ULICE C. 805.
“V}== Ph. Mr. EMANUEL PASEK.

b biptn..”
Mﬂ%»&

Y
%&%@755 P

3
&

/47441:‘ AL Ales //7

Puc. 2. 3aka3 Ha 50 HpAAKOHOB )KEAYAOUHOTO COKa
n3 anteku Lekarna «U Libuse» B JKmkkose
Fig. 2. The order for 50 bottles of gastric juice
from U Libuse drugstore in Zhizhkov

FIEOR gD 104 E. U. LANDGRAFF, BALTIC AGENT,
AMERICAN 'EXPRESS Co. -8, KONGENS NYTORV,
o AT g CopenHagen4=DQ A TYCT g%__
| Telographic. Address: | ot No: ey 5
. AMEXCO-COPENHAGEN. 6750 2
TocrnoZuny 3. TaHUKe, A
Cr.MMeTepOypPTb.

MurocrusHxit Tocyzaps!

Derant’

CuMB uMbeMd uecTH IIPOCUTH O OTBETH HA 'Hange
OMeHMO OTH 3—T0 IDIU C.T. OTHOGUTEIBHO OXAHOM
moemnxu X0 Battle COreck Sanitarium, Battle ¢reek, |

 lidche g yems /
’%; Be
; JI«/,OJ{’ arris /.»x ATORT

- o /

Puc. 3. ITucemo E. Y. Aanarpada, 6aATUIICKOro areHTa
¢bupmbl American Express Co., ¢ mpocb6011 yCKOpUTD
IIOCBIAKY >KeAYAOUYHOTo coka B Battle Creek
Sanitarium (CIIA, mrar Mu4uraH)

Fig. 3. The letter of E.U. Landgraff, the Baltic agent
of American Express Co., with a request to arrange
a faster dispatch of gastric juice into Battle Creek
Sanitarium (Michigan, USA)

Lekarna «U Libuse» B XXwmxkkoBse (puc. 2), «Neptun-
Apotheke» B llIterTune, «The Battle Creek Sani-
tarium» (CIIA) (puc. 3) u Ap.

[TomyAsIpHOCTD HOBOTO A€KapCTBA AaXKe Mpu-
AQBAaAd €My B IIPEACTABAEHUSIX MHOTMX HECBOJI-
CTBEHHYIO YYAOAEICTBEHHYIO L[eHHOCTb. TaK,
B OAHOM M3 MICEM MOXXHO IPOYECTb:
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«Dabpuka werydouHo2o coka» 8 rabopamopusx V. I1. Ilasrosa

«M.T. Moemy cbiHy, 60ABHOMY TyOEPKYA€30M,
COBETOBAAU B KaueCTBe MOI'YILIeCTBEHHOTO MUTa-
TEABHOTO CPEACTBA YIIOTPEOASITh PETYASIPHO Ke-
AyAOuHBI cok. Ho, K co’kaaeHMIo, Aoake OT Bpaua
s1 He MOT y3HaTb HU CIloco0a IpueMa, HU ero AO-
3upoBKY U npou. Ilo coBery aToro Bpaua s u 1no-
3BOASIIO cebe mpocuTh Bac He 0TKa3aTb MHe B CO00-
IIEeHN!, XOTS ObI CAMOM KPaTKOM, CAEAYIOLMX
CBEAEHUIT:

1. VImeeT Ay 3HaueHMe >)KEAYAOUYHBIN COK, KaK
MUTaTeAbHOE CPEACTBO, Ipu TyOepKyAe3e B Ha-
4JaAbHOU Popme?

2. MoXeT AM OH IPMHMMATbCS BO BCSIKOE BpeM sl
" ipu A06OOI AreTe?

3. Kak A0OA’KHO A03MPOBAaTb >KEAYAOUHDIN COK?
(60oapHOMY 18 AeT).

4. He BbI3bIBA€T AU OH MOOOYHBIX SIBA€HUIT
VI TIpY KaKMX M3 HUX YIOTpeOAeHMe COKa AOAXKHO
OBITh IPUOCTAHOBAEHO?

5. LleHa >keAyAOUHOI'O COKa C AOCTABKOI €r0 MHe
B [TeTepOypr 1 CKOABKO IMEHHO COKA MO>KET OBITh
BBICAQHO B BUAE POOHOM mopLmm?

6. AOATO AV 1 KaK AOAYKEH OBITH COXPAHEH COK?

ITpory BeAuMKoayuHoro Bamero nsBuHeHus 3a
MpUYMHEHHOEe 0eCIIOKOCTBO.

ToroBpIi1 K ycayram

B. TpaxTenbepr.

,17/,/,%«/«», 22 okracpa 7971 e

i) A R
,y/{//h;x% e e b

2 )

Bs la6opatopin

C.-llerep6yprexoit dxcnpuMer TeabHoR MeanLKE

Bb TUOAUCE
%y, = \3
4 o
ity . gy VS
Yerans BbICOSAUUE yraema. 29 fus. 1882 .

C.-llerep6yprs.

Pycc "% Tenerpagubiit Hoaw.

B3 nocabpHee BpeMA Kb HAMD CT&AN NMOCTYNATH TPEGO=
BAHiR Ha weAYROuHHE COXKB, HO MMBA BBMAY ABABEOCTL PACTOAHIR
¥ GHOTPYD nopuyy 6ro, Mo Hé 3HAGMD OKAXETCA AM BOSMONHHM® BH<

NMCHBATH 6r0, & MOTOMY 06paLAeMcA k3 Baus ¢3 npochGeit coob=

I
L CAHUTACH*—THDANUC.

murh: HhTH AM HoBaro Goake YCOBEpWEHCTBOBAHHArO CHOCO6A COX=

PaHATH 6ro, BB Kako#t BooOwe ynaxoBxh OHT BHCHIAGTCA ¥ K&K%

aerp

HOATO OCTEETCA NPMrOLHHWD KB YnoTpetaeHim,

Bynems BaMt cueHh Graronapusd, eciu Bw pamure Hanm

Axpect, aas Te.

Goake nonpo6uuaA cehpbrin mo sromy nosoay.
B3 oxunanix Bawero swéesHarc orsbre mpebHBaGMD
C% COBOPNOHHHMT NOYT OHieMD

KABKA3CKOE TOBAPHLULECTBO
TOPTOBAM ANTEKAPCKjH TOBAPAMM

npasamouii X /&Luu;«/f

Puc. 4. 3ampoc Ha >keAyAOuHbIiT cok oT KaBkaszckoro
TOBapUIECTBA TOPIOBAU AITEKAPCKUMU
tToBapamu B Tudance

Fig. 4. Request for gastric juice from the Caucasian
Association of Pharmaceutical Sales in Tiflis
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LJapckoe Ceao, llepkoBHas yauna, A. 6, Cep-
I'MEBCKOTO.

Baapumupy Ocumnosuay Tpaxten6epry» (ITepe-
mucka ¢ Gusuorornuyeckum oraeaom VIOM, 48).

l'aHVKe BeA peryAsipHYIO IIeperycKy He TOABKO
C KAMHVMKaMMY Y aIlITeKaMJ Halllero TOPOAQ M APYTHUX
ropopoB Poccuu (puc. 4), HO 1 C eBpOTENICKUMU
dupmamu — «Max Kohl» B Bepaune, «Maison
Wiesnegg» B Ilapirke u Ap. 0 OCTaBKe HY>KHOTO
000pYAOBaHMsI, COTAQCOBBIBAA YAOOHYIO AASI TPAHC-
MOPTUPOBKU coKa ¢popmy GAAKOHOB, pa3Mephl,
CTOMMOCTbD U T. . (puc. 5).

[Tpou3BOAUTEABHOCTD «(HAOPUKY JKEAYAOIHOTO
COKa» HEYKAOHHO POCAA.

B 1903 r. 6b1A0 3aroToBA€HO yiKe 2358 daako-
HOB, B 1904 1. — 3273,8 1906 1. — 5978, B 1907 1. —
8957,81908 . — 9022,81910T. — 8389,81911T. —
10245, B 1912 1. — 11066, B 1913 1. — 13914,
B 1914 r. — 15114, B 1915 r. — 15323 (T'ypeesa,
YeobbnieBa 1969, 103, 108, 118, 123, 130, 142, 147,
154, 160, 163).

CpeACTBa OT MPOAAXKM COKA TIOCTYMAAK Ha HYX-
Abl AabopaTtopuu. Eie B pexabpe 1902 r. [TaBaoB
mcaa npuHLy A. TT. OApAeHOYprcKoMy, OpraHmsaTo-
PY U IOTIeYUTeAI0 VIHCTUTYTa SKCIIepMMEHTaAD-
HOII MeAMLMHBL: «...]103B0OASAIO cebe MOAEAUTHCA
¢ Bammm BeicouecTBOM PapOCThIO, YTO OIOAXKET

AKILIOHEPHOE OBIECTBO ,LEPTAPID 1 [EM#«

TPAHCNOPTUPOBAHIS KNALEA M TOBAPHHXB CKJAAOBD Cb BHAAYEID CCYID.

nPABIE
MOCKBA o PEBEAL. » AWEABA. o PUIA. » BHHI)
Ho Cou

O.-Ilemepdypes, . 5-ro. Mapza . 1909e.
Tomayreens a8

MumeparopexomMy MNHCTUTYTY DXCNEpHUMEHTANBHO ! MeZMURHN
Pusionoruzecxili Oradns

Munocrusue Tocyzapiu,

BelACTBiR MeproBopa CH OAHMMET M3h BaNNXD: CIVEALEXD BB
Haueli KOHTOPS MH OGPATUINCH 38 NONYYeHIeMs NpOCHMEX® BAMHM JAHHMXE
OTHOCHT @IBHO TEPEeOTHpPABKN IO YTOBHXE MOCHIOKS, COASpKamis

EUAKOCTH /MezunuHEe BOZAHRE pacTBOopx/

»5 ChBeproji AMepuxs ks HameMy fouy Bm Hew-IODK® ¥ Cerogna moIy-
anaun oTBETH CABIYOmArO cojepxaHiz
VIOMAHYTHA NOUTOBMA MOCHIKN MPUHUMADTCA TOITANTOML BECOMB ZO
4 “HIZ.QYHTOB® ¥ MO NMPEAMMCAHID MOYTH XMZKOOTH AOTKHH GNTH yma-
X0BAHN B% AEPEBAHHXD AUXAXD M §YTHIKM, MO BOIMOKHOCTH U3H TOXC-
74ro mpO4HATO CTeXIa, BIOKEHH Bh Teproe fepeso. llpegnucaniz o
TOMB, KaxKb AOMHHN GHTH YNAKOBAHH KUAKOCTH, YTOGK TAKOBHA HA NYTH
He 3amepsanu u GYTIIKM IONMANN, BH AMepUxs HE CYWECTBYET® M HHUKA-
xoll rapanrim Amepuxancxoe Iowrosoe Bigomcrso sa nhmocrs mpysa xe

MpUHUMAETH, & OTHOCHTCH TAX0BAR BCeNEXO 3A CYETH U PUCKD TOBAPO-
ornpaburenz. Yro6u COGMOZATH BCH STH (BOPMAZBHOCTM, M 6 TPOCUMAN
Bacs, BB cIyiak OTNpABXA HA3BAHHEXB DOAFHEXH DACTBOPOBH COCTONICE,
MOpYuMTH HaMB NepeOTNPABKY YIOMAHYTAro rpysa, KOTOPHH ZOIKEHD
6urs guomens sBch Bm OfHOM® wAM RECKOIBXNX® ANMXaME. Mopeormpas-
xa e Bb AMEpMKE DA3HHMB NMOXYYATENAML GYASTD MCMOLHEHO HALUMD
Hso- TOpKCKMMS fOMOMD B IPEANMCAHHON NMOYTOBNMT BEZOMCTBOMD VYNAKOB-
%%, NpH YeMB HEOGXOZNMO AL OUMCTXILTOBADA MOUMHOW MOXYIMTH OTH
Bach nOApPOGHYW DaKTYDY BHCTABIGHHYA HA MMA HANOIO TAMONHATO AOMA.
Bosoga macroamee go Bamero cmbzuism, mpeGusaens

}‘W?”W.ﬁcrﬁw’ girious

F. 230001 0.

Puc. 5. TIucbmo ot AxuyonepHoro obiectBa «leprapa
u Teit» c TOAPOOHOI MHCTPYKLMEN 06 YCAOBUSX
MePeCBIAKM KEAYAOUHOTO COKa B AMEPUKY

Fig. 5. The letter from Gergard and Gay
with the detailed instruction on how to deliver
gastric juice to America

DOI: 10.33910/****-***%.2020-1-1-11-20



A. WM. Ipomosa

¢dusnoaornyeckoi aaboparopun VHcruryra yBe-
AnuuAcs noutu Ha 1000 py6. 6aaropapst Bce pas-
BUBAIOLLIEMYCSI OTITYCKY JKEAYAOUHOTro coka» (Kperc
1970, 12).

CroumocTp npenaparta

LleHa OTITyCKaeMOro AASI IPOAQKM COKA Bapbl-
poBaAach — CHayaAa OHa paBHsIAACh 50 KOTII. 3a (Aa-
KOH, 3aTeM CTaAa IOCTENEHHO YBEANYMBATbHCS,
MEHSISICh B 3aBMCMMOCTH OT KOMMEPUYECKOTO CIIPO-
ca (puc. 6).

O6 3TOM TOBOPST TEKCThI HEKOTOPBIX IMICEM
13 nepenucku [aHuke:

«19.10.1911 r.

4 OYTBIAKM )KEAYAOYHOTO COKa ITOAYYMA, HO UTO-
TO €ro MHE OTOCAAAM Yepecuyp yXe AOporo 3 p.
94 K :4=94K., moutu 1 py6. OyTbIAKa, @ MEXXAY TEM
51 €T0 paHblile BCerpa MOoKymaa 1o 55 K. f moaaraa,
YTO OH Ceiyac ellle AELIEBAE, A BBIILIAO C IIEPECHIA-
KO} BABOE AOpOXe.

A-p I'ymunckun, Karya, Beccapabckoit ry6.»
(IMepermcka ¢ Gusnosornaeckum otaeAoMm VDM, 90).

B nucpMax Apyroro 3akasquka YMTaeM:

«K. Pomnaabcku. YectoxoBa, 7/20 pex. 1911 1.

M. T. YecTtp nmero npocutb Bac BbicAaTb MHe
IO JKEAE3HOM AODPOIe MAAOM CKOPOCTBIO HAAOX.

MEPBOKJIACCHbIM AMTEHHBIN CHIAAD

DAPMAIIEBTA

A. Cycuda u M. o’!’ouamaua, Soeno.

« CKNALD ANTEKAPCKUXD W NAPOIOMEPHBIXD TOBAPOBD. <
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Puc. 6. ITucbmo 13 PoBHO OT BAAAEABLIEB alITEYHOTO
ckaapa A. Cycupa u M. Porisamana ¢ mpocp60it
O CHVDKEHMM LIeHbI Ha )KEAYAOUHBII COK

Fig. 6. Letter A. Susid and M. Roizman, the owners
of the Pharmaceutical Warehouse in Rovno
with a request to reduce the price of gastric juice

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

naatex. 25—30 ¢a. )KeaypouH. coka. [Tpu mocaea-
HEM 3aKase s TOKe TPocuA Bac BbicaaTh 25 ¢a.
IO JKeA. AOP. BbI )ke BbICAQAM TTO [TOUTE, YTO 000-
IIIAOCh MHE OY€Hb AOPOTO U IIPOLIY He BBICBIAATD
IO IOYTe.

C nmoutennem, K. Pommaabckn» (Ilepenncka
¢ OUsnoAOrMYECKUM 0TAEAOM VIDM, 94).

U panee:

«K. Pommaabcku. YectoxoBa, 16/29 aex. 1911 1.

M.T. B orBeT Ha Barle mo4T. OTKp. MICbMO YeCTb
VIMeI0 BO3Pa3uUThb, YTO MpUCblAaeMblll Bamu 1o moyure
JKEAYAOUHBIN COK CTOUT MHe 3AeCh 95 KOIL, KOTAQ
aIITeKM He YKEAQIOT MMAATUTH MHe 6oAbIie po. 1.00.
IToaTromy s noxkopHerie Bac nmpoiiry BpicAaTb MHe
25 uau 60AbIIe GAAKOHOB ITO TIOYUTE AU JKE TIO0 JKEA.
AOP. TaK, UTOOBI COK HE CTOMA MHe 0oAblie 85 KoII.
3aech. Haperoch, uto Bel mpumeTe Moe nmpoleHne
BO BHUMaHIUe.

ITpe6bbiBaro ¢ mouteHuem, K. Pommaabckn»
(ITepemcka c Pusnoaornyeckum otaeaom VDM, 95).

Hapo ckasatb, uTo VIHCTUTYT 3KCITepMMeHTaAb-
HOVI MEAMLIVIHBI BCETAQ CTAPAACS BBITOAHUTD IIPOCH-
ObI CBOUMX KAMEHTOB. DTO KaCaAOCh KaK L[€HbI
Ha [Ipernapar, Tak 1 0COOBIX YCAOBUIT €T0 TIOAYYEHUSI.
CAOXXHOCTM TIOSIBASIAVICh MHOTAQ TIPU TIePEeChIAKE
COKa 3a rpaHully, HO 1 3A€ech momolb VIVIDM 6b1aa
cBoeBpeMeHHOI. OO 3TOM MBI MOXXEM CYAUTH
IO CAEAYIOIIMM IIMCbMaM:

«Dresden. 28. I1I. 908. Bergstrasse 33. Eugen von
Szperl.

MuaoctuBsil rocypapb! IlokopHeriiie npomry
BBICAAQTh MHe 1IeCTb (6) OYTBIAOK YKEAYAOYHOTO
COKa, ITpY KOEM IIPOLIY TPUAOXKUTD BCE BO3MO’KHbBIE
yKasaHus — A03y Ipuema, AueTy u T. 1. Ilpomry
COOOILIUTH TOXE, KAK AOATO COK COXPaHsIeT CBOIO
HaAAEXAIIYIO CHAY.

Yro KacaeTca TaMOXXHU, TO IIPEACTABASET-
Cs1 HECKOABKO AOBOABHO HEIPUSITHBIX 3aTPYA-
HEeHUI:

1 — TpeOyloT pacrneyaTku OYTBHIAKY,

2 — TpeOYIOT ee COAEp>KaHue,

3 — B3BICKMBAIOT IOIIAMHY B cyMMe (2) ABYX
MapoOK 32 OAHY CKASIHKY!

B nmoaTBepkpeHMe 3-T0O MYHKTA IIpUAararo
KBUTAHLUIO I->k1 BuHorpapckoi. Heab3st kak-
HUOYADb 130€XXaTh TAKOW OOABILIOI MMOLIAMHBI,
a MOXKET OBITb MOYKHO TAKOBYIO YIIAQTUTD HA MECTE,
T. e. B [leTepOypre?

Ilo moAy4eHuy nucbMa IpOLTY HEMEAAS BBICAATD
TpebyeMyIo MMapTUIO )XEAYAOUHOIO COKa.

ITpoury nmpuHATH yBepeHMsi raybokoro K Bam
noutenus. EBrenuit llnepap» (ITepenucka ¢ Ou-
3MOAOTUYECKUM OTAeAOM VIDM, 54).

YiKe uepes3 HeAEA0 3aKa3uyK 13 Ape3peHa Ipu-
CbIAQeT OAArOAQPCTBEHHOE IICHMO CAEAYIOIIETO
COAEpIKaHUST:
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«Dresden. 6. IV. 08. Bergstrasse 33.

MuAOCTUBBIN TOCYAQpPD!

Baiire Al06€e3HO€ MMCHbMO CO BCEMY MHE HY)KHBI-
MU CBeAEHMSIMM NOAyuMA. baaropapst 6ymare,
MOAIIVICAHHOM ITOCIIOAVIHOM AVIPEKTOPOM Y TOCIIO-
AVIHOM NUCbMOBoauTeAeM Bamero VHcTuTyTa,
YKEAYAOYHBII COK B KOAUYeCTBe 11eCTH (6) OYTHIAOK,
0e3 MaAeIIX TPYAHOCTeN ¥ 0e3 BCSIKOM MOLIAN-
HBI, ObIA MHE AOCTABA€H IIOYTON Ha AOM. baaro-
Aaps TIATEABHO!! YIIAKOBKE BCe LIECTb OYTBIAOK
AoexaAu B LieaocTu. IIpolry nokopHeriie npucaaTb
C4YeT, 10 KOTOPOMY TOTYAC >Ke IePeIIAI HAAAeKa-
LIYI0 CYMMY.

ITporry mpuHSATH yBepeHUs B TAYDOKOM YBake-
uuu. E. llInepab» (ITepenuicka ¢ @U3noAOTMIeCKUM
oraeaoMm VDM, 59).

IIpeTeH3un K KauecTBy
JKEAYAOUYHOTO COKa

ITpaBAa, He BCerpa COK AOXOAMA AO IOTpedu-
TeAel B xopouieM coctosiHun. Cpeau nucem,
appecoBaHHbIX Pu3nosormyeckomy otaeay IMOM,
BCTPEYAIOTCS U IIPETeH3UM K Ka4eCTBY NPOAYKTa

(puc. 7).
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Puc. 7. IlpeTeH3us K KQ4eCTBY KEAYAOUHOT'O COKa
OT XMMUYecKoi1 AabopaTopunu pokropa ITeast
u cetHoBelt (CaHkT-IleTep6ypr)

Fig. 7. Complain about the quality of gastric juice
from the chemical laboratory of Doctor Pel and Sons
(Saint Petersburg)
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TakoBo, HanpyMep, MMCbMO, HAMMCAHHOE Ha OAQH-
ke XuMuueckoit Aaboparopun npodeccopa AOKTOpa
ITeas u cpiHOBeIL:

«C-TleTep0Oypr, 9 ceHt. 1908 1.

B Vimnieparopckuit VIHCTUTYT DKCIiepuMeH-
TaAbHOM MeAVLMHEL 3A€Ch.

Muaoctussie Iocypape,

30 mas c. r. Bamu 6b1AM IIPMCAQHBI HaM, IO Ha-
meMy 3akasy 50 ¢aak. KEAyAOUHOTrO COKa, KOTO-
pble MBI IIOCAAAV OAHOMY M3 HAIIMX 3aKa3YMKOB
B I. XapOuH. B HacTosiijee BpeMsi Mbl IIOAYYUAU
0T 9TOV GVPMBI YBEAOMAEHME O TOM, YTO O3HAYEH-
HBII YKEAYAOYHBIN COK OKa3aACs COBEPLIEHHO He-
TOAHBIM K YIIOTpeOAEHMIO, TaK YTO AULA, TIPUOO-
peTie TaKOBOJ, BEPHYAU €r0 0OpaTHO.

BBuAY BCero n3A0’KeHHOIO IIOKOPHeIIILe ITPO-
CUM COOOIINTD, He HallAeTe AU Bbl BO3MOX-
HBIM IIepeMeHUTb 03HAUEeHHbII YKEAYAOUYHBIN COK
Ha CBEXUI.

B oxmpanum Bairero yBa’kaeMoro oTsera Ipe-
ObIBaeM,

C coBeplIEHHBIM IIOYTEHNEM

3a T-Bo “ITpodeccop A-p Ileap u CbiHOBBS ».

(TToammce HepasbopunBa) (ITepemmcka ¢ Dusmo-
AOTMYECKUM OTAeAOM VIDM, 66).

Bce mopA06HOro popa mpeTeH3nu BCeraa peuia-
AVICb B IIOAB3Y ITOKYyTaTeA€l, HEKa4eCTBEeHHBbI COK
3aMEeHSIAM Ha HOBBII, IPMYEM B CaMO€e KOPOTKOe
BpeMsI M HE3aBUICUIMO OT TOT'O, KTO BBIPA3VA HEAO-
BOABCTBO — M3BeCTHasI GpMpPMa MAM YaCTHOE AULIO.
OO0 2TOM CBMAETEABCTBYET, HAIIpUMEpP, TaKoe
MMCBMO:

«VImnepaTopckomy VIHCTUTYTY aKCIepUMeEH-
TAaAbHOM MEAUIIVHBI.

YBepoMAsis Bac 00 ucrnpaBHOM mOAy4YeHUU
1ecTu PAAKOHOB YKEAYA. COKA B3aMeH paHbllle
MMOAYYEHHBIX, IPUHOLIY CBOI OAAroAapHOCTD 32
HEOXXUAQHHOE AASI MEHSI BO3MEIeHNE U CUUTAIO
AOATOM 3asIBUTb, YTO IIPUCAAHHBIN COK OKa3aACs
OYeHb XOpOUIero KauecTsa, IPUSITHOIO BKyca
U TIPMHOCUT, HACKOABKO 33aKAIOYAI0, MHE IIOAb3Y
B [IAOXOM U paHblile paCCTPOEHHOM INIIeBapeHNN
VI IOTOMY OCAQOA€HHOM NUTAHWUM, 3aBUCALIMX ellje
OT Y>KacCHbIX HEepBHbIX 0oaell tabes dorsalis. Bbi-
paXkaro ellje COYyBCTBME B II€YAABHOV CAY4alTHOCTH
MmoAy4yeHust Bamy maoXux GUAbTPOBAABHBIX CBEYell.

C nckpeHHuMm noyreHvem, A. CMupHOB

C. Bonpapu, Tamb6. Yesaa, 16 oktsa6ps 1907 r.»
(IMepermcka ¢ ®usnosormaeckum otaeAoMm VIDM, 37).

Bce 5kaA00bI He TOABKO BHUMMAaTEABHO pac-
CMaTpPUBAANCh, HO VX COAEP>KaH/e OLIEHVBAAOCH
C TOYKV 3peHMsI BO3MOYKHOT'O YAYUILLIEHMSI 3aTOTOB-
KM Y TIepEeCBIAKY COKa.

Hamnpumep, B oTBeT Ha npeTeH3uto ToBapuiie-
ctBa B. K. @eppertn B MockBe K KaueCcTBYy Npu-
cAaaHHOTO coka (puc. 8) [aHMKe OTBeYaA cAepyIoLIee:
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Hamn moxynaTein BHDaxabTh YacTo CBO@ HEYZOBOAL-
crBie mo moBoJy HeGpexHoft 3axbaru Heayjouuaro coxa.Bm
¢raxonaxs Berphvaerca naasawmifi cops m BH moIiTBepxieHie
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Hazbeucn, YTo MoZOGHHe CAyUAM BMNpPeZb MOBTOPATH-

ca He OYZYTS.

C3 coBepmeHHHME MOUTeHieuD

Aspecs ans Tenerpamms: «TBO(eppedHb» Mocuga.
Anpect ans nucews: T-By B. K. ®epueinn, Mocksa Kommepy. awmks Ne 591.
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Puc. 8. [IpeTeH3ust K KaUeCTBY >KEAYAOYHOI'O COKA
ot ToBapumiectsa B. K. ®eppeits (Mockga)

Fig. 8. Complain about the quality of gastric juice
from V. K. Ferreyn’s Association (Moscow)

«18.2.1912. Muaocr. I-pn.

CeroaHst HaMM TIOAyY€eHbI 3 Oy TBIAKY, O KOTOPBIX
Brl roBopuau B Bamem nmuceMme ot 8.2.1912. Vimero
4eCTb 3asBUTb, YTO BCETAQ C TOTOBHOCTBIO OOMe-
HsieM (PAAKOH, KOTOPBIT TOYEMY-AMOO HE COOT-
BETCTBOBAA OKMAAHUSAM. OTHOCUTEABHO MEAKMX
4acTU4YeK MbI AOAXKHBI 3aMETUTh, UTO OHU IIOAY-
YaITCs U3 MPOOOK, KOTOPbIE TIPUXOAUTCS AASL
Ae3VH(}eKUMM CUABHO BapuTh. bepyTcs oHU Ay4-
11ero kauecTBa (0TOOpHBIE), HO BCAEACTBIE BaAPKU
AASI CTEPUAM3ALIUY TEPSIOT CBOIO MIPOYHOCTD
¥ He MIMEIOT TOT'O aKKYPaTHOTO BUAQ, KaKOV MOXKET
VIMeTb IPOOKaA, BCTABA€HHAsI OOBIYHBIM 00Pa3oM.
MBbI 6yaeM AeAaTb IPOOBI C IPUAOKEHMEM Tepra-
MEHTHBIX 3aIUTHBIX KPY>KOUYKOB, @ AO T€X ITOP MbI
AOAYKHBI IIOKOPHeJillle IPOCUTDb 00paliaTh BHUMA-
Hle Ha TO, YTO IPY BTBIKAHUM IPOOKY B OYTBIAKY
113 Hee BbIAABAMBAETCST HAXOASILIASICS TaM )KUAKOCTD
Y 3arpsI3HSIETCS] COPMHKAMU, YTO HUKAK HE CTOUT
B CBSI3M C HEAOOPOKAaYeCTBEHHOCTbIO COKa B I'-
T/I€HVYEeCKOM OTHOIIEHVM.

BmecTe ¢ MEAKMM COPOM MBI B ABYX IIPMCAQHHBIX
OyTBIAKaX HAIIAY KPYIIHBI COP OT HEAOCTAaTOYHO-
IO IIOAOCKaHMs OYTBIAOK, M COBEpIIEHHO 000ApaH-
Hble STUKeThl. 3a COOOIIeHNe TaKUX KPYITHBIX He-
AOYETOB YKYITOPKM Mbl BaM OueHb MpU3HATEAbHBI
¥ IIpPMIMEM MepbI K MX yCTpaHeHMIo. BeicaaHbl Tpu

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

6yTbiakK 18.2.1912» (ITepenucka c @usnororuye-
CKUM oTAeAoM VIDM, 101).

Taxoe BHMMaTeAbHOE OTHOILEHNE K 3aKa3UMKaM
He MOTAO He BbI3bIBAaThb YBa)KeHMsI K TOCTABLIMKAM
AekapcTBa. HekoTopble mpusHaTeAbHble MaLMeHTbl
Aa>Ke CTapaAlCh IO COOCTBEHHOV MHUILIMATUBE
IpoIaraHAMpPOBaTh HOBBI MpenapaTr. O6 aToM
CBUAETEAbCTBYET, HallpUMep, MICbMO I [pucspKHO-
ro noBepeHHoro K. A. flkoBaeBa, HanucaHHOe
Ha AIMHOM OAQHKe, CAEAYIOLIETO COAEPIKaHNUA:

«KoHcTranTnn AaexcanppoBuy fxoBaes, [1pn-
CSDKHBIN TIOBEPEHHBII.

Mockga, 14 oxts16ps 1913 .

B VMIHCTUTYT DKClIepMMEHTAABHON MEAVLMHBI
C-IletepOypr.

M. T. Ouenb npoury Bac He 0TKa3aTb MHe B AIO-
0€3HOCTY IIPUCAATDH OPOLIIOPBI, TPOCIEKTBHI U T. II.,
Kacaolyecs: crocoba yrnorpebAeHNs], 3Ha4YeHMs,
CUABI AEVICTBUS VI PE€3YABTATOB OT yIOTpeOAeHUs
YKEAYAOYHOTO COKa, A0OBIBaeMoro B Baieit aabo-
paropun 1o crioco6y np. ITaBaosa. B Mockse Ha Ty
TeMy MHe HMYero He MOTAM yKa3aTb HU B OAHOI
anTeKe, MeXAY TeM HY)KAQ B TAKOM M3AQHUU BPSIA
AV TpeOyeT AOKa3aTeAbCTBA.

VcnipiTaB 0AarOTBOPHOE AEVICTBME COKA Ha 3A0-
poOBbe CBOeIl Aodepu ellje B fATe, 51 MMer0 B BUAY
IIPOIAraHAMPOBATb 3TO CPEACTBO B DUHAAHAUMY,
TA€ O HeM He MMeIOT IPEACTaBAEHNI, PAaBHO KaK
u B llIBerjuu 1 HopBerumu, rae MHe IPUIIAOCH OBITH
HbIHEeIITHYM A€TOM.

IToaTomy Bbl oKa)keTe MHE OOABLIIOE OAOAXKEHMIE,
€CAV OAHOBPEMEHHO C IIPYICBIAKOI 110 YKa3aHHOMY
Ha OAQHKe Cero aApecy yrmoMsIHYThIX OpOILIIOp 0TO-
HIA€Te HEKOTOPO€e KOAMYEeCTBO X, €eCAU, KOHEUHO,
OHU MAYT OecraaTHO 1o appecy: OUHASHAYS,
lanre, Parkgatan Herrn Birger Okermann. Ecan ke
3TU MOCBIAKY I'PO35IT HAAOKEHHBIM IIAQTEKOM,
TO 51 MPOLIY BBICAATh IPOCUMOE TOABKO MHe.

VcnioAHeHreM IpocbObI MEHST 00sDKETe, TOTOBBIIT
K ycayram K. fIkoBaes.

P.S. EcTb AU AMTepaTypa IO BOIIPOCY O JKeAY-
AOYHOM COKe Mo criocoOy mp. ITaBaoBa u rae ee
Hantu?» (IMepermcka ¢ O131O0AOTMIECKNIM OTAEAOM
VI3M, 123).

HOCACPCBOAIOHMOHHI)IQ CAOXHOCTHN

ITpakTuyecky Bcsl paboTa Mo MOAYYEHMIO U pac-
CBIAKE JKEAYAOUHOT'O COKA AOXKMAACh Ha TAeun [a-
Huke. [TaBAOB HEOAHOKPATHO XOAAQTaCTBOBAA
nepea Cosetom VIVIDM o BeinaaTe eMy BO3Harpax-
AeHus 3a 9T obs3aHHOoCcTH (B 1907,1913, 1917 11.).
B 1913 r. momoip l'aHuke B 3TUX paboTax cTa
OKa3bIBaTh TOABKO YTO MIPUILIEATINIT B AADOPATOPUIO
MVIDM Ha pooakHOCTH AabopanTa A. H. Kpectos-
HUKOB, HO 1 OKTsI0pst 1914 T. OH, K CO’KaAEHUIO,
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«Dabpuka werydouHo2o coka» 8 rabopamopusx V. I1. Ilasrosa

IPEKPATUA PabOTY B OTAEAE IO PA3AUBY KEAYAOU-
Horo coka ([ypeesa, UeObiieBa 1969, 162).

Tem He MeHee «pabpuKa» YCIELIHO IPOAOAYKA-
AQd CBOIO pa60Ty BIIAOTH A0 1917 1. Ho, KoHeuHO,
CYpOBBI€ IIOCAEPEBOAIOLIVIOHHBIE YCAOBYS HE CMOT-
AU He CKa3aTbCs Ha 3TON AesiteAbHOoCcTU Dusuo-
Aoruveckoro otaeaa. OnepupoBaHHbie a30¢daro-
TOMMPOBaHHbIe COOaKy TpebOoBaAM 0COOOr0 yX0Aa
1 0c000ro CoCTaBa MUIIK AASI KOPMAEHUS UX UC-
KYCCTBeHHBbIM nyTeM. 9 MmapTa 1917 r. [TaBAOB BbI-
crynua Ha 3acepannu Cosera VIVIDM c 3asiBAeHMEM
0 HEOOXOAVIMOCTY YBEAUYEHMSI TPOAQKHOM L{€HBI
Ha >KEAYAOUHBIN COK A0 1 py6. 50 Kor. 3a ¢paakoH
B CBSI3M C YAOPOYKaHIEM COAEP>KaHMUs COOaK. 7 MIOHS
1917 r. oH HanpaBMA NMCHbMO B LIEHTPAAbHYIO IIPO-
AOBOABCTBEHHYIO YIIPaBY C IPOChOOJ IPEAOCTABUTD
HEOOXOAMMBIE ITPOAYKTBI AAST KOPDMAEHMSI TTIOAO-
IBITHBIX KMBOTHBIX DIM3MOAOIMYECKOTO OTAEAQ
NVISM. BupuMO, OHO He MMeAO yCIlexa, TaK Kak

13 utonst 1917 r. Coset VIVIDM npuHsA pelieHne
YBEAUYUTD LieHYy Ha )KEAYAOUHBII COK AO ABYX PYO-
Aell 32 PAAKOH B CBSI3U C YAOPO)KaHMEM KOPMa AAS
cobax, a 16 ceHTs0pst 1917 r. 11eHa Ha )KEAYAOUHBIN
COK BHOBB ObIAa ITOBBIILIEHA AO TPeX pyOaeii 3a ¢aa-
KoH. Ha aTom Hactosia cam ITaBaoB. 22 paekabps
1917 r. Ha CoBete VIMIOM 6b1AO pelileHO BHIAATH
BO3HAarpakpeHue laHuKe 3a M3roTOBAEHME JKEAY-
AOYHOT'O COKa, M Ha 3TOM CBEAEHVISI O €r0 3arOTOB-
ke 1 mpopaxe Ousnoaornyeckum otaeaom VIVMIOM
obpsiBatotcs ([ypeeBa, YeObiuieBa 1969, 177).
OAHaKO HAaTyPaAbHBIN XEAYAOUHBIN COK KaK Ae-
4eOHbIN IpenapaT UCIIOAb30BAACS 1 B OOAee MO3A-
Hee BpeMsi, MCIIOAB3YeTCsI OH B (apMaKOAOT UM
U cenyac AASl A€4eHU TaCTPUTOB C IIOHVD>KEHHOM
KMCAOTHOCTBIO, aXVIAVY >KEAYAKa U T. IL. VI A0 cux
MOp MHOTVE U3 MPOAAIIKXCS B allTeKax Ipera-
PaToB COKa MMOAY4YeHbl METOAOM «MHMMOTO KOPM-
AeHMsI» 1o crioco6y ViBaHa IlerpoBuya ITaBaoBa.
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Introduction

Ever since my early years at elementary school
in Hungary, when I first heard our biology teacher
speak about the work of a famous professor
in faraway Russia and the scientific contribution
he received the Nobel Prize for, I kept Ivan Petro-
vich Pavlov’s name in my memory.

Only after many years of school and higher
education could I really begin to comprehend
and appreciate his overwhelming impact on bio-
logy and medicine in particular.

