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ECOLOGICALLY SAFE METHOD TO CONTROL THE EPIDEMIC SI TUATION
ON ANIMAL TUBERCULOSIS IN UKRAINE
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For adaptation, selection and accumulation of prtdn strains bacterial mass, Sotona KF and Sokdhia-growth
media were developed, where culturesMof bovis begin to grow earlier by (4.2 1.1) days and give more bacterial mass
accumulated. New technological procedures of matufimg PPD-tuberculin by means of microfiltratioand
ultracentrifugation methods have been developethifténg to obtain an active and specific allergammethod for sensitization
of experimental animals by inactivatht bovisculture has been developed to perform the costualy of the drug. The method
is specific, safe for the health of animals and &osy it prevents the spread of living mycobacteriaature.
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The work is a fragment of the research project “Blepment of innovative means for monitoring, diesiios,
forecasting and prevention of emergency and ecarailyisignificant diseases in cattle breeding, bigeding, poultry farming,
fish farming, animal husbandry and beekeeping basedcellular, molecular and nanotechnology”, stategistration
No. 0115U001053.

Documents issued by the Ministry of Ecology anduxat Resources (MENR) of Ukraine, its
Department of Ecological Security and EU, recogiiee delayed-type hypersensitivity (DTHS) test - a
tuberculin test - as the main method for detectuigerculosis-infected animals [10-12]. In Ukraite,
perform the test, the State Enterprise “Sumy Bilalg Factory” manufactures tuberculin purified
(Purified Protein Derivative -PPP for mammals, developed by specialists of the Teuldesis
Laboratory at the National Scientific Center “Ifiste of Experimental and Clinical Veterinary Mediei
(NSC IECVM) NAAS of Ukraine, which is manufacturading theM. bovisIEKVM-1 production strain
[2,5, 7].

Animal trade between the EU countries is perfornmedcompliance with the EU Council
Directive 97/12 of 17.03.1997, which implies tuhéngisation of animals to be carried out usiPgD or
HCSM tuberculins, which must be made bf. bovis “AN5” or “Valle” strains [6-8, 12, 13, 14].
Therefore, the current topical field of researchtie harmonization of domestRPD-+tuberculins in
compliance with the EU requirements.

When manufacturind?PD-tuberculin, the most vulnerable link in the teclogical process is
deep sterilizing filtration through asbestos féteTheir application does not permit to receivel@able
sterile preparation. In addition, the use of dalpr§ causes significant protein loss, which redguthe
yield of the drug. The membrane methods implem@amainto the PPD-tuberculin manufacture
technology permits to improve the ecological safefyproduction by eliminating due to exclusion of
asbestos filters from the technology, to reduceude=of water and the loss of tuberculoproteir2[B)].

According to the current veterinary legislationfesdarms of Ukraine perform compulsory
scheduled allergic studies (tuberculinisation) lbfigestock on epizootic (epidemiological) indicasd
before the sale of animals for breeding or producpurposes [4, 7, 9]. At all state breeding emiees,
state and private breeding farms, regardless oathmal welfare terms, the breeding stock of casile
studied for tuberculosis twice a year, and all gngnanimals are studied starting from the age ofid@s
once a year. At farms supplying milk to childressl medical institutions, sanatoriums, health tesar
for manufacturing exported products, all the anistatk is examined by an allergic method twice arye
starting from 40 days of age. According to the nesy report, in 2016, 3.4 million allergic studiéor
tuberculosis were performed [3-5].

The above facts convincingly testify that animaddating of Ukraine with a stock of cattle about
4 million heads requires the annual production asithg of a considerable quantity (about 8 million
doses) of highly active and specific PPD-tuberctitin mammals that meets the requirements of the
European Community and provides high-quality anéicieht allergic test for tuberculosis. The
technology for manufacturing and control of PPDedoilin by eliminating the use of live mycobacteria
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to improve the environmental safety of the drugdse® be improved, which is particularly importémt
further maintenance of the epizootic well-beindheff country on animal tuberculosis.

The purposeof the article was develop and implement into piadin an environmentally safe
drug for allergic diagnosing of mammalian tubersigpmeeting the specified EU requirements.

Materials and methods.The principle of obtaining the purified derivatie¢ tuberculoprotein
(Purified ProteinDerivative - PPD using the culture filtrate of mycobacteria, cutil on a synthetic
growth medium by the trichloroacetic acid precifida method, has remained unchanged since the
development of the PPD-tuberculin manufacture teldgy by F.B. Seibert (1934, 1949). The
disadvantage of this method is low yield and limhispecificity of the final product - PPD-tuberculin
The most vulnerable link in the technological pssces deep sterilizing filtration through asbedtibars,
which does not permit to obtain a reliable stedileg and results in the protein loss in significamount
with the above filters.

To avoid the said disadvantages, a technologichérse for obtaining PPD-tuberculin was
suggested, which included the treatment of a aulfluid (after inactivation by autoclaving at 210,
separating and utilizing the bacterial mass of pheduction strain mycobacteria) by the membrane
microfiltration method using Sartoclean®CA capsulgth a pore diameter of 0.4&4m and tuberculin
protein fractions separation after precipitatiothwirichloroacetic acid by means of ultracentrifuiga at
14,000 rpm followed by sterilizing microfiltratioaf the permeates obtained through Sartoclean®CA
capsules with a pore diameter of Qr.