In my late 20s, when I received the privilege to join
my deeply respected teacher Professor Hans Selye
in Montreal, I encountered the name of Pavlov again,
although in an entirely different context. Many Selye’s
admirers from all over the world sent him their por-
traits, often signed; thus, long corridors of Selye’s
institute, the Institute of Experimental Medicine and
Surgery of the University of Montreal (fig. 1), were
lined with innumerable paintings depicting prominent
scientists, outstanding representatives of public life
and other distinguished people. However, only two
portraits decorated the wall above the main entrance
of the institute, facing the director’s office: one of them Fig. 1. Signboard of Institute of Experimental
was of Pavlov and the other of Einstein (fig. 2). Medicine and Surgery of the University of Montreal

INSTITUT DE MEDECINE
ET DE CHIRURGIE EXPERIMENTALES

INSTITUTE OF EXPERIMENTAL
MEDICINE AND SURGERY

UNIVERSITE DE MONTREAL
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Ivan Pavlov and Hans Selye: Two physiologists of towering historic repute

The Motto of the Institute:

Neither the prestige of your subject and
The power of your instruments

Nor the extent of your learnedness and
The precision of your planning

Can substitute for

The originality of your approach and
The keenness of your observation

(Hans Selye)

Fig. 2. Portraits of Pavlov and Einstein in the Institute
of Experimental Medicine and Surgery
of the University of Montreal

Pavlov and Einstein’s portraits placed above
the main entrance were a visible demonstration that
Selye held these two giants of science in extraordi-
nary high esteem.

The institute first greeted me with its pronounced
science-driven atmosphere, created and relentlessly
promoted by its director, in 1966, taking me in as
a postgraduate student aspiring for a PhD degree.

Hans Selye — the father of the stress concept

Apart from his best-known work on stress, Hans
Selye, the father of the stress concept, also made
a host of highly original discoveries on various
other fields of experimental medicine (Gabbiani
1967). He described, characterized and explored
pluricausal diseases (e.g., various cardiopathies,
calcergy, calciphylaxis, thrombohemorrhagic phe-
nomenon, acute conditioned necrosis), anaphylac-
toid edema as well as catatoxic and syntoxic mech-
anisms (Selye 1966; Selye et al. 1967; Selye et al.

1968; Somogyi 2014). Selye also made a pivotal
contribution to the broad field of endocrinology;,
especially to the classification of steroids, resulting
in our better understanding of their mode of action.
Moreover, he developed surgical techniques and
experimental animal models suitable for studying
pathogenesis and prevention of human diseases
(Szabo et al. 2012).

Selye was an extremely well educated, highly
intelligent and disciplined individual, an inventive
and creative scientist, an outstanding teacher,
a philosopher, a prolific author, and a fabulous com-
municator (Somogyi 2015). Furthermore, he was
a gifted manager, able to successfully establish, deve-
lop and run a major word-famous academic research
institution, as I mentioned earlier, the Institute
of Experimental Medicine and Surgery of the Uni-
versity of Montreal. There, I had the great honor
to work under his academic leadership for four years.
I have enormously benefited from being exposed
to his approach to science in general, the way he
devised, conducted and evaluated experiments
and arrived at conclusions. I never ceased to be
amazed by his work ethic, extraordinary efficiency,
brilliant organizational skills and a superb talent
to communicate his thoughts in both scientific
and popular articles as well as in oral presentations.

Conclusion

Working in Selye’s institute was a full-time oc-
cupation characterized by long hours of hard work
(seven days a week) in a stimulating and competitive
environment, filled with moments of joy and suc-
cess and occasionally overcast with clouds of failure
and frustration. Ultimately, it was a great privilege
that resulted in a lifelong memory of an unbeliev-
ably rewarding experience.

Regrettably, the Institute of Experimental Med-
icine and Surgery, founded and made world famous
by Hans Selye, could not survive its creator.
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SIBASIETCSI KPATKOBPEMEHHOE YMeEHbIIeHe OOAEBOIT YyBCTBUTEABHOCTU
y 4YeAOBeKa U KMBOTHBIX, [IOAyYMBIlIee Ha3BaHNe «CTPeCC-BbI3BAHHOM
aHaabresum» (CBA). KaroueBoii cucTeMot, aKTUBUPYIOLLENCS IPY CTpecce
1 obecreyyBalollell apanTalyI0 OPraHu3Ma, SIBASIETCS TMIIOTAAAMO-
runodusapHo-appeHoxopruxaspHas cucrema (ITAKC). Opun s mexaHu3MOB
CBA MosxeT ObITb CBSI3aH C FTOPMOHAMM AQHHOU CUCTEMBL, P 3TOM 0cobast
POADb B peryasiuu 60A€BOIT YyBCTBUTEABHOCT!U MPVMHAAAEKUT TOPMOHY
yeHTpaabHoro 3BeHa ITAKC xoprukorponuH-puaususr ¢paxkropy (KPO)
U TAJOKOKOPTUKOMAHBIM TOPMOHAM, aHaAbI'€TUYeCKye CBOMICTBA KOTOPBIX
XOPOLIO U3BECTHBI 11 MCIIOAB3YIOTCS B KAMHIIKe. LleAb HacTos1ero od63opa —
Ha OCHOBAHIY PE3yABTATOB COOCTBEHHBIX MCCAEAOBAHWII M AQHHBIX AUTEPATYPbI
NIpOaHAAM3MPOBATh BKAAA B pazButne CBA mexaHnsmos, cBa3anHbix ¢ KPD
Y TAIOKOKOPTUKOVMAHBIMY T'OPMOHAMM, A€MICTBYE KOTOPBIX OIIOCPEAYETCs
KP® peuentopamu 1 u 2 Tuna, rAlOKOKOPTUKOMAHBIMU PeLIENITOPaMM
U ONIMOVIAHBIMM peLieNITOPaMMu.

Katoyesote croBa: cTpecc-BbI3BaHHAS aHAABI €3S, TUIIOTaAAMO-TUIIO(U3apHO-
AAPEHOKOPTMKAAbHASI CUCTEMA, TAKOKOPTUKOMAHbBIE PeLleTOPbI, PeLieTOPbI
KOPTUKOTPONMH-pUAU3UHT (paxTopa 1 1 2 Tuma, ONMOUAHBIE PELIENTOPDL
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Abstract. One of adaptive consequences of the stress response is a short-term
decrease in pain sensitivity in humans and animals known as “stress-induced
analgesia” (SIA). The HPA axis is a key system that activates during stress
and provides organism adaptation. One of the mechanisms of SIA may be
associated with the HPA hormones, in particular with corticotropin-releasing
factor (CRF), the major hormone of the HPA axis, and glucocorticoids, whose
analgesic properties are well known and used in medical practice. Based
on the results of our research and literature review, the aim of the paper was
to analyze SIA mechanisms related to CRF and glucocorticoid hormones
mediated by CRF receptors 1 and 2 as well as glucocorticoid and opioid
receptors.

Keywords: stress-induced analgesia, HPA axis, glucocorticoids, corticotropin-

releasing factor, corticotropin-releasing factor receptors type 1 and 2,
glucocorticoid receptors.

23


mailto:yarni60@mail.ru
https://creativecommons.org/licenses/by-nc/4.0/deed.ru
mailto:yarni60@mail.ru
https://creativecommons.org/licenses/by-nc/4.0/

CmpeCC-BblSBﬂHHdH aHaAbece3us: poib SOPpMOHOB...

BBepenne

Crpecc oxa3bIBaeT ABYHAIIpABAEHHOE A€lICTBME
Ha 60AEBYIO YyBCTBUTEABHOCTb. OH MOXXET YMEHb-
1aTh OOAEBYIO YYBCTBUTEABHOCTD (TMIIOAATE3MS)
VAU, HA00OPOT, YCHMAUBATD ee (ruIepaAresus)
B 3aBMICMMOCTM OT IIPMPOABI CTpeccopa, ero VH-
TEHCUMBHOCTU U NMPOAOAXKUTEABHOCTU. OCTPBIN
CTpeccC, B OTAMYME OT XPOHUYECKOTO CTpecca,
«3aITycKaeT» 3alljITHbIe peaKL\y, HallpaBA€HHbIe
Ha [TOAA€EPYKaHVe TOMEOCTa3a 1 MOBBILIEHNE aAall-
TaLMOHHBIX BO3MOXKHOCTeN opraHuaMa. OpAHUM
13 aAQNITHBHBIX TPOSIBAEHUI AEVICTBUS CTPECCOPOB
SIBASIETCSI KPAaTKOBPEMEHHOE yMeHblIeH1e 60AeBOI
YYBCTBUTEABHOCTY Y YEAOBEKA 1 YKXMBOTHBIX, IOAY-
Y1BIllee HA3BaHME «CTPECC-BbI3BAHHON aHAABI€3UU»
(CBA). OpHa 13 iepBBIX Iy OAMKALINIL, TOCBSIIEH-
HBIX 3TOMY peHOMeHY, mosiBuAach B 1946 1. (Beecher
1946). ABTOp 06HapYXUA, UTO COAAATBI, pAaHEHbIE
BO BpeMsI O0€BBIX AEVICTBMUII, MEHBIIIE HY)KAQAUCH
B 00€300AMBAIOIMX [Ipenaparax 1o CpaBHEHUIO
C TPOKAAHCKMMMY AULIAMMY, TIOAYYMBILVIMY IIOXOKME
TPaBMbl B MUPHOE BpeMsl. DTU AaHHbIe PUBEAU
K MPEANIOAOXKEHNIO 00 aKTUBALIMK B YCAOBMSIX
3KCTPEMaAbHON CUTYaLUY, CB3aHHOI C YTPO301
AASI KU3HU, MEXaHM3MOB, 00€CIIeunBaIOIIIX KPaT-
KOBpeMEHHOEe MOAaBAeHVe OOAEBOV YyBCTBU-
TEABHOCTH.

[ToHMMaHMe eCTECTBEHHBIX AASI OpraHM3Ma
MEeXaHM3MOB YIHeTeHUsI OOAEBOJ YYBCTBUTEAD-
HOCTM [P CTPecce NPEACTABASIET MHTEPEC C TOU-
KM 3pEeHVsI I0VICKA HOBBIX T€PANeBTUYECKMX «MMU-
1IEHEeN» U TIOAXOAOB AASI 00€300AMBaHMSL, TIOITOMY
HeyAMBUTEABHO, UTO Ha MPOTsDKeHnM 6oaee 30 AeT
nsyuyeHre MexaHn3MoB CBA HaxoAUTCS B LieHTpe
BHMMaHMs nccaepoBaTeAeit. C momoubio papma-
KOAOTMYECKUX Y HeMPOXMMUYECKUX ICCACAOBAHNUI
6bIAO ITOKa3aHo yuacTue B peaausanuu CBA omu-
OMAHBIX ITETNITYAOB, MOHOAMIHOB, KAHHAOMHOMAOB,
I'AMK, rayramaTa u APyIX HelIpOTPaHCMUTEPOB
(Butler, Finn 2009).

KaroueBoil cuctemon, akTUBUPYIOLIeNCs Npu
cTpecce 1 0becreunBalolell apAaNTaLIo OPraHu3-
Ma, SIBASIETCSI TUTIOTAaAAMO-TUIIO(G3apHO-aAPEHO-
kopTukaabHas cucrema ([TAKC). OpuH u3 mexa-
H13MOB CBA MoeT ObITh CBSI3aH C TOPMOHAMMU
AQHHOJI CHICTEMBI, IIPU TOM 0CO0ast POAb IIPUHAA-
A€XUT TopMOHY LeHTpaAbHOTO 3BeHa [TAKC
KOPTUKOTPOIMUH-pUAM3KHT (pakTopy (KPD) u raroxo-
KOPTUKOMAHBIM TOPMOHAM, aHaAbreTUYeCKye
CBOVICTBA KOTOPBIX XOPOILIO U3BECTHBI U VICIIOAD-
3YIOTCSI B KAMHYKE AASI yMEHBIIIEHVSI 0OAY B YCAO-
Busx BocraaeHus (Lariviere, Melzack 2000; Likar
et al. 2007; Michaux et al. 2012).

KP® sBAsieTcs TAaBHBIM MEAMATOPOM CTpecC-
COPHOI1 peaKLuy, KOOPAVHUPYIOIM paboTy HepB-
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HOI, 9HAOKPMHHOI, BereTaTUBHOM CUCTEM U IIO-
BepeHusa. KPO crumyaupyer npoaykumio AKTT/
B-sHAOpUMHA KOPTUKOTpOdaMu IepeaHelt AOAK
runopusa. AKTT cTuMyAMpyeT MpOAYKLIMIO TAO-
KOKOPTMKOVAHBIX TOPMOHOB KOPOJ HAAIIOYE€YHVIKOB.
AericrBue KPO onocpepyercst KPD penentopamu
1 u 2 tuna (KP®-P1 u KP®-P2 coOTBETCTBEHHO)
(Hauger et al. 2006). AxtuBanus [TAKC ocyuiecr-
BasieTcs yepe3 KPO®-P1, rorpa kak KPO-P2 BoBae-
KaIOTCS1 B KOHTPOAb PYHKIIVIOHAABHOM aKTUBHOCTU
cucteMmbl (Rivier et al. 2003). Lleab HacTOsAILETO
0030pa — Ha OCHOBAHUM PE3YABTATOB COOCTBEHHBIX
JMICCAEAOBAHMI U AQHHBIX AUTEPATYPBI IPOAHAAU-
31pOBaTh BKAaA B pa3Butue CBA MexaHM3MOB,
cBsi3aHHBIX ¢ KPO 1 rAIOKOKOPTUKOUAHBIMU TOpP-
MOHaMM, AeNCTBYME KOTOpbIXx onocpepyercsa KPO-P1
1 KPO-P2, rAI0KOKOPTUKOUAHBIMU U OTIMIOUAHBIMU
peLenTopaMu.

CTpeCC—BbISBaHHaH AHaAbI€3uA

CBA sBAsIeTCS aAQIITVBHON peaxliiyieil, BO3HU-
Kalolllell B Pe3yAbTaTe AEVCTBMS YCAOBHBIX MAU
0e3yCAOBHBIX CTPECCOPHBIX CTUMYAOB. IIpearo-
Aaraetcs, uto CBA pasBuBaAach B 3BOAIOLMY KaK
OAVH 13 MEeXaHU3MOB, MOAAEPKMBAIOLINX COXpa-
HeHIe BUAA. BOAB sIBAsIeTCST OMOAOTMYeCKH 3HAUM -
MOJ1 CUTHAAbHOU peakliyeli, BO3HMKAIOoLeN Ipu
MTOBPE>XKAEHUY TKaHell A YTPO3€e TAKOI'O IIOBPeX-
AeHus. boab MHAYLIMPYeT OBeA€eHue, CIIOCOOCTBY-
Iolljee 3KMBAEHUIO TPaBM, OAHAKO B YCAOBUSIX
CMepPTEABHON OMACHOCTY VAU ITPOAOAXKAIOIIENCS
YIPO3bl TaKO€e IIOBEAEHVE HE TOABKO He CII0CO0-
CTBYeT BBDKMBAHMIO, HO MOXXET OBbITh AdKe NpU-
YMHOJ TMOeAV OpraHM3Ma, TOTAQ KaK KpaTKOBpe-
MEHHOE IT0AABAEHVEe OOAEBOI YYBCTBUTEABHOCTH
MO3BOASIET PEAAM30BATh IIOBEAEHYECKIEe PeaKLuy,
M03BOASIIOLIME 130€XaTh OMACHOCTH.

CBA mmpoxo rnccaepoBaHa B pa3AMYHBIX KC-
MePUMEHTAaAbHBIX MOAEASIX Ha >KMBOTHBIX (Amit,
Galina 1988; Butler, Finn 2009; Long et al. 2016;
Pitcher 2018). Hauboaee pacrnpocTpaHeHHbIMU
SIBASIIOTCSI MOAEAY, ITO3BOASIIOIVIE UBMEHSTD AAU-
TEABHOCTD U MHTEHCUBHOCTb CTPECCOPHOTO BO3-
AEVICTBYS, YTO VIMeET CYI|eCTBEHHOE 3HaUeHMe AAS
VI3y4YeHMsI MEXaHV3MOB, OIIPEAEASIOIVIX Pa3BUTHE
CBA. K Takum MOAEASIM OTHOCUTCSI aHAAbI€3Us,
BbI3BaHHAas TAABAHMEM, Pa3APaKEHNEM DAEKTPHU-
4eCKMM TOKOM, MMMoOuAn3auuei, 6erom. Hapsay
¢ pusnueckumu 6e3ycAoBHbIMU cTUMYAamMu CBA
MOXXeT OBbITh MHAYLIMPOBAHA IICUXOAOTMYECKUMU
¢dakropamu. [TposiBAeHVEM 3TOrO TUITA aHAABTE€3UU
SIBASIETCSI TaK Ha3bIBaeMasi «[IaBAOBCKas YCAOBHASI»
aHaAbresusi, BpI3BaHHas cTpaxoMm (Miguez et al.
2014). B ocHOBe ee pasBUTUS AEKUT MHOTOKPATHOE
coyeTaHue O€3yCAOBHOTO M YCAOBHOTO CTVIMYAOB
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H. . Apywxkuna

AO TeX TOp, MOKa MpeAbSIBAEHME YCAOBHOTO CTHU-
MYyAa caMo 1o cebe He OYAET BbI3bIBATh I3MEHEHIE
60A€BOJT YYBCTBUTEABHOCTH.

IlposiBaenne CBA y YearoBeKa M3y4eHO B MEHb-
went crenenu (Ford, Finn 2008; Diener et al. 2012;
Ahmad, Zakaria 2015). OpHaKo MOKasaHO, YTO
y 4eAOBEKa, TaK Ke KaK 1 Y )KuBOTHbIX, CBA moxer
OBITb MHAYLIMPOBaHA AEMICTBIEM KaK GU3NIECKIX
CTpeccopoB (BO3AENCTBIE DAEKTPUIECKOTO TOKA,
IIOTPY’>KEHME PYKM B XOAOAHYIO BOAY), TaK U IICH-
XOAOTMYECKUX CTPeccopoB (peleHre apupmeTn-
4eCKOI1 3aAQU¥ B COUETAHNM C IIYMOM, ITyOANYHOE
BBICTYIIA€HUE; IPEABSIBAECHE TIAYKa).

Boabioe pazHooOpasue Tunos CBA cBraeTeAb-
CTBYeT o TOoM, 4To passutue CBA npeacraBaser
€000JI CAOXKHBII ITPOLIECC, B PEaAM3ALIMI0 KOTOPOTO
BOBAEKAETCsI MHOKECTBO MEXaHM3MOB. VI3BecTHO,
4yro CBA MOXeT 0IoCpeAOBaTbCs KaK ONMOVAHBIMY,
TaK ¥ HeONMOUAHbIMM MexaHusMamu (Lewis et al.
1980). PazanuaroT onmouaHyto popmy CBA, xoro-
pasi yMeHbIIAETCSI MAM YCTPAHSETCSI TOCAE BBEAEHNS
OIMOVIAHBIX @HTAarOHUCTOB, ¥ HEOTIMOVAHYIO (HOp-
my CBA, nposBAeHNE KOTOPOJ HE 3aBUCUT OT
IIPEABAPUTEABHOTO BBEAEHMS ONMOMAHOTO aHTa-
rouucra (Lewis et al. 1980). BoBAeueHMe ONIMOMAHBIX
VAV HEOTIMOMAHBIX MEXaHU3MOB OIPEAEASETCS
rapaMeTpaMy CTPECCOPHOTO BO3AENCTBUS, €ro
HMPUPOAO, AAUTEABHOCTBIO I MHTEHCUBHOCTBIO
(Watkins, Mayer 1982). KpaTkoBpeMeHHOE AeiiCTBYE
CTpeccopa BbI3bIBaeT, KaK IIPaBUAO, Pa3BUTHE He-
omoupHoM ¢popmbl CBA, Torpa Kaxk yBeandyeHue
€ro AAUTEABHOCTY TPUBOAUT K OIIMOMAHOM popme
CBA (Lewis et al. 1980; Watkins, Mayer 1982).

PoAb rAIOKOKOPTUKOMAHBIX TOPMOHOB
B peryAsnuu 60AeBoIl YyBCTBUTEABHOCTHU
npu cTpecce

Passutne CBA compoBokpaeTcsl akTUBaLMen
ITAKC, nposBasmoLIenicsa B yBeAMYeHUY COAEpIKa-
HUS TAIOKOKOPTHUKOVAHBIX TOPMOHOB B ITA23Me, YTO
M03BOASIET IIPEATIOAOXUTD y4acTVe AQHHBIX rOp-
MOHOB B peaansauyyt CBA. AAs BbISICHEHUS pOAU
TAIOKOKOPTUKOMAHBIX TOpMOHOB B CBA 6bIA 1C-
IIOAB30BaH TPAAVLIVIOHHBIV METOA MCCAEAOBAHMS —
AAPEHaAdKTOMMSI. BbIAO ITOKa3aHO, YTO appeHaA-
3KTOMUS NPUBOAUT K YCTPAHEHMIO OIIMOMAHOM
¢dopmbl CBA, Torpa Kak BBeAeH1e KOPTUKOCTEPO-
Ha aAPEHAAdKTOMMPOBAHHBIM KPbICAM BBI3bIBAAO
ee BocctaHoBAeHue (Mc Lennan et al. 1982; Sutton
et al. 1994). Pe3yAabTaThl 3TUX UCCAEAOBAHMIL TI0-
3BOAVIAYL CAEAATDb BBIBOA O NMEPMUCCHMBHONM POAU
TAIOKOKOPTUKOVAHBIX TOPMOHOB B pa3putun CBA.

ITockoabky B ycaoBusx aktuanuu [TAKC
Hapsaay ¢ AKTT, ctumyAupyomuM npoAyKLMIO
TAIOKOKOPTUKOVAHBIX TOPMOHOB, IPOVICXOAUT BbI-

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

AeaeHre (-aHAOpMHA, AASI IOHMMaHUS POAU
TAIOKOKOPTUKOUAHBIX TODMOHOB B pe€aAM3aLun
CBA Heo6X0AMMO pa3AeAUTb y4acTIie MEXaH3MOB,
cBs3aHHbIX ¢ [TAKC, v onmouAHBIMY IENTTUAAMU.
Heomnoupnas dopma CBA, pasButie KOTOpOit
He OIIOCPEAYEeTCsl OIIMOMAHBIMY MeXaHM3MaMU,
SIBASIETCST YAOOHOI MOAEABIO AASI 9TOTO VICCAEAO-
BaHus (Filaretov et al. 1996). CBA 6bira MHAY-
LIMPOBaHA 3AEKTPOPA3APA’KEHNEM KOXXM 3aAHUX
KOHEYHOCTel1 Y KpbIC B TeueHue 3 MuH (0.7MA,
15 ¢ Bka — 15 ¢ BbIKA). [IpeaBapuTeAbHOE BBEAEHME
OIMM/OVIAHOTO @aHTarOHMCTA HAAOKCOHA B A03€e 1 uAu
10 Mr/Kr He BAUSIAO Ha ee IIPOSIBAEHHUE, YTO CBUAE-
TEAbCTBOBAAO O TOM, YTO OIMOMAHbIE MEXAHM3MbI
He BOBAEKAIOTCS B peaAn3auuio oaHHoro tumna CBA.
briao uccaepoBaHo BAMsHYE BbiKAIOUeHsT [TAKC
(Bcei1 cuCTEMBI B 1LIEAOM) U IIOCAEAYIOLIETO BOC-
CTaHOBAEHUS ee aKTUBHOCTU Ha nposiBAeHre CBA
y kpbic (Filaretov et al. 1996). Beikatouenue ITAKC
AOCTUTAAOCh BHYTPUIMIIOTAaAQMUYECKMM BBeAe-
HIEM AEKCaMeTa30Ha, BBI3bIBAIOIINM YIHETEHNE
cunresa KPO u, caep0BaTEABHO, TOPMOHOB HIKEAE-
karux 3seHbeB [TAKC, AKTT u ratokokopTuKOu-
AOB. Uepes 7 pAHeli TOCAe BBEAEHMSI AeKCaMeTa30Ha
HAOAIOAAOCH YTHETEHME IPOAYKLIMY KOPTUKOCTE-
poHa B maasme u ycrpaneHue CBA. Yepes 30 pHelt
IIOCA€ BBEAEHVIST AKCAMeTa30Ha Y TeX )Ke )KUBOTHBIX
BOCCTaHaBAMBAACS CTPECCOPHBIN TOABEM KOPTU-
KOCTEPOHA, YTO COIIPOBO’KAAAOCh BOCCTAHOBAE-
HueM CBA. BaskHbli1 BBIBOA, BBITEKAIOLUN U3 AQH-
HBIX 9KCIIEPVIMEHTOB, COCTOUT B TOM, UTO, B OTAUYME
ot onmorpHOM popmbl CBA, AAsT pasBUTHSI KOTOPOIT
MMeeT 3HaueHMe 6a3aAbHbII YPOBEHb IAIOKOKOPTU-
KOVAHBIX TOPMOHOB, HEOOXOAMMBIM YCAOBUEM AAST
pasButust HeonmoupHou popmbl CBA siBasieTcs
CTPECCOpPHOE YBEANYEHVE IIPOAYKLIVI AQHHBIX TOp-
MOHOB. CAeAyeT OTMETUTD, UTO AAPEHAADKTOMUS
TaK)Ke YCTPaHsAa HeonmoupHyo popmy CBA, Bbl-
3BaHHYIO DAEKTPOpasApa’keHMeM KOXKU 3aAHUX
KOHEYHOCTEN y KPBIC, TOTAQ KaK MEAYAAOSKTOMMS
He BAMsiAA Ha ee miposiBAeHue (Yarushkina 2008),
YTO NIOATBEPKAQET 3HAYEHME TAIOKOKOPTUKOVAOB
AAST pa3BuTUs HeormmouaHo dopmbt CBA.

Takum 06pasom, OAMH 13 HEOTIMOMAHBIX MeXa-
H13MoB CBA MO’XeT ormocpeaoBaTbCsl SHAOTEH-
HBIMU TAIOKOKOPTUKOMAaMU. IToAyueHHBIE AQH-
Hble AEMOHCTPUPYIOT IIPOTUBOOOAEBOE AEICTBIE
TAIOKOKOPTUKOVAOB, IIPOSIBASIIOIIEeCs] HE3aBUCUMO
OT ONMOMAHON CUCTEMBI B YCAOBMSX OCTPOTO
CTPECCOPHOTO BO3AENCTBUSL.

Poab KP® B peryasiuyuu 60AeBoit
4yBCTBUTEABHOCTH NPH CTpecce

KPO® BrI3bIBaeT aHaAbreTmueckuit a¢pexT npu
€ro AOKaAbHOM, TlepudeprIecKoM 1 LIeHTPAaAbHOM
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BBeaeHuu (Lariviere, Melzack 2000; Yarushkina,
Filaretova 2018) 1 BoBA€KaeTCs B peaAMsalnio
CBA (Schafer et al. 1996). AHaAbresust, Bbi3BaHHasI
KPO®, umutupyer peiicTBre cTpecca Ha COMAaTH-
4eCcKyI0 O0AEBYIO YYBCTBUTEABHOCTD. [10A00HO
aHaAbre3uy, BbI3BAaHHON CTPECCOM, aHAAbTeTHYe-
ckunit apdpext KPO MoxXeT MPOSABASITBCA B ABYX
dbopmax: onnounpaHoit u HeormoupHo (Yarushkina
et al. 2015a). C noMo11b10 BBEAEHMS OTIMOUAHOTO
AQHTAroHMUCTa HaATpeKkcoHa (1 Mr/kr) 6p1A0 MOKa-
3aHO, YTO BOBAEYEHUE OMUOUAHBIX UAU HEOINO-
MAHBIX MEXQHU3MOB B pEaAU3aLMI0 aHAABTETUYE-
ckoro apdpexra KPO moxxer 6bITH 00YCAOBAEHO
SKCIIEPMMEHTAABHBIMU YCAOBUSIMY, IIPU 3TOM
Ba)KHOE 3HaU€eHMe MOT'YT MeTb IIPHUPOoAA HOAEBO-
IO CTMMYAQ U MICIIOAb30BaHMe HapKo3a. OIMoNA-
Hast dopma aHaabreTuvdeckoro sdpdexra KPD
MOXXET IPOSIBASITBCS IIPU AEVICTBUY TEPMUYECKO-
rO CTUMYAQ Y 60APCTBYIOIIMX KPBIC, 8 HEOIIVIOMA -
Has popmMa — MpuU AENCTBUN IAEKTPUIECKOTO
CTMMYyAa Y HapKoTu3upoBaHHbIX KpbIC (Yarush-
kina et al. 2011; 2015a).

OAVH 13 MEXaHU3MOB aHAABIeTUYECKOro 3¢-
¢dexra KPO MoxeT OBITh CBsI3aH C TAIOKOKOPTH-
KOVMAHBIMY T'OPMOHaMU, IIPOAYLVPYIOLUIVIMUCS
B oTBeT Ha BBepeHue KPD, u onocpepoBaTbcs
TAIOKOKOPTUKOVMAHBIMHU PeLIENTOPaMU. DTO MPEA-
MTOAO>KEHNE TTIOATBEPXKAQETCS, C OAHOI CTOPOHBI,
AQHHBIMU, YTO TlepudepuyecKoe BBeAEHME TOPMO-
HoB Bcex 3BeHbeB ITAKC (KP®, AKTT u ramoxo-
KOPTUKOMAOB), uMuTupyoijee aktupaumio [TAKC
MIPU CTpecce, BbI3bIBAET aHAABIeTUYeCKUil 3 PexT
y 6oapcTBytommx >xuBoTHbIX (Yarushkina 2008),
a C APYTOMl — pe3yAbTaTaMM 3KCIIEPUMMEHTOB
C KICIOAB30BaHMEM QHTArOHMUCTA TAIDKOKOPTUKO-
naHbIX peterrropoB RU 38486. IIpeaBaputeabHoe
BBepeHMe RU 38486 nmpuBoAMAO K yCTpaHEHUIO
HEOMMOAHO pOPMbI aHAAbIe3U, Bbi3BaHHOU KPD,
IIPU AEVICTBUY DAEKTpUdecKoro ctumyaa (Yarush-
kina et al. 2009; 2011) 1 yMeHbILIEHWIO OIIOVAHO
dopmbl aHaabreTnveckoro sapdexra KPD npu
AevicTBuM Tepmudeckoro ctumyaa (Yarushkina
etal. 2015a). DTu pAaHHBIE CBUAETEABCTBYIOT O TOM,
YTO FAIOKOKOPTMKOVABI MOT'YT BHOCUTD BKAAA
B peaAnsanuio oberx ¢opM aHaAbre3nu, BbI3BaH-
Holt KP®, opAHAKO CTeneHb MX YYacCTHsI B peaAn3a-
LU ONIMOVIAHOWM U HEOIIMOMAHOWM aHAAbre3uun
MOJXKeT OBITh pasAMYHA. YYIaCTUE TAIOKOKOPTHU-
KOUAOB MeEET KAIOUEBOE 3HaYEHIE AASI TIPOSIBAE-
HUST HEOTTUOUMAHOM (POPMBI aHAABT €31, BI3BAHHO
KP®, HO He siBASIETCSI HEOOXOAVMBIM YCAOBUEM
AAST TIPOSIBAEHUSI OMTMOUAHOI HOPMbI aHAABTETU-
yeckoro addexra KPO.

C oMOIIbI0 CeAEKTUBHBIX aHTaroHnucToB KPO-P1
1 KP®-P2 peuenropos NBI 27914 u actpeccuta,-B
COOTBETCTBEHHO OBIA MCCAeAOBAaH BKAap KPD-P1
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n KPO-P2 B peaansanio aHaAbreTUYECKOro ad-
dexra KPD mipu ero nepudepuieckom BBeAeHUN
(40 mxr/kr, BHyTpubprommHHO) (Yarushkina et al.
2016a). ITpepBapuTeabHoe BBepaeHme NBI 27914
VAU aCTPeCCHHa,-B MpUBOAMAO K yCTpaHeHUIO
aHaAabpretTmnyeckoro adpdexra KPO nau ymeHp1eHuio
€ro AAUTEABHOCTH, YTO CBUAETEABCTBYET O BO-
BAeueHnn oboux tunos KPO peuentopos B pea-
AM3aLMI0 aHaAbreTnyeckoro apdexra. Kpome Toro,
NBI 27914 cam 1o ceOe BbI3bIBAA YMEHBIIIEHE
COMATUYeCKOM OOAEBOI YYBCTBUTEABHOCTH, KOTO-
poe OBIAO COITOCTaBUMO T10 BeAnunHe ¢ 3¢pdekToM
KP® 1 conmpoBOXAQAOCH YMEHDBIIEHEM COAEp-
JKaHMsI KOPTMKOCTEPOHA B IIAA3Me, IIOCAEAHEE
AOTIOAHUTEABHO SIBASIAOCH ITIOATBEP)KAEHUEM PO-
an KPO-P1 peuentopos B aktuBauuu [TAKC
(Yarushkina et al. 2016a). B To ke Bpems1 pelicTBuUE
acTpeccuHa,-B He oka3biBaAO BAMSAHMS HU Ha Oa-
3aAbHBINl YPOBEHb 0OAEBOV YYBCTBUTEABHOCTH,
HM Ha COA€ep’KaHMe KOPTUKOCTEPOHA B ITAa3Me
kpoBu (Yarushkina et al. 2016a). 9Tu paHHbIE TT0-
3BOASIIOT NPEANTOAOXKUTD, 4T0 KPO®-P1 peuenTo-
PBI BHOCSIT BKAQA B pasBuTie OOAEBOM peaxLui,
torpaa Kak KP®D-P2 perenrropsl, Ha2060poT, BOBAE-
KAaIOTCA B ee TIOAABA€HMe. B ¢BsA3M ¢ aTuM ycTpa-
HeHMe aHaAabpretnyeckoro apdexra KPO Ha pone
aevictBust NBI 27914 moxeT ObITb 00YCAOBAEHO
6A0Kap011 mepepaurt 60AeBoIT nHpOpMaLIUK Yepes
KP®-P1 peuenTtopsl, TOrpa Kak yMeHblIeHe ero
sddexra Ha PoHe aeiicTBUA acTpeccuHa,-B 0by-
CAOBAEHO HEBO3MOXKHOCTbhIO akTuBanuu KPO-P2
pelLlenTopoB, HEOOXOAVIMOI AASI TOAAQBAEHMSI 0O-
AeBoro saddexra. B To ke BpeMs ycTpaHeHUe
aHaabretuyeckoro apdexra KPO B ycaoBusix
6A0Kapbl KPD-P1, o6ecrieunBarommx ak TUBALMIO
[TAKC, MOXeT SIBASITBCSI IOATBEP>KAEHIEM BKAA-
A TAIDKOKOPTUKOVAHBIX TOPMOHOB B peaAn3aLiio
aHaAbretmnyeckoro sdpdexra KPO.

Takum o6pasom, KPD mMoxeT oCyliecTBASTD
KOOPAVHALVIO ONVOVAHBIX U HEOIIMOVAHBIX MeXa-
HU3MOB, obecneunBatouux passutrue CBA, oprH
113 KOTOPBIX MOXeET orocpepoBaTbcs yepes KPO-P1
1 KPO®-P2 peyentopamMu 1 FAIOKOKOPTUKOVAHBIMU
peLenTopaMm.

HeHTpaAbeIe MeEXaH3Mbl

CTpecC-BbI3BAHHOI aHAABIE3UN:
yyactue KP@®-P1 u KPO-P2

CBA omnocpeayeTcst HUCXOASIMMY TOPMO3HBI-
MU My TSIMY, TPOELMPYIOIMMUCS B CIIMHHOM MO3T
B COCTaBe AOPCOAATEPAABHBIX KAHATUKOB, IOBPEK-
A€HVe KOTOPBIX IPUBOAUT K YMEHBLIEHUIO VAU
ycrpanenuto CBA (Watkins et al. 1984). Hucxoas-
1I[Vie TOPMO3HBbI€e ITyTH, 00eCcIeYMBalollie pasBUTHE
CBA, 6epyT HayaAO B BBICIIVX OTAEAAX TOAOBHOTO
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MO3ra, CpeAV KOTOPBIX BeAylilee 3HaUeHMe MEIOT
npedpOHTAAbHASL M MHCYASIDHAsE KOpa OOABLINX
HOAYLIApUIL, TUTTOTAaAAMYC, amuraasa (Butler, Finn
2009). Heitpousr 5TMx 06AacTel MO3ra MpoeLu-
PYIOTCS B LIeHTPAABHOE CepOe BellleCTBO CpeAHe-
ro mosra (LICBCM) (Ossipov 2012). ITockoAbKy
cobctBenHble poexuuu LICBCM B ciHHOY MO3T
He3HauuTeAbHbI, BAUsHMe LICBCM Ha Houuilen-
TUBHbIE HEMIPOHBI CIIMHHOIO MO3Ta OCYIeCT-
BASIETCS, TAQBHBIM 00pa3oM, yepe3 HelpOHbI
pocTpaAbHOIT BeHTpoMeAuaAbHoOi (PBM) 06-
AQCT¥ CTBOAQ MO3Ta U HEMPOHBI TOAYDOro IMSATHA,
MpOeLVPYIOLIeCs B AOPCAAbHBIE POTA CIMHHOTO
mo3sra (Ossipov 2012). B PBM obaactu cTBOAA
Mo03ra 0OHaApYKeHbI «0n»- U «off»-HelpoHsI, KO-
TOpPbIE HEIIOCPEACTBEHHO TIE€PEA MPOSIBAEHUEM
60A€BOJI peakuyy y KpbIC AEMOHCTPUPYIOT YCH-
A€HMe VIAV YTHEeTeHle HeJIpOHAABHOM aKTYBHOCTU
cootrBercTtBeHHO (Heinricher et al. 2009). Pas-
BUTME QHAABI€3UM CBSI3aHO C BO30Y)KAeHMEM
«off»-HelpoHOB, pearupyouX TOPMO>KEHEM Ha
AeiictBue 6oaeBoro crumyaa. Cucrema cBsizeit
LICBCM — PBM o6AacTu CTBOAQ MO3Ta C APYTH-
MU CTPYKTYpPaMM MO3Ta ABASIETCSI OCHOBOM AAS
TaK HasbiBaeMou «top-down» peryasiuu, obe-
CIleYynBaOIeil BAUSHNE HA OOAb KOTHUTUBHBIX
" 3MOLMOHaAbHBIX PakTopoB (Ossipov 2012).

Ocobyto poab Aast pazButust CBA urpaer B3a-
nuMoAeNcTBre MexAy amurpasoit v LICBCM (Kim
et al. 2013; Li, Sheets 2018). OcHOBOIT AASL 3TOTO
B3anMoAelcTeuA BoicTynaloT KPO curnaab-
Hble ITyTY, BOBAEKAIOLIMECS B PErYASILIIO OoAe-
BOII YYBCTBUTEAbHOCTU. B amurpase u LICBCM
aKcIpeccupyroTcs oba tumna peyentopoB KPO:
KP®1-P1 u KPD-P2 (Hauger et al. 2006). B LICBCM
00OHapy)XKeHbl HEPBHbIE TEPMUHAAY, COAEPIKALL/ie
aroHucTsl KPO1-P1 u KPO-P2: KPD nan ypoxop-
tuH (Swanson et al. 1983), mpu 5TOM rAaBHBIM
nctounnkoM KP® B LJCBCM sBAsieTcss amuraasa
(Gray, Magnuson 1992). V3meHeHue aKcrpeccumn
KP® B amurpase MokeT ObITh MEXaHM3MOM, KOH-
TPOAMPYIOIIMM pa3BuTue uau ycrpaHenue CBA
B ycaoBusix matoaoruu (Andreoli et al. 2017).
Beepenue KPD B amurpasy Mo>keT OKa3blBaTh
KaK MpO-, TaK ¥ aHTMHOLMILENITMBHOE AENICTBUE
(Neugebauer 2015). [IpepBapuTeAbHOE BBEAEHME
NBI 27914, ceaexTusHoro aurarouucra KPO-P1,
YCTpaHSAO NMpOHOLMLeNTUBHOE AeiicTBue KPO
IIPU €r0 BBEAEHUM B aMUTAAAY, TOTAQ KaK IIPeA-
BapUTeAbHOE BBEAEHME acTpeccuHa,-B, ceaek-
TuBHOrO aHtaronucra KP®-P2, npeporBparaso
anTuHouuuentuBHbii appext KPO (Ji et al. 2013;
Neugebauer 2015). Takum o6pasom, KPOD-P1
B aMurpaAe obecrneynBamT pa3BuTue 0OAEBOI
peakium, Toraa Kak poab KPD-P2 moxxeT ObITh
CBsI3aHA C ee YTHeTeHEeM.
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Poap LICBCM B pazsutuu CBA nopTBepx-
AQeTCsI MHOTOUVCAEHHBIMY SKCIIEPYIMEHTAABHBIMU
AaHHbiMU. Paspymenne LICBCM Bpi3biBaeT yrHe-
tenne CBA (Helmstetter, Tershner 1994), Toraa kak
aktuBauys LICBCM, BpI3BaHHAs AEICTBMEM CTPeC-
copa, Ha00OpOT, IPUBOAUT K MOSIBAEHVIO aHAABI'€-
sun (Olango et al. 2012). Ctumyasigus LICBCM
BBI3BIBAET PA3BUTNE aHAABI€3UY, KOTOPAsI MOXKET
OTIOCPEAOBATHCS KaK OMMOAHBIMY, TaK Y HEOTINO-
uaHbiMU MexaHnusMamu (Yarushkina 2008). Mexa-
HU3MBI, 00ecreynBamIye pasBUTIE OMMOUAHON
VAV HEOIIIOVIAHOV GOPMBI aHAABT€3UU B YCAOBUSIX
ctumyasiyu LICBCM, peaAn3yioTcs 1 B yCAOBUAX
crpecca (Watkins, Mayer 1982). O6 atom cBu-
AETEABCTBYET HaAluMe KPOCC-TOAEPAHTHOCTHU
ME>XAY aHAABre3uil, BBI3BAHHON CTUMYASALIEN
LICBCM, u onnoupHoit GopmMoit aHaAbTe3nu,
BbI3BaHHOI1 cTpeccoM (Terman, Liebeskind 1986).

Hecmortpst Ha To uto yyactue LJCBCM B pas-
BuTuM CBA X0poIIO AOKYMEHTHPOBAHO, AQHHBIE
o poan KP®-P1 u KPO-P2 8 ICBCM B peryasauun
COMAaTHUYeCKOll 60AeBOI YYBCTBUTEABHOCTU He-
MHOTOYVCAEHHBL. B oTAMYME OT aMUTAQABL, BBEAE-
Hue KP® B [JCBCM BbI3bIBaAO TOABKO aHTUHO-
yuuenTuBHbI 3 PexT (Miguel, Nunes-De-Souza
2011; Yarushkina et al. 2016b). [TpepBapuTeabHOe
BBeAEeHMe CceAeKTUBHOro aHraronucra KPO-1
PeLenTopoB 6AOKMPOBAAO 9TOT 3P deKT, UTO CBU-
AeTeAbCcTBYeT o BoBAeueHMr KPD-P1 B peaau-
3al[MI0 AaHTUHOLIMLIENITUBHOTO AeiicTBust KPO.
AAst BpIsICHEHM S GYHKLMOHAABHOM poau KPO-P2
B LICBCM 0b1AO 1CCAEAOBAHO BAMSIHIUE TIPEABA-
PUTEABHOTO BBeAeHuUs1 acTpeccuna,-B B LJICBCM
Ha aHaAabretuyeckuit apdext KPO (Yarushkina
etal. 2016b). Beepenne actpeccuna,-B 8 JICBCM
MPUBOAMAO K YMEHBIIEHUIO aHAABT€TUYECKOTO
addexra, BpizaBaHHOTO BBepeHreM KPO B LICBCM.
DT AQHHBIE CBUAETEABCTBYIOT O TOM, UTO HE TOAb-
Ko KPO-P1 B LICBCM, Ho u KPD-P2 moryT npuHu-
MaTbh yyacTye B peaAM3aliy aHAAbIeTUYECKOIo
aertctBust KPO. CaepyeT mopdepkHyTh, uTo KPD-P2
peuentopsl B LJCBCM npuHuMapT y4yacTue
B peaAusaluy ONMOUAHO GOPMbI aHAABTETUYE-
ckoro a¢pdpexra KPD, mOCKOABKY ITpeABapUTEABHOE
BBEAEHIE ONMMOAHOTO aHTAarOHMCTA HAaATPEKCOHA
IIPMBOAVMAO K YCTPAHEHMIO aHAABIeTUYEeCKOTO
addexra, BrizBaHHOTO BBepeHneM KP® B LICBCM
(Yarushkina et al. 2016b). Mo>KHO TIpEATIOAOKUTD,
yro KPO-P1 8 LICBCM BOBAEKawTCS B peaaunsa-
L0 HEOMTMOUAHOM POPMBI aHAABIE€TUYECKOTO
s dexTa KPD, 0AHAKO 3TO MIPEATIOAOKEHIE TTOKA
He VICCAEAOBAHO.

Crumyasinyss LICBCM BbI3bpIBaeT aKkTHUBa-
yuio ITAKC, nposBAsIIOLyIoCsl B yBEAUYEHUN
IPOAYKLIMY TOPMOHOB BCeX 3BEHbEB AQHHON CH-
cremsl (Yarushkina 2008). YBeanueHue ypoBHs
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KOPTUKOCTEPOHA IIPU CTPecce MOXKeT ObITh pak-
TOpOM, oTpepeasomuMm axcrpeccuio KPO B cTpyk-
Typax MO3ra, CBSI3aHHBIX C peryasiuei 6oae-
BOI1 4yBCTBUTeAbHOCTHU (Myers, Greenwood-Van
Meerveld 2010). AauTeabHOE MOBBIILIEHVIE YPOBHS
KOPTMKOCTEPOHA MOXXET IPUBOAUTD K YBEANTUEHUIO
sHporeHHoro KP® B amuraase, CAEACTBUIEM YErO
SIBASIETCS yCUA€HVE 0OAEBOV YYBCTBUTEABHOCTM.
VIMnAaHTaLMs KOPTMKOCTEPOHA B 00AaCTh aMUT-
AQABI BBI3bIBAET, C OAHOW CTOPOHBI, YBEAYEHIE
akcnpeccun KP®D, a ¢ Apyroi1 — yMeHbllleHe
3KCIIPeCCUM TAIOKOKOPTUKOMAHBIX U MUHEPAaAO-
KOPTUKOMAHBIX PELIeITOPOB, YTO CONPOBOXAAET-
Ccs1 ycuA€eHMeM 00AeBOI YyBCTBUTeAbHOCTH (Myers,
Greenwood-Van Meerveld 2010). BaxxHo oTMeTUTb,
YTO COMaTUyecKas IMIepYyBCTBUTEABHOCTD pas3-
BMBAETCSI TOABKO IIPY YMEHbIIEHNUM SKCIIPeCCUU
TAIOKOKOPTUKOVMAHBIX PeLieITOPOB, TOrAa Kak
YCHA€HMe BUCLIEPAABHO YYBCTBUTEABHOCTU Ha-
OAI0AAAOCDH IIPY YMEHbIIEHUY SKCIIpeccuy 060mx
TUIIOB PeLieNTOPOB KaK I'AIOKOKOPTUKOMAHBIX,
TaK ¥ MMHEPAaAOKOPTUKOUAHBIX (Myers, Greenwood-
Van Meerveld 2010). B otAn4ne oT aMUIAQABI,
MMIAaHTauuA Koptukocrepona B LICBCM npu-
BOAMAAQ K aHaAbreTndeckomy saddekry (Yarush-
kina 2008), 4TO MOXXeT CAY>KUTb KOCBEHHBIM ITOA-
TBep>kAeHreM poAau oboux Tunos KP® B LICBCM
B pa3BUTUM aHaAbreruvyeckoro sdpodexra KPO.

Takum o6pasom, pasButue CBA onocpeayercs
HUCXOASIIVIMY TOPMO3HBIMU IIYTAMUY, IIPOELVIPY-
IOIIVIMICS B CIIMHHOM MO3T, B KOTOPBIX Ba)KHas
POAD MOXXET IPMHAAAEXKATb MeXaHNM3MaM, CBsI-
3aHHbIM ¢ KPD-P1 u KP®-P2, A0OKaAM30BaHHBIM
B amuraase u LICBCM.

JakAuenue

CBA, KpaTKOBpeMeHHOe yrHeTeHre 00AeBOIl
YYBCTBUTEABHOCTU Y >KMUBOTHBIX U YEAOBEKA, BbI-
3BAHHOE AEVICTBMEM CTPECCOpa, SIBASIETCSI OAHUM
3 aAQNTUBHBIX ITPOSIBAEHUI CTPECCOPHOI PEAKLIVNA.
PasButne CBA — 3TO pe3yAbTaT CKOOPAMHUPO-
BaHHOTO B3aVIMOAEVICTBMS OIMMMOAHBIX U HEOIINO-
VIAHBIX MEXaQHM3MOB PEeryAsILK 60AEBOI YYBCTBIU-
TEABHOCTHU, OAMH U3 KOTOPBIX 00ecreunBaeTcs
TAIOKOKOPTUKOMAHBIMY TOPMOHAMU U OIOCpe-
AY€ETCsI TAIOKOKOPTUKOVMAHBIMY peLelTOpaMu.
Koopaunupyromasi poAb B peaau3aliyi OIIMOUAHBIX
VI HEOIIIOMAHBIX MEXaHM3MOB PeryAsiLiny 60AeBO
YYBCTBUTEABHOCTU NP CTPeCCe MOXKET IIPMHAA-
AexxaTb KPO, pelicTB1ie KOTOPOT0O Ha COMAaTUYeCKYIo
0OOAEBYIO YYBCTBUTEABHOCTb OIIOCPEAYETCS KaK
ONIMOVIAHBIMMY, TaK U HEOIMOMAHBIMY MeXaHM3Ma-
mu. O6a Tuna KPO penentopos, KPO-P1 u KPO-P2,
BOBAEKAIOTCS B peaAM3alMI0 aHAABIE€TNYECKOTO
AevictBusa KP® Ha 60A€BYI0 4yBCTBUTEABHOCTD
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M MOTYT BHOCUTDb BKAaA B peaamsanuio CBA,
IIpY 3TOM QYHKLMOHAABHAS POAb STUX PELIENITOPOB
MOXXeT OBITh pasAUYHA.

KPO®-1 pelienTopbl BOBAEKAIOTCS B Iepepady
60AeBOII MHpOPMALMY Y UHULMALVIO peaKLun
B OTBET Ha AelicTBUe 60AeBoro ctumyAa (Hummel
et al. 2010; Neugebauer 2015; Yarushkina et al.
2016a). YrHeTeHMe cOMAaTUIeCKOI HOAEBOIT YyB-
CTBUTEABHOCTU B yCAOBUSX OAoKapbl KPO-P1
peLeNTOPOB M03BOASIeT X PACCMATPUBATh B Ka-
YyeCcTBe IMTOTEHLIMAABHOM « MULLEHU» AASI AEVICTBUS
06e3boauBaromux cpeAcTB. OO 3TOM CBUAETEAD-
CTBYeT aHTMHOLMILIEIITUBHOE AEJICTBME Ha COMa-
TUYECKYI0 OOAEBYIO YYBCTBUTEABHOCTDb aHTA-
rouucta KP®-P1 peuentopos NBI 27914 xak
B ycaoBusix narororuu (Hummel et al. 2010),
tak u B HopMe (Yarushkina et al. 2016a).

Poap KP®-P2 peuenTtopoB B peryasauum co-
MaTN4eCKOil 00AE€BOII YYyBCTBUTEABHOCTY MeHee
onpepeAeHa. YMEHbIIEHNE aHAABIeTUIeCKOT O
aevictBusg KPO Ha comaTnyeckyio 00AEBYIO YyB-
CTBUTEABHOCTb B YCAOBMsIX OAOKapbl KPD-P2
peuentopos (Yarushkina et al. 2016b) mosBoasier
MIPEATIOAOXUTD, YTO GYHKL[MOHAABHASI POAb AQH-
HBIX PeLIeNITOPOB COCTOUT B OTPaHUYEHVM AEVICTBUA
60AE€BOTO CTUMYAQ, IPMYEM HEBO3MOKHOCTD aK-
tuBauun KPO-P2 penienTopos B yCAOBUAX NATO-
AOTUMU BepeT K XpoHusauu 6oau (Rouwette et al.
2012).

BoBaeuenne KPD-P1 u KPD-P2 peuentopos
B PETYASLIMIO COMaTUYeCKOI OOAEBOV YyBCTBUTEAD-
HOCTU MOXeT ocyujecTBAsITbCs yepes [TAKC,
KOHTPOAb GYHKLMOHAABHO aKTUBHOCTY KOTOPOIT
omocpeayeTcsi AaHHbIMU peuentopamu (Rivier
et al. 2003). OpHako yuactre KP®-P1 u KPO-P2
penieriTopoB B peaausauuu pevictsus KPO Ha co-
MaTU4YECKYI0 OOAEBYI0O YYBCTBUTEABHOCTD MO-
JKeT ocyuecTBAATbCA U He3aBucumo oT ITAKC,
4TO OATBEpPKAaeTcs nposiBAennem KPD addek-
TOB U B YCAOBUAX NopaBAeHMA akTuBHOCTY ITAKC
(Ji et al. 2013).

OrcyrcrBue CBA, n3MeHeHNe ee BEAMYVHDI
VIA AAUTEABHOCTY MOXXET OBITh IIPM3HAKOM I1a-
ToAoruu. Tak, aHaAbresus, BbI3BaHHAasI IAABAHIEM,
pa3BMBAETCA y MBI B HOPMAAbHBIX YCAOBUAX,
HO He MIPOSIBASIETCSI B YCAOBUSIX XPOHUYECKOV O0AU
(Andreoli et al. 2017). DToT dakT 0OBsACHIETCS
yBeanuyeHueM akcnpeccuy KP® B amurpaae B yc-
AOBMSIX XPOHMYECKON 00AM, TOTAQ KaK YMEHb-
meHue sakcnpeccuy KPO npuBoAUT K BOCCTaHOB-
AeHunio CBA n ymenbuienuto 6oan (Andreoli et al.
2017). B T0 )Xe BpeMs1 Y IaLIEHTOB C IIOCTTPaBMa-
TUYECKVMU CTPEeCC-BbI3BAHHBIMY HapYIIEHUSIMU
HabAI0AAAOCH, HA000pOT, yBeanueHne CBA, co-
IIPOBOXAQlollleeCs] TIOBBIIIEHHOM aKTUBaLyen
o0AacTeit MO3ra, CBsI3aHHBIX C pa3ButueM CBA —
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npedpOHTAABHOV U IIepeAHeN MIHCYASIPHO KOPBI
(Diener et al. 2012). B orau4ne oT KpaTKOBpEMEH-
HOTO aAQIITUBHOIO yTHETEHMsI 00AEBOI YYBCTBU-
TEABHOCTY, AAUTEADBHAS TUIIOAATE€3US SIBASETCS
MPU3HAKOM AVCPErYASIMY SHAOTE€HHBIX MeXa-
HU3MOB, KOHTPOAMPYIOLIUX OOAEBYIO YYBCTBU-
TEeAbHOCTD, B YCAOBMAX naroaoruu. Tak, maro-
AOTMYECKUII MPOLIECC B )KEAYAOUHO-KUIIEYHOM
TpaKTe, BbI3BAHHbIV YAbLIEDOT€HHBIM AE/ICTBUEM
VHAOMETAL[HA, COIIPOBOXAAETCA AAUTEABHOI

COMAaTMYECKOV TUII0AAT€e31el, YCTPaHEeHMe 3TOTr0
mpouecca HOpMaAN3yeT YPOBEHb COMAaTUYECKO
6oaeBoyt uyBcTBUTeAbHOCTHU (Yarushkina et al.
2015b)

Takum obpasom, uccaepobanne CBA sBasteTcs
MePCIIEKTUBHBIM IIOAXOAOM He TOABKO AASI TIOHU-
MaHus PyHAAMEHTAABHBIX MEeXaHU3MOB pU3NO0-
AoTHM OOAU U CTpecca, HO U AASI TIOMCKA HOBBIX
TepaneBTUYECKUX «MULIEHeN» AAST AedeHUsT 00AK
M CTPEeCC-BbI3BAaHHBIX CBSI3aHHBIX PACCTPOIICTB.
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Annomanyus. TIpeKOHAULOHMPOBaHIE — 9TO IPUMEHEHIEe Pa3AUYHBIX
IIPEBEHTVBHBIX BO3AEVICTBII C LIEABIO TTOBBIIIEHVSI yCTOMYMBOCTI OTAEABHBIX
OPraHOB MAM OPraHK3Ma B LIEAOM K TOBpeXXAaIM paxkropam. CyijecTByer
ABa OCHOBHBIX IIOAXOAQ IIPEKOHAMLVIOHMPOBAHNS — HEMEAUKAMEHTO3HBDII,
OCHOBAHHBII1 Ha IIpUMeHeHNM GpusnIecKux GakTOpOB YMePEHHOI MHTEHCUBHOCTI
(rumoKcusi/uieMusi, XOAOAOBOI 1 TEIIAOBOI CTPECC U AP.), I MEAMKAMEHTO3HBII,
[IOAYYMBLINI HAa3BaHUE PAPMAKONI0ZUHECKOE NPEKOHOUUUOHUPOBAHUE.
Kak caeayer u3 HasBaHus, papMaKOAOIMIECKO€e NTPEKOHAULIMOHMPOBaHIE
OCYIIECTBASIETCSI IIyTEM IIPEBEHTMBHOI'O MCIIOAB30BAHMS PA3AMYHBIX
(hapMaKOAOTMYECKMX areHTOB 1 B HACTOsIIjee BPeMsI PACCMATPUBAETCS KaK
MEPCIIEKTUBHBII MIOAXOA AASL ODeCrevyeHNsT KapAMO- U HEMPOIIPOTEKLINN.
B wyacTHOCTU, IpeaBapUTeAbHas: (papMaKOAOIMYECKasl MOATOTOBKA MOXKET
OBITh YAOOHA AASI ONEPaLIOHHBIX KAMHUYECKUX ClieHapueB. MHorue
(hapMaKoAOrMYeCcKye areHTsl, IPeAAAraeMble AASI TPEKOHAULMOHUPOBAHS,
y>Ke VMMEIOT MHOTOAETHUII ONIBIT NPUMEHEeHMsI B KAMHUKe. AaHHbIe
(bapMaKOAOTMUECKIEe areHThl MOTYT UCIIOAB30BAThCS U AASI MHBIX LIeA€lL.
Hamnpumep, 5T0 MHraAsIMOHHbIE aHECTETUKM, AaHTUOMOTUKY, OIIMOUABL.
ApyruMu rpymnmnamu BelecTs, pacCMaTpUBAEMbIX AAsL HAPMAKOAOTMYECKOTO
MPEKOHAVLIIOHUPOBAHMSI, SIBASIFOTCS areHThbl 0aKTEPUAABHOTO U DHAOT€HHOTO
IIPOVCXOXKAEHMST: CTEPOMAHBIE TOPMOHBI, AUTIOIIOAMCAXaPUA, AedepOKCaMuH,
SPUTPOMULIH, TPOMOUH, 9pUTPON0aTHH. C TPAHCASLIMOHHON TOYKU 3PEHIS
TOT QaKT, 4To NpodMAM 6€30MACHOCTY MHOTMX U3 STUX BEIECTB XOPOLIO
M3y4YeHbl U MIPOBEPEHBI, AOAKEH 00AErdaTh UX OBICTPOEe KAMHUYECKOE
BHeApeHMe 1 IpuMeHeHue. TeM He MeHee, HeCMOTPSI Ha TO YTO MHOTME BUABI
(bapMaKoAOrMIECKOro PEKOHAULIVIOHMPOBAHMSI AOKa3aAM CBOIO 3P HEKTUBHOCTD
M 3HAYUTEABHBIN TIOTEHIMAA B MOAEABHBIX MCCAEAOBAHMSIX HA )KUBOTHBIX,
OOABIIMHCTBO M3 HUX €llje He U3y4YeHbl B KAVMHIUYECKNX YCAOBMSIX. Takum
00pasoM, TeXHOAOT UM HapPMAKOAOTMUECKOTO ITPEKOHAULIMOHMPOBAHMS UMEIOT
BBICOKUIT TPAHCASILIMOHHBIN MTOTEHILMAA, TIPOOAEMa HEAOCTATOUHOCTHU
KAVHUYECKIX ICCAEAOBAHMIL B 9TOI 0OAACTH SBASIETCSI KPATHE aKTYaAbHOI,
a ee pelleHue M BHEAPEHUE AQHHBIX TEXHOAOIUIT B KAMHUKY MOXXET CTaTh
IIPOPBIBOM B IIPEBEHTHBHOI MeanLuHe. Leab HacTosi1ero 0063opa — nprBAeYb
BHJIMaHMeE MIMPOKOIO KPyra MCCAEAOBATEAEN U KAMHULMICTOB K AQHHOI
po0OAEMeE B HAAEXKAE, UTO ITO OYAET CII0COOCTBOBATD AKTYBHOMY ITPOABIDKEHIIO
K €€ pelIeHMIO.

Karuesnbte crosa: (1)apMaKOAOI']/I‘-IeCKO€ IIPpEKOHAULIMOHMPOBAHUE,
He];IpOHpOTeKI_II/IH, KapAMOIIPpOTEKLMS, TPAHCAALIMOHHAA MEANIIVIHA.


https://orcid.org/0000-0002-9868-0598
mailto:zenkomy@infran.ru
https://orcid.org/0000-0002-8956-726X
https://creativecommons.org/licenses/by-nc/4.0/deed.ru

M. IO. 3envko, E. A. PoibHUKOBAG

Pharmacological preconditioning

M. Yu. Zenko!, E. A. Rybnikova*"!

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

Authors

Mikhail Yu. Zenko, SPIN: 8129-3948,
ORCID: 0000-0002-9868-0598,
e-mail: zenkomy@infran.ru

Elena A. Rybnikova, SPIN: 9663-4704,
ORCID: 0000-0002-8956-726X,
e-mail: rybnikovaea@infran.ru

For citation: Zenko, M. Yu.,
Rybnikova, E. A. (2020)
Pharmacological preconditioning.
Integrative Physiology, vol. 1, no. 1,
pp. 32—-39. DOI: 10.33910/****-****_
2020-1-1-32-39

Received 5 July 2019; reviewed

4 September 2019; accepted
12 September 2019.

Funding: This research received grant
support from the Department

of Social Science and Humanities

of the Russian Foundation for Basic
Research, grant no. 19-015-00336.

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

BBepenne

Saint Petersburg 199034, Russia

Abstract. Preconditioning is the use of preventive actions to increase
the resistance of individual organs or the body as a whole to damaging factors.
There are two main approaches for preconditioning — non-drug, based
on the use of physical factors of moderate intensity (hypoxia/ischemia, cold
stress or heat-shock, etc.) and drug, called “pharmacological preconditioning”
As the name implies, pharmacological preconditioning is carried out through
the preventive use of various pharmacological agents and is now considered
as a promising approach to ensure cardio-and neuroprotection. In particular,
pre-pharmacological preparation may be convenient for surgical clinical
scenarios. Many pharmacological agents offered for preconditioning have
already been clinical use for many years, however, for purposes other than
preconditioning, e.g. inhalation anesthetics, antibiotics, and opioids. Other
groups of substances considered for pharmacological preconditioning are
agents of bacterial and endogenous origin: steroid hormones, lipopolysaccharide,
deferoxamine, erythromycin, thrombin, and erythropoietin. From a translational
point of view, safety profiles of many of these substances are well studied
and tested which could facilitate their rapid clinical implementation
and application. However, despite the fact that many types of pharmacological
preconditioning have proven to be effective and have significant potential
in animal model studies, most of them have not yet been studied in a clinical
setting. Thus, considering high translational potential of pharmacological
preconditioning technologies and marked insufficiency of clinical studies
in this area the implementation of these technologies in the clinic can become
a breakthrough in preventive medicine. The purpose of this review is to draw
the attention of a wide range of researchers and clinicians to this issue
in the hope that it will encourage the professional community to actively
engage in search for a solution.

Keywords: pharmacological preconditioning, neuroprotection, cardioprotection,
translational medicine.

apTepuM YacTOTa BHYTPUOIEPALIOHHOTO MHCYAD-
Ta KoAebAeTcs or 1,6 Ao 5,2% (Arrowsmith et al.

[Tpexouauionnposanue (I1K) — npeaBapu-
TeAbHasI 9KCIIO3ULIVS PAa3AMYHBIX GAaKTOPOB, IPK-
BOASIIIAS K ITOBBILIEHNIO AAQNTALIIOHHBIX PE3€PBOB
oprannsma. OCHOBY MeXaHM3MOB IIPEKOHAULINO-
HUPOBAHUS COCTABASIET MHAYKLIMSI/aKTUBALVsI
SHAOTEHHBIX 3aLIVTHBIX CTPATErNil AAST MUHVMU-
3aLMM TIOBPEXXAEHUI, UHAYLIMPYEMBbIX TIOCAEAYIO-
MMM HeraTUBHbIMU Bo3aelicTBuAMU. TTK myrem
ANMAVKALUY Pa3sAMYHBIX (papMaKOAOTMIECKUX
Bell|eCTB Ha3bIBaeTCs (apMaKOAOTMIECKIM U pac-
CMaTPUBAETCS KaK NMEPCIEKTUBHBIN TOAXOA AASI
obecrieueHNsI 321N ThI PA3ANYHBIX OPTAHOB, BKAIO-
4yast MO3r. HecMOTpsI Ha TO YTO AASI LIEA€BOTO
u sabdexTuBHoro npumenenus [TK Heo6xoAnmMo
3apaHee IIPEABMAETH AAAbHETIIIIee TOBPEXAQIoLlee
BO3AENICTBIE, CYIIECTBYeT OOABLIOE KOAMYECTBO
KAVIHUYECKVX CUTYalMii, KOTOPbIE II03BOASIIOT 9TO
cAeAarb. HarasiAHbIM NIpUMEPOM SIBASIIOTCS TIAQ-
HOBBI€ OIepaLVIL: TIPY LIYHTVPOBAHUY KOPOHAPHO
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2000). Apyr“M npuMepoM MOXET CAY>KUTb Kapo-
TUAHASI SHAAPTEPIKTOMM, BHyTpUOIlepalliOHHAas
4acTOTA pa3BUTUS MHCYAbTA AASL 9TOM ollepalun
KoAebaeTcs ot 0,25 Ao 7% (Allain et al. 2005),
npyyeM OOABLIMHCTBO TaKMX MHCYABTOB IPOMC-
XOAST B npepeAax b PpeKTUBHOIO BpeMeHHOro
OKHa NNpeKOHAULMOHMpoBaHuA. [[peaBapuTeabHast
dbapmakoaormueckasi MOArOTOBKA, TPEKOHAULIO-
HUPOBaHMeE, KaK MPEACTABASIETCSI, MOXKET OBITh
OYEeHb MTOAE3HA AASI ITUX KAMHUYECKUX CLIEHAPUEB.

MHorue ¢papMaKOAOTMYECKME aT€HThI, TIPEA-
AaraeMble AASI IPEKOHAMLIMOHMPOBAHUS, Y)Ke
VIMEIOT MHOTOAETHUI ONBIT IPUMEHEHNUS B KAU-
HIIKe, HO B ADYTMX CAMBIX pa3HOOOpa3HbIX chepax:
9TO A€Tyule aHeCTETUKY, aHTUOMOTUKMY, aro-
HUCTBI OMUOUAHBIX perenTopoB (Lim et al. 2004;
Koerner et al. 2007). C TpaHCASILIMOHHOW TOYKU
3peHMs XOPOIIO K3y4YeHHble ¥ IPOBEepEeHHbIe IPO-
¢dbuAM 6€30MacHOCTY MHOTUX M3 3TUX Bell[eCTB
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00A€r4amT UX OBICTPOE KAMHUYECKOE BHEAPEHE
u ipuMeHeHue. ViccaeAOBaHMSI Ha SKUBOTHBIX I10-
AOOHBIX PapMaKOAOTMIECKUX aT€HTOB IMOKA3aAU
HelponpoTeKTUBHbIE 3P PeKTHI, 10 pe3yAbTATUB-
HOCTM QHAAOTMYHBIE UIIEMUYECKOMY ITPEKOHAM-
yroHuposanuio (Ahmed et al. 2000).

OCHOBHBIMU I'PYIIIIAMHU Bel[eCTB, KOTOPBIE
MO>KHO MICITOAB30BaTh AASI PapMaKOAOTMYECKOTO
I1K, siBAsiIoTCS: papMaKoAOTMYeCKye areHThl OaK-
TEPUAABHOTO IPOUCXOXKAEHMSI (AUTIONIOAMCAXAPHA,
AedepoKcaMuH, SpUTPOMULIMH), A€KaPCTBEHHbIE
cpeAcTBa (OMMOUABI M KAHHAOUMHOUADI), MHTAAS-
LIOHHbIe aHecTeTUKM (M30pAypaH u Apyrue prop-
COAepIKallie aHeCTETUKY, KCEHOH, 3aKUCh a30Ta),
SHAOTEHHbIe areHThl (IOMMMO XOPOILIO U3y4YeH-
HbIX KopTUKocTepoupoB (Hall 1992), sctporenos
u porecturos (Roof and Hall 2000), sTo aputpo-
MOSTUH U TPOMOUH).

baktepuaAbHbie papMaKOAOTUYECKIE areHThI

Aunonorucaxapud

Aunonoauncaxapup (ATTC), MOIIHBIT 9HAOTOK-
CUH, KOTOPBIN UTPaeT BEAYIIYIO POAb B pa3BUTUU
rpamoTpunaTeAbHoro cerncuca (Davies and Cohen
2011), HEOThbEMAEMBIN KOMIIOHEHT KAE€TOYHOM
CTeHKM IPaMOTPULIATEABHBIX OAKTEepUN, MOXKET
SIBASITBCSI IPMMEPOM IMOTEHLMAABHO TOBPEXAA-
IOLIeT0 5K30T€HHOTO IPUPOAHOIO COEAMHEHUSI.
OAHaKo IpuMeHeHe MPEeKOHAULMOHVPOBAHUS
¢ ATIC B aKCIIepMMEHTE CHIKAAO MTOCAEAYIOIINE
MOBPEXXAEHUS TOAOBHOTO MO3ra B >KMBOTHBIX
MoAeAsIX uieMuyeckoro nHcyabra (Ahmed et al.
2000). Takke B aKCIIepMMEHTAX Ha CEPALle MPU-
MeHeHMe ATTC yAaydiraro KpoBOTOK MMOKapAQ puU
uHbapKTe, HaubOAee BEPOSITHO 3TO OBIAO OTTOCpe-
AOBAHO IOBBILIEHEM SKCIIPECCUY SHAOTEANAAD-
Hoit NO-cunrasser (Furuya et al. 2005). ITpearno-
Aaraertcsi, 4To (HaKTop HeKpOo3a OIyXOAM aAbda
(TNF-a), KOTOPbIN MPEACTABASIETCS KAIOYEBBIM
3BEHOM BOCITAAUTEABHOTO OTBETa BO BpeMs VH-
CyAbTOB, nHbapKkTOB 1 nHbekuuu (Tuttolomondo
et al. 2008), ABAsSIETCH OAHUM U3 BO3SMOKHbBIX
MeAMATOPOB OOHAPY>KEHHOI HEMPOMPOTEKLIUN.
B To Bpems Kak Ooabive KoHueHTpauuu TNF-a
ACCOLMMPYIOTCS C IPOBOCIAAUTEABHBIM IIOBPEX-
AQIOIIVIM BO3AENICTBUEM IIPM MHCYABTE U, COOT-
BETCTBEHHO, 00A€€e XYAIIMM KAMHUYECKVM IIPO-
rHosoM (Tuttolomondo et al. 2008), acaHHBIN
LUTOKVH B MEHBIINX KOAUYECTBAX MOXeT 00AaAaTh
IIPOTEKTVBHBIM AEVICTB/EM 32 CUET YMEHbILIEHNS
MOBPEXXAEHUI, OMIOCPEAOBAHHBIX CBOOOAHBIMHU
paAMKaAaMy, — C TOMOILbIO MHAYKLIMY CYTIEPOKCHA -
AMCMYTa3bl U MHrMOMpoBaHus armonrosa (Mallard
and Hagberg 2007).
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Aegepokcamun

VloHbI ’KeAe3a UTPAIOT CYI[ECTBEHHYIO POAb
MIPU YePEerTHO-MO3TOBBIX TPAaBMaX U UIIEMUIECKOM/
reMOpparnyeckoM MHCYAbTAX, KaTAAUBUPYs 00-
pasoBaHue cBOOOAHBIX papukaroB (Hua et al.
2006). AxTuBHbBIE HOPMBI KICAOPOAQ BBI3bIBAIOT
OOIIMPHBIN OKMCAUTEABHBIN CTPECC U TIEPEKUCHOE
OKMCAeHMe AMIIMAOB Mo3ra (Selim 2009). Bbicokuii
YPOBEHb >KeAe3a B MO3TY KOPPEAUPYET C BbI-
PaKEHHOCTBIO OKMCAUTEABHBIX MTOBPEXKAEHUI
(Palmer et al. 1994). AebepoxcamuH, BbIAEAEH-
HbIT U3 Streptomyces pilosus, siBAsieTCst CuAb-
HBIM XeAaTopoMm 1noHoB xeae3a (Keberle 1964)
Y ICTIOAB3YETCSI B KAMHUKE AASI A€YEHUsI COCTO-
SIHUI, TIPY KOTOPBIX HEOOXOAUMO BbIBEAEHUE
JKeAesa, HapuMep MPU TeMOXPOMATO3€ UAU €ro
nepeaosupoBke. AedepokcaMuH CBOOGOAHO TIPo-
HUKaeT vyepe3 reMatosHiepaAndecKuin 6apbep
Y UIHTMOMPYET >KeAe30-0II0CPEAOBAHHOE 0Opa-
30BaHMe cBoO6oAHBIX papukasos (Halliwell 1989;
Nakamura et al. 2003; Selim 2009). Beepenue
AedepokcaMyHa MPUBOAUT K aKTUBALIUU TPAHC-
KPUILMOHHOM aKTUBHOCTY TUITOKCUSI-UHAYLIM-
6eapHoro ¢axkropa 1 (HIF-1) (Semenza 2000;
Prass et al. 2003), 4T0, IO-BUAMMOMY, IPOUCXOAUT
yepe3 MHIMOMPOBAHME TPOAUA-TUAPOKCUAAZHON
aktuBHOCTU (Siddiq et al. 2008), ymeHbuIaeT
bopMupoBaHme OTEKA, CHUYKAET HEBPOAOTMYECKUIT
AebULIUT U YPOBHU MapKePOB OKMCAUTEABHOTO
nospexaenne AHK B Mmopeasix kpbic ¢ BHYTpu-
Mo3roBbeiM KpoBousausHuem (Nakamura et al.
2003).

OpumpomMuyuH

DPUTPOMULIMH, BbIpAeAeHHBIN B 1952 1. 13 Strepto-
myces erythreus, nmpeacTaBasier co60it WMPOKO
MpMMEeHsIEMbIII aHTUOMOTUK U3 TPYIIIBI MAKpPO-
AVIAOB AAST AGYEHUS IPAMIIOAOKUTEABHBIX MH(DEK-
uuit (McKendrick 1979). HapyuraeT cunTtes 6ax-
TepMaAbHBIX OEAKOB IyTeM CBsi3pIBaHMs ¢ 50S
cyObeAMHMLIeN prOOCOM ¥ OTHOCUTEABHO AETKO
nepeHocurcs nayueHtamu (Straughan 1978).
Inpoxoe nmprMeHeHUsI aHTUOUOTUKOB B CO-
BPEMEHHOM KAMHUYECKOI MPAKTUKE AEAQEeT UX
KpaitHe MPUBAEKATEAbHBIMU B KaueCTBe Ipe-
KOHAMLMOHUPYIOIIUX areHToB. VccaepoBaHMs
Ha KpbIcax nmokasaau, utro npu I'lK ¢ ucnoarszona-
HUEM 3PUTPOMULIMHA IPU ULIEMUYECKUX UHCYAb-
Tax OTMEYaeTCsI AOCTOBEPHOE CHUKEHUE TU-
OeAV HEPOHOB I'UIITOKAMIIA U TEMEHHOU KOPBI
(Brambrink et al. 2006), a Tak)Xe ymMeHblIeHKE
YPOBHEN LIUTOKMHOB/XEMOKMHOB, MOIIHBIX Me-
AVATOPOB BOCIIAAUTEABHOTO TIOBPEXAEHUS Hell-
pouos (Koerner et al. 2007).
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AeKapCTBeHHbIe CpPE€ACTBa

Onuouowt

1K ¢ npumeHeHreM MOpQUHA OKa3bIBAET BbI-
paXeHHO€ HEIPOIIPOTEKTUBHOE AEVICTBIE, IPY ATOM
CHIDKAETCsl YPOBEHb I'mbeAr KAeTokK [lypkuHbe
B Cpe3ax MO3)KeyKa KPbIC, TOABEPTLIVXCS ULLIEMUN
(Lim et al. 2004). VMccaep0BaHUA TaK)Ke TTOKA3aAAH,
YTO ONMOMABI MOT'YT MMETb OTCPOYEHHBII KaPAVIO-
NPOTEKTUBHBIN 3¢ PeKT: 00beM NHPaAPKTa Y KPBIC,
MOAYYaBLIMX MOP}UH 3a 24 4 A0 MIeMun, ObIA
AoctoBepHo yMmeHbiueH (Lehmann 1997). Hauboaee
BEPOSITHBIMU MUILEHSIMU, Yepe3 KOTOpbIe MPOoTe-
KaeT MOAOOHAs HePO- 1 KAPAUOIIPOTEKLIVIS, SIBASI-
I0TCSI AEABTA-OIMOMAHBIE PeLenTOPbL. AKTUBALIS
AEABTa-OIMOVAHBIX PELeNITOPOB 3alUIAeT Hell-
POHBI KOPBI OT TAYTaMaT-MHAYLMPOBAHHOIO I10-
BpexxaeHust (Zhang et al. 2006), mpyyem mpoTeKLys,
BepOsITHO, upaeT yepe3 HIF-1-onmocpepaoBaHHbIe
TpaHcKpunuyonHsle myTu (Peng et al. 2009). Vccae-
AOBAHVISI C PAa3AMYHBIMY OTVIOVAHBIMY aHTArOHUCTA-
MU MMOKa3bIBAIOT, YTO PA3AUYHbIE TUIIBI OMMOVA-
HBIX PeLIeNTOPOB aKTUBUPYIOTCS B OCTPBIN U OT-
CPOYEHHBIN MMePUOABL Tak, QHTarOHUCTBI AEAbTa-
OIMOAHBIX PeLIeNTOPOB yOuparoT ObICTpylo dasy,
a CeAeKTVBHbIE QHTArOHUCTbI MIO-PELIeIITOPOB YOu-
paioT oTcpoueHHyo (asy HeriponpoTexiuu (Zhao
et al. 2006). Apyrum ¢paKTOpoM HelpoNnpOTEeKLNN
MOXXET OBITh YAy4IIIEH) € KPOBOTOKA B ULIIEMUYECKMX
pernoHax: y Kpbic, moayuusumx [ 1K c penTanmnaom,
3HAYUTEABHO YBEAUMACS LiepeOpaAbHbI KPOBOTOK
B nmeMuyeckux obaactax (Chi et al. 2010). Takske
ONVOMAHOE IIPEKOHANLIMIOHVPOBAHME CHIDKAEeT
ATIC-omocpepoBaHHbIe TIOBpexkAeHMs Mo3ra (Gwaks
et al. 2010), 4TO rOBOPUT O €ro BAUSIHUM Ha BOC-
MAAUTEAbHbIE MEXAaHM3MbI IIOBPEXAEHMST MO3Ta.

Kannabunouow:

ViccaepOBaHMsI HEPOTIPOTEKTUBHOTO AEMCTBYS
KaHHaOMHOMAOB [TOKa3aAM MHIMOMPOBaHMe TAyTa-
MaTepruyeckoyl CMHaIITU4eCKON IepeAayy B IUIl-
MTOKaMIIe KPbIC, YTO 3all1IIjaeT HePOHbI OT 9KCANTO-
tokcuuHocTU (Shen et al. 1996; Shen and Thayer
1998). Ananpamua, Terparuppoxannaburoa (TTK)
nAu cuHretudeckuit aronuct CB1-peuentopos
WIN-55212 cHMXKaAU KA€TOYHYIO CMePThb Hellpo-
HOB I'MITITOKaMIIa KPBIC B KyAbType KaeToK (Gilbert
et al. 2007) u mpu ninemuu (Nagayama et al. 1999),
a ux aHTarouct, AM251, 6A0KupoBaA MoA0OHYI0
Henpornporekuuio (Koch et al. 2011). Leker u aAp.
(2003) coobmyau, uro CBl-aronunct HU-210
YMEHbBILIUA 00'beM IIOBPEXAEHMIT TOCAE OKKAIO3UU
cpeaHent Mo3roBoit aprepun. OAHOKpaTHOe BBe-
aenne TT'K yBeanunao pocopuanpoBanme Akt-
KMHAa3bl B TUIIIIOKAMIIE, CTPUATYMe U MO3>KeuKe
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Mbllielt, 3ToT 3¢deKT ObIA OAOKUpPOBaH U30MUpa-
TeAbHbIM CB1l-aHTaroHUCTOM pUMOHA0AHTOM
(Ozaita et al. 2007). Axtuauus PI3K/Akt mytu
MO>XeT MOAYAMPOBATb SKCIIPECCUIO Y aKTMBHOCTD
T€HOB, YYaCTBYIOIIMX B BDKVMBAHNUM KAETOK, 00e-
crieunBasi CB1-MHAYLIMPOBaHHYIO HEVPOIIPOTEKLMIO,
KOTOPYIO BBI3bIBAIOT SHAOTEHHbIE I CUHTeTUYeCKle
CB1-aronuctbl. OHM MOT'YT pacCMaTpUBAThCS KaK
MOILHBIN MOAYASITOP 3a00aeBanmit LIHC, pAas xo-
TOPBIX XapaKTePHBI BOCIAAEHYE U Y TOMMYHHOCTb
(Centonze et al. 2007). AktuBarmst CB2-perentopos,
HaXOASIILVIXCS TPEVMYLIIeCTBEHHO Ha HEHEMIPOHAAb-
HBIX KAETKaX, CUHTeTU4eCKMu aronuctamu O-3853
1 O-1966 3HaYUTEABHO OCAAOASIET MTPOLIECCHI AK-
TUBALIMU AEMIKOLUTOB U UX aATE€3UU K SHAOTEAMIO
(Pacher and Hasko 2008; Stella 2010), ymeHbluast
BocrnaseHye. CnocOOHOCTh KaHHaOVHOVAOB pery-
AVIPOBATb IPOCBET COCYAOB, B TOM UJCAE TOAOB-
HOTO MO3Ta, MOXeT OBITb APYTMIM BO3MO>KHBIM
MEXaHM3MOM, C TIOMOI[bI0 KOTOPOTO OHU OKa3blI-
BarT samuTHOe AevictBue (Golech et al. 2004).

]/[HI'aAHI_U/IOHHbIe AHECTETUKN

AeTyure aHeCTETVKU SBASIIOTCS OCHOBHBIMMU
aHecTeTMKaMu B KAnHM4eckoi npaktuke (Clergue
etal. 1999). Han6oaee yacTo nCHOAB3YIOTCS PTOP-
COA€p>Kalliiie MHTAASILIMOHHbIE aHECTETUKN U30-
daypaH, ceBodpAypaH 1 ux aHaAOru. AAsI IPEKOH-
AVILIMOHMPOBaHMSI BO3MOXKHO ITPUMEHSTh TAKXKe
KCEHOH U 3aKVCh a30Ta. VICCAEAOBaHUS C UCIIOAD-
30BaHMEM IEPEXMUBAPINUX CPE3OB TOAOBHOTO
MO3ra KpbIC II0Ka3aA0, YTO M30(dAypaH ocarabaser
HeriporokcuyHoctb AMPA (Li et al. 2002), a akTuB-
HOCTb HEePONPOTEKTUBHOTrO 3pdeKTa AeTyunx
AQHEeCTETMKOB XOPOIIO KOPPEAMPYET C MOTEHLIMEN
3TUX QaHECTETUKOB AASI MIHAYKLVM aHecTe3nu (Zheng
and Zuo 2003). Vicrioab3oBanue nzopAypaHa siB-
ASIAOCBH 3 PEKTUBHBIM METOAOM IIPEKOHAULIMOHY-
poBaHusi roAoBHOro Mo3ra Kpeic (Park et al. 2005;
Sang et al. 2006). [TpeKOHAULIMOHMPOBaHME C KCe-
HOHOM TaK)Xe M3y4aA0Ch Ha [IePEKUBAIOLINX Cpe3ax
runmnokamna Mmeiueit (Bantel et al. 2009). ITopo6Hast
HEPOIPOTEKLIVSI MOXeT ObITh OIIOCPEAOBAHA aK-
TUBaLMenn MUTOXOHApUaAbHbIX K*/AT® xaHasoB
(Bantel et al. 2009), BBIABUTQAUCDH TUIIOTE3bI O POAU
CREB, Bcl-2, Akt u HIF-1a (Luo et al. 2008), mo-
MVMO KAQCCUYECKOTO AEVICTBYS KCEHOHA KaK He-
crietnuryeckoro antaronncra NMDA-petientopos.
3aKkuch a30Ta, KaK ObIAO [TOKA3aHO, OKa3bIBAET
BbIPa)KEHHBI KAPAMOTIPOTeKTUBHBIN et (Weber
etal. 2005), BOItpoc ke HEMPOIPOTEKTUBHOTO A€il-
crBus I1K ¢ 3akucpio asora Tpebyer M3yyeHUsI.

CyliecTByiolie AQHHbIE O TEHAEPHBIX U BO3-
pacTHbIX pasanuusx Herponporexkuuu I1K ¢ uH-
raassuquoHHbiMu aHecTetukamu (Kitano et al. 2007)
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TPeOYIOT MOBBILIEHHOTO BHUMAHMSI U AAAbHeI1IIe-
IO U3y4YeHUs AASL Pa3BUTUA TaK Ha3bIBA€MON «VH-
AVIBUAYAABHON MEAVLIVIHBI», IIOCTETIEHHO BXOASLIIEN
B KAMHUYECKYIO MPaKTUKY.

BHAOI'CHHI)IC areHTbI

SpumponodsmuH

DpurpomnoatuH (IT10), Ba)KHBIT KOMIIOHEHT
SPUTPOII033a, IPOAYLIMPYEMBIII BO B3pOCAOM Op-
raHu3Me IpenMYILeCTBEHHO B TOYKax. VIHrnbupys
arloITO3 MPEAIIECTBEHHUKOB 3pUTPOLUTOB, IITO
YBEANYMBAET BbIPAOOTKY KPACHBIX KPOBSIHBIX TEAEL].
IToMumo moyek TakKe Opiaa 0OHAPY)KEeHa SKCITPeC-
cusi reHOB ero peuenrtopa u camoro D110 B mo3sry
(Marti et al. 1996), nmpuyem aKTMBALMSI SHAOTE€HHOM
skcrpeccun DI1O npu uieMun, Kak MOAAraoT,
UT'PaeT BOXKHYIO POAb B HEMPOIIPOTEKTUBHOM 3¢-
dexTe MIIEeMUYECKOTro MPEKOHAULIMOHMPOBAHNSL.
[TpeamoaaraeTcsi, 4TO, KaK U IPU SPUTPOIIOI3€, OH
OCYILECTBASIET HEMPOIIPOTEKLMIO Yepe3 CBOE aHTU-
AMONTOTUYECKOE AEMCTBUE: IIPU ULIEMUIECKOM
cTpecce acTpoLuThl BeicBOOOXKAa0T IITO, uTo
NPUBOAUT K IOBBIIIEHHON HEIPOHAABHOM YCTOM-
IMBOCTU K OCAeaytoient niemun (Prass et al. 2003).

DPUTPONIOITUH SIBASIETCSI MEPCIEKTUBHBIM
areHTOM B KaueCTBe TePAIeBTUYECKOrO CPEACTBA,
TaK KaK OH OTHOCUTEABHO 0e30I1aceH ¥ XOPOILIO
nepenocuTtcs naumentamu (Eid, Brines 2002),
A€rKO IMPOHUKAET Yepes3 reMaTosHuedaAndecKuit
6appep (Eid, Brines 2002), 4TO MO3BOASIET TIPU-
MEHSITD €r0 CCTEMHOE BBEAEHIIE, A €T0 HEPOIIPO-
TEKTUBHBIN 3P DEKT MPOSIBASETCS B T€UEHUE He-
ckoAbKrx MuHYT (Ruscher et al. 2002) u moxer
AAUTBCSI AO Tpex cyToK (Dawson 2001).

DPUTPOIIOITUH AOCTOBEPHO ITOBBIIIAET YPOBEHD
rayraTuoHnepokcraasel (Kumral et al. 2005), ctu-
myaupyeT aHruoreHes (Hasselblatt et al. 2006),
yMeHbIIaeT KOAMYECTBO MTPOBOCIAAUTEABHBIX
uutokuHos (Villa et al. 2003).

XoTs IepBOHAYaAbHbIE KAUHIYECKYE UCTIBITAHYSI
SPUTPOIOITHHA [IPYU UIIEMUYECKOM MHCYABTE II0Ka-
3aAM nepcrekTyBHble pe3yabTrathl (Ehrenreich et al.
2002), 60Aee TTO3AHME UCCAEAOBAHUS TIPOAEMOH-
CTPUPOBAAY OTCYTCTBUE TEPANIEBTUYECKON BHITOABI
u yBeanueHre cmeptHocT (Ehrenreich et al. 2009).

TpombuH

TpoMOUH urpaeT BayKHYIO pOAb B KacKape Koa-
ryasuuu (Coughlin 2000). V1 xots nopaBasioliee
OOABLIMHCTBO IIPOTPOMOVHA CUHTE3UPYETCS B I1e-
YeHU, MPOTPOMOVH TAKKe SKCIIPECCUPYETCS B KAET-
KaX LJeHTPAABHOV HEPBHOW CUCTEMBI, IpUYeM
B UILEMUYECKUX MOAEASIX Ha )KUBOTHBIX [IOKA3aHO
yBeanueHue ero koanuectna (Riek-Burchardt et al.
2002); oTek Mo3ra ocAabAsIeTCsS MpUMeHeHeM

36

nHrubuTopoB TpombuHa (Lee et al., 1996), a B mo-
AEAV ULIIEMUYEeCKOTO MHCYABTa BHYTPUAPTEPUAAD-
HOE BBeA€eHEe TPOMOMHA TPUBOAUAO K AOCTOBED-
HO 6oablemy nmospexperuio (Chen et al. 2010).
Tax>ke TPOMOMH UTpaeT BaKHYIO POAb B BOCITAAM-
TEABHOW PeakLi IIOCAE TPABM TOAOBHOTO MO3Ta
(Nishino et al. 1993) u MoOXXeT TOTEHLIMPOBATH
pabory NMDA-pelenTopos, yCUAMBas 9KCANTO-
TokcuyHocTb (Hamill et al. 2009).

OpHako, 1o aHasoruu ¢ AI'IC, BBepeHe HU3KUX
A03 TPOMOMHA TIPOAEMOHCTPUPOBAAO BHIPASKEHHOE
Helpo- U KapAUOIPOTEKTUBHOE AelicTBue. Tpom-
OMHOBO€E MPEKOHAULMOHUPOBAHME YMEHbIIIaeT
orek mo3sra (Xi et al. 2000) 1 ypoBeHb ITOBeAeHYe-
CKMX HapYIIEHUI B MOAEASIX LiepeOpaAbHOM Ulile-
muu (Masada et al. 2000). BBepeHyie aHTaroHucTa
TPOMOMHOBOIO peLieNnTopa yXyALIaAo 3 peKTrB-
HOCTb TpoMbuHOBOTO I1K, 4TO, MO-BUAUMOMY,
CBUAETEABCTBYET O 3HAUMMOCTY aKTUBALMY TPOM-
OMHOM CBOErO peLenTopa AASI Pa3BUTHS POTEKLUU
(Jiang et al. 2002). Tax>xe HU3KME AO3bI TPOMOMHA
BBI3BIBAIOT aKTMBALIMIO OeAKa TEITAOBOIO IIOKa 27
(Hsp27) (Xi et al. 1999), koTOPBIT TAKXKE NMeEET
aHTUanonroTuyeckue ceonctna (Stetler et al. 2009).

OueBupHas 3aBUCUMOCTD 3G (PEKTOB OT AO3BI
BBEAEHISI TPOMOMHA YCAOXKHSIET €ro usydeHue
" KAMHUYECKOe TIpUMeHeHre. B HacTosee Bpems
He SICHO, SIBASIETCSI AL ABOVICTBEHHAsI MIPUPOAQ
AEVICTBUS TPOMOMHA Pe3yABTaTOM aKTUBALIUY Pa3-
AVYHBIX ITyTell MAU €AVHOTO MeXaHM3Ma.

3akAruenue

O6006111as1 BBILIEONVICAHHOE, CAEAYET OTMETUTD,
4yTo papmaxosornyeckoe ITK HecomMHeHHO MeeT
OOABILIVIe TIEPCIIEKTUBBI AASI CHIDKEHUS 3a00A€eBae-
MOCTHU V1 CMEPTHOCTY, CBSI3aHHBIX C MILIIEMUYECKIMU
Yl reMopparnyecKumMu nHcyabramu. OAHaKo, HeCMO-
TPs1 Ha TO UTO MICCAEAOBAHMS IPOAOAKAIOTCS, OCTa-
I0TCSI MHOTVE TIPEISITCTBUS AAS OCYLIECTBAEHMS
¢dapmaxoaoruyeckoro ITK B KAMHUYECKVIX YCAOBUSIX.
MpHorue noreHuaAbHbIe areHThl, Hanpumep AIIC,
VIMEIOT HM3KUI1 TepaneBTUUeCKUil MHAEKC. Apyroit
OCAOXKHSIOLINIT (AaKTOp — HapylIeHue paboThI re-
MaTosHIlehaAnueckoro 6apbepa, YTO 4aCTO HabOAIO-
AQ€TCsI IpU MHCYABTe, — (PaKTOp, KOTOPBIIT MOXET
CA€AQTb TOYHYIO AO3MIPOBKY CHCTEMHBIX areHTOB
TPYAHOJ U MIBMEHUTb TOKCMYHOCTb HEKOTOPBIX
areHToB (Chen et al. 2010). XoTs1 MHOTME BUABI dap-
makoAaorndeckoro I1K noxkasaau nepcrnekTuBHbIE
PEe3YABTATbI B MOAEASIX Ha )KUBOTHBIX, OOABIIMHCTBO
13 HUX ellje He U3Y4YeHbl B KAMHUYECKUX YCAOBUSIX,
a HexoTopble, KaKk AIIC u apuTponosTuH, umean
HEOAHO3HAYHbIE, A0303aBUCHMbIE, PE3YABTATHI
(Ehrenreich et al. 2009). ITpeumyiiecTBa 3TOrO Me-
TOAQ HECOMHEHHBI, HO YTOOBI peaAr30BaTh €ro Io-
TEHLaA, HEOOXOAVIMBI AQAbHeIIIVEe ICCAEAOBAHMSL.
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AHnHOmayusa. MeTabOOANUTBI KMHYPEHMHOBOTO MyTH 0OMeHa TpunrodaHa
(KITOT), nan KMHypeHUHBI, 00AAAQIOT PSIAOM HEPOAKTUBHBIX CBOJICTB.
Hapymenusa KITOT HaOAI0AQIOTCA TPY Pa3ANYHBIX 3200A€BaHUAX HEPBHO
CUCTEMbI, TAKUX KaK 60Ae3HM XaHTUHITOHA, [TapkuHCcoHa U AAblirenimepa,
crapyeckoe caaboymue, mnsodpeHnsi, AepecCcrBHbIE COCTOSIHUS U AD.
/13BeCTHBI ABa OCHOBHBIX MEXAH/3Ma BO3AEVCTBYSI KMHYPEHVHOB Ha ITPOLIECChI
B HEPBHBIX KAETKAX — MOAYASILVA aKTMBHOCTY KA€TOUYHBIX PeLielITOPOB
Y MOAYASILIVISI OKMICAUTEABHO-BOCCTaHOBUTEABHOTO IIOTEHLIMAAQ. TaK, KMHypeHOBast
kucaora (KYNA) siBastercst HeceudpIeCcKUM aHTarOHMCTOM IOHOTPOITHBIX
PELeNTOPOB TAyTaMaTa M MHIMOUTOPOM 3KCANTOTOKCUYECKUX MIPOLIECCOB.
3-ruppoxcukunyperrH (3HOK) nHrubupyer nepekncHoe OKMCAEHME AUTIHAOB,
HO B BBICOKOJI KOHLIEHTPALIIM BCAEACTBYE OKMCAUTEABHOI Yy TOAVIMEPU3aLinI
BbI3bIBAET IUIIEPIIPOAYKLIMIO IIEPOKCHAA BOAOPOAQ, YTO IPUBOAUT K riOeAr
HepBHBIX KAeTOK. MOAeKyAsIpHbIE MEXaH/3Mbl HEMIPOAKTMBHOCTY KVHYPEHNHOB
YAOOHO MCCAEAOBATD HA IMPOCTBIX MOAEABHBIX 00BEKTAX, TAKMX KAK MUeAd
n Aposoduaa, mytauny reHoB KTTOT y koTopeix oHU crieliudpuyeckyt BAUSIIOT
Ha COAEp)KaHNe KMHYPEHNHOB. YAOOCTBO MCIIOAB30BAHMSI MYTaHTOB APO30(bUABI
AASL I3yY€HUS HEMIPOTPOITHBIX CBOMICTB KMHYPEHVMHOB OTIPEAEASIETCS PSIAOM
06cTosTeAbCTB: 1) oTcyTcTBUe yTH cuHTe3a NAD' 13 3HOK y HacekoMbIx
u, cAepoBaTeAbHO, BAMsIHMA AedexToB KTTOT Ha sHepreTnuecknit MeTaboAn3M;
2) oTCyTCTBUE y HacCeKOMBIX psiaa MeTaboanToB KITOT, Takux Kak XMHOAMHOBASI
KICAOTA, IOTeHIMupyloias HeitpoTokcuueckue csorictBa 3SHOK; 3) Boicoxmit
ypoBenb 3HOK B opraHmusme B CMAY HEOOXOAMMOCTY CUHTE3MPOBATh
B OOABIIIOM KOAMYECTBE MUTMEHT KCAHTOMMATIH; 4) MeToAMYeCKasi IPOCTOTa
MIPOBEAEHSI TeHETUYECKYX, PUBMOAOTIECKIX I MOAEKYASIPHO-OOAOI MYECKIX
nccaepoBanmit. Hakonaenne 3HOK y mytanra cardinal (cd) apozoduast
BBbI3bIBA€T HapylIeHue OpayHoll IeCHM CaMLja ¥ Pa3BUTUE CUHANTUYECKON
MIATOAOTMM Ha MO3AHUX CPOKaX ku3Hu umaro. Kpome Toro, y cd HabAropaeTcs
BO3pacCT-3aBUCHMOE HapylLIeHVe CPEAHECPOYHON MaMATY B ITapaAurme
YCAOBHO-Pe(pAEKTOPHOTO MOAABAEHMS YXaKMBaHUs. BpllleykasaHHOe
M03BOASIET PACCMATPUBATD Cd KaK MOAEAb CEHMABHOI AEMEHLIMY Y YeAOBeKa.
Hanpotus, y myrauTa cinnabar (cn) c nakonaennem KYNA ormeueHo
MO3UTVBHOE BAUSIHIE AQHHOTO HEIPOIIPOTEKTOPA Ha MTAMATD M 3BYKOIPOAYKLIMIO.
B neaom npoayxTel KITOT okasbiBaloT akTuBupytoljee paerictsrue Ha LTHC
U TIOBEAEHYECKYE ITPOLIeCCHL.

Karuesote croBa: KMHYypeHUHD], AP030duiAa, 3-TUAPOKCUKUHYPEHMH,
KMHYPEHOBasI KICAOTA, TAMSITb.
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Abstract. Metabolites of the kynurenine pathway of tryptophan metabolism
(KPTM) or kynurenines, have a number of neuroactive properties. Disturbances
of KPTM are observed in various neuropathologies, such as Huntington,
Parkinson, and Alzheimer’s diseases, senile dementia, schizophrenia, depressions,
etc. Kynurenines are known to impact processes in nervous cells through two
mechanisms — modulation of activity of cellular receptors and modulation
of oxidation-reduction potential. Kynurenic acid (KYNA) is a nonspecific
antagonist of the ionotropic glutamate receptors and an inhibitor of excitotoxicity.
3-hydroxykynurenine (3HOK) inhibits peroxide oxidation of lipids,
but in high concentration owing to an oxidizing autodimerization causes
hydrogen peroxide hyperproduction that leads to death of nervous cells.
It is convenient to investigate molecular mechanisms of kynurenine neuroactivity
on simple model objects, such as bee and Drosophila, where mutations
of KPTM genes affect the level of kynurenines. There are several reasons why
Drosophila mutants make a good choice to study kynurenine neurotropic
properties: 1) Insects do not synthesize NAD from 3HOK, hence, no influence
of KPTM defects on power metabolism; 2) Insects do not have certain KPTM
metabolites, such as quinolinic acid, which potentiates neurotoxic properties
of 3HOK; 3) High level of 3HOK as a response to the synthesis of xanthommatin
pigment; 4) Simple methodology of genetic, physiological, molecular
and biological research. In Drosophila cardinal (cd) mutant, the accumulation
of 3HOK causes irregularities in a male courtship song and the development
of synaptic pathology in late stages of imago development. Besides, in cd
the age-dependent disturbance of medium-term memory in a paradigm
of the conditioned courtship suppression is observed. The above allows
to consider cd a model of senile dementia in humans. On the contrary,
in cinnabar (cn) mutant with the accumulation of KYNA this neuroprotector
has a positive impact on memory and sound production. In general, KPTM
products have an activating effect on central nervous system and behavioral
processes.

Keywords: kynurenines, Drosophila, 3-hydroxykynurenine, kynurenic acid,
memory.

KunypeHunHoBbIIT yTh 00MeHa TpunTodana

KunypeHunHoBbI1 yTh 0OMeHa TpunrodaHa
(KTIOT) — marucTpaAbHbIil IyTh KaTaboAau3Ma
9TOV AMUHOKMCAOTHI B OpraHu3Me 4eaoBexa (~95 %)
(Badawy 2017). Oxoao 90 % tpunrodana (TRP)
meTtaboansupyercs o KITOT B meueHu, HaumHas
C OKMICAUTEABHOI'O Pa3pYILEHVSI MHAOABHOT'O KOAb-
1a TpunrodaHa ¢ yuactreM GpepmMeHTa TPUNTOPAH-
2,3-puokcurenassl (TDO). B mo3sre KAo4eBbIM
depmentom KITOT sBAsieTcss MHAOAAMUH-2,3-
anokcurenasa (IDO). HasBanue nytu paet ero
TIePBBIN CTaOMABHBIN IPOAYKT — KuHypeHuH (KYN).
Koneunpn1 npoaykT KITOT y MmaexonmTaommx —
HUKOTUHaMUAAAEHUHAMHYKAeOTUA (NADY), Bak-
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HeMILINI KOPePMEHT OKUCAUTEABHO-BOCCTAHOBH -
TeAbHBIX peakumit (Schwarcz et al. 2012).
KunypeHuHbl 00AaAQIOT IIMPOKUM CIIEKTPOM
HEePOTPOINHBIX 3P PEeKTOB y TO3BOHOUHBIX U bec-
IMO3BOHOYHBIX XKUBOTHBIX (Aaruu 2004). VMsme-
HeHMs1 ypoBHs MeTaboauTos KITOT y yeroBeka
HAOAIOAQIOTCSI TIPU PSIAE HETPOAOTUYECKUX U TICU-
xuueckux 3aboaeBanuit (Schwarcz et al. 2012).
B kpoBu ctpapamumx 60Ae3Hb0 AAblreriMepa
(BA), a TakXe B CBIBOPOTKE U LIepeOpOCIMHAABHOM
xupkoctu (LIC)K) mpu 60oaesnu ITapkuncona (BIT)
B pe3yabrare ctumyassiyu IDO y-unrepdeponom
nosbiiaercs yposeub KYN/TRP (Widner et al.
2000; 2002). ITpu mmmsodpeHnn HaOAIAAETCS TIO-
BBILIEHVE YPOBHS KMHYpeHOBOM K1cAOThI (KYNA)

41


mailto:beneor@mail.ru
https://orcid.org/0000-0003-1897-8392
https://orcid.org/0000-0003-1897-8392
mailto:21074@mail.ru
mailto:esavvateeva@mail.ru
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

Porb KuHypeHUHOB B pe2yAayuy noBedeHUs U NpPoueccoB Namamu y 0po30huin.

B mpedpoHTasbHOIT Kope (Wonodi, Schwarcz 2010).
XunoaunoBas kucaota (QUIN) B mosre ycuan-
BaeT IAyTaMaTepruyecKyio HEMpOTPaHCMUCCUIO
11 BO30YAMMOCTD LJeHTPaAbHOI HEPBHO CUCTEMBI
(LIHC), KYNA oka3sbIiBaeT IpPOTUBOIIOAOXKHOE
aenictBue (Foster et al. 1984). Y nauneHTOB € cyn-
LupaAbHbIMU onbITKaMy ypoBeHb QUIN/KYNA
B LiepeOpOCIMHAABHOI )KUAKOCTH ITOBBILIEH OoAee
4eM B ABa pasa (Bryleva, Brundin 2017). Ha panHeit
crapun 6oaesnn XautuurroHa (bX) B HeokopTek-
ce 1 HeocTpuaTyMe nosbiraeTcsa ypoBenb QUIN
u 3-ruppokcukunypennta (3HOK) (Guidetti et al.
2004). CymmapHbiit 3pdeKT KMHYpPEHMHOB Ha aK-
tuBHOCTb LTHC omnpeaeasieTcs cooTHoleHreM
KOHLIEHTpaLUi BO30Y>KAQIOIMX MeTab0AUTOB
KITOT (QUIN, KYN, 3HOK) 1 ux aHTaroHucToB
(KYNA, 3-okcunupyBaT, HUKOTMHaMKA) (AanyH
2004). IToBbIlIeHE YPOBHS OTAEABHBIX META00AM-
ToB KIIOT B opraHn3sme ueaoBeKa — XapaKTepHbIi
MapKep psipa 3a00AeBaHUI: aHTPAHUAOBASI KICAO-
ta (AA) — caxapHoro pnaberta 1-ro Tuma (Oxenk-
rug et al. 2015), kcauTypeHoBas Kucaora (XAA)
u KYNA — caxapHoro pAnabeta 2-ro Tuna (Oxen-
krug 2015). Aucperyasuus KITOT Beper k pas-
BUTUIO AebUITUTA BHUMAHUS U TUTIEPAKTUBHO-
ctu (Aarsland et al. 2015), kapAMOBacCKyAsIpHOTO
cuHapoma (Mangge 2014) u Kk popmMMpOBaHUIO
katapakTsl (Flieger et al. 2018).

HIupokuii CrieKTp NaTOAOTUYECKUX IIPOLIECCOB,
B KoTOopbie BoBAeueHbl MeTaboAuThl KITOT, BbI-
3bIBaeT BOIIPOC, SIBASIETCSI AU AEVICTBUE KMHYpe-
HUHOB crieludunyHpiM, a aktuBauus KITOT — cu-
CTEMHBIM MEXAaHM3MOM OTBETa Ha CTPecC Mpu
3aboaeBanuax LIHC. ITpuunna psaa HelpoAoru-
YeCKuX 3a00A€BaHUI — Pa3BUTYE BOCTTAAUTEABHBIX
MIPOIIECCOB B MO3T€, COTTPOBOXKAQIOIIEECS BBIOPOCOM
LUTOKMHOB U aKTUBaLMell KAeTOK MMMYHHOM CU-
cTeMbl. K 4MCAy rAaBHBIX MUILEHE! IPOBOCIAAK-
TEABHBIX LIUTOKMHOB OTHOCSTCSI MeTaboAMYeCKIe
IIyTH, BAVISIIOLIIVIE HA CIHTE3 MOHOAMMHOBBIX Hell-
porpaHcMutTepoB — KITOT u nmyTh pAerpapaunu
TeTparuApobumonTeprHa, KohakTropa KAIOUYEBBIX
dbepMeHTOB CUHTe3a CepOTOHMHA U AobaMMHa.
Lintoxkuusl BAUsioT Ha raurauu 1LTHC, cHukast
YPOBeHb MOTMBALIMU I MOTOPHOM aKTUBHOCTH, YUTO
BeAET K pa3Butuio penpeccun. OCHOBHOM O1O-
AOTMYECKUIT CMBICA 3TOT0 MEXaHI3Ma — CHIDKEHIe
y GOABHOTO 3aTpaT SHEPIUM Ha UCCAEAOBATEABCKYIO
AKTMBHOCTD, IIPY 3TOM YPOBEHb TPEBOXKHOCTHU
BO3pAaCTaET, YTO 0OeCIIeunBaeT 3alUTY OT TOTEH-
unaAbHbIX BparoB (Miller et al. 2013). Muorue
¢depmentst KITOT peryanpyrorcst mpoBoCIaAu-
TeAbHbIMU UMTOKMHamu: IDO u kuHypeHuH-3-
moHookcurenasa (KMO), npespaiatomas KYN
B 3HOK, axTuBupytorcs y-unreppeporom (Camp-
bell et al. 2014). Takum o6pasom, aktuBausi KITOT
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IIPU BOCITAAEHUM HOCUT AeeH3MBHBIN XapakTep,
HO B TSDKEABIX CAYYasiX MOXKET IPUBOAUTD K pas-
BUTHIO 9KCATOTOKCUYHOCTY U HEMPOIICUXUATPU-
4eCKMX PacCTPOCTB.

HenocpepcTBeHHast pOAb KMHYPEHVHOB B pas-
BUTUY HEMPOAOTMYECKMX 3a00AeBaHMIT AOKa3aHa
C CIIOAB30BaHUEM MHTMOUTOPOB PepMeEHTOB
KITOT. KMO siBAsieTCsI NEPCIEKTUBHOV MUILIEHBIO
B TepaIuu psiAa HellpoAereHepaTUBHbIX 3a00A€eBa-
Huit (BA, BIT, BX), a Takxe Aempeccuu u Limn-
soppennnu (Parrot et al. 2015). Vinrnbuposauue
KMO y He3peAbIX KpbIC CABUTAeT METab0AM3M
KTIOT B cropony HernponporektanTa KYNA, no-
BBIIIASl €T0 YPOBEHDb B MO3I€e U IIeY€eHY, OAHOBpe-
menHo cHKas ypoBerb 3HOK u QUIN (Ceresoli-
Borroni et al. 2007). Y mytaHTa Ap030QUABL,
MoaeAupylolero bX, Bo3aAeiicTBIEe 9K30I€HHOTO
TRP cumkaer yposenb 3HOK/KYNA, a mopasae-
Hue TDO nosbiaer yposeHb KYNA, oxasbiBas
HePONPOTEKTUBHBIN 3P PeKT.

Herporoxcuueckue adpdextsr 3HOK moxHO
IIPOCAEAUTD Y PSIAQ TIPOCTBIX 00BEKTOB, MOAEAU-
pyrommux bX. Y Apoxokert mosbieHye yposas 3SHOK
conpoBokpaeTtcs renepanuit AOK (akTUBHBIX
dopm kucaopopa) B KaeTkax (Giorgini et al. 2005).
Y myranTa Apozoduast htt ypoenb SHOK/KYNA
B FOAOBaX IOBBILIEH B 2—3 pa3a, 0AHAKO ero TOK-
CUYHOCTD INPOSIBASIETCS B IIPUCYTCTBUYM MYTaHT-
Horo 6eaxa xautunrruna (HTT). Minrubuposaunne
KMO cHumxaeT ypoBeHb HelIpOAereHepaLuy, cTe-
IIeHb HeJIPOIIPOTEKLIMY KOPPEAVIPYET CO CHIKEHM -
em ypoBHsa 3HOK/KYNA. Vuru6uposanue TDO
Tak>Ke OKa3bIBaeT HEPOIPOTEKTUBHOE AEWCT-
Bue Ha htt (Green et al, 2012). Takum obpasom,
aucbasanc meraboantoB KITOT y aposoduast
He POCTO KOPPEAUPYET C pa3BUTHEM 3a00AeBaHNIT
HEPBHOI CUICTEMBI, HO U SIBASIETCSI OAHOJI 113 HeIlo-
CPEACTBEHHBIX TPUYMH UX Pa3BUTHL.

HeﬁpoaKTl/lBHOCTb KNUHYPEHUHOB

VI3BeCcTHBI ABa OCHOBHBIX MOAEKYASIPHBIX Me-
XaHM3Ma HeVIPOAKTMBHOCTY KMHYPEHNHOB — MO-
AYASILVIST aKTUBHOCTY KA€TOYHBIX PeLieITOPOB
Y MOAYASILIMSI OKMICAUTEABHO-BOCCTAHOBUTEADBHBIX
npoueccoB B HepBHOM KaeTKe. KYN Moxert cBs-
3bIBaTbCsl ¢ NR1-cyopeannnieit NMDA pevenTo-
pa (NMDAR) B xauecTBe arouucra (Stone 1991).
QUIN saBaserca arounuctoMm, a KYNA — KoHKy-
penTHbiM aHnTaronucTom NMDAR ¢ HanboAbImmm
CPOACTBOM K TAVLIMHOBOMY CaiiTy CyObeAMHULIBI
NR1 (el-Defrawy et al. 1986; Danysz et al. 1989).
KYNA Taxske mposBAsIeT CBOMICTBA HEKOHKYPEHT-
HOTO @HTAroOHMCTA 07 HUKOTVHOBBIX aLleTUAXOAU-
HoBbIX peuenTopos (a7 nAChR) (Hilmas et al. 2001).
KYNA sBastercst aronuctom peuenrtopa GPR35,
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MOOMAM3YSI BHYTPUKAETOUHBII KaAbLIMIL U MIPO-
Aykuuio nHosuroadocdara (Wang et al. 2006).
Lnnnabaposas kucaora (CIN), mpoAyKT Aumepu-
3aLMm 3-TMAPOKCUAHTPAHNAOBOM KUCAOTHI (3HAA),
B3aMIMOAEVICTBYET C CyO'beAVHMLIEN MeTabOTpPOII-
Horo penenTopa rayramata mGluR4 B xauecTBe
aronucra (Fazio et al. 2012).

3HAA u 3HOK o06AaparoT CBOMCTBAMU aHTU-
OKCHUAQHTOB, TIOAABASIS TIEPEKUCHOE OKMCAEHUE
AUIIMAOB B Aumnocomax Ha 50% B KOHLIEHTpaluu
1 MxM u Ha 100% B KOoHLeHTpauusax 2 u 5 MxM,
npu 1 4 BosaeitctBus (Christen et al. 1990). Autu-
OKCHMAQHTHAs aKTUBHOCTb 00YCAOBA€HA HAAMYMEM
B COCTaBe apOMATUYECKOTO KOAbI[a 6okoBo1 3-OH
IPYIIIBI, CIIOCOOHO AETKO OTIIEMASITD SAEKTPOH
u atoM Bopopoaa (Hukutuna u Ap. 2018; Zhuravlev
etal. 2016). BMecTe ¢ TeM OKMCAUTEABHAST QyTOAM-
mepusanust 3HOK (1-10 MKM) compoBOXXAaeTCs
reHepaluei mepoxkcruaa Bopoopoaa 1 uHbix AOK,
BbI3bIBAsI TM0EAb HEPBHBIX KAETOK IPU BO3AEN-
crBun Ha HUX 3HOK Ha BpeMeHHOM MHTepBaAe
2448 4 (Okuda et al. 1996; 1998). 3HAA Taxxe
crnocobHa K ayToArMepu3saLuy ¢ GopMupoBaHueM
CYIepOKCHA aHUOH-PaAMKaAa Ha ITIEPBOM 3TaIle
oxucaenus (Iwahashi et al. 1988). AOK Hapymator
LIEAOCTHOCTb CTPYKTYPbl KAETOYHBIX MeMOpaH,
6eaxoB u AHK, nmpuBoast x rubean kaetok (Valko
et al. 2007).

Haauto pABosikuit apdexkt 3HOK: npu Bo3zaeit-
CTBUM in Vitro Ha Cpe3bl CTpUATyMa AQHHOE Bellle-
CTBO CIIOCOOHO MPOSIBAATH Ce0s 1 KaK aHTUOKCU-
AaHT (100 MKM), 1 KaK YMepeHHBbII1 HEIPOTOKCHUH
(5-20 mxM). Db ekt BosaeitcTBuss 3HOK 3a-
BIUCAT KaK OT €ro KOHL[EHTPALIUH, TaK U OT BpeMeH!

annaukauyu. Hermponporektustbie a¢pdexts: SHOK
CBSI3aHBbI C €T0 CIIOCOOHOCTBIO MHAYLIMPOBATh aKTVB-
HOCTb PsIAQ OEAKOB aHTMOKCHAQHTHOV 3alUTHL,
TaKMX KaK CYIIepOKCHUAAMCMYTAa3a U FAYTaTHUOH-S-
tpancdepasa (Colin-Gonzilez et al. 2014). ABoii-
cTBeHHbIT apdexT 3-HOK Ha okncanTeAbHO-BOC-
CTaHOBUTEABbHBIE ITPOLIECCHI B KAETKE IPeACKa-
3aH C IIOMOLIbI0O KBAHTOBO-XVMIYECKMX PACUeTOB.
ITo mepe puimepusanmu 3HOK 1 3HAA Bo3pacTaer
CIIOCOOHOCTD VX IPOAYKTOB IEPEAABATh IAEKTPOH
VIAVL aTOM BOAOPOAQ CBOOOAHBIM paAMKaAaM, UHI M-
6upysi ux. Bmecre ¢ TeM noBbliaeTcst CIOCOOHOCTh
AVIMEpPOB BOCCTaHABAMBATb MOAEKYASPHbIN KUCAO-
poA Ao Tokcmaeckux ADOK — ruapornepoKCUABHOTO
PaAMKaAa, IEPOKCHAQ BOAOPOAA U CYIEPOKCHA-
aHMOH-papVKasa. OepMeHTaTUBHBIN TYTb AVIMEPH-
saym 3HOK c yuacTrem peHOKCa3aHOHCHHTETA3bl
(PHS) npemnsTcTBYyeT 00pa3aoBaHUIO B KATAAUTHYE-
CKOM caiiTe IepOKCHAQ BOAOPOAR, obecrieunBast
3amuTy KaeToK oT ADK, Toraa kak nmpu HepepMeH-
TaTVBHOM ITyTU AVIMEpPM3aLy IIepOKCYA BOAOPOAQ
u vHble ADOK SBASIOTCSI TOOOYHBIMM ITPOAYKTAMU
anmepusanuu (Zhuravlev et al. 2018).

Yposuu metaboantoB KITOT B opranax u Tka-
HSIX TIPEACTABA€EHBI B TabAuLle 1, KOHCTAHTBI u-
3MOAOTMYECKOT0 BO3AENCTBYS KMHYPEHNHOB Ha
HEVIPOHBI ¥ KAETOUYHbIE PELIeNITOPbl — B TaOAU-
e 2. [IpuBepeHHbIe (AKThI BHI3BIBAIOT COMHEHNE
B CIIOCOOHOCTY KMHYPEHVHOB B (pM3MI0AOTMYECKIX
KOHLIEHTPALVISIX OKa3bIBaTh 3HAYMMOE BO3AEVICTBIE
Ha nponeccel LIHC MaekonuTamolx 1 yeAoBeKa.
Aast KYNA BeposiTHOI MOAEKYASIPHOV MUIIEHDBIO
asasercsa a7 nAChR (IC50 7 mxM) (Hilmas et al.
2001).

Taba. 1 Yposuu metaboantos KITOT B opranax u TkaHsx*

Table 1. Level of KPTM metabolites in organs and tissue*

BewectBo KOHHI;E)TVI%ZEI Zagv[ M) Opranusm, oprat/cpeaa Ccplaka
Trp 2*10° Yeaosek, LJCXK Raison et al. 2010
KYN 6%107? Yenorek, LICK Raison et al. 2010
KYNA 5*1073 Yenorek, LICK Raison et al. 2010
QUIN 3*10° Yenorek, LIC)K Raison et al. 2010
3HOK 1,8*10° Yenorek, LICK Raison et al. 2010
Trp 10-35 Mpi1b, MO3T Fuertig et al. 2016
KYN 0,1-0,2 Mpib, MO3T Fuertig et al. 2016
3HOK 4*102-9*10 MBbl1b, MO3T Fuertig et al. 2016
KYNA 1,78*107 Kpbpica, mo3sr Moroni et al. 1988
KYNA 0,15 YenoBek, Kopa MO3ra Moroni et al. 1988
KYNA 0,14 YeAoBeK, MO3XKEYOK Turski et al. 1988
KYNA 1,6 YeAoBeK, XBOCTATOE SIAPO Turski et al. 1988
3HAA 0,155 YeaoBek, ppoHTaAbHAsI KOpa Pearson et al. 1995
3HOK 6,2*10% Aposoduaa (Oregon-R), 3peaasi KYKOAKa Howells et al. 1977
3HOK 1,7*10° Aposoduaa (cardinal), sapeaast Kykoaxka Howells et al. 1977

* ITpu ouenkax xoHueHTpauuu MeTaboantoB KITOT B MO3roBoit TKaH! U B KYKOAKaX APO30(UABI IIAOTHOCTDb TKaHU
CUMTAAM IPUOAMBUTEABHO PaBHO 1 MI/MA.
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Taba. 2. KoHcTaHTbI Hp1310AOIMYIECKOTO BO3AEICTBYSI KMHYPEHVHOB HA HEMIPOHBI M KAETOYHBIE PELIEIITOPBI

Table 2. Constants of physiological impact of kynurenines on neurons and cell receptors

MeTtaboaut Koncranra MulieHp OpraHusm, TKaHb Ccpiaka
IC 50 (MxM) PewernrTop
KYNA 7 a7 nAChR Kpbica, HelfpOHbI IUIIIOKaMIIa Hilmas et al. 2001
* 2
KYNA 15/2,35°10°c 10 MxM | \py NMDAR | Kpsica, Heiponst runmokamma | Hilmas et al. 2001
TAMLIHA
KYNA 10 NR1 NMDAR Kpbica, KOHEYHBIN MO3T Kessler et al. 1989
KYNA 43 NR1 NMDAR Kpeica, cuHanTuyeckast Membpana | Danysz et al. 1989
EC 50 (MxM) Peueritop
KYNA 39,2 GPR35 YenoBeK, KyAbTYpa KAETOK Wang et al. 2006
KYNA 7,4 GPR35 Kpbpica, KyabTypa KAETOK Wang et al. 2006
C (vxM) % 1:1/16Hy1_u1/1x
HEIPOHOB
3HOK 1-10-10? ~50 — 65 — 100 aKTP;’;fI' KYABTYPBI HEHPOHOB CTPH- | (31,3 et al. 1996
3HAA 20 ~58 ETP;;?I’ KYABTYPbI HE/IPOHOB CTPH- | (3l da et al. 1998

Heitpodusnorornyeckass ak THBHOCTh
KUHYPEHUHOB Y AP030(HABI

BaskHble cBepeHMST O HEMPOPU3MOAOTMIECKOIT
aKTVMBHOCTY KVMHYPEHMHOB IOAYY€eHBbI Ha Oec-
MIO03BOHOYHBIX )XMBOTHBIX, TAKUX KaK Apo3oduia
u myeaa. Y myrantoB KITOT Drosophila melano-
gaster AQHHBIV TyThb crieubuiecky OAOKMPOBAH
Ha TOU UAM MHOU cTapuu (puc. 1), 4TO IPUBOAUT
K M3MEHEHUIO B OpraHM3Me MyXM Kak o0Iiero
YPOBHsI KUHYPEHMHOB, TaK U UX COOTHOILIEHUIA.

HO CepoTOHUH

7

— TpuntamuH

AN TDO OH
—1—> N-chopmunkuHypeHumH
N vermilion ' °
H KSE
TpuntodaH (TRP) o 77 NH,
o H N AHnTpaHunoBas
| KUCNoTa (AA)
Y KAT o
T . =
NN \”/ NH, oH
H
o KuHypeHuH (KYN) o
KuHypeHoBas
Kucnota (KYNA) cmnabar KMO H2
3- runpoxcuanTpaHunosaa
KNUCNOTa (3HAA)
KAT N X
: QuIN
¥
Kcau'rypeuosaﬂ cardmal NAD*

Kucrnorta (XAA)
PHS OMMOXpPOMbI

3-rMapPOKCUKNHYPEHUH (3HOK)
Puc. 1. KunypeHMHOBBIN IyTh 0OMeHa TpuUniTodaHa
y Apo3oduabt

Fig. 1. The kynurenine pathway of tryptophan
metabolism in Drosophila
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Y aunuu vermilion (v) KITOT noAHOCTbIO
OAOKMPOBaH 3a CUET MyTal[iil B TeHe KAI0YeBOTO
¢depmenta TDO (Linzen et al. 1974; Summers
etal. 1982), a ypoBenp TRP yBeanunBaercs B 6 pa3
(Ryall, Howells 1974). ITpeBpaiienrie N-popmua-
kuHypenuHa B KYN npoucxoput HepepmeHTaTUB-
HO VAU C y4acTyeM pepMeHTa KMHypeHHpOpMa-
MMAa3bL. Y AuHnu cinnabar (cn) HeakTBeH pepMeHT
KMO u npoucxoput HakonaeHe KYN, a Taxe
KYNA, ypoBeHb KOTOPOI B TOAOBAX IMaro IoBbI-
mreH BaBoe. Akkymyasiuusa KYNA mpoucxoaur
TOABKO B TKaHSIX TOAOBBI, HQUMHAACh TpU GOPMMU-
pPOBaHUM I'Ad3, AOCTUIAs MAaKCUMYyMa depe3 A€Hb
ITOCA€ BBIAETA 13 KYKOAKY 1 OCTaBasICh IOCTOSIHHOM
Ha MPOTSDKEHUM MOYTU Beelt xusuu umaro (Ferré
1983). Y aunuu cardinal (cd) HeakTuBeH GpepMeHT
PHS, n yposenb 3HOK B 3peabIX KyKOAKaX MOBBI-
weH oyt Brpoe (Howells et al. 1977). Kunype-
HuHamuHoTpaHcdepasa (KAT) ocyujecTBasieT
npespaieHre KYN B KYNA u 3HOK B XAA,
a kunypenunHasa (KSE) npespamaer KYN B AA
u 3HOK B 3HAA (npucyTcTByeT B MaAOM KOAM-
yectBe). [Tyt cuntesa QUIN n3 3HOK y Hacexo-
MbIX He ¢pyHKUoHupyer (Linzen et al. 1974). Ko-
HeuHbl1 MpoAYKT KITOT y oposoduasl He NAD?,
a KOpMYHEBbIE NMUMIMEHTHI T'Aa3 OMMOXPOMBI,
B IlepBYI0 ouepeAb KcaHToMMaTuH (XAN), cunTe-
supyembint u3 3HOK nyrem ero Aumepusayum.
OrcyrcrBue 3HOK u XAN y v u1 cn 06ycaoBAMBa-
€T SIPKO-KPACHBII 1IBET raas y umaro. Y cd Aume-
pusatusa 3HOK moxxer nporekars HedbepMeHTa-
TUBHO, YTO CO BpeMeHeM IIPUBOAUT K TIOTEMHEHUIO
TAa3 y MyX AQHHOI AMHUY. AKKYMYASILIVSI CyOCTPaToB
HEeaKTVBHBIX (PepMEHTOB B OpPraHM3Me AOCTUTAET
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MaKCUMYMa B IEPUOA MEXAY OKYKAMBaHMEM
1 BbiAeTOM umaro (Summers et al. 1982).

YcpepHenHasa koHueHTpauusa 3HOK B opra-
HU3Me Ap0o30duAbI poocTuraet ~0,62 MM y AMKO-
ro Tuna Oregon-R u ~1,7 MM y c¢d (Howells et al.
1977), uTo 60A€E YeM AOCTATOUHO AAS TeHepaLun
AOK 1 pasBUTHUS HEMIPOTOKCUYECKMX ITPOLIECCOB.
B03M0>XHO, 3TOMY NpPENsTCTBYeT KOMIIAPTMEH-
taamsayusa 3HOK: y AMUMHOK OH AOKaAM30BaH
B OCHOBHOM B MAaAbIIMTMEBBIX COCYAaX, Y Pa3BU-
BalOIIMXCA UMaro — B raasax (Summes et al. 1982).
OMMOXPOMBI Y HACEKOMBIX COAEP>KATCs B ITUT-
MEHTHBIX KAETKaX CETYATKM IAa3 B 0CO00I1 CTPYK-
Type — OMMOXPOMAacOMe, KyAQ U3 LIUTO30AS
KAETKY OCYIECTBASIETCSI TPAHCIIOPT ITPEALIECTBEH-
Huka nurmenTa (3HOK) u rae aokaansoBaH dep-
MeHT PHS (Summers et al. 1982; Figon, Casas 2019).
ITpu aToM psip MccaepOBaTeAEN BbICKa3bIBAIOT
COMHEHIE, UTO 32 peHOTUI cd OTBeyaeT Hapylle-
Hue reHa PHS (Wiley, Forrest 1981; Figon, Casas
2019). B tkaHsx roaos pAposzoduast 3HOK mosxer
bopMMpPOBATH KOMIIAEKCHI C O€AKaMI1, BO3MO>KHO,
BXOASILVMMM B COCTaB IIUTMEHTHBIX I'PaHYA. AAs
cd TIOKa3aHO CYyIL[eCTBEHHOE CHVKEHUE YPOBHS
TaKUX KOMITA€KCOB CPAaBHUTEABHO C AUKUM TUIIOM
Canton-S (CS) na unrepBaae 5-29 cyt B3pocAon
XU3HU. BO3MO>XHO, 3TO 00yCAOBAEHO HapyLIeHMU-
eM crietuieckoro npotecca kowborauyu 3HOK-
0eAOK, UTO BA€YET 32 COOO0J aKKYMYASILIMIO CBO-
6oaH0ro 3HOK B TKaHaX roAoB cd. ClioHTaHHas
anmepusauys 3HOK u runepnpopykius AOK
VHULIMUPYET y ¢d pa3BUTHE OKUCAUTEABHOTO
ctpecca. [TokasaHo CHMKeHMe 0011ei aHTUOKCHU-
AQHTHOI1 aKTMBHOCTY B TOAOBAX cd CPaBHUTEABHO
¢ CS (Zhuravlev et al. 2018).

BAusiHne KMHYPEHNHOB Ha MOBeAEHMe
Apo30duAbI

Y myrantoB KITOT Apo3oduabl 1 mueAb! Ha-
OAI0A2ETCS PSIA HUBMOAOTUYECKUX U TIOBEAEHYECKUX
M3MeHEHUI. Y MyTaHTa ITYeAbl s10W (TOMOAOT V)
II0Ka3aHO IMapeHlMe CIIOHTAaHHOM HEepBHOM aKTUB-
HOCTV TOAOBHOT'O i 'PYAHOT'O TaHTAVEB Y CHYDKEHME
HEPBHO-MBILIEYHOI BO30YAUMOCTHU. Y MyTaHTa
ivory (romoaor cn) ¢ 10—15-KpaTHbIM YBEAUYEHN -
eM KYN (Linzen 1974) cyujecTBEeHHO IOBBILIEHA
HEPBHO-MBIIIEYHAasI BO30OYAMMOCTb. Y MyTaHTa
Apo3oduarl cn KYN B 0CHOBHOM MeTab0AM3UPY-
ercst B KYNA, uTo MOXeT 00yCAOBAUBATD €ro
dusmMorornyecKrie ¥ MOBEAEHYECKNE OTAUYMS OT
ivory. Hakonaenue KYN ycuAmBaet noBeaeHueCcKy1o
aKTMBHOCTD IueA, a n36brTok 3HOK y myTraHTa
brick (romoAor cd) AV OTCYTCTBUE NIPOAYKTOB
KITOT, nanpotus, ocAabAsioT ee (Aomaruna u Ap.
2004). AedpnLUT KUHYPEHMHOB UHIMOMPYET AOATO-
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BpeMeHHYI0 maMATh y myeAdl (Lopatina et al. 2011).
36prTox KYN criocoOcTByeT BEIpabOTKE YCAOB-
HOro pedaexca Ha OAb(AKTOPHBIN CTUMYA C M-
weBbIM mopKpenaenueMm. V36brTok 3HOK Ha paH-
HMX CTAAVSIX OHTOTeHe3a AeiicTByeT mopo6Ho KYN,
a Ha ITO3AHMX BbI3bIBA€T CHYDKEHVE PYHKIIMOHAAD-
nout aktupHoctu LTHC. KYNA (3*10* M) noaas-
aser aktuBHOCTDb LIHC y muean:, XAA — Takke,
HO B MeHblel crenenu (Savvateeva 1991). Takum
00pa3oM, Ha ITueAe MOKa3aH CTUMYAMPYIOLII
(KYN) n unru6upyroumit (KYNA, XAA) spdexrst
metaboauToB KITOT, apdexrsi xe 3HOK zaBucsr
OT KOHKPETHOTO IIPOLiecca K OT CTAaAUU Pa3BUTHSL.

Myrtantsl KITOT pApo3oduabl pasanyarTcs
peakiiuei Ha CTPecC U CBOMMMU 3AeKTpodusno-
AOTMYECKMMY XapaKTepUCTUKamMu. Y v HabAIoAd-
€TCsI CHVDKEHVE YaCTOTBhI CIIOHTAHHBIX IMITYAbCOB
B IIEJIHOV KOHHEKTVBE, TMOMAaABHOM HEPBE U TO-
PaKaAbHOM TaHTAUM, Y X YaCTOTA MMIIYAbCOB
YBEAMUMBAETCSH, & Y ¢d HET OTAUYUIL OT AUKOTO
Tumna. Y v u cn HabAI0AQeTCS yCUAEHVe IePBUYHO
peakLuy Ha MUMMOOVAM3ALIMIOHHBIN CTpece, y cd
AQHHas peakLysl yTHETAeTCsT; TPY STOM TOPMOXKe-
HIUe MepBUYHON peakuuy ciyctss 10 MuH OTCyT-
CTBYET Yy V, 2y CH BBIp@)KEHO OOABIIIE, YeM Y AUKO-
ro Tumna (AomatuHa u Ap. 2004).

Cpeau mytantoB KITOT pAposoduasr camoe
HU3KOe 3HaYeHJe ABUIaTEAbHOI aKTUBHOCTH I10-
Ka3aHO AASI CAMOK v CpaBHUTeABHO ¢ CS, cn u cd
Ha npoTsbKkeHnu 10 AHell. Y cn mocAe 3 CyT )KU3HU
ABUTaTeAbHAsI aKTUBHOCTD HIDKe, ueM y CS, a AAs
cd oHa Bbile, yeM y CS, BHAOTB A0 6 CyT. Aast v
XapaKkTepHa HanboAee BBICOKAS IIPOAOAKUTEAD-
HOCTb Xu3Hu (~64 cyt) cpaBHuTeAbHO ¢ CS
(~48 cyT) u cd (~42 cyT), YTO MOXKeT ObITh 00-
paTHO CBsI3aHO ¢ GPU3UYECKON aKTUBHOCTBIO MYX.
[Tpu 3TOM Yy €71 TPOAOASKUTEABHOCTD >KU3HU camast
HU3Kasl, YTO yKa3bIBaeT Ha TOKCcHMuecKue 3¢ dexTs
HakonaeHusa KYNA y aoposoduast (Kamyshev
1980).

BrleykazaHHble AQHHbIE He BIIOAHE COOTBET-
CTBYIOT T€M, YTO OBIAM ITOAYYEHBI ITyTEM aHAAM32
CTIIOHTaHHOM ABurateAbHou akTuBHOCTU (CAA)
OAMHOYHOTO caMlla Ha MHTepBaAe 1 4. Y v mpolieHT
BpeMeHM, IPOBEAECHHOTO B ABVDKEHUM, Ha 5 1 21—
29 cyrT Bbillte, yeM y CS, cn v cd. 5 cyT cd He OTAU-
YarTCs OT AMKOrO THIA, Y 13 1 21 ¢cyT cd ckopocThb
no6exku Blie, yeM y CS, a Ha 40 cyT OOABIIMHCTBO
napametpoB CAA y c¢d HUXe, 4TO, BO3MOKHO,
CBsI3aHO C BO3PACT-3aBMCYMBIM pa3BUTUEM Hell-
poAeHerepauyy. Y B3pOCABIX €/ IIPOLIEHT aKTUB-
HOCTU U CKOPOCTh Mobexku cHkensl (Zakharov
et al. 2012). PasAnyHble pe3yAbTaThI 9KCIIEPYMEH-
TOB, BO3MOYXHO, 00YCAOBAEHBI Pas3HULell METOAOB
aHaAM3a ABUTAaTEABHON aKTMBHOCTU: B OIIBITAX
H. I. KambinieBa moBepeHMe MyX TeCTUPOBAAU
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Ha caMmKax (reH v B X XpoMOCOMe; BO3MO>XHOCTb
a¢ddexTa A03BI reHa) 1 B COCTaBe IPYIIIIbL, TAE He-
OTbEMAEMbIM KOMIIOHEHTOM SIBASIETCS COLIIaAbHAs
aKTMBHOCTb. [ Ipy 9TOM OLIeHMBAAY TOABKO IIPOLIEHT
MYX, HaXOASIILIVIXCST B ABVDKEHMM, Oe3 aHaAM3a OT-
AeAbHO B3sThIX KommoHeHTOB CAA. B poaHHOM
CAyuae OBbIA TIOKa3aH CTUMYAMPYIOINI 3 ekt
KITOT Ha pBUraTeAbHYI0 aKTMBHOCTb. [Ipu aTom
y cn B 000UX CAyYasix HAOAI0AQeTCsl cTabMABHOE
CHIDKEHVE ABUTAaTEAbHOI aKTUBHOCTY, BEPOSITHO,
BcAeACTBUe HakomAeHus uHruouropa LTHC KYNA.
C noMOILbI0 METOAOB KOMIIBIOTEPHOTO MOAEAMU-
poBaHus 6p1a0 mokasaHo, uTo KYNA crnoco6Ha
cBsaspiBaTbcst ¢ NR1 NMDAR pApo3oduabl ¢ KOH-
CTAHTOU CB3U, OAU3KOM K TAKOBOI Y MAEKOIUTA-
romux (Zhuravlev et al. 2012).

Y crapeouyx cd HaOAIOAAIOTCS VICKaKEHVS
OpavHOI1 IeCHY caML1ia IIPY YXa>KUBAHMY 32 CAMKOIL:
HEeCTabVMABHOCTb (GOPMBI 1 aMIIAUTYABI 3BYKOBBIX
VIMITYABCOB, @ TaK>Ke Y/CAQ MMITYAbCOB B ITOCBIA-
Ke. Y c71 TOAOOHBIX HapyLIeHMIT TAaMSITYU U 3BYKO-
INPOAYKLIMM He HabAI0OAQeTCsI, OAHAKO BO3pac-
TaeT AOASI OM- U MOAMLIMKAMYECKUX MMITYABCOB.
29 cyt CS criocoOHbI reHepUupPOBaTh HOPMAaABHYIO
VIMIIYABCHYIO I CMHYCOMAAAbHYIO IecHu (Sav-
vateeva-Popova et al. 2003). Takum ob6pasom,
AASL cd 11, B MEHbILEN CTETIEHU, AASL C/ XapaKTep-
HbI BO3PacT-3aBMUCYMble HapylIeHVsI OpayHOi
IEeCHU CaMLia.

BAMsHIEe KUHYpEHMHOB Ha TaMATh
y Apo3oduabl

[TaMsTh Y MO3BOHOYHBIX U OECIIO3BOHOYHBIX
JKMBOTHBIX ITPEACTABASIET COOO CAOXKHBIII MHOTO-
CTaAUIHBIN MPOLECC: KasKAast U3 ero $has Bo Bpe-
MEHU PEryAupyeTcs crieuduiecKuMy reHaMu 1
b6eAkaMl, a ee MaTEPMAABHOIM OCHOBOM CAYXaT
CTPYKTYPHO-(QYHKLMOHAABHbIE M3MEHEHVS B OIIpe-
AeAeHHBIX yyacTKax mo3ra (JKypasaes u pp. 2015).
Ecan coxpaHeHMe MaMsTU Ha paHHUX CTAAMSX
CBSI3aHO C aKTMBaL[Mell BHYTPUKAETOUHBIX CUTHAAD-
HBIX KaCKaAOB, B YaCTHOCTY CUCTEM MeTaboAM3Ma
gAM®O (Davis, Kiger 1981), To KOHCOAMAQLIMS
namstu u popmupoBanue ACIT rpebyer akTHBaLyn
HOBDBIX I€HOB, B TOM ulncAe peryanpyembix TAMO®-
3aBMCHMBIM TPAaHCKPUILIMOHHBIM ¢pakTopoM CREB
(Bailey et al. 1996). ®opmupoBaHue pa3sAMYHBIX
BUAOB IaMSITVU HAIIPSIMYIO 3aBUCUT OT AAUTEAD-
HOCTU 00yuYeHUs:: y APO30(UABI AAST BBIPaOOTKM
cpepnecpounon nmamsaTtu (CCIT) (30 mun — 3 u)
AOCTaTOYHO OAHOJ TPEHMPOBOYHON Ceccuy, a
aoarocpounast namsthb (ACII) (a0 9 cyt) dopmu-
PYeTCs IIpM MHO>KeCTBEHHBIX TPEHMPOBKAX C Ilepe-
ppiBaMu. BaXHYI0 POAD UTrpaeT 1 camMa MeTOAMKA
00y4eHMs: AAST ADO30(UABI UCTIOAB3YETCSI KAACCH-
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yecKoe IIaBAOBCKOE 00y4eHMe C HETaTUBHBIM ITOA-
KpernaeHueM saekTpoirokom (Quinn et al. 1974)
VIAY METOA YCAOBHO-Pe(AEKTOPHOTO IIOAABAEHMS
yxakuanus (YPITY) (Siegel, Hall 1979). Ynomu-
HaHue IKOABI [TaBAOBa He CAy4yaliHO: IMEHHO OH
CO0COOCTBOBAA 3aPOXKAEHIUIO TEHETUKY TIOBEAEHMS,
Ha3BaB ee «dKCIIepMMEHTAAbHAsl IeHeTUKa BBIC-
1Ie11 HEPBHOI AesiTeAbHOCTU» (Savvateeva-Popova
et al. 2015).

Cytp YPITY 3akarouaercst B popMUPOBaHNU
y cam1ja APO30QUABI CTOMKOM aCCOLMALINN MEKAY
6esycaoBHbIM cTuMyAoM (BC; anTuadppoausnaxk,
BBIAEASIEMbII OTAOAOTBOPEHHOI CAMKOJ) U YCAOB-
HbeIM cTUMYAOM (YC; adpoar3uak, BbIAEASIEMBIN
KaK OTIAOAOTBOPEHHOM, TaK M HAUBHOI CAMKaMMK).
®opmuposanue B LIHC camiia accounayum YC —
bC nyreM ero TpeHMPOBOK C OITAOAOTBOPEHHOM
CaMKOJI IPUBOAMT K CHVDKEHUIO €r0 MHAEKCa yxa-
xuBauust (M1Y); Ha ocHoBe VY HauBHOrO 1 00y-
YeHHOTO CaML]OB PAaCCUMTBIBAETCS MHAEKC 00yye-
Hus (M1O). Aast Beipaborku CCIT metopom YPITY
AOCTaTOYHO OAHOM 30-MMHYTHOM TPEHMPOBKMU.
Boipaborka ACII metopom YPITY Tpebyer Tpex
1-4acoBOIl TPEHMPOBOYHBIX CECCUI C IepepbIBAMU
AMO0 OAHOU 5-4aCOBOM TPEHUPOBKMU.

B dopmuposanuu CCITu ACIT 3apeiicTBOBaHBI
pasanunble reHbl 1 6eaxn: aast CCIT aTo renst dunce
u amnesiac (Ackerman, Siegle 1986), aast ACIIT
K MX YMCAY AODABASIIOTCS T€H LIPKaAHO aKTVB-
HocTu period (Sakai et al. 2004) u ren orb2, skc-
npeccupyeMbiii Bo fruitless-mo3uTHBHBIX HelpOHaX
y-aomnactu rpuboBraHbix Tea (Keleman et al. 2007).
ITpu ¢popmupoBanuu ACIT metopom YPITY mo-
Ka3aHo u3MeHeHue sKkcrnpeccuu 1062 nsodopm
787 reHOoB, Tipu 9TOM sKcrpeccust 520 us Hux (B ToM
yucae dunce, orb2 u CamKII) yBeAnunBaeTcs,
a akcripeccust 542 (B TOM 4McAe APYTUX 13opopm
dunce u orb2) cumkaercs (Winbush et al. 2012).
B 4ucae reHOB C ITOBBIIIEHHON aKTUBHOCTHIO —
reHbl 0EAKOB LIUTOCKEAETA, OTBEYAoIe 32 Hell-
PONAACTUYHOCTD, TeHbl CAMP-3aBUCUMBIX cUT-
HAABHBIX KaCKaAOB, MOAM(UKATOPOB CTPYKTYPbI
XpOMaTVHA U IOBEAEHMS YXKUBAHUS; B YMCAE
T'€HOB CO CHVDKEHHOI aKTUBHOCTBIO — IIpeyMYlile-
CTBEHHO I'eHbI CTPECCOPHOT0 OTBETA ¥ UMMYHHO
cuctembl. Takum 00pasoMm, MOAABAEHME YXaXKMBa-
HUSI TIPEACTABASIET COOOI AOCTATOYHO CAOXKHBIN
MeXaH13M, BOBAEKAIOI[UI B Ce0s1 MHOKECTBO T€HOB
U CTPYKTYpP MO3ra.

ITpu o6y4yenun B napapurme YPITY y camuos
CS cnoco6HOCTb K 00YYEeHUIO OCTAETCST BBICOKOM
B TeueHMe 4 HeAeAb KU3HU. Y AQHHOM AMHUY TaKKe
OCTaeTCsl CTAaOMABHBIM ITOAQBAEHME YXaKMBAHMS
crrycts 3 g nocae ooyuenns (CCIT). Y moaoabIx cn
oOyueHMe MpoTeKaeT Ayylie, yeMy 12 1 21 cyT myX,
a HanboAb1ee nopasaenye V1O npu popmuposanun
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CCIT nabamwpaeTcst Ha uHTepBase 5-9 cyrt. Y cd
HauyHas ¢ 12 cyT oOyyeHme CyleCTBEHHO YXyALIa-
ercs, a CCII ayuure Bcero ¢popmupyercst Ha 5—
9 cyT, opAHaKo Ha 21 1 29 cyT npaKTU4eCKu OTCYT-
cTBYeT. Y cd HauMHas ¢ 21 cyT TakXXe pe3KO CHU-
)KaeTcCsl CMHAINTUYeCKasl IAOTHOCTb B pailoHe
KaAMKCOB I'pOOBUAHBIX TeA. CIIOCOOHOCTD K yXxa-
JKMBAHMIO HAMBHOTO CaMlia 32 CaMKOI y BCeX
AVIHMII Ha AQHHOM BPEMEHHOM MHTEPBaA€e OCTAEeT-
cs BbIcoKoi (Savvateeva et al. 2000). Y c¢d HabAro-
AQ€TCs BO3PaCT-3aBUCUMOE HapylieHye 00yYeHIsI
u CCIT B mapapurme YPITY, Ha ¢poHe coxpaHeHus
BBICOKOTO YPOBH 0011jeit akTBHOCTU. Hanboabias
HEOAHOPOAHOCTD IIOBEAEHYECKVX 3MEHEHMIT Ha-
OAI0A2€eTCS HA paHHUX cpokax usHu (5-9 cyT).
ITpu aToM addeKT BO3A€ICTBUS Ha 00yueHue
Yl TaMsITh 324aCTYIO IPOTUBOIIOAOKEH TAaKOBBIM
Ha IMO3AHMX CPOKaX, YTO YKa3bIBaeT Ha CYIL|eCTBEH-
HOE€ pa3ANYYie PAHHMX U OTCPOYEHHBIX IIPOSIBAEHUI
myTtaumit KTTOT.

3aKkAw4YeHune

Boaee 45 aet mpomiao ¢ Tex nop, kax V. I'1. Aa-
IIVIH, POAOHAaYaABHMK «KVHYPEHVHOBOI'O HaIlpaB-
A€HMSI» B HEMIPOOMOAOTMHM, IPEAAOXKUA CUUTATH
aucperyasuuio KITOT opHO 13 TpMYMH pasBUTUA
AernpeccuBHbix pacctpoitcts (Lapin 1973). Tlo-
CAeAyIOll[Jie ICCAEAOBAHMS TIOATBEPANAU BO-
BAEYEHHOCTDb KMHYPEHVHOB B PasBUTUE PsIAA
HEMPOAOTMYECKMX U MCUXNYECKUX HaPYLIEeHUN
y 4eAOBeKa, a TaK’Ke YHUBEPCAABHOCTD X GYHKLMI
B XMBOTHOM MUpPe€, CAOYKHBI/ U MHO>KeCTBEHHBIN
XapaKTep UX BO3AENCTBUSA HA HEPBHYIO CUCTEMY
ITIO3BOHOYHBIX U 0ecrio3BOHOYHbIX (Aamuu 2004).

B Hacros11ee BpeMs KUHYPEHMHbI PacCMaTpUBAIOT
KaK HEMPOPEryASITOPBI C IVPOKUM CIIEKTPOM O10-
aornyeckux pyHkumii, a aktuBauyio KITOT B mo3-
re — KaK CCTEMHBIJI MEXaHV3M OTBeTa Ha CTpecc
" BocraauTeAbHble Tpouecchl B LIHC.

B 3akAr0ueHMe CAeAyeT TOAYEPKHYTD PSIA KAO-
yeBbpIX xapakTepucTuk KITOT kak BajkHOTO 1C-
TOYHMKA HEJIPOMOAYASITOPOB B OpPraHU3Me XUBOT-
HBIX 11 YeAOBeKa:

1. MHO>XXeCTBEeHHbBIN M 3a4acTyI0 HeCIeLu-
(bUUHBI XapaKTep BO3AENICTBUS, IPEXAE BCErO
Ha CUCTEMBbI KA€TOUHO peLleT X OKUCAUTEAD-
HO-BOCCTQHOBUTEABHbIE IIPOLIECCHI.

2. YHUBEPCAABHOCTD: AQHHBII Iy Th MIMEETCS KaK
Y TO3BOHOYHBIX, TaK 1 y 0€CTI03BOHOYHBIX KMBOTHBIX,
OAHAKO Y TIOCAEAHMX HAOAIOAQETCS PSIA CYLIeCTBEH-
HBIX OTAMYMIA, B YACTHOCTY OTCYTCTBYIE Y HACEKOMBIX
QUIN u nepenanpasaenne 3HOK c myTtu cunTesa
NAD* Ha yTb CHT€3a OMMOXPOMOB.

3. OyHKUMOHAADBHAS BAXKHOCTD: I0KA3aHO y4a-
ctue KITOT B peryasiuyu Boicumx ¢ynxumit LIHC,
TaKMX KakK MaMsaTh 1 GOPMUPOBaAHME YCAOBHBIX
pedAeKcoB, a TAKKe MOAYASILIIY HeMIpOAeTeHepa-
TUBHBIX IIPOLIECCOB U CTAPEHMS.

4. YyacTue B OTBeTax Ha CTpecc: IIpeuMylile-
CTBEHHO Y MAEKOIIUTAIOIMX, HO ITOKa3aHO U AAS
AP030GbUABI (MMMOOMAM3ALMOHHBIN CTPECC, TEMAO-
BOI 1IIOK).

BeireykazaHHOe 00yCAOBAMBAET MEPCIIEKTHB-
HOCTb ucnoAb3oBaHust MyTaHToB KITOT pAposodu-
ABI AAST PACKPBITHSI MEXaHM3MOB BO3AENICTBYA
KVHYPEHVHOB Ha GM3MOAOTMUECKYIe Y TIOBEAEHYE-
CK€e ITPOLIECChI, YTO CYIIECTBEHHO AASL Pa3apaboTKu
HOBBIX [TOAXOAOB K Tepanuy 3a00AeBaHMIT HEPBHOM
CUCTeMbI ¥l KOTHUTUBHBIX AUCOYHKLMI Y YeAOBeKa.
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Annomayusa. CUCTeMHOe BOCIIAA€HNE BbI3bIBaeT HapylleHyre GQyHKLUI
ABIXaHUS ¥ KpoBooOpaieHus. AAsi 9KCIIEPUMEHTAABHOTO MICCAEAOBAHUS
MeXaHU3MOB 3TUX HapyLIEHUII HEOOXOAVMMO MOAEAUPOBATb CUHAPOM
cuctemHoro BocrnaauteabHoro orsera (CCBO) B ycaoBuUsiX ocTporo
9KCIIePMMEHTA Ha )XMBOTHBIX, aHECTe3MPOBAHHBIX ypeTaHoM. Lleab HacTosIIIe
paboThI COCTOSAAA B IPOBEPKE I'MIIOTE3BI, COTAACHO KOTOPOII B YKa3aHHBIX
3KCIePVMEHTAAbHBIX YCAOBUAX MOXKHO BOCIIPOM3BECTHU OAVH 13 CUMIITOMOB
CCBO, a uMeHHO — U3MeHeHle KOAMYeCTBa U COCTaBa A€IKOLIMTOB KPOBI.
Pabora BbIloAHEHAa Ha AabopaToOpHbIX Kpbicax (camupl Bucrap, Bec 250—
300 r), aHecTe3npoBaHHBIX ypeTaHoM (1600 mr/kr, B/6) u pa3buThIX
Ha Tpu rpymmsl. JKuBoTHble nepBoit rpynmnsl (7 =5) ObIAM TOABEPTHYTHI
orepaLyy, UMUTHUPYIOLIEl HEKOTOPbIe OIlepaTBHbIE IIOAXOADI, ICIOAb3YyeMble
npu usydyeHun GpyHKLMIT ABIXaHUSI U KpoBooOpaiieHus. Bropoit rpymme
XMBOTHBIX (1 =5) BBOAMAM BHYTpUBeHHO 500 MKI 6aKTepMaAbBHOTO
aunonoaucaxapupa (ATIC), pactBopeHHOro B 1 MA GU3MOAOIMYECKOTO
pacTBopa. B Tperbeit rpynme Kpbic (7 =15) AOKHas oIepaLus COUYETAAACDH
¢ BBepeHreM ATIC. V3MepeHue KoAMYeCcTBa AEMIKOLIMTOB B 00pa3Liax KpoBY,
B3S5ITBIX M3 XBOCTOBOM BEHBI, MOKa3aA0, 4To BBepeHue AIIC BbI3bIBaAO
y )KUBOTHBIX BTOPOI U TPeTbeil IPYIIl CHIDKEeHME 001ero KOAu4eCcTBa
A€MIKOLIUTOB, TA@BHBIM 00pa3oM 3a cueT HeNTpoprAoB. [ToayueHHbIe
Pe3yAbTAaThI AOKA3bIBAIOT, YTO B YCAOBMSX OCTPOTO 9KCIIEPMMEHTA HA KPBICAX,
AQHeCTe3MPOBAHHBIX YpPeTaHOM, BHYTpUBeHHbIM BBepeHneM ATIC Mo>xHO
BBI3BATh AEIKOIEHNIO, T. €. BOCIIPOM3BECTM OAVH M3 BOXKHENIINX (HapsIAy
C TaXMKapAMeN, TAXUITHOD 1 M3MEeHEHVEeM TeMIIEPATYPbI TEAQ) CUMIITOMOB
CCBO.

Karouesbie cA10Ba: CTHAPOM CUCTEMHOTO BOCITAAMTEABHOTO OTBETA, KPbICa,
0aKTepUaAbHBII AUMIOTIOAMCAXAPUA, AETIKOLUTBI, HENTPOQUABL.
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Beepaenue

Abstract. Systemic inflammation causes respiratory and circulatory dysfunctions.
To study the mechanisms of these disorders, it is necessary to simulate
the syndrome of systemic inflammatory response (SIRS) in an acute experiment
on animals anesthetized with urethane. The aim of the present study was
to test the hypothesis that one of the SIRS symptoms can be reproduced
in these experimental conditions, namely — the change in the number
and composition of blood leukocytes. The work was performed on laboratory
rats (male Wistar, 250—-300 grams) anesthetized with urethane (1600 mg/kg,
i. p.) and divided into three groups. Animals of the first group (n =5) underwent
surgery simulating some surgical approaches used in the study of respiratory
and circulatory functions. The second group (n=5) was administered
intravenously with 500 pg of bacterial lipopolysaccharide (LPS) dissolved
in 1 ml of saline. In the third group (n=5) the sham operation was combined
with the introduction of LPS. Measurement of the number of white blood
cells in blood samples taken from the caudal vein showed that the introduction
of LPS in the second and third groups caused a decrease in the total number
of white blood cells, mainly due to neutrophils. The obtained results prove
that in an acute experiment in rats anesthetized with urethane, intravenous
LPS can cause leucopenia, that is, reproduce one of the most important (along
with tachycardia, tachypnea, and changes in body temperature) symptoms
of SIRS.

Keywords: systemic inflammatory response syndrome, rat, bacterial
lipopolysaccharide, leukocytes, neutrophils.

Hast (> 38°C ) uau nonmwxkenHas (< 36°C); yactora
CepAEUHBIX COKpaleHun > 90/MuH (Taxukapaus);

/I3BeCTHO, YTO B OTBET Ha AEVCTBIE MTaTOT€HHbIX
dbakTOopoB UHDEKLNOHHON U HEMH)EKIIMOHHOI
IIPUPOABI HEPEAKO Pa3BUBAETCSI TSKEADII [TATOAO-
TMYECKUI TIPOLIeCC, KOTOPBII OIPEAEASIETCS Tep-
MUHOM «CMHAPOM CUCTEMHOTO BOCITAAUTEABHOTO
orBeta» (CCBO). DTOT TepmuH (aHra. systemic
inflammatory response syndrome (SIRS)) 6b1a
npuHAT B 1992 1. Ha KOHpepeHUM AMePUKaHCKO
KOAAErMM TOpPaKaAbHbIX Xupypros u ObijecTBa
CIIEIIMAAUCTOB UHTEeHCUBHOM Teparuu (Bone et al.
1992). CCBO 0bIA BKAIOYEH B MeEKAYHAPOA-
HYIO CTaTUCTUYECKYI0 KAaccubuKaLuo 60Ae3Hen
1 IpobaeM, CBsi3aHHbIX o 3p0poBbeM (MKB-10),
B KaueCTBEe CAMOCTOSITeAbHON pyopuku (R65). DtoT
CUHAPOM XapaKTePU3YeTCsI CAEAYIOLIMY OCHOB-
HBIMU CUMIITOMaMU: TeMITepaTypa TeAa GpeOpuAb-
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JacToTa AbIXaHus > 20/MUH (TaXUITHO3); AEMKOLI -
103 (> 12000/ pl) nau Aevikonenus (< 4000/ pl), uan
60aee 10 % He3zpeAbIX GOPM AEMKOLUTOB. AMarHo3
CCBO cTaBUTCS IpY HAAMUNY KaK MUHUMYM ABYX
13 nepeyncAeHHbIx cumntomoB (Bone et al. 1992;
Zimmerman, Ringer 1992; Bone 1996; Yepemnrnes,
I'yces 2002). CCBO conpoBOXA2€TCsI HapyLIeHeM
bYHKUMI CUCTEM ABIXaHMSI M KPOBOOOpAIeHus,
YBEAMYMBAET PUCK Pa3BUTUS MIOAMOPTAHHON He-
aoctatoyHocTu. KaroueByto poab B passutuu CCBO
urpaet baktepuaAbHblil Antornoaucaxapup (AIIC) —
KOMIIOHEHT CTE€HKM I'PaMOTPULIATEABHbIX OaKTepui,
KOTOPBIi1 TIOCTOSIHHO NPUCYTCTBYET B CUCTEMHOM
KPOBOTOKe 1 3¢ (PEKTUBHO HENTPAAU3YETCS aHTH -
SHAOTOKCUYecKuMu cucteMamu. OObIYHBIM KC-
touHukoMm ATIC B opraHnsme siBASIIOTCSI OaKTepuu,
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BXOASIIVE B COCTAaB MUKPO(AOPHI KMIIEYHNKA
(MeskupoBa u Ap. 2011). Ilpu pasBuTuUu cuc-
TEMHOI'O BOCITAAEHVSI IPOMCXOAUT HapYLIEHVe
6apbepHOI QYHKLVY CTEHKM KUILIEYHVIKA, & TAKXKE
MaccoBOe paspylleHyue OaKTepuil, YTO MPUBOAUT
K noBblIlIeHMIo cucteMHOro yposHs AIIC. B cBoro
ouepeAb, AIIC BbI3bIBaeT yCHAEHHYIO MPOAYKLIMIO
MPO- U IPOTUBOBOCIAAUTEABHBIX IUTOKMHOB Aell-
KOLUTaMU U APYTMMM KAeTKamy, noaromy CCBO
COnpoBOXAaeTcs runepuuTokuuemuent (Cumoup-
ues, Toroasu 2015; Garami et al. 2018; Herzum,
Renz 2008). VI3BeCTHO, YTO MPOBOCIIAAUTEABHBIE
LJUTOKMHBI MOT'YT OKa3bIBaTh BAMSIHME Ha CTPYK-
Typbl LLEeHTPAAbHOV HEPBHOJ CUCTE€MbI, B TOM
YJICA€ Ha CTPYKTYPBI, YYaCTBYIOLI/E B KOHTPOAE
aBTOHOMHBIX ¢yHkuuit (Black 1994; Benveniste
1998; Probert 2015; Miiller 2017, Kim et al. 2019).
IToaTOMY MOYKHO IIpEANIOAAraTh, YTO IIOBbILIEHHDII
YPOBEHb IIPOBOCHAAUTEABHBIX UUTOK/HOB SIBASI-
eTcsl GaKTOpOM, KOTOPBIN OKa3bIBaeT HEraTUBHOE
BAUSIHME Ha HEPBHbIEe ME€XAHN3MbI PEryAsILIuU
byHKUMI AbIXaHMA 1 KpoBooOpamenus npu CCBO.
VccaepoBaHre GU3MOAOTMYECKMX MEXAaHU3MOB
STUX MPOLECCOB TpebyeT paspaboTKM METOAOB
moaeaupoBaHuss CCBO Ha skcneprMeHTaAbHBIX
>KMBOTHBIX, B TOM YMCAE METOAOB, IPUTOAHBIX
K VICTIOAB30BaHMIO B OCTPBIX 9KcriepuMeHTax. OA-
HUM U3 METOAMNYECKVX IIPUEMOB, IIpY MOMOIIY
KoToporo yaaeTca MmopeaupoBatb CCBO, aBaser-
Cs1 BHYTPUBEHHOE VAV BHYTPUOPIOLIMHHOE BBEAE-
Hue npenapara AIIC. Kak nmpaBuao, aTa MopeAb
BOCIIPOM3BOAMAACDH Ha ITOABVDKHBIX YKMBOTHBIX
(Wong, Rodriguez 2008; Stahl, Loffler, Haier et al.
2013; Steven, Dib, Roohani et al. 2017). Ilpu uc-
MMOAB30BAaHMM OOLIVX AHECTETUKOB BO3HUKAET
BOIPOC 00 1X BO3MO>KHOM BAMSIHUY Ha 3¢ deKTh
ATIC. MmetoTcst pabortel, B KoTopsix AITC BBOAK-
AV KVIBOTHBIM, QHECTE3/[POBAHHBIM CEBOPAYPaHOM
(Beck-Schimmer, Baumann, Restin et al. 2017),
nponodoaom (Schlapfer, Piegeler, Dull et al. 2015),
NeHTO0apOMTAAOM U CMECHIO ypeTaHa Y XAOPaAO-
3bl (Kazerani, Furman 2006), a Tak)Ke 4MCTbIM
yperaHoMm (Cao et al. 1997). B atux pabortax mo
OOABIIIENT YaCTV MICCAEAOBAACS BO3MOXXHBIN IIPO-
TEeKTUBHBIN 3(pPeKT aHECTETUKOB MO OTHOILEHWIO
K ATIC, 1 6BIAO YCTQHOBAEHO, YTO OHU AEMCTBU-
TEABHO CITOCOOHBI OCAAOASITh UAM, HAOOOPOT,
ycuauBatb BausAHMe BBeaeHust AIIC Ha MHorue
oprasbl U TKaHU. [ToAyueHHbIe pe3yAbTaThI YKa3bl-
BaIOT Ha TO, YTO IIPU MOAEAMpOBaHUK 3P PeKTOB
CCBO B oCTpbIX 9KCIIEPMMEHTAX AEICTBUTEABHO
CAeAyeT yUUTBIBaTh 3¢ (PeKThl aHECTETUKOB. BmecTe
C TeM B YKa3aHHBIX paboTax He CTaBMAACh 3aAa4a
mopeaupoBanuss CCBO, B yacTHOCTM He OlLieHU-
BAANCD M3MEHEHNA B KOANYECTBE U COCTAaBE A€ll-
KouuToB KpoBu 1o BausHueM AIIC. Cunraercs,
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YTO NPU M3yYEeHUU aBTOHOMHBIX QYHKLUMI Hau-
60Aee IOAXOASIIVIM aHECTETUKOM SIBASIETCS ype-
TaH. AelCTBYA B IIMPOKOM AMamla3oHe A03, 3TOT
AQHeCTEeTMK He BbI3bIBAeT CHVDKEHNSI apTepUaAbHO-
rO AQBAEHNS, He yTHEeTaeT AbIXaHue, obecreynBa-
€T CTaOMABHYIO ABUTAaTEABHYIO aKTUBHOCTb >KEAY-
AOYHO-KUIIIEYHOTO TPaKTa. YCTAaHOBAEHO, UTO
ypeTaH HECKOABKO OCAA0AsIET, HO He YCTpaHseT
nuporenHsiit apPext AITC (Cao et al. 1997). Vime-
IOTCSI 9KCIIEPVIMEHTAABHbIE AQHHBIE, KOTOPbIE
CBUAETEABCTBYIOT, YTO BBepeHre AITC )XMBOTHBIM,
HaXOAAIIMMCS TIOA YPETaHOBOI aHeCcTe3uell, Mo-
3BOAsIET BOCIIPOU3BECTYU OAVH 113 OCHOBHBIX CUIM-
nromoB CCBO, a MEHHO IOBBIIIIEHE YaCTOTHI
cepAeuHbix cokpaiieHnit (TymaHoBa, AAeKcaHAPOB
2016). LleAb HacTOsIII[€l PAOOTHI COCTOSIAA B OKC-
IepUMEHTAAbHOM IIPOBEPKe TUIIOTE3bl, COTAACHO
KoTopoll BHyTpuBeHHOe BBepeHre ATIC kxpricam,
HaXOAAIIMMCA MOA YPEeTaHOBOV aHecTesuell, 1o-
3BOAUT BocnpousBecTu pApyroi cumnrom CCBO,
a UMEHHO — U3MeHeHle KOAMYECTBA U COCTaBa
AeVIKOLMTOB KpoBu. IIpeapnioraraaock, 4To MOAY-
YeHHbIE Pe3YABTAThI TO3BOASIT CAEAATh 0O0OCHOBAH-
HO€ 3aKAIOYEHVE O BO3MOXXHOCTY MCIIOAb30BAHUS
ATIC pas mopeanpoBanusa CCBO B ycaoBusx
00111eiT ypeTaHOBOI aHECTE3U M.

OOBEKT 1 METOABI UCCAEAOBAHMS

Obwvexm uccre00BaHug

AAsI IpPOBEAEHUST SKCITEPUMEHTOB OBIAO UC-
moAb30BaHO 15 kpbic AuHuu Wistar (camigel, Bec
250-300 r) u3s KIT «buokoarexyusa M1d PAH
AASI ICCAEAOBaHUSI MHTErPATUBHBIX MEXAaHN3MOB
AESTEABHOCTY HEPBHOII U BUCLIEPAABHBIX CUCTEM.
Copaep>kaHue U VCIIOAb30BaHMe KMBOTHBIX OCY-
mecTBAIAOCh B cooTBeTcTBUM ¢ [OCTom 33215-
2014 «PykoBOACTBO IO COAEPYKaHUIO U YXOAY
3a AabOpaTOpHBIMU XUBOTHBIMU. [IpaBuaa 060-
PYAOBAHMSI IOMELIeHWI1 1 OPTaHU3ALIMY IIPOLIEAYP»,
YUMTBIBAIOIIVIM OCHOBHBIE IOAOXKeHMs | [puaoske-
HUA A K EBpomneiickoi KOHBEHLIMY O 3aLUTe T0-
3BOHOYHBIX >)KMBOTHBIX, MCIIOAb3YEMBIX B 9KCIIe-
pMMeHTax 1 B APYTUX HayuHbIX Lieasx (ETS Ne 123).
DBTaHa3Msl XUBOTHBIX 110 OKOHYAHUU dKCIIEPU-
MEHTa IIPOM3BOAMAACH IIYTEM II€PEAO3VPOBKU
aHeCTeTHKaA.

MemoOwvt ucciedosanus
XMpypZMLIECKﬂ}I I’IOOZOI’I’ZOBK&Z MUBOWIHbLX

IKCIIEPUMEHTBI IPOBOAVIAKCH MTOA OOI1Iel aHe-
cresuelt (yperat B/0, 1600 Mr/Kr) u mpeaycMaTpu-
BAAU XMPYPIUYECKYIO IOATOTOBKY, B XOA€ KOTOPOJI
IIPOM3BOAMAACH KaTeTepu3alusi XBOCTOBOI BEHbI
AAst oTbopa 06pasioB KpoBu 1 BBepeHust ATIC.
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Ilpy npoBeaeHMM 5KCIIEPUMEHTOB, IIPOTOKOA
KOTOPBIX IIPEAYCMATPUBAA BBIITOAHEHVE «AOSKHBIX»
orepauuii, AOIIOAHUTEABHO IIPOV3BOAVIACS IIPO-
AOABHBII pa3pe3 Ha BEHTPAABHOV IIOBEPXHOCTU
IIeM, AAIIAPOTOMMSI 10 CPEAHEN AMHUM U paspes
Ha BHYTPEHHeIl IOBEPXHOCTU OeApa, Bce pa3pesbl
3alIMBAAKCE. TakMM IIyTeM BOCIIPOU3BOANANUCD
OIlepaTVBHbIE TOAXOABI, OOBIYHO VICIIOAB3YyeMble
PV 9KCIIEPYIMEHTAABHOM VICCAEAOBAHNY PYHKLIMI
BMCLIEPAABHBIX CUCTEM: TPAaXeoCTOMMsI, obecrie-
yeHye AOCTYIa K OpraHaM OPIOLIHOM IMOAOCTY
u Anadparme, a TaKxe K KPYITHBIM COCYAQM.

Temamonozuueckuii aHAAU3

KpoBb B koAnuectBe 50 MKA OTOMPAAU B TIPO-
6upku Tuna dnneHpaopd oobemom 1,5 Ma, copep-
xasuue 250 Mxa 0ydepa ¢ DATA. IIpoby kpoBu
TIATEABHO IepeMeIlVBaAY Y AaHAAU3MPOBAAU
B Te4yeHMe 2 4 TocAe 3abopa. AAst aHaAM3a A€KO-
LMTapHOI (OPMYABI KPOBU MCIIOAB30BAAM aBTO-
MaTUYECKUI TeMaTOAOTMYECKUIT aHAAU3ATOP
Abacus Junior Vet, dupmbr Diatron, moAHOCTbIO
ABTOMATU3MPOBAHHBIN AASL IOACUYETA KAETOK
KPOBU UM 3PUTPOLIUTAPHBIX MHAEKCOB. YUUTBIBA-
AU KoAndecTBO AenkouutoB (WBC), koanue-
ctBo aumbornuros (LYM), nenttpodpuaos (GRA)
Y1 MOHOLIUTOB/303MHOGVAOB U UX IIPEALIECTBEH-
Hukos (MID).

BKCI’ZepMMeHI’}’ld/leble npomoKkoAbL

ITpOTOKOA 5KCIEPUMEHTOB IIPEAYCMATPUBAA
ot60p 10 mpo6 KpoBHU, MpuyeM nepsasi mpoba ot-
O6upaAach HEIMOCPEACTBEHHO ITOCA€ YCTAHOBKU
BEHO3HOTO KaTeTepa, a OCTAAbHbIE C MIHTEPBAAOM
B 30 muH. Bech skcneprMeHT, TakuM 00pasom,
AAUACS 4,5 4. TTo 3TOi cxeMe ObIAO TIPOBEAEHO
TPU Cepu SKCIIEPUMMEHTOB, Ka’KAAS U3 KOTOPBIX
yIMeAa CBOY OCOOEHHOCTH.

B nepBoii cepun (1 =5) mocae B3situs 1-i mpo-
OBl IPOBOAMAACH «AOKHASI» OIEPALVS, @ MEXAY
3-11 u 4-11 npobamu BBoauACs 1 MA duspacTBopa.
3areM 0TOMPAAUCH OCTAABHBIE TIPOOBI.

Bo BTOpOIT cepunt (n=>5) «AOKHasI» Onepauus
He TIPOBOAMAACH, & MEXAY 3-11 1 4-11 nmpobamu
BBOAMAOCH BHYyTpuBeHHO 500 Mkr AIIC (Sigma-
Aldrich), pactBopenHoro B 1 Ma pusnororngecko-
ro pactBopa. ITocae aToro Takxe oT6Mparuch
OCTAABHbBIE TTPOOBIL.

B TpeTbeit cepuu SKCIIEPUMEHTOB (71 = 5) MEXAY
1-i1 u 2-71 mpobamMu POU3BOAMAACH «AOXKHASI»
orneparsi, a MeXAY 3-i1 1 4-i mpob6amMy BBOAUACS
ATIC B TOI ’)Ke AO3MPOBKE.

AddexTnBHOCTD YKazaHHOI A03bl AITC OblAa
yCTaHOBA€HA B 9KCIIEPMMEHTAaX C perucrpaluei
aKTVBHOCTY CUCTEM ABIXaHMsI ¥ KpOBOOOpallieHNs,
B KOTOPBIX OHa BbI3bIBaAa poct YCC u ycuaeHue
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BeHTUAsLIMM Aerkux (TymaHoBa, AA€KCaHADOB,
2019).

Cmamucmuueckas o6pabomka
JKCHePUMEHMAAbHBLX OAHHBLX

Pe3yAbTaThl 9KCIIEPYMEHTOB 3aHOCUAVICD B Ta0-
Autpt MSExcel 1 06pabaTbiBaAKCh CTaTUCTUYECKU
C TIOMOLIIbIO OILIMK «OMMCATEAbHAS CTATUCTUKAY.
[ToAydeHHbBbIe CpeAHVE BEAUYMHBI U UX OLIMOKY
HAHOCUAMCH Ha rpadpuKu. AAst OLEHKYM AOCTOBEP-
HOCTU TIOAYYEHHBIX Pa3AUYMUI MCIIOAB30BAA-
cst OAHO(DAKTOPHBIN AVCIIEPCUOHHBIN aHAAUS,
a TaK)Ke HelmapaMeTpuiecKuil Kputepuit MaHHa —
Yutuu. Pasanumusi C4MTaANCh AOCTOBEPHBIMU
npu P<0,01.

Pe3yabTarnl

Sppexmpi onepamuBHo20 BMeULAMeAbCBA

Oo6iee KoAnmyecTBo Beex Aenkouutos (WBS)
AO ollepaluy COCTaBASAO B cpepHeM 20,74+ 5 x
10° ka/MKA. TTocae omeparu HABAIOAAAOCH TIO-
CTENeHHOE YBEAMYEHME 3TOr0 MOKa3aTeAsl AO
37,84 + 4,43 x 10® xA/MKA Ha 120-11 MUH, 3aTeM
HEKOTOPOe CHIVDKEHME U CTabMAM3aLMsI Ha YPOBHE
0K0A0 30 x 10® KA/MKA AO KOHLIa 5KCIIepUMEHTA
(puc. 1).

Koanuectso Heittpoduaos (NEUT) Ao onepa-
LIMM COCTABASIAO 5.6 +1,27 x 10® ka/MKA. TTocae
onepauny NEUT Takke MOCTeNEeHHO POCAO
” yepe3 2 4 CTaOMAMBMPOBAAOCh HAa YPOBHE
20-21 x 10° KA/MKA, IpUY€eM 3TOT YPOBEHDb OBIA
AOCTOBEPHO BbiIIe ucxopnoro. Q6pamraer Ha cebst
BHUMaHIE TO 00CTOSATEABCTBO, YTO KPUBbIE, OT-
pakaroiue M3MeHeHUsT 001ero KOAUYeCTBa Ae-
KOL[MTOB U KOAUYECTBA HEMTPODUAOB, IPAKTUIE-
cku napaaseabHbl. KoandectBo anmdountos (LYM)
AO omepanuu paBHAAOCH 14,2 +4,74 x 10° KA/MKA.

BikAHME XHpyprFHe cKoro BMelaTeNbCTEa Ha
KOMMYe CTE O NeAKOLMTOR
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Puc. 1. BAMsAHMe XUPYPTMYECKOTO BMEUIATEAbCTBA
Ha KOAMYECTBO AEMKOLMTOB

Fig. 1. Effect of sham surgery on white
blood cell count

DOI: 10.33910/****-***%-2020-1-1-51-60



B. I Azrexcandpos, E. A. I'y6apesuy, I. A. Aanurosa, T. C. Tymarnosa

M3MEHEHME KONWMYECTEa NeMKOUMTOS dhpa kUMK
MID
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Puc. 2. Vi3smeHeHMEe KOAUYECTBA AEIKOLUTOB
dbpakunu MID

Fig. 2. Alteration in count of MID leukocytes

ITo xoAy aKCIlepyMeHTa MPOMCXOAMAO ITAABHOE
cHkeHre LYM a0 6,7 £1,12 x 10> KA/MKA Ha
240-1n muH skcniepumenTa. [lokaszareap MID a0
omepanuu paBHsACs 1,14+ 0,34 x 10° ka/MKaA. B 4-11
npobe oH cocTaBasiA yxe 1,72 0,42 x 10% ka/MKA,
a K KOHLy aKcrnepumeHTa 2,3 0,34 x 103 KA/MKA,
T. €. IPAaKTUYeCKM YABaMBaACH (puc. 2).

IToayyeHHbIe pe3yAbTaThl IOKa3bIBAIOT, YTO
XMpypruyeckas NoArOTOBKa )KMBOTHOTO K OCTPOMY
9KCIIEpMMEHTY B YCAOBMSAX YPeTaHOBOI aHeCTe3UN
BbI3bIBAET AEMIKOLIUTO3. DTO IIPOVCXOAUT, TAABHBIM
00pa3oM, BCAEACTBME NTOAbEMA YPOBHSI HETPO-
¢duaoB. Kpome T0ro, mpoucxoAUT HEKOTOpOE TO-
BbIILIEHVE YPOBHS MOHOLIMTOB, 903MHOMUAOB U UX
MpeALIeCTBEHHUKOB.

Sppexmbt saedenus ATIC

B Teuenne nepBoro yaca Ao BBepenust AIIC mo-
kasaTreab WBC He3HaunTeAbHO MTOBBIIIAACS, HO STOT
POCT ObIA B IPEAEAAX CTATUCTUIECKO OTPEITHOCTH.
HenocpeactBenno nepep BBepeHneMm ATIC nmokasa-
teab WBC paBHsiacs 21,5 +4,89 x 10° KA/MKA, a 3aTem
HauMHaA CHIDKaThCs. Yepes 90 MUH TOCAe BBEAEHMS
OH cocTaBASA 12,5+ 3,31 x 10° KA/MKA 1 Ha 5TOM
YPOBHE OCTaBaACS AO KOHLIa 9KCIiepuMeHTa (puc. 3).

KoAnuectBo HeNTpOGMAOB B TeueHle NTEPBO-
ro yaca Ao BBepaeHus AIIC mocTerneHHO pocao,
Ho BBeaeHne AIIC npepoiBaao sTor poct. Hemo-
CpeACTBEHHO mepeA BBepeHueM mokazateAb NEUT
cocraBAsiA 9,3 + 1,93 x 10° KA/MKA, Yepe3 yac rocae
BBepeHus BBepeHUst AIIC KoAuyecTBO HelTpo-
dbuAroB cHuKar0Ch A0 5,5+ 0,88 x 10° KA/MKA.
KoanvectBo AuMboUUTOB B mepBOM nmpobe co-
ctaBAsIAO 10,9 +£4,09 x 10° kA/MKA, a 3aTeM IIO-
CTEIIeHHO CHUKAAOCH, COCTABASIA B KOHLIE 9KC-
nepumenTa 3+ 0,79 x 10° ka/mxa. [Toxazateap MID
HEMOCPEACTBEHHO ITepeA BBEAEHMEM COCTABASIA
1,2+0,17 x 10 KA/MKA, B Te4eHMe Yaca ITOCAE
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BrvAHKe BHYTRMBEHHOMD BEBedeHmd NMC
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Puc. 3. BAnanue BHyTpuBeHHoro Beeaenus AIIC
Fig. 3. Effect of intravenous LPS

BBEAEHMSI POSIBASIA TEHAEHLIMIO K POCTY, & 3aTeM
BO3BPAIIAACS K UCXOAHBIM 3HaYeHUsIM (puc. 2).
Takum ob6pasom, BBepeHne AIIC nmpuBoauAo
K AEVIKOIIEHUY, BCAEACTBYE CHVKEHUSI YPOBHS
HENTPO(UAOB, KOTOPOE IPOUICXOAUAO ITAPAAAEAD-
HO C MaAeHueM YpOBHs AMMGOLUTOB. AMHaMuKa
IIPOLIeCCa CHIDKEHMS KOAUYeCTBAa AUMQOLIUTOB He
OTAMYAAACh OT TOJ, KOTOPasi HAOAIOAQAACH Y AOXK-
HOOIIEpPVPOBAHHBIX >KMBOTHBIX.

Sppexmpi couemanus Xupypau4eckozo
smewamervcmsa u AITIC

B Tperbeit cepun sKCIiepUMEHTOB 001ijee CO-
A€ep>KaHue AeIKOLUTOB B MEPBOIl Mpobe coCTaB-
As1A0 27,6 £1,19 x 10° KA/MKA, U3 HUX HEUTPO-
duaoB 10,5+ 1,97 x 10® xa/MKA, AUMPOLUTOB
15,9 £ 1,36 x 10° KA/MKA, OCTaABHOE IIPUXOAUAOCH
Ha KAeTKu dpakyuu MID. DKcriepuMeHTbI 110-
Ka3aAu, YTO U B STOV CEPUM AOXKHAsI OTeparius
BBI3BIBAAQ AOCTOBEPHOE YBEAUYEHME O0Iero
Y1CAQ ACMKOLUTOB (puc. 4).

Shhe KT COMeTaHMA XHPYDIHH eCKoro
EMeWaTeNkCTEE M BEeOeHMA NITNC
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Puc. 4. 9P dexT coueTaHMs1 XUPypruyeckoro
BMelaTeAbCTBa U BBepaeHus AITC

Fig. 4. Effect of sham surgery and intravenous
LPS combined
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B 3-i1 mpo6e nokasareap WBC cocTaBAsiA B cpea-
HeM 35,8+ 6,89 x 10° KA/MKA, a B 1-71 1 2-11 COOTBET-
cTBeHHO 27,6 +1,19x 10% ka/MKA 1 21,9+ 1,35 x
10% KA/MKA, IpUYeM YBeAMYEHVIE TIPOVICXOAMAO
rAQBHBIM 00Pa30M 3a CYET POCTA KOAMYECTBA HENTPO-
¢duaroB. OpHaKO yXKe B 4-i1 Ipobe 1mocae BBEAEHVS
ATIC o6111ee KOAMYECTBO AEIKOLIMTOB PE3KO YMEHb-
IIAAOCD, TPUYEM I'AABHBIM 00pPa3oM 3a CYeT CHIDKe-
HUSI YMCAQ HENTPOoPuaoB. Takyio Ke AMHAMUKY
AeMOHCTpupoBaa nokasareab MID (puc. 2). Takum
00pa3oM, U B 3TOI CepUM KCIIEPUMEHTOB AOXKHAS
orepauysi CTUMYAMPOBAaAa pa3BUTHE HEUTPODUAD-
HOI'O A€MKOLIUTO3a, KaK U B 9KCIlepuMeHTax 1-11 ce-
pun. OpHako BBeaeHne AITC npeppiBaro 3TOT npo-
ecc, 1 npeobAaaparonM 3¢bdEKTOM CTaHOBUAACH
HeNTPOPUAbHAS AEITKOTIEHNS], TAK YK€ KaK 1 BO 2-11 ce-
puu 3KCIIepuMeHTOB. UTO KacaeTcsl CoAep KaHus
AVM(}OLIMTOB, TO B T€U€EHME BCETO BPEMEHU JKCIIe-
pUMeHTa OHO MOHOTOHHO CHVPKaAOCh, IIOAOOHO TOMY,
KaK 5TO VIMEAO MeCTO B SKCIIEPMMEHTAX ABYX IIepBBIX
cepuit. VIHBIMM CAOBaMU, U B 3TOV SKCIIEPUMEHTAAD-
HOJ CepUM «AOXKHASI» ONepaLV 3allyCKaAa HEUTPO-
¢buabHBIN AeliKoLTO3, 2 ATIC — AeliKoneHuIo.

O06cyXAeHNe TOAYYEHHBIX Pe3yYAbTATOB

Pe3roMupys pe3yAbTaThl IPOBEAEHHBIX JKCIIe-
PUIMEHTOB, CAEAYET CAEAATD BBIBOA: OTIepaTUBHOE
BMEIIATEABCTBO BbI3bIBAAO CTAOMABHBIN AEVIKO-
yurto3s, a AIIC — aeiikonenuso. Ilpu coueTanun
OIlepaTMBHOrO BMelaTeAbCcTBa U BBeaeHnst AITC
OIlepaTVBHOE BMEIIATEAbCTBO CTUMYAUPYET II0-
BBIIIEHNE KOAMYECTBA AEMKOLIMTOB, HO BBeAe-
Hre AIIC nmpepbIBaeT 3TOT IpOLIECC I IPUBOAUT
K CTaOMABHO AeVIKOIIEH!Y TPUOAUBUTEABHO Yepes
40-45 muH nocAe BBepeHus1. Takum ob6pasowm,
apdextom peiictBuss ATIC B ycAOBMSIX OCTPOro
SKCIIepMMEHTa Ha KpbICaX, aHeCTE3MPOBAHHBIX
YpeTaHOM, SIBASIETCS] YCTOMYMBAsT AEMIKOIIEHMSI.
Ipy aTOM pasHble GpaKLM ASHIKOLMTOB I10-PasHOMY
pearnpoBaAl Ha 9KCIIePYMEHTAAbHBIE BO3AEVICTBUAL.
KoAnuecTBO HENTPOPUAOB ITOCAE «AOXKHOIT» OTIe-
pauuu Bo3pacTtaet, a mnocAe BBepeHnst AIIC ymeHb-
mraercs. [lpu coueTaHuu onepanyuy U BBeAeHUs
ATIC ypoBeHb HEMTPOUAOB CHAUYaAQ MOBBILIAET-
cs1, a IOTOM CHIKaeTcsa. Bo Bcex akcrieprumen-
Tax AuHamuka rnokasareasd NEUT cooTBeTcTBYET
AvHamuke WBS 1, mo-BUAMMOMY, OTIIpEAEAsIET ee.
AVHaMyKa KoAnyecTBa AMMQOLIMTOB BO BCEX IKC-
HepYMeHTax OblAa eATHOOOPa3HO! U CBOAMAACH
B 00111eM K TOCTEINIEHHOMY CHVDKEHMIO X YVICAQ TI0
XOAY 9KCIIEpMMEHTA. DKCIIepYMEHTAAbHbIE BO3-
AEVICTBMSI HE OKa3bIBAaAU AOCTOBEPHOI'O BAMSIHUA
Ha 3TOT Inpolecc. UTo KacaeTcst KAeTOK (ppakuum
MID, To AMHAMMKA UX YMCA€HHOCTY ObIAA TAKO
Ke, KaK AMHaMMKa YMCAEHHOCTU HENTPOPUAOB.
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Pe3yabTaThbl IpOBEAEHHBIX SKCIIEPMMEHTOB O-
3BOASIIOT CAEAAQTb HECKOABKO BBIBOAOB. Bo-11epBBIX,
B YCAOBMSIX YPETAaHOBOJ aHECTe3UM CaMO OIepa-
TUBHO€E BMEIIaTeAbCTBO BBI3bIBAET Y KPBIC AEVIKO-
LJUTO3 B Pe3yAbTaTe MOBBILIEHVS YPOBHS HENTPO-
¢duAroB u, otuactu, AenkounToB dpakuuu MID.
Bo-Bropsix, AIIC ycTpaHser aT0oT apdeKT 1 BbI-
3bIBA€T AEVIKOIIEHVIO BCAEACTBVIE YMEHbIIEHMS
KOAMYECTBO HENTPOUAOB. B-TpeTbux, HelTpoO-
dbuAbHAsI AEVIKOTIEHUS SIBASIETCSI OCHOBHBIM 2¢-
¢dextom ATIC B yKaszaHHBIX SKCIIEPUMEHTAABHBIX
ycaoBusix. Takum o0pasoM, UMEHHO AMHaMUKa
HeNTPO(DUAOB OIpeAEAsIAa AMHAMUKY 0011[ero
KOAMYECTBA A€MKOLMITOB BO BCEX 9KCIIEPYMEHTAX.

M3BecTHO, yTo nosblieHne ypoBHA AIIC B maas-
Me U pa3BUTME AEIKOLITO3a, B OCHOBHOM 3a CUeT
poCTa KOAMYECTBA HEMTPOPUAOB, HEPEAKO IPO-
VICXOAUT TIPU PA3AUYHBIX TPaBMax, B TOM UMCAe
Y IpY XMPYPru4YecKrX BMellaTeAbCTBax (James
et al. 1999, YepeuHes u Ap. 2011). B To ke Bpems
AVMOLIUTHI TPU TOAOOHBIX CTPECCOBBIX BO3AEN-
CTBMUSIX IOABEPIalOTCS A0 TO3Y, & UX KOAUYECTBO
ymenbinaetcs (feabdana un Ap. 2009). Takum 06-
pa3oM, Hallli AQHHBIE O PAa3BUTUU HENTPODMABHO-
IO AEMKOLIMUTO3a Y AO>KHOOIIEPUPOBAHHBIX KPBIC
BIIOAHE COOTBETCTBYIOT AUTEPATYPHBIM AQHHBIM.
Kax y>xe ymomMmuHaA0Ch, AHAMMKA A€MIKOLIMTOB KaK
B TY, TaK U B APYTYIO CTOPOHY (A€MIKOLIUTO3 U A€li-
KoreHust) siBasieTcst oaHuM u3 kputepues CCBO.
C ApPYTo¥i CTOpOHBI, TOAOOHBIE 3P EeKThI BbI3bIBA-
eT 1 oBbIlIeHMe cucTeMHoro ypoBHs ATIC, koto-
poe Tak’Ke MO>KeT BbI3BaTh ITOBbIILIEHME UAU T10-
HIDKeHVe KOAYEeCTBA HEMTPOPUAOB Y MHTAKTHBIX
Y AOXKHOOIIEpMPOBaHHbBIX XMBOTHBIX (Altenburg,
Martins, Silva et al. 1997; TaaxuH, AemupoBa 2015).
PaszHoOHaAnpaBAEHHOCTb peakLil HeNTPpoPuAOB
Ha ATIC paccmarpuBaeTcs Kak pe3yAbTaT pa3BUTHUA
CBSI3aHHBIX MEXAY CO00I1, HO Pa3AUYHBIX IIPOLieC-
COB, BAVSIOLIMX Ha ITOBEAEHME HEMTPODUAOB.
OAHVM U3 TaKMX MEXAaHM3MOB SIBASIETCS TaK Ha-
3bIBaeMOE€ «KpaeBOe CTOSIHUEY, T. €. AAI'€3VsI HENTPO-
(b1AOB Ha SHAOTEAMM COCYAOB. Bo3amoxkeH u mac-
COBBIN BBIXOA HEMTPODUAOB M3 COCYAUCTOTO
pycaa, «rmapaAuy HeTpo¢uaoB» U Apyrue. Becero
CYLIeCTBYeT OoAee AeCATKA SHAOT€HHBIX (PaKTOpPOB,
AEVICTBYIOLIVX P MOBBIILIEHNY CHICTEMHOTO YPOB-
Hs1 ATIC 1 uameHnstiomyx GyHKLUY HENTPODUAOB,
npuyeM pasHbie GpakToOpbl MpeobAaAAIOT Ha pas-
AVIYHBIX (a3zax pasBUTUS OTBETHOI peakLyuy op-
raHnsma Ha BBepeHue AITC (Wagner, Roth 1999).
Uro kacaercs Aeitkouutos dpaxiyu MID, To us-
BECTHO, YTO OHU SIBASIIOTCSI ICTOUHMKOM IIPOBOC-
MAAUTEABHBIX MEAMATOPOB, BBIAEASIIOIVIXCSI IIPU
pasBuTUM BocrlaauTeAbHoro orsera (Rudiger, Stotz,
Singer 2008). VimetoTcst AaHHBIE 00 MX HAKOIIAEHUY
npu BBepenun ATIC (Castro-Faria-Neto, Penido,
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Larangeira et al. 1997). B autepatype CyiiecTByOT
AQHHbBIE, KOTOPbIE IO3BOASIIOT IIPOAHAAUZUPOBATD
BOIPOC O BAUSTHUY aHECTE3UU HA U3MEHEHUS Aeli-
KOLIUTapHOM (POPMYABI, IPOUCXOASILlEe B OTBET
Ha BBepeHne ATIC. Tak, B 0AHOI 13 paboT OlLleHU-
BaAaCh CBsI3b MEXAY GaKTOPOM HEKPO3a OITyXOAU
aabda (PHO-a), aerkoruramu (WBC), kopTuko-
CTEPOHOM U BbDKMBAEMOCTBIO IIOABVKHBIX KUBOT-
HBIX, UHbELIUPOBAHHBIX padAnaHbiMuU Ao3amu ATIC
(0,0001-28,8 mr/xr). ITocae BBepaeHus ATIC po-
303aBUCUMAsI ACIKOIIEHUS AOCTUIAAA MAKCUMAAb-
HOro ypoBHs1 yepe3 2—4 4 (Feuerstein et al. 1990).
B Apyrom mccaea0BaHUM, TOCBSIILIEHHOM AEVICTBUIO
COMAaTOTPOIIMHA HA UMMYHHYIO CICTEMY ITOABVIK-
HBIX )KUBOTHBIX, CBP MoAeAMpoBaAach BBeAeHUEM
5mr/kr ATTC. O6brunbiM addextom AIIC 6piaa
AEVKOIIeHM I, OAHAKO MI3MEHEHU A AVIKOLIMTapHOM
¢bopMyAbI MOTAY OBITH pa3anuHbIMU. HabAl0AaAOCH,
B YACTHOCTHU, CHIDKEHE KOAUYEeCTBA AUM(OLIUTOB
(AMMdoneHus) 1 yBeANY€HIE KOAUYECTBA HEMTPO-
¢uaoB (nentpoduanms) (Roelfsema et al. 2001).
CHIDKeHMe Y1CAa AETIKOLIMTOB IIPU MOAEAMPOBAHNI
CCBO BBepenmnem ATTC HaOAI0AQAOCDH U TIPU IKC-
MepUMEHTaX Ha aHeCTEe3VPOBAHHBIX XUBOTHBIX.
B oaHoit us pabor (Mathiak et al. 2000) mocae
aHeCcTe3nM paCTBOPOM KeTaMMHa/KCUAA3UHA
n BBeaeHust ATTC (65 Mr/kr) B TeyeHne yaca HaOAIO-
AAAU CHIDKEHME OOIIEero 4ucAa AEMKOLUMTOB OT
13,95 x 10°/MKA A0 5,16 x 10°/MKA. B Apyrom uccae-
aoBaHuu (Short et al. 1999) Ha doue sToro xe
aHeCcTeTHKa 3apUKCUPOBAHO CHIDKEHME KOAUYECTBA
HelnTpodraoB Ha 88% B TeueHue 30 MMH IOCAE
BBepeHus 1mr/kr ATIC. VimeroTcst AQHHBIE O BAUSI-
Hun AIIC Ha ypoBeHb AIKOLIMTOB, IIOAYUYEHHbIE
B YCAOBHSIX OCTPBIX 9KCIIEPUMEHTOB, KOTOPBIE IPO-
BOAMAMCDH TI0A OGapbutyparHoit anectesueit (Kao,

Wang, Lin, Chen 2006). Beeaennem 10 mr/xr ATIC
BBI3BIBAAU OCTPOE TMOBpeskAeHue Aerkux (ALI),
MaTOAOTMYECKOE COCTOSIHUE, KOTOPOE SIBASIETCS
opaHoit u3 moaeaent CBP. AaHHast MOAEAD VICIIOAb-
30BaAach AAS ouleHKM o dekra N-atieTALMCTenHA
Ha ALl Bri3aBaHHOe BBepeHuneM AIIC. ABTOpEI
KOHcTaTupoBaAu Haauuue ALI, B ToM uncae
M TI0 CHIDKEHUIO KoAndecTBa AerkoluTos (WBC)
B TeueHMe TPEX yacos ¢ 7,22+ 0,61 x 10°/ma A0
2,21 40,14 x 10°/ma. Taxum 006pa3oMm, AUTepaTypHbIe
AQHHbBIE CBMAETEABCTBYIOT, UTO B YCAOBMAX OCTPBIX
9KCIIEPUMEHTOB, IIPOBOAVMBIX TIOA OOIIelT aHeCTe-
31ell, BbI3BAHHOI pa3HbIMU aHeCTeTUKaMU, Ael-
KOIEHVS I HEMTPOIIeH)sI (ArPaHYAOLINTO3) SIBASI-
1oTcst 06b1yHbIM 3 pexkTom AIIC. IToayueHHbIE
HaMU pe3yAbTaThbl CBUAETEABCTBYIOT, UTO TaKOM
xe adpdext ATIC mposiBASIETCS U B OCTPBIX 9KC-
HepUMeHTaX, BBITOAHSIEMBIX B YCAOBUSX 001N
ypeTaHoBo aHecTe3uu. [ IpeAbIAYIIMMY KCCACAO-
BaHusimu (TymaHoBa, AaexkcaHpapoB 2016) ycra-
HOBA€HO, uyTo BBepeHne AIIC kpeicam, aHecTe3n-
POBAaHHBIM YPETaHOM, IIPUBOAUT K MPOSIBA€HUIO
emre opHoro cumnroma CCBO, a MUMeHHO ITOBBI-
LIEHMIO YaCTOThI CEPAEYHbIX coKpaleHunt. Kpome
TOT0, HAOAIOAQAOCH YCHAEHME BEHTUASILUU. DTU
AQHHBIE ITO3BOASIIOT CAEAATD BbIBOA: BBeaeHe ATIC
B CUCTEMHBIN KPOBOTOK SIBASIETCSI METOAUYECKUM
MpUEMOM, KOTOPbIII A€ICTBUTEABHO MOXXHO UC-
M0AB30BaTh AAsI MopeAarpoBaHust CCBO B ocTpbix
BKCIIepMMEHTaX Ha KPbICaX, aHECTE3MPOBAHHBIX
ypeTaHoM. VIcrioAb30BaHMe 3TOr0 METOAMYECKOTO
IpyeMa IMO03BOASIET IIAQHUPOBATh U IPOBOAUTH
SKCIIEPYMEHTBI 10 M3YYEHUIO 0COOEHHOCTel PYHK-
L[MIOHMPOBAH BUCLIEPAABHBIX CICTEM M MEXaHU3-
MOB UX KOHTPOASL B YCAOBUSX CMCTEMHOIO BOC-
MAAUTEABHOTO OTBETA.
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Annomayus. B Heltpoh1310AOrMYeCKIIX SKCIIEPUMEHTaX Ha HAPKOTU3MPOBAHHBIX
KPbICaX HA MOAEAV MUTPEHU M3Y4aAOCh BAVAHIE HETIPEPbIBHOTO HUBKOMHTEHCUBHOTO
9AEKTPOMArHUTHOIO UBAYYEHVSI MUAAMMETPOBOrO AnanasoHa (M MMA;
yacroTa 40 I'Tu, maoTHOCTB MOmHOCTY 0.04 MBT/CM*) Ha POHOBYIO U BBIBBAHHYIO
9AEKTPUYECKUM pasAPakeHMEM TBEPAOI MO3IOBOJ 000AOUKM aKTUBHOCTD
HEJVIPOHOB CIIMHAABHOTO siApa TpoitHnayHoro Hepsa (CATH). VsBectHo,
4TO AOKaAbHbIe Bo3AelicTBIsA DMV MMA Ha onpeaeAeHHbIe 00AaCTY KOYKHBIX
IIOKPOBOB MOT'YT COIIPOBOXKAAThCSI CUCTEMHBIM TepaneBTUYecKUM 3¢ deKToM
P A€4eHUM Pa3HbIX TATOAOTUIL. B 4yaCTHOCTH, 3TO KacaeTCs UCIIOAb30BaHM
DMU MMA AAsL Ae4eHUsI TOAOBHBIX DOA€lT pa3HOTO reHesa, OAHOU
13 HauboAee PacIpOCTPAHEHHBIX GOPM KOTOPBIX SBASETCS MUTPEHD,
NPEACTAaBASIOLIAsl COOOI XpOHMYECKOe HEBPOAOTMYECKOEe 3a00AeBaHMe.
XapakTepHbIV NPM3HAK MUTPEHU — SMU30ANYECKIE TPUCTYTIBI TyAbCUPYIOLIei
TFOAOBHOIT 60AM PasHOV MHTEHCUBHOCTU. MeXaHu3M BO3HUKHOBEHUS ee
HEAOCTaTOYHO SICEH, OAHAKO M3BECTHO, YTO B [TATOAOTUM 3TOr0 3a00AeBaHNUS
KAIoueByIo poab urpaet CATH, obecnieunBaroiee epBryHy0 00pabOTKy
00AEBBIX CUTHAAOB OT COCYAOB MO3TOBBIX 000AOUEK M TIEPEAAYy STUX CUTHAAOB
B BBIIIEAEXKALME CTPYKTYPhl MO3Tra, B YACTHOCTU B TaaaMyc. PaHee 6b1AO
IOKa3aHO, YTO BO3AENCTBME YaCTOTHO-MOAYAMPOBaHHOro DM MMA
COIIPOBOXKAQ€ETCS KpATKOBPEMEHHBIMY TOPMO3HBIMY M3MeHEeHVSIMU POHOBOM
Y BBI3BAHHOM 9AEKTPUYECKON CTUMYASILIMEN TBEPAOIL MO3TOBOIT 000AOYKM
aktuBHOCTU HelipoHOB CATH. MbI IpeAIOAOXXUAY, YTO VCIIOAB30BaHVE
HEMOAYAMPOBaHHOro DMV MM A NMO3BOAUT YBEAUYUTD ITPOAOAKUTEABHOCTD
TOPMO3HOI'O BAMSHMS U3AyYeHMs Ha (OHOBYIO U BbI3BAHHYIO aKTUBHOCTD
HeitpoHoB CATH 1 TeM caMbIM MOATBEPANT MTOTEHIIVIAABHBIN AHTVHOLMLIETI TYBHbII
adpdexr SMUM MMA B oTHOLIeHMU MUTPeHU. Pe3yAbTaThl HAILUX OMBITOB
MOKa3aAl, UTO BO3AENICTBYE HEMOAYAMPOBaHHOTO DMV MMA Ha KokHOe
peuenTuBHOe noAe HelipoHoB CATH conpoBoXAaeTcst IpOAOAXKUTEABHBIM
Y KYMYASITYUBHBIM TOPMO3HBIM BAMSHMEM KaK Ha (POHOBYIO aKTVMBHOCTD
HEPOHOB MCCAEAYEMOTO sIAPA, TaK M HAa MX peakliMy, BbI3BaHHbIE
9AEKTPOCTUMYASILIMEN TBEPAOI MO3roBoil 060A0uku. [loayueHHbIE
AQHHBIE IT03BOASIIOT paCCMaTPUBATh IIPOAEMOHCTPYPOBaHHbIE 3P PeKThI Kak
CBUAETEAbCTBO B MTOAb3Y NMOTEHLIMAABHOTO aHTUMUTPEHO3HOTO AEVICTBUA
HU3KOMHTEHCUBHOIO HeMoAyAupoBaHHoro DM MMA. Ipeanoaaraercs,
YTO B OCHOBE 3TOTO AEVICTBMSA A€KUT aKTUBALIMsA HEPBHBIX Y MMMYHHBIX
IIPOLIECCOB B KOXKe, KOTOpbIe 6AAropapsi BOBAE€UEHMIO LIeMV HeMIPOHAABHBIX
MEeXaHNM3MOB IIPUBOASIT K CHIDKEHMUIO BO36yaumoctu HeriponoB CATH,
YYaCTBYIOIIMX B [TATOTeHe3e MUTPEHIL.

Karouesote crosa: IAEKTPOMAarHMTHOE M3AYyY€HIE, CIIMHAADPHOE SAAPO
TpOVIHI/I‘{HOI‘O HEpBa, HeI/vIpOHaAbHa}I AKTMBHOCTb, MUTPEHb.
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Abstract. The study examined the effects of continuous low-intensity
electromagnetic millimeter waves (MM W, frequency 40 GHz, power density
of 0.04 mW/cm2) on ongoing firing of the spinal trigeminal nucleus (STN)
neurons and their responses to the electrical stimulation of the dura mater
in neurophysiological experiments on anesthetized rats. It is known that
local exposure of MMW to certain areas of the skin can have a systemic
therapeutic effect in the treatment of various pathologies. In particular,
it concerns the use of MMW to treat headache of different genesis,
with migraine being the most common form. The mechanisms of migraine
are not clear, but it is known that the STN plays a key role in the migraine
pathogenesis, providing the primary processing of pain signals from the cranial
vessels as well as the transmission of these signals to overlying brain structures,
in particular, to the thalamus. Recently, it has been reported that
the frequency-modulated MMW causes short-term inhibitory changes
in both the background activity of STN neurons and their responses
to electrical stimulation of the dura mater. We assumed that the use of MMW
in the unmodulated mode will allow to increase the duration of the MMW
nhibitory effect on the background and evoked activity of STN neurons
and thereby confirm potential antinociceptive action of MMW in migraine.
The results of the present study have showed that the exposure of the STN
neurons’ cutaneous receptive fields to unmodulated MMW is accompanied
by prolonged cumulative inhibition of both the background activity of these
neurons and their dural electrostimulation-evoked responses. The data allow
considering these effects as an evindence in favour of potential antimigraine
action of a continuous low-intensity MMW. It is proposed that the action
can be based on the activation of nervous and immune processes in the skin,
which, through a chain of neuronal mechanisms, can lead to a decrease
in the excitability of STN neurons involved in the pathogenesis of migraine.

Keywords: electromagnetic millimeter waves, spinal trigeminal nucleus,
neuronal activity, migraine.

L[eBAapUTEABHOM, MOYEIIOAOBOM, 9HAOKPMHHO,
VIMMYHHOI CUICTeM, HEKOTOPbIX BUAOB OHKOAOTUIA,

Haunnas ¢ 80-X IT. IpoLIAOTo BeKa Bce OOAblIIee
BHMMaHMe KAVHULVICTOB IIPMBAEKAIOT METOABI,
CBsI3aHHBIE C ICTIOAb30BaH/EM DAEKTPOMarHUTHO-
T'O M3AYYEHUSI MUAAMMETPOBOTO AManasoHa (MU
MMA) Huskoi unteHcusHoctu (Pakhomov et al.
1998; Rojavin, Ziskin 1998; Beuxnit u ap. 2004).
B yacTHOCTH, TOKa3aHO, YTO AOKAAbHbIE BO3AEICTBUS
OMU MMA Ha ompepeAeHHbIe 0OAACTU KOXKHBIX
MOKPOBOB MOTYT CONPOBOKAAQTbCSI CUCTEMHBIM
TepaneBTNYECKUM 3P PEKTOM IpU A€YEHNY T1aTO-
AOTMV CEPAEYHO-COCYAVCTOM, AbIXaT€AbHO, IN-
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a TAKOKe PsIAQ HEBPOAOTMYeCKMX paccTpoitcts (Lo-
gani et al. 2002, 2006; Safronova et al. 2002; Radzievsky
et al. 2004; Usichenko et al. 2006; MeaBeaeB u Ap.
2013; Ziskin 2013). Kpome Toro, psia HabA0AEeHMIT
CBUAETEABCTBYET 00 aHTMHOLMLIETUBHBIX 3¢ dek-
tax OMIM MMA (Rojavin et al. 2000; Radzievsky
et al. 2000; 2001; 2008; Partyla et al. 2017). B atom
KOHTEKCTe 0c000€e BHUMAaHME IIPUBAEKAET VICTIOAb-
3oBaHre DMV MMA AASL Ae4eHMsT XPOHMYECKUX
0OOAEBBIX CUHAPOMOB, B YaCTHOCTU F'OAOBHBIX
60oAer1 pasHoro reHesa. Hanpumep, ncrnoapzoBatme
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OMNU MMA MoXeT IPUBOAUTD K IPeKpalieHNIo
VIAVI CYLIleCTBEHHOMY YMEHbILEHUIO MHTEHCYBHOCTY,
YacCTOTBI U AAUTEABHOCTY IPUCTYIIOB 'OAOBHBIX
6oaeit (A>xeapybaeBa u aAp. 2012). OpHOM U3 Han-
6oAee pacipocTpaHeHHBIX GOPM FOAOBHOI OOAK
SIBASIETCSI MUTPEHb, IPEACTABASIIOLIAsI COOO0I XpO-
HUYECKOe HEBPOAOTMYECKOe 3a00A€eBaHNe, XapaK-
TEPHBIM ITPU3HAKOM KOTOPOT'O SIBASIIOTCS SIIU30AU-
yeCKyie IIPUCTYIIBbI TyAbCHPYIOIel TOAOBHOM 00AU
Pa3HON MHTEHCUBHOCTH, BO3HMKAIOLI[VIE BCAEACTBIE
AucbaraHca BO3OYAUTEABHBIX I TOPMO3HBIX ITPO-
11eCCOB B CHCTeMe TPOoHUYHOro HepBa (Messlinger
2009; Ameaun u aAp. 2011; Edvinsson et al. 2012;
Akerman et al. 2013; 2017). MexaHU3MbI aHTUHO-
LULeNnTUBHOro AericTBrsg DMV MMA Ha roAoBHYIO
00ADb B HaCTOsiljee BPeMsI HESICHBI, UTO AEAAET UX
M3yyeHMe aKTyaAbHOM 3apaueil. VI3BecTHO, 4TO
KAIOUEBOJ CTPYKTYPOJ B IIATOAOTMM MUTPEHU SIB-
ASIeTCSI CIIMHAABHOE SIAPO TPOVMHUYHOIO HepBa
(CATH), HeitpoHBI KOTOPOT'O OCYIIECTBASIOT Iep-
BUYHYIO 00pa00TKY HOLMILIENITUBHBIX CUTHAAOB OT
COCYAOB MO3IOBBIX 000AOYEK U TTIepeAady UX B BbI-
IIeAe)Kallye LeHTPbl TOAOBHOrO Mo3ara. IIpearo-
AQraeTcs, YTo TOpMOsKeHVe (POHOBOJI U BBI3BAHHOI
9AEKTPUYECKON VAV XMIMUYECKOM CTUMYASALMEN
TBEPAOIT MO3TOBOIT 0O0AOUKM aKTUBHOCTU STUX
HEPOHOB TPV BBEAEHUU OTIPEAEAEHHBIX papMa-
KOAOTMYECKUX CYOCTAHLIMIT AU DAEKTPOCTUMYASI-
LMY HEKOTOPBIX HEPBOB MOKET PaCCMaTpUBATHCS
KaK aHTMHOLVLIENTUBHBIN 3(PPeKT yKazaHHBIX
BO3AEICTBUI B OTHOLIIEHMM TOAOBHOI 60AM (Burstein
et al. 1998; ITanteaeeB u aAp. 2004; Sokolov et al.
2010; Eldener, Dalkara 2014; Lyubashina et al. 2017).
Panee ¢ ucrnoabzoBaHNeM 3KCIIEPYIMEHTAABHOM
MOAEAM KPAaHMOBACKYASIPHOV 00AM Ha KPBICax ObIAO
YCTaHOBAEHO, 4YTO 10-MMHYTHOE BO3AEMCTBME MO-
AyarposanHoro c yactoroit 10,0+ 0,5 [y DMV MMA
HusKon uHTeHcuBHoctu (40 I'Ti) mpu mAoTHOCTH
MoigHocTU usAydenus 0,04 mBt/cm? Ha o6aacTpb
KO>KHBIX pelielITUBHBIX NoAell HelipoHoB CATH
KPaTKOBPEMEHHO MOAABAsIET KaK (pOHOBYIO, TaK
VI BBI3BAHHYIO 9AEKTPUYECKVM pa3Apa’keHleM
TBEPAOV MO3TOBOM 0OOAOYKM aKTUBHOCTb 3TUX
HelpoHOB. OAHAKO MOCAEAYOLe TIPMMeHEeHNs
YKa3aHHOTO BO3AENCTBYS C MHTepBaAoM 10 MUHYT
(KYMYASITUBHBIN PEXXMM) OKa3aAUCh HeahPeKTuB-
HbiMt (CrBaueHKO 1 Ap. 2015). MbI IPEATIOAOXKMAY,
4yTO UCroAb3oBaHre DMV MMA B pexxuMe Herpe-
PBIBHOTO (HEMOAYAVPOBAHHOT0) M3AY4YEHMS IO3BO-
AT YBEAUYUTD MIPOAOAKUTEABHOCTD TOPMO3HOTO
a¢dexTa Ha GOHOBYIO 1 BBI3BAHHYIO IAEKTPUYECKOI
CTUMYASILIVIEI TBEPAOIL MO3TOBOJ 0OOAOYKY aKTUB-
HOCTb HEIPOHOB CIITHAABHOTO SIAPA TPOVIHUYHOTO
HepBa U TeM CaMbIM IIOATBEPAUT ITOTEHLIVIAABHBII
aHTUHOUMLENTHUBHBIN 3 dext DM MMA B ot-
HOLIEHVY TOAOBHOM 60A1. [T0oaTOMY 1I€ABIO HACTO-
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SIIIIETO VICCAEAOBaHUSI OBIAO OLeHUTD 3P deKThI
HernpepbiBHOT0O DMV MMA Ha $OHOBYIO U BbI-
3BAHHYIO SACKTPUYECKON CTUMYASILIEN TBEPAOM
MO3rOBOJ1 000AOYKY aKTMBHOCTb HEIPOHOB CITM-
HaAbBHOTO sIAPa TPOMTHMYHOI'O HEPBa.

MeTOAbI NCCACAOBAHMAA

VccaepoBaHne npoBepseHO Ha 13 HapKOTU3U-
poBaHHbIX ypeTaHoM (1,2—1,5 mr/kr. B. 6.; ICN
Biomedical Inc, Santa Ana, CA, USA) kpbicax AMHUK
Wistar maccoit 250—300 1, BbIBEAEHHBIX U COAEP-
JKaBIIVXCS B CTAHAQPTHBIX YCAOBMSIX BUBApUS
Vucturyra pusmosoruu um. V. T1. TTaBaoBa Poc-
curickon akapemun Hayk (Koaaekumst Aaboparop-
HBIX MAEKONMUTAIIMX PA3SHON TaKCOHOMMUYECKOM
NMpUHaAAeKHOCTU VIHcTUTYyTa Pusmosorum um.
. T1. [TaBaoBa PAH). Bce akcriepuMeHTBI BBIITOA-
HEHbI B COOTBETCTBUM C TpeboBaHusaMu Komuccun
10 KOHTPOAIO 32 COAEP’KaHMEM U CTTIOAb30BaHIEM
Aab0paTOPHBIX XMBOTHBIX Tpu VIHCcTHTYTE DUsmo-
Arorum uM. V. T1. TTaBaoBa Poccuiickoi akapeMun
HayK (3akaroueHre Ne 11/9 ot 03.09.2018). J)Kusort-
HbI€ OBIAY CAYYalTHBIM 00pa3oM pa3A€A€HbI Ha ABe
Tpymnsl (3KCIepyMeHTaAbHasi — 8 KpbIC M KOH-
TpoAbHast — 5 Kpbic). OnepaTuBHasI MOATOTOBKA
JKUBOTHBIX, YCTAHOBKA 9A€KTPOAOB U M3AyYaTeAs
B o0eux rpymmnax 0biaa OAMHAKOBOM, HO B KOHT-
POABHOJ I'PYIIIIe 2ACKTPOMAarHUTHOE BO3AECVICTBYE
He TIPOM3BOAUAOCh.

ITocae AOCTIKEHUS XMPYPIUYECKOIO YPOBHS
HapKOTU3aLUK POU3BOAUAU KaTeTePU3aALIMIO
OeApPEHHBIX BEHbI U apTepPUU AAST BBeAeHUs dap-
MaKOAOTMYECKMX MPENapaToB U MOHUTOPUHIA
apTepUaAbHOIO AABAEHVSI KPOBU C IIOMOLIBIO ITOAY-
MPOBOAHUKOBOTO AaTyunka paBaenus (MLT0670,
ADInstruments Ltd., Oxford, UK) coorBeTcTBEH-
HO. AASI TOAKAIOUEHMSI )XMBOTHOTO K aIIapary
VICKYCCTBEHHO BEHTUASILIUY A€TKUX (MOAEPHUBM -
poBanubii anmapar «BVITA-1», Poccust) BbIITIOA-
HSIAU TPaXeOCTOMUIO, TIOCA€ YEr0 )XMBOTHOE I10-
MeIIaAU B CTEPEOTAKCUIeCcKuit anmapart («MeAukop»,
Beurpus). AAst 9KCIOSUIIMY TBEPAOIT MO3TOBOIT
000A0YKYM B 00AACTU BEPXHErO0 CATUTTAABHOTO
CUHYCa IIPOM3BOAVAY A€BOCTOPOHHIOI TEMEHHYIO
KpaHUOTOMUIO. Pa3apaskeHue TBEpPAOI MO3TOBOM
o6oao0uxu (TMO) B 06AaCcTU BEpXHETO CATUTTAAD-
HOT'O CHYCA OCYILECTBASIAY C IOMOILbIO HAKAAQAHBIX
OUMOASIPHBIX CepeOPSIHBIX IAEKTPOAOB AAMETPOM
0,3 MM 1 conpoTuBAeHrEM 0KOAO 50 KOM. DAaek-
TPUYECKYI0 CTUMYASILIVIO OCYLIeCTBASIAU OAVHOY-
HBIMU IIPSAMOYTOABHBIMY MUMITYAbCaMU TOKA CHAOM
400-500 MKA u pauteabHoctbio 0,3-0,5 Mc ¢ mmo-
MOIIIBIO YIIPABASIEMOI'O OT KOMIIbIOTEPA SAEKTPO-
ctumyasitopa (Isostim A320, World Precision
Instruments Inc, Sarasota, FL, USA). Koutpoasb
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U TIOAAEP)KaHMe TeMIlepaTypbl TeAa (37-38°C)
JKMIBOTHOTO OCYILIECTBASIAU C IIOMOLIBIO PEKTAAb-
HOT'O TEpMOMETpPa ¥ HarpeBaeMOJ BOASHBIM TEPMO-
CTaTOM ITOAAOXKKY COOTBETCTBEHHO. AAEKBaTHOCTD
XVMPYpPIrU4Y€eCcKOro YpOBHsI HApKOTH3ALMY OLleH/Ba-
AV TIO YPOBHIO apTepUaAbHOTO AaBAeHMs (70—100 MM
pT. cT.). Ilepea mepeBOAOM >XMBOTHOTO Ha UCKYC-
CTBEHHYIO BEHTUASLIMIO A€TKMX BBOAVMAY MMOpe-
AQKCAHT — MUIEKYPOHUsI O6pomup (Ha4aAbHO:
1,2 mr/kr, B/B, 3aTeM 1o 0,6 Mr/KT, 10 Mepe HeoO-
xopaumocty; Gedeon Richter, Budapest, Hungary).

AKTUBHOCTDb HEVPOHOB CIMHAABHOTO sApa
TPOMHMYHOTO HEPBA PETUCTPUPOBAAY C IOMOIIBI0
BOAB(PPAMOBBIX MUKPOIAEKTPOAOB C AUAMETPOM
KOHYMKa 2—5 MKM 1 conpoTtuBAeHreM §—12 MOwm
(World Precision Instruments Inc, Sarasota, FL,
USA). ITorpy>xeHrie MUKpPO9AEKTPOAA B TKaHb
MO3Ta OCYIeCTBASIAU C IOMOILbI0 9AEKTPOHHOIO
MUKPOIOTPY>KaTeAsl ¢ aromM 4 MKM Ha TAyOuHY
0,2—0,4 MM OT AOPCaAbHO TIOBEPXHOCTU B 00AACTU
ot 0 A0 2,0 MM KaypaAbHee 3aABV)KKM U Ha pac-
CTOsIHMM OT 2,0 MM AO 2,8 MM AaTepaAbHee CpeAHell
AVIHMM. PerncTpupoBaAy akTMBHOCTb HEVIPOHOB,
OTBeYaBIINX BO3OYAUTEABHOI peaKiiieil Ha SAeK-
TPUYECKOE Y MeXaHUYeCKoe pasppakeHue (C mo-
Mol1I[bI0 BOAOCKOB Dpest) TBEPAOI MO3roBoOi 060-
AOYKM B 00AQCTV BEPXHETO CArTTAaABHOTO CUHYCA,
a TaKKe Ha MeXaHMYecKoe pasppakeHue (1oraa-
JKVIBaHMe CTEKASIHHOJ ITaAOYKOJ) IIOBEPXHOCTH
KOV AUL[€BOV YaCTU TOAOBBIL

CurHaa, OTBOAVIMBIIL OT MUKPOIAEKTPOAR, TTO-
AaBaacs Ha ycuanteab DAM 80 (World Precision
Instruments Inc, Sarasota, FL, USA) u nocae ycu-
AeHMS U PUABTpaLIMM TIOCTYIIAA Ha BXOA QHAAOTO-
umdpooro npeobpasosateast (PCI-1202H, ICPDAS,
TariBaHb) AASI BBOAQ B KOMITBIOTED, BU3YaAM3ALIUN
B PEAAbPHOM BPeMEH! U COXPaHEeHMs Ha >KeCTKOM
AVICKe AASI TTOCA€eAYIoLelt 00paboTku. ITocTpoeHne
MEPUCTUMYABHBIX I'VICTOTPaMM, YIIPaBA€HUE CTHU-
MYASILIVIENl TBEPAOI MO3TOBOJ 00OAOYKM U OTO-
Opa’keHVe pe3yABTaTOB OCYIIECTBASIAOCH B PEXKIME
PEaAbHOTO BpeMeH! C IIOMOLIbI0 IPOrPaMMHOIO
obecneuenus (ITanteaees u Ap. 2004), koTopoe 1o-
3BOASIAO TIPOMI3BOAUTDL AV depeHLIasbHYIO aM-
MMAUTYAHYIO AVICKPMMMHALMIO 13 CYMMapHOU 3a-
IMCU AO TPeX CHAMKOBBIX ITOCACAOBATEABHOCTEN
C Pa3AEABHBIM IIOCTPOEHMEM I'VICTOIPAMM AAST KaXK-
AOI1 M3 HUX. /I3MeHeHNsI 4yacTOThI GOHOBOV aKTUB-
HOCTY M YaCTOTbI BbI3BAHHBIX CTUMYASILIEN TBEPAO
MO3TOBOJ 000AOUYKM paspsAOB MCCAEAOBAHHBIX
HEIPOHOB IPOU3BOAVAMY 10 NMEPUCTUMYAbHBIM
rMCTOrpaMMaM, HaKarnAyBaeMbIM 1o 20 peaausa-
LVSIM ¢ OMHOM B 1 MC M C ITpe- ¥ TOCTCTUMYABHOM
3II0XaMM QHAAM3A AAUTEABHOCTBIO 250 MC Kaxkpaas
Y 4acTOTOM NOBTOpeHMs 20 CTUMYAOB B MUHY-
Ty. IIpy 3TOM POHOBYIO 1 BBI3BAaHHYIO aKTUB-
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HOCTb HEMPOHOB OlLIEHMBAaAM KaK IIpMBEAEHHbIe
K OAHOII peaAn3aly CpepAHye YaCTOThI Pa3psAO0B
3a 250 Mmc Ao 1 250 MC mocAe 3AeKTPUUYECKO-
rO pa3Apa’keHMUsI TBEPAOI MO3TOBOI 0OOAOUKY
COOTBETCTBEHHO.

DAEKTPOMAarHUTHOE BO3AENICTBYE Ha KOJKHOE
peLenTBHOE IT0A€e ICCAEAOBAHHBIX HEIPOHOB
OCYIIECTBASIAU C TIOMOLIBIO 3KCIIePUMEHTAAbHON
mopean arnmapara KBUY-VIK (OOO «Tpuomep»,
Poccust), u3aydatreAb KOTOporo naouaabio 0,12 cvm?
dbuKcupoBaAu B 06AACTU PELIENITUBHOIO MOASL.
YacroTa naayuenus cocraBasiaa 40 I'Ty B Hempe-
PBIBHOM peXMMe IPU CpeAHel ITAOTHOCTY MOIII-
HocTy usAydenus 0,04 MBT/cM?. DAekTpoMaruuTHoe
BO3A€MCTBME Ha pelLelITUBHOE ITIOA€ HEIPOHOB
CIIMHAABHOTO AP TPOMTHMYHOIO HepBa BbIIIOAH-
AV C€PUAMMY, COCTOAIVMY U3 TPeX MePUOAOB AAU-
TeABHOCTBIO 10 MMH KaXABIM € 10-MUHYTHBIMU
Hay3aMy MeXAY HUMU. DAeKTPUIECKYIO CTUMYAS-
L[MI0 TBEPAOI MO3TOBOI 00OAOUKM MTPOUSBOAVAK
3a 5 MMH A0 HauaAa 3KCIepUMEHTA, 3aTeM IOBTO-
psiau kaxpble 10 MuH B TeyeHne 60 muH. Takum
00pa3oM, perucTpanmo OTBETOB HEMPOHOB Ha
9AEKTPUYECKYI0 CTUMYASILIMIO TBEPAON MO3IOBOM
000A0YKY MTPOU3BOAMAM KaK Ha (poHe 1MepruoAoB
M3Ay4YeHNs, TaK ¥ BO BpeMsI nay3 MeXXAy HuMu. I'lo-
AOOHas mapaAuUrMa Mo3BOAMAQ OLIEHUTh KakK CO0-
CTBEHHO 3P PEKT IAEKTPOMArHUTHOTO BO3AEVICTBYS,
TaK U €ro BO3MO>KHBIN KYMYASITUBHBIN 3¢ dexT
Ha HellpOHAAbHYIO aKTMBHOCTb CIIMHAABHOTO SIAPA
TPOVIHMYHOTO HepBa. B KOHTPOABHOI TPyIIIIe XKU-
BOTHBIX TAPAaAUTMa PerucTpalyy HeMPOHAABHBIX
peaxkUil Ha SAEKTPUUECKYIO CTUMYASLIMIO TBEPAOI
MO3TOBOM 000AOUYKM COXPAHSIAACh, HO DAEKTPO-
MarHMUTHOE BO3AEVICTBYE He IIPOU3BOANAOCE.

[paduueckast n craructuyeckas oopaborka
AQHHBIX BBIITOAHSAACH C IIPYMEHEeHMEeM IIPOorpaMm
Origin 7.5 (Origin Lab Corp, Northampton, MA,
USA) u InStat (GraphPad Software, Inc, USA). 3Ha-
YUMOCTb U3MeHEHUIT B (HDOHOBOIT UAU BBI3BAHHOII
HEIPOHAABHO aKTMBHOCTY BHYTPY KOHTPOABHOM
" 5KCIIePMMEHTAAbHO IPYIIIT ONIPEeAEAsIAACh C MO-
MOIIbIO TAPHBIX HellapaMeTpUIeCcKMX TecToB Opua-
MaHa U BuaKoKcoHa. MeXIpynnoBble CpaBHEHM
IO MoKa3aTeAsIM (POHOBOIT MAM BBI3BAHHOI aKTHB-
HOCTM HEJIPOHOB BO BpEMEHHBIX TOYKaX, COOTBETCT-
BYIOILIVIX ITAPAAUTME KCIIEPMMEHTA, OCYILIECTBASIAVICh
C npuMeHeHUeM TecTa MaHHa — YuTHu. AaHHbIe
NpeACTaBAEHBI KaK cpepHee 3HaueHue + SEM.

AAs ompepeAeHNsT AOKaAM3aLMM KOHUMKA pe-
TYICTPUPYIOILETO SAEKTPOAA Uepe3 Hero MpOoIyCcKa-
Ay noctosiHHbI TOK (0,05 MA, B Teuenue 30 ¢),
MIOCA€ Yero OCYLIeCTBASAU 3BTaHA3UIO )KUBOTHOTO
BHYTPUBEHHbBIM BBEAEHIEM YPeTaHa B AO3€ He Me-
Hee 3 r/Kr. CTBOAOBYIO YaCTh MO3Ta MCCEKAAU
u nomelraau B 10 % 6ydepHsIit pactBop popmasnHa.
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Ha 3amopakuBaroiemM MUKPOTOME U3TOTaBAUBAAU
nonepeyHble 40-MUKPOHHBIE Cpe3bl, KOTOpbIE OKpa-
mBaAyu ToHKHOM (Sigma Aldrich, Corp, St. Louis,
MO, USA). AoKaAM3aLMIO0 MECTA OTBEAEHUS AEH-
TUGULMIPOBaAU IO aTAacy Mo3ra Kpbichl (Paxinos,
Watson 1998).

PCSYAbTaTbI NCCACAOBAHMA

B xope axcrieprMeHTOB ObiAa 3apErucTpupoBa-
Ha (pOHOBasI U BbI3BAaHHAS SAEKTPUYECKON CTUMY-
ASILIVIEN TBEPAOI MO3TOBOIT 000AOUYKM aKTUBHOCTD
63 HellpOHOB, AOKAQAVI30BaHHBIX IIPEVIMYIIIECTBEHHO
B MEAMAABHOIT YaCTY CIIMHAABHOTO SIAPA TPOVHUY -
Horo HepBa (puc. 1A) 1 UMeIX KOXKHbIE peLiern-
TUBHbIE IIOASI B 00AQCTY UIICKAATEPAABHOI TOBEPX-
HOCTM BUOPVICCHOV TOAYIIKM Y BEPXHEN I'yObl
(puc. 1B). VI3 HMX AASI TOCAEAYIOLLETO aHAA3A OBIAY
BbIOpaHbI 36 HEMPOHOB, OTBEYABLINX CTAOMABHBIM
Pa3psiAOM Ha SAEKTPUYECKYIO CTUMYASILIMIO TBEPAOV
MO3TOBOI1 000AOUKM U pearupymoLiux Ha MeXaHn-
YeCcKoe PasAPaKEeHUsT PELieNTUBHOTO TTOASL.

CpeaHsist yacToTa POHOBBIX Pa3psiAOB OTUX
KAETOK coCTaBAsIAA 5,9 + 1,43 umn/c (1 = 36). Daek-
TpUYECKOe pasapaskeHle TBEPAOI MO3TOBOI 000-
AOYKU BBI3BIBAAO Y MCCAEAOBAHHBIX HEVIPOHOB
peakuuio B BUAE MAYE€YHOr0 Paspsiad, KOTOPbIN
cocTosAA U3 8—13 cmalikoB CO CpeAHell AATeHT-
HocTbio 15,1+ 1,7 mc (n=36), COOTBETCTBYIOLIEN
akTuBalUu AS-BOAOKOH TPOMHUYHOTO HEPBA

-2 0 il £} 60 a0 100 ms

Puc. 1. O6AaCTb perucTpanuy HEMPOHOB CITIMHAABHOTO
sIAPQ TPOMHMYHOrO HepBa (sp5) Ha ypoBHe — 13,68 MM
OTHOCUTEABHO Opermbl (A) 1 06AaCTb BO3AENCTBUS
9AEKTPOMArHUTHOro uaAyueHus (B). Tunuunas
peakiys HelfpoHa CIIMHAABHOTO SIAPA TPOMHUYHOTO
HepBa Ha DAEKTPUYECKYI0 CTUMYASILIUIO TBEPAOIL
Mo3roBoi ob6oaouku (C)

Fig. 1. Area of the recording of the spinal trigeminal
nucleus (sp5) neurons at the level of —13.68 mm
from the bregma (A) and area of the exposure
to electromagnetic radiation (B). Typical reaction
of a spinal trigeminal nucleus neuron to electrical
stimulation of the dura mater (C)
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(puc. 1C). ITpu aTOM CpeAHssl 4acTOTa PaspsiAOB
AOCTOBEPHO yBeA4uBaAach Ao 27,9 +2,6 umn/c
(n=36, P<0,0001, mapHbiit TecT BuaKOKCOHa).

B KOHTpPOABHOI IpyIIe XMBOTHBIX (5 KpbIC)
B OTCYTCTBME BO3AENCTBUS 9A€KTPOMAarHUTHOTO
M3AyUYEHNsI TOCAEAOBATEAbHOE NTPMIMEHEHMEe AEK-
TPUYECKON CTUMYASILIIY TBEPAOIL MO3rOBOM 000-
AOUYKM COMPOBOXKAAAOCH TEHAEHLIMEN K YBeAude-
HUIO POHOBOIT aKTUBHOCTU U peaKLiuil HePOHOB,
O0AHAaKO 3TOT 3PP eKT He AOCTUrAA CTATUCTUYECKU
AOCTOBEPHBIX 3HaY€HUI, M3MEHSCh B IIpeAeAax
ot 156 +51% A0202+43% (n=13,P=0,34, Fr=6,8,
tect Opupmana) u ot 112+7% a0 127 +10,5%
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Puc. 2. VIameHeHus1 pOHOBOI 1 BbI3BAHHOM
aktuBHOCTU HeiipoHoB CATH B KoHTpOABHOI (A)

u aKcrepuMeHTaAbHOM (B) rpynmax xpbic. CTpeAkn —
MOMEHTBI 9AeKTPUUECKON CTUMYASILIU TBEPAOI
MO3TOBOI 000AOYKY, TOPU3OHTAAbHbIE AUHUN —
oTMeTKU AerictBus OMU MMA, *** — P < 0,001
10 OTHOIIEHUIO K UCXOAHBIM 3HaueHusM. [To ocn

OpAVHAT — 4YaCTOTa pPa3psIAOB HEMIPOHOB B %
K ICXOAHOMY 3Ha4€eHUI0, [0 ocyu abcuuce —
BpeMsI B MUHYTax

Fig. 2. Changes in background and evoked activity
of the spinal trigeminal nucleus neurons in control (A)
and experimental (B) groups of rats. Arrows: electrical
stimulation of the dura matter, horizontal lines: effect
of MMW, *** — P <0.001 in comparison with the initial

values. Y-axis: frequency of neuronal discharges
as a percentage of the initial value, X-axis:
time in minutes

65



3¢¢6KWZbl INEKMIPOMASHUIMHO20 UBAYYEHUS MUAAUMENPOBO20 0UAnasoHa...

(n=15,P=0,19, Fr=8,7), OTHOCUTEABHO UCXOAHBIX
3HAYEHUI, COOTBETCTBEHHO (puc. 2A).

B sKkcrnepuMeHTaABHO IPYIIIIe KMBOTHBIX
(8 xppic) BosaericTBrue IMIV MMA compoBoskaa-
AOCh TEHAEHLMEN K CHIDKEHUIO (POHOBOIT aKTUB-
Hoctu (n=11, P=0,38, Fr=6,4, tect ®pupmana),
KOTOpoe BapbypoBaAoch 0T 70,4+ 26,6 % A0 21,9+ 8,8%
OTHOCUTEABHO MCXOAHOTO 3HauyeHus. Peakuuu
HEJPOHOB Ha CTUMYASLMIO TBEPAON MO3IOBOM
000AO0YKU AOCTOBEPHO YMeHbIIAAUCH (1 =12,
P =0,0001, Fr= 34,0, rect ®pupmana). Itot spdexr
YCUAMBAACS TTOCAE KXXAOTO ITOCAEAOBATEABHOIO
Bo3aencTBus IMIV MMA, usmensisach ot 105,8 +9,8 %
A0 45,0+9,5% u poocTUrasi CTaTUCTUYECKM 3HAYU-
Moro ypoBH: uepe3 50 1 60 MMH OT HayaAa dKC-
nepumenta (P = 0,001 u P = 0,0005, # = 12, mapHbiit
TecT Buakokcona) (puc. 2B, 3).
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Puc. 3. I'mcTorpaMmbl, MUAAIOCTPUPYIOILME
KYMYAATMBHO€ 3MeHeHne oTBeToB HellpoHa CATH
Ha 9AeKTPUYECKYIO0 CTUMYASILIMIO TBEPAOI MO3TOBOI

000AOYKM ITPU AEVICTBUU TPEX ITOCAEAOBATEABHBIX
Bo3AencTBuit DMV MMA Ha pelienTUBHOE ITOAE
AQHHOTO HeilpoHa. ITo ocsiM opAMHAT — YMCAO
CIaiiKOB B OMHE, II0 0CsIM abCLMcC — BpeMs
B MUAAVCEKYHAAX

Fig. 3. Histograms showing cumulative changes
in responses of the spinal trigeminal nucleus neurons
to electrical stimulation of the dura matter after
the neuron receptive filed was exposed to three
consecutive MMW sessions. Y-axis: number of spikes
in the bin, X-axis: time in milliseconds
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CpaBHeHue U3MeHeHU!1 GOHOBOV YaCTOTHI pas-
PAAOB B KOHTPOABHON U 3KCIIEPMMEHTAABHON
IPYIIIax BO BpeMEHHBIX TOYKaX, COOTBETCTBYIOLIIX
napapurMe sKCrepyMeHTa, TI0Ka3aA0, UTO 9AEKTPO-
MarHuTHOe M3Ay4YeHMe BbI3bIBaeT CYIleCTBEHHOe
yMeHbllleHe pOHOBOI aKTUBHOCTH, KOTOPOE Ha-
pacTaAo K KOHILY 3KCIIep/MeHTa, yKa3blBasl Ha
KYMYASITUBHBII XapakTep aToro adgdexra (P = 0,002,
U=20,0, rect Manna — Yurun) (puc. 4). CpaBHe-
HUe V3MEeHEHUI 4YacTOThl Pa3psiAOB B peakLuu
HEIPOHOB Ha SA€KTPOCTUMYASLIMIO TBEPAOIL MO3-
roBOJ 000AOYKM B KOHTPOABHOI 1 SKCIIEPUMEH-
TQABHOJI TPYIIIIaX MOKa3aA0, YTO SAEKTPOMArHUT-
HOe M3Ay4Y€eHle COITPOBOXKAAETCS CYILeCTBEHHbIM
YMeEHbIIE€HVE€M BbI3BaHHOI HeIDOHAABHO aKTUB-
HOCTU, KOTOpO€ TaK>XXe HapacTaAO K KOHLy 9KC-
NepUMEeHTa, CBUAETEABCTBYS O KYMYASILIUU A€VICTBUS
OMU MMA (P =0,002, U=20,0, Tectr ManHa —
YurHu) (puc. 5).

Taxkum 00pasom, Ha HeNPOPU3UOAOTUYECKOIT
MOAEAM KPaHMAABHOBACKYASIPHOI OOAM Ha KpbICaxX
MOKa3aHO, YTO TIOCAeAOBaTeAbHble 10-MMHYTHbIE
BO3AENCTBYS HEIIPEPBIBHOI'O HUBKOVHTEHCUBHOTO
OMU MMA usayuenus (40 [Ty, cpeaHsst nAoT-
HocTb MoHoCTU 0,04 MBT/cM?) Ha 06AACTD KOXKHBIX
peLenTUBHbBIX TOAEM HEIPOHOB CIIMHAABHOIO SIAPa
TPOMHUYHOTI'O HEPBa OKa3bIBaeT IPOAOAKUTEABHOE
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Puc. 4. Kpusble, naatoctpupymnoiiye adpdext IMI
MMA Ha ¢poHOBYI0 aKkTUBHOCTD HelipoHoB CATH.
CrpeAKy — MOMEHTBI 9AEKTPUIECKON CTUMYASILIUN

TBEPAOI MO3TOBOM 00OAOYKM, TOPU3OHTAABHBIE
AVHUU — OTMeTKU pAenicTBust OIMU MMA, ### —

P <0,001 o oTHOIIEHUIO K 3HAaY€HMSIM B KOHTPOABHOM
rpymre. ITo oc oppMHAT — 4acToTa paspsiAOB
HEVIPOHOB B % K NICXOAHOMY 3HaU€HUIO,

0 OCU aOCLMCC — BpeMs B MUHYTax

Fig. 4. Curves demonstrating the effect of MMW
on background activity of the spinal trigeminal nucleus
neurons. Arrows: electrical stimulation of the dura
matter, horizontal lines: effect of MMW, ### —

P <0.001 in comparison with the initial values. Y-axis:
frequency of neuronal discharges as a percentage
of the initial value, X-axis: time in minutes
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Puc. 5. Kpusble, naatoctpupymoiye adpdext IMI
MMA Ha BbI3BaHHBIe peakuyy HeyipoHoB CATH.
CTpeAKr — MOMEHTBI 9AEKTPUIECKON CTUMYASLIUN
TBEPAOI MO3TOBOM 00OAOYKM, TOPU3OHTAABHBIE
AMHUU — OTMeTKU AercTBus DMU MMA, ### —

P <0,001 o OTHOIIEHUIO K 3HAaY€HMSIM B KOHTPOABHOM
rpymre. ITo oc oppAMHAT — 4acToTa paspsiAOB
HeIPOHOB B % K ICXOAHOMY 3HaU€HUIO,

o ocu abcumce — BpeMsi B MUHYTax

Fig. 5. Curves showing the effect of MMW
on the evoked activity of spinal trigeminal nucleus
neurons. Arrows: electrical stimulation of the dura
matter, horizontal lines: effect of MMW, ### —
P <0.001 in comparison with the initial values. Y-axis:
frequency of neuronal discharges of as a percentage
of the initial value, X-axis: time in minutes

TOPMO3HO€E BAUSIHVE Ha (OHOBYIO M BbI3BAHHYIO
9AEKTPUYECKUM Pa3ApakKeHNeM TBEPAOI MO3TOBOI
000A0YKM AKTMBHOCTb HEMIPOHOB 3TOTO SIApPa. DTOT
3¢ }eKT HOCUT BBIPA>KEHHBIVI KYMYASTUBHBIN Xa-
paKkTep, YCMAUBASICh ITOCAE KKAOTO MTOCAEAY-
fomero Bosaeicteusg DM MMA u nnpuBoas
B KOHEYHOM CYeTe K YMEHbLIEHUIO TOCTYIAEHNS
HOLML[ENITMBHO MH(OPMALIUM OT MO3TOBBIX 000-
AOYEK B HAACETMEHTapHbIe CTPYKTYPbI, CBSI3aHHbIE
¢ obpaboTkoit 6oAeBoON MHGOPMALIM MO3TOM,
YTO MOXXET pacCMaTPUBAThCS KaK CBUAETEABCTBO
B ITIOAb3Y NOTEHL[MAABHOTO aHTMHOLMLIENITUBHOTO
aevictBus OMV MMA B OTHOIIEHMU TOAOBHOI
6oAmI.

O6cyxaeHne

B AaHHOI paboTe Ha HEMPOPU3UOAOTUIECKOIT
MOAEAV MUTPEHU Ha HAPKOTU3MPOBAHHBIX KpbICaxX
BIIEpBbIe IPOAEMOHCTPUPOBAH TOPMO3HBIN KyMY-
ASITUBHBIN 3 PEeKT AOKAaABHOTO BO3AEVICTBUS He-
MIPEePBIBHOTO HU3KOMHTEHCUBHOro DMV MMA
Ha G OHOBYIO U BBI3BAHHYIO 9AEKTPUYECKOI CTUMY-
ASILIVIEN TBEPAOI MO3TOBOIT 000AOYKM aKTUBHOCTD
HePOHOB CIIMHAABHOTO SIAPA TPOVHUYHOIO HepBa.
Tak, mOKa3aHo, YTO B KOHTPOABHOII IpyIIIe Hell-
POHOB ITOBTOPSIIOIIASICA SIAEKTPUIECKASI CTUMYASI-

Humeepamusuas ¢pusuoroeus, 2020, m. 1, \e 1

LMsT TBEPAOI MO3TOBOIT 000AOYKM COTIPOBOKAQ-
€TCs BbIPQ)XEHHON TE€HAEHLMEN K TPAaAyaAbHOMY
yBeANY€eHMI0 GOHOBOJ 1 BbI3BAHHOM aKTUBHOCTU
HeiipoHoB CATH, 4To MOXXeT yka3bIBaTb Ha BO3-
MOYXHOE Pa3BUTVE CEHCUTU3ALUU B CICTEME TIPO-
BEAEHVSI HOLIMLENITYUBHBIX CUTHAAOB OT KPaHUAAb-
HbIx cTpykTyp B LIHC. BozaeiictBue 9MV MMA
Ha peLeNITUBHON IIOA€ ICCACAOBAHHBIX HEVIPOHOB
(9KCrepuMeHTaAbHasI IPYIIa KPBIC) COIIPOBOXKAA-
AOCh TOPMO>KEHMEM KaK pOHOBOIL, TaK 1 BbI3BAHHOI
3AEKTPUUECKON CTUMYASLIVEN TBePAOI MO3TOBOM
000AOYKYM aKTUBHOCTU YKa3aHHBIX HEPOHOB.
[MpeamioAaraercst, 4To 3TOT 9HHEKT MOXKET OTPAXKATD
AHTUMHOLULENITUBHbBIE cBoVicTBAa DM MMA, Ko-
TOpble MOTYT OBITb ITOA€3HBI IIPY MUTPeHU. XOTs
TOYHbIE MEXAHU3MbI, A€XKAIlJie B OCHOBE IOA0D-
Horo adpdekTa BospercTBust DMV MMA Ha pe-
yentuBHoe noAe HelpoHoB CATH, HepocTaToyHo
SICHBI, MOYXHO BBICKa3aTh PSIA IIPEATTOAOXKEHUIA.
Tak, u3BectHo, uTo IMV MM A xapakrepusyercs
CUABHBIM TIOTAOLIIEHVEM B TIOBEPXHOCTHBIX CAOSIX
KOXI (A€CSIThIE AOAU MUAAMMETPA). BcaeacTBUE
aTOTO cucTeMHble 3 ekt DMV MMA Ha opra-
HU3M, OYEBMAHO, MHULMMPYIOTCS MPOLeCCaM,
OTpaHMYEHHBIMY BEPXHUMMU CAOSIMU KO>KHBIX I1O-
kpoBoB (Alekseev, Ziskin 2007; Radzievsky 2008,
Alekseev et al. 2008; Alekseev, Ziskin 2009; Ziskin
2013). Miupimu caoBamu, 3T 9 PEKTI AOAKHBI
OBITb CBsI3aHBI C AelicTBreM DMV MMA Ha cTpyk-
TYPBbI aIIMAEPMICA, HAIIPYMep Ha TEPMOpPELeNTYB-
Hbii1 anmapar Koxu (Alekseev, Ziskin 2003; Alekseev
et al. 2005; Shapiro et al. 2013; Zhadobov et al.
2015). OAHaKO IpY UCIIOAB3YEMBIX B HAILIMX 9KC-
IepVIMEeHTaX HU3KVX MHTEHCUBHOCTSIX U3AYYEHUS
CYIeCTBEHHbIE TEMITEPATYPHbIE U3MEHEHNS B KOXe,
AOCTATOUHbBIE AAS QKTUBALIUY TETIAOBBIX PELIEIITO-
POB, MAAOBEPOATHBL. APyrumu npoieccamu, MHU-
LUMPYeMBbIMM B KO>Ke HM3KOMHTeHCUBHbIM DM
MMA,, MOXeT ABAATbCS NpAMasg CTUMYASILNS
CBOOOAHBIX HEPBHBIX OKOHYAHUI U CTUMYASILIVS
VIMMYHHBIX KA€TOK KOXU (Misery 1997), nanpumep,
KAETOK AaHrepxaHca, TYYHBIX KAE€TOK U KepaTu-
HoLMTOB B sarpepmuce (Ziskin 2013). AktuBayus
VIMMYHHBIX KAETOK KOXXV COIPOBO>XKAQETCSI BbI-
A€A€HVEM M3 HUX LIMTOKMHOB, KOTOpbIE, B CBOIO
ouyepepb, KOCBEHHO MOI'YT CTUMYAMPOBATh CBO-
60AHbBIE HEpBHBIE OKOHYaHMsA. Kpome Toro, mpsimast
1/VIAY KOCBEHHAS CTUMYASILIVSI HEPBHBIX 92A€MEHTOB
KOXU IMMPUBOAUT K BBIAEAEHUIO SHAOTEHHBIX OIU-
OVIAOB Ha YPOBHE IIepBOIO CHHAIICa B CIIMHHOM
MO3re, KOTOpble Yepe3 KPOBOTOK MOT'YT BbI3bIBaTh
cucteMHble 3G (HEeKThI B padHbIX CTPYKTYpax MO3Tra
(Radzievsky et al. 2000; Ziskin 2013), B Tom yncae
u B CATH, rae umeeTcst BbICOKasi HAOTHOCTbD OIM-
OMAHBIX PeLIeNTOPOB, MOAYAVPYIOIIVX ITIOCTYIIA€-
Hue adppepeHTHOI 1, BO3MOXKHO, 00A€BOI MHPOP-
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Mauuy oT KpaHuaAbHbIX cTpyKTyp (Williamson
et al. 2001; Storer et al. 2003). DTuM MOXHO 00b-
SICHUTh I KYMMYASITUBHBIN XapakTep a¢deKToB
IMU MMA, IpeATIOAOKUTEABHO CBsI3aHHBIN
C HaKOIIA€HMEM SHAOTEHHBIX OMMOUAOB B KPOBMU.
B noAb3y 3TOro npeAnoAoXeHusi TOBOPUT TAKOKe
daxkr, uTo TepaneBTuueckue sbdexkTe: IMI MMA
IIOAHOCTBIO OAOKMPYIOTCSI CUCTEMHBIM BBEAEHVEM
HaAOKCOHa — 00111ero 6A0KaTOpa OMUOMAHBIX
peuenTtopos (Rojavin, Ziskin 1997; Radzievsky
et al. 2008). Kpome TOro0, MokasaHo, 4To HanubOAb-
wnit appext IMIV MM A HabAOA€TCS TIPK BO3-
AEVCTBMM Ha 00AACTY KOKY C MAKCMMAABHO ITAOT-
HOCTbIO MHHEPBALMY U IOAHOCTBIO OAOKUPYIOTCS
nepepesKoil COOTBETCTBYIOIMX KOXKHBIX HEPBOB
(Radzievsky et al. 2000). B atom oTHOmEHUM -

bexTsi DM MM A CXOAHBI CO CTUMYASILIVIEN TOUEK
akynyHKTypb!I (Yip et al. 2007; Ziskin 2013).

Taxum 00pa3om, AOKaAbHOE BO3AEVICTBIE HI3KO-
MHTEHCUBHOTO HellpepblBHOT0 OMVI MMA Ha pe-
uentyBHbIe TT0AsI HelipoHOB CATH conmpoBox-
AQeTCs1 KYMYASITUBHBIM TOPMO)XeHMeM (OHOBOJ
AKTMBHOCTM M peaKLUIl HEMIPOHOB 3TOTO SIAPA,
BBI3BAHHBIX 9AEKTPUYECKON CTUMYASILVEN TBEPAO
MO3TOBOJ 000AOYKY, UTO YKa3bIBaeT HA CHIKEHME
BO30YAVMMOCTY 3TUX HEIPOHOB, BCAEACTBUE YEro
YMEHbBIIIAEeTCsI [TOCTYIAEHe O0AEBOIT MHPOpMaLK
B BBIIIEAEXKAIIMEe CTPYKTYphI Mo3ra. [Ipeanoaa-
raeTcsi, 4To T 3(PpPeKThl OMOCPEAYIOTCS BAUS-
Huem DMV MM A Ha onnoua -3aBUCUMBbIE CUCTEMBI
TPOMHMYHOTO HEPBA, YYaCTBYIOLIYE B IIaTOreHe3e
MUI'PEHM.
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Introduction & Aim

Corticotropin-releasing factor (CRF), a hypo-

671 Karasuma-Oike, Kyoto 604-8106, Japan

Abstract. The influence of adrenalectomy on indomethacin-induced enteropathy
in rats was examined and the possible involvement of adrenal glucocorticoids
in protective effects of urocortin I, a CRF agonist, was investigated. Male SD
rats were administered indomethacin (10 mg/kg) s.c., killed 24 h later, and small
intestines were examined for hemorrhagic lesions. Urocortin I (20 pg/kg) was
given i.v. 10 min before indomethacin. Bilateral adrenalectomy was performed
a week before the experiment. Indomethacin caused hemorrhagic lesions
in small intestines, accompanied by intestinal hypermotility, enterobacterial
invasion and iNOS expression. Adrenalectomy markedly increased ulcerogenic
and motility responses caused by indomethacin, with further enhanced bacterial
invasion and iNOS expression. This worsening effect was reproduced
by pretreatment with mifepristone. Urocortin I prevented indomethacin-induced
enteropathy; this effect was abrogated by astressin 2B, a CRF2 receptor antagonist,
but was not affected by either adrenalectomy or mifepristone pretreatment.
These results suggest that adrenalectomy aggravates indomethacin-induced
enteropathy, and intestinal hypermotility response may be the key element in
the mechanism underlying this aggravation, while endogenous glucocorticoids
play arole in intestinal mucosal defense against these lesions but do not account
for protective effects of urocortin I, which are mediated by peripheral CRF2
receptors.

Keywords: corticotropin-releasing factor (CRF), urocortin I, indomethacin-
induced enteropathy, CRF2 receptor, adrenalectomy, endogenous glucocorticoids.

methacin-induced enteropathy (Takeuchi, Satoh
2015), it is possible that protective effects of uro-
cortin may be, at least in part, mediated by endog-

thalamic neuropeptide, is the principal regulator
of hypothalamus-pituitary-adrenal (HPA) axis
as it triggers the release of adrenocorticotropic
hormone from the anterior pituitary gland (Mar-
tinez et al. 2004). Indomethacin-induced small
intestinal lesions were prevented by urocortin I,
a non-selective CRF receptor (CRFR) agonist,
and aggravated by astressin, a non-selective CRFR
antagonist. Both these effects, in turn, were medi-
ated by CRF2R but not CRFIR (Kubo et al. 2010).
It is assumed that CRF plays a role in intestinal
mucosal defense against nonsteroidal anti-inflam-
matory drugs (NSAIDs) through activation of CRF2R.
However, since dexamethasone inhibits indo-
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enous glucocorticoids released from the adrenal
gland through activation of peripheral CRF receptors.
The present study examines the influences of bilate-
ral adrenalectomy and mifepristone, a glucocorticoid
receptor antagonist, on indomethacin-induced
enteropathy in rats in order to investigate possible
involvement of adrenal glucocorticoids in the pro-
tective effects of urocortin I (Takeuchi et al. 2016).

Methods

Male Sprague-Dawley rats (220-260 g) were
administered indomethacin s.c. and killed 24 h
later in order to examine hemorrhagic lesions that
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Fig. 1. The effects of urocortin I on indomethacin-induced
enteropathy in rats with or without adrenalectomy
(ADX) or mifepristone pretreatment. Animals were
administered indomethacin (10 mg/kg) s. c. and killed
24 h later. Urocortin I (20 pg/kg) was given i. v. 10 min
before the administration of indomethacin. A sham
operation (Sham) or bilateral adrenalectomy (ADX) was
performed one week before the experiment. Mifepristone
(10 mg/kg) was given twice 30 min before and 6 h after
the administration of indomethacin. Data are presented
as the means = SE of 4-8 rats. Significant difference
at P <0.05; * from vehicle in Sham or ADX or Normal;
# from vehicle in Sham or Normal

developed in their small intestines. Urocortin I
(20 pg/kg) was given i.v. 10 min before the admin-
istration of indomethacin. Bilateral adrenalectomy
was performed a week before the experiment.

Results

Indomethacin (10 mg/kg) caused multiple hemor-
rhagic lesions in the small intestine, which were
accompanied by a decrease in mucus secretion and
increases in intestinal motility, enterobacterial
invasion and iNOS expression (fig. 1, 2).

Adrenalectomy markedly increased ulcerogenic
and motility responses caused by indomethacin,
with further enhanced bacterial invasion and iNOS
expression; severe lesions occurred at 3 mg/kg,
a dose that did not induce any damage in sham-
operated rats. This worsening effect was also observed
after pretreatment with mifepristone (a glucocor-
ticoid receptor antagonist). Urocortin I prevented
indomethacin-induced enteropathy, and this effect
was completely abrogated by the pretreatment with
astressin 2B, a CRF2R antagonist, but was not af-
fected by either adrenalectomy or mifepristone
pretreatment.

Conclusion

The results of the present study confirmed that
urocortin I, a CRF-related peptide, produced a pro-
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Fig. 2. Effects of urocortin I on the expression of iNOS
mRNA in the small intestine of adrenalectomized rats
(A) or mifepristone-treated rats (B). A sham operation
(Sham) or bilateral adrenalectomy (ADX) was performed
one week before the experiment. Animals were
administered indomethacin (10 mg/kg) s. c. and killed
6 h later to examine the expression of iNOS mRNA
by RT-PCR. Mifepristine (10 mg/kg) was administered
p. 0. 30 min before the administration of indomethacin.
Urocortin I (20 pg/kg) was given i. v. 10 min before
indomethacin. Note that indomethacin up-regulated
the expression of iNOS in the small intestine of sham-
operated, adrenalectomized and mifepristine-treated
rats, whereas all these responses appeared to be mitigated
by the prior administration of urocortin I

tective influence on the development of indometh-
acin-induced enteropathy, and this effect may be
mediated by activation of peripheral CRF2R and
functionally associated with suppression of intestinal
hypermotility caused by indomethacin. The intestinal
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Fig. 3. Urocortin I demonstrates protective effects
against NSAID (indomethacin)-induced enteropathy
through activation of CRF2R. Adrenalectomy aggravates
the intestinal ulcerogenic response to indomethacin,
and the intestinal hypermotility response is a key element
for this aggravation. Endogenous glucocorticoids play
arole in intestinal mucosal defense against indomethacin-
induced enteropathy but do not account for the protective
effects caused by peripheral administration of urocortin I
against these lesions
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ulcerogenic response was worsened by adrenalec-
tomy or pretreatment with mifepristone, suggesting
that endogenous glucocorticoids play a role in the
maintenance of intestinal mucosal integrity under
adverse conditions such as NSAID treatment. Since
urocortin I prevented NSAID-induced enteropathy
in glucocorticoid-deficient rats, similar in normal
animals, it may have exhibited such protective effects

without involvement of endogenous glucocorticoids
released from the adrenal glands (fig. 3).

Furthermore, the present study strongly sug-
gests that glucocorticoid deficiency enhanced
the intestinal hypermotility response to indo-
methacin, which is an important functional event
underlying aggravation of intestinal damage by ad-
renalectomy.
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Introduction & Aims

Abstract. Effects of a subanesthetic dose of ketamine and acute stress
on the major (p75, Trkb, Trkc) and novel (Sorcs1, Sorcs2, Sorcs3) neurotrophin
receptors and Bdnf gene expression in rats were examined. Adult male Wistar
rats were treated with ketamine (15 mg/kg) or saline and half of each group
was subjected to tail suspension test for 6 minutes, which was interpreted
as an acute mild stressor. After an hour the total RNA was isolated from
prefrontal cortex, midbrain and brainstem regions of each animal and mRNA
expressions were analysed by real-time RT-PCR. The results showed different
significant interactions between factors which were strongly dependent
on the structure of the brain. Both subanesthetic doses of ketamine and acute
mild stress caused changes in neurotrophin receptors and Bdnf gene expression
in examined brain areas associated with depression. The obtained results
allow to surmise that BDNF, SORCS1, SORCS3 and p75 receptors are involved
in the ketamine-induced neuroplasticity and antidepressant activity.

Keywords: ketamine, neurotrophin, SorCS1, SorCS3, BDNE, p75.

SORCS2 and SORCS3 (Sortilin Related VPS10
Domain Containing Receptors 1-3) are another

Ketamine, a glutamate NMDA (N-Methyl-D-
Aspartate) receptor antagonist, exhibits a rapid
antidepressant activity and is involved in struc-
tural and synaptic plasticity (Kavalali, Monteggia
2015), but the precise mechanism of these effects
remains unknown. There are many pieces of evidence
suggesting neurotrophins and their receptors, such
as TRK (tyrosine kinases) and p75NTR (p75 neu-
rotrophin receptor), are involved in ketamine
effects (Patucha-Poniewiera et al. 2019). Members
of Vps10p family of sorting receptors SORCS],

neurotrophin receptors, but their functions are still
poorly understood. Several researchers demon-
strated an impact of these receptors on the main-
tenance of energy balance (Subkhangulova et al.
2018) and structural plasticity (Savas et al. 2015;
Glerup et al. 2016; Christiansen et al. 2017). In this
pilot study we investigated whether ketamine and stress
affect mRNA expression of BDNF (brain-derived
neurotrophic factor) and neurotrophin receptors
SORCSI1-3, p75, TRKB and TRKC in different brain
areas associated with depression.
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Methods

Adult male Wistar rats were injected intraperi-
toneally with ketamine (15 mg/kg body weight, i. p.)
or saline. Two hours later half of the animals from
each group were subjected to stress exposure (tail
suspension test) for 6 minutes. One hour later tis-
sue samples were harvested from different brain
areas (prefrontal cortex, midbrain and stem) of all
animals for total RNA isolation by acid guanidini-
um thiocyanate phenol chloroform extraction
(Lanshakov et al. 2016). 5 ug of total RNA for each
sample were reverse transcribed with RT mixtures
containing 50 U M-MuLV (SybEnzyme), 1x RT-
buffer, and 200 ng of oligo(dT)-primer in a total
volume of 20 pl for 90 min at 42°C. The reaction
was terminated by heating at 70°C for 15 min.
The cDNA samples were then used for real-time
PCR measurement with mRNA-specific primers
and TagMan probes for Bdnf, Sorcs1-3, p75, Trkb,
Trkc and f3-actin. Primers and TagMan probes were
designed to span specific exon boundaries with IDT
Oligoanalyzer tool (https://eu.idtdna.com/pages/
tools/oligoanalyzer), using mRNA sequences that
were obtained from rat Ensemble genome database
(Rnor_6.0; https://www.ensembl.org/index.html).
Relative mRNA expression level of each gene was
found by using AACt method and normalized
to B-actin. Statistical differences were determined
by two-way ANOVA followed by Fisher’s least
significant difference post hoc analysis.

Results

We observed significant additive effect of both
stress and ketamine on Bdnf mRNA expression
in the cortex (F(1, 18)=6.273, p<0.022) and
in the midbrain (F(1, 17) =4.581, p<0.047); how-
ever, in the brainstem, the Bdnf expression was in-
creased only after stress (F(1, 18) =7.105, p<0.016).
In the prefrontal cortex, ketamine (p <0.047) and
stress (p <0.009) both suppressed expression of Sorcs3
mRNA without summing of these effects. The levels
of Sorcsl (F(1, 18) =4.437, p<0.049) and p75
(F(1, 18) =5.586, p<0.030) mRNA in the midbrain
decreased significantly after ketamine treatment (with
stress and without stress, respectively). However,
p75 mRNA expression in the cortex decreased sig-
nificantly after ketamine administration or tail sus-
pension test, but not after their combination (ketamine
X stress interaction: F(1, 14) =5.586, p<0.022). No sig-
nificant effect of either ketamine or stress on the Sorcs2,
Trkb and Trkc mRNA expression was observed.

Conclusion

We have found that acute stress and ketamine
at subanesthetic doses have additive up-regulating
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Fig. 1. Relative Bdnf (A), Sorcs1 (B), Sorcs3 (C),
p75 (D) mRNA expression (comparing to 5-actin)
in cortex, midbrain and stem. Data are presented
as the means + SE of 5-6 rats. Significant difference
at p<0.05; * between groups with or without stress
exposure, @ between groups with saline
or ketamine treatment

effects on Bdnf mRNA expression. This suggests
the contribution of two different molecular pathways
(NDMA receptors — PKD (Yu et al. 2016); GR
receptors (Shishkina et al. 2015)), induced by these
factors, in the genes expression increasing. How-
ever, in the brainstem region, we observed a differ-
ent pattern of gene expression changes that can be
explained by the small amount of NMDA receptors
there (Monyer et al. 1994).

Furthermore, we observed additive down-reg-
ulating effects of both factors on the Sorcs3 mRNA
expression in the prefrontal cortex and in the mid-
brain, but not in stem, where only stress produced
an impact. Levels of expression there might be
mostly downregulated by signals from glutamater-
gic projections.
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The impact of ketamine on SorcsI mRNA ex-
pression decreasing was detected only in midbrain
after stress exposure, which indicates the possible
involvement of this protein in the mechanism
of ketamine acute antidepressant effect.

In the prefrontal cortex, there were antagonistic
relationships between stress exposure and ketamine
treatment on p75 mRNA expression, so ketamine
negates the effect of acute stress. This could
be interpreted as an action induced by stress expo-

sure molecular cascade which takes place only
in the cortex after subanesthetic ketamine injection.

In conclusion, pretreatment with ketamine
and acute stress both caused changes in neuro-
trophin receptors and Bdnf gene expression in exa-
mined brain areas. These findings suggest that
SORCS1, SORCS3 and p75 receptors are involved
in the ketamine-induced neuroplasticity and anti-
depressant activity. Further research is needed
to confirm these suggestions.
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