Sartoclean®CA single-layer filters made of celléd@xcetate with a heterogeneous double layer,
due to the built-in pre-filtration system necesstmy cost-effective system layout, provide the legh
rates of the total filter capacity and the highgsitein yield while microbial retention filtratiorAfter
microfiltration with Sartoclean ® CS ultrafiltratiomembrane filters with a pore diameter of 0.2(0.4
um (NBSP) and HOMM 150-1000 kDa, the drug containstesn fractions of mycobacteria with a
molecular weight of 150-1000 kDa, which display thighest rates of diagnostic activity and spedifici

In general, during the project performing, the daling methods were used: bacteriological
(microscopic, cultural, biological), electron misompic, radiological, immunological, molecular geére
chemical (determining the mass percentage of sodibharide, phenol, glycerol, etc.), biochemical
(determining the mass percentage of protein bydéjel method, etc.) and biotechnological methods
(cultivation of mycobacteria, their inactivationiopein separation, purification by dialysis, methaaf
membrane microfiltration and ultracentrifugation)dompliance with generally accepted procedures [1,
2, 3,13, 15].

Table 1
Stages of performing experimental works

Stage Works performed
Adaptation, selection, study of morphological, atdl and biological properties and depositiodMofbovis

First Vallee KMEEV-9 andV.. bovisVallee KMIEV-9KM production strains
Development of the technology for manufacturing meatian PPD-tuberculin purified using thMe bovisVallee
Second KMEI-9KM production strain, methods of membrane rofitration and ultracentrifugation and their
implementation into production
Third Development of a method for determining the agtiwit purified (PPD) tuberculin for mammals in anisna

sensitized with avirulent cultureg M. bovis

Manufacturing of experimental and production seaethe drug using the developed and implemented
Fourth technological methods and production strains. Pexdace of the control studies and determining elvellof
activity of the drug experimental series

Results of the study and their discussiorilhe first stage of the environmentally safe tubkncu
development is selection of the tuberculosis paghggoduction strain. For this purpose, the admptat
study of the morphological, cultural and biologigabperties oM. bovisValle strain was carried out,
since this strain, in combination with the AN-5aétr, was recommended by the EU Council Directive
97/12 of 17.03.1997 for manufacturing mammalian Ré&tierculin. We obtained, within the framework
of creative exchange with RUP “SN Vysheleskyi IEW#Winsk), a sublimated strain of a bovine
tuberculosis pathogen, which according to the i8tRassport” was calledM. bovis Valle KMIEV-
9“,we depreserved and adapted it to the growingianbg Pavlovskyi, Levenshtein-Jensen, IECVM,
Sotona KF and Sotona KhB.

In order to obtain a production strain with accaled growth and increased accumulation of
bacterial mas$1. bovisValle KMIEV-9 was subjected to gamma irradiatidyiter irradiation with the
doses of 0.00645-206.40 C/kg by means of “Rogusthitter (source of radiatiotiCo, 0.0138 Gy/s), the
culture was sown on an elective growth mediumhla tase, statistically significant acceleratiorthe
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culture growth rate was not recorded. Changeseamniitroorganisms’ ultrastructure were not observed
either during electron microscopic studies. Howewrring this strain cultivation on the “Sotona KF
growth medium for accelerated bacterial mass actation”, accelerated growth of mycobacteria and
increased accumulation of bacterial mass was redotdmpared to the Sotona medium in the classical
version. The initial growth onset of thé. bovisValle KMIEV-9 production strain culture was obsedv
by 3.0+ 0.1 days earlier, formation of confluent growthi¢rabial film) - by 6.0+ 0.3 days earlier. The
yield of bacterial mass was by &4.3 mg higher. That is, Sotona KF medium had sstineulating and
selective properties, that permitted to obtainrairstwith accelerated growth of mycobacteria. Saupl
by means of selection mycobacteria isolate withelscated growth after careful study of its cultural
morphological and biological properties was nam@&mbvine tuberculosis pathogek. bovis Valle
KMIEV-9KM production strain”. After being transfaxd to Sotona KhB synthetic production medium,
the phenomenon of growth acceleration persist24®mgenerations and is further lost. Thus, the iedu
properties of accelerated growth were the resulbhw@notypic modification, but not of the mutational
changes at the genome level (not inherited). THaitodd strain is a phenotypic modifier of the bavin
tuberculosis pathogem. bovisValle KMIEV-9 strain.

During the study of electron microscopic specimeh®l. bovisValle KMIEV-9KM production
strain cultures it was observed that mycobactesigelthe appearance of short or moderately longsstic
located in the form of assemblies and conglomaratid’olymorphism of microorganisms is observed

(fig. 1).

Pure cultures of the first and subsequent
generations of the M. bovis Valle
KMIEV-9KM strain in the Sotona KF
and Sotona KhB medium in smears
stained by Ziehl-Neelsen have the
appearance of red-colored sticks. At the
beaf-extract agar (BEA) beaf-extract
broth (BEB) the cultures do not grow;
they only grow on egg and potato growth
media at 37 C. Colonies of cultures are
- dry, small, ivory-colored. The growth
e ST T rate in the subculture is 10-20 days. On
Fig. 1. Mycobacteria of thil. bovisValle KMIEV-9KM production strain the surface of liquid growth media a
on the Pavlovskyi growth medium (conglomeratiomauf-shaped forms) frag”e fiim is formed without the
medium turbidity.

During bacteriological studies, cultivation and tesi@l mass accumulation &fl. bovis Valle
KMIEV-9 and M. bovisValle KMIEV-9KM strains on Sotona KhB medium wegverformed. The terms
of the initial confluent growth and production stil accumulated bacterial mass were determindie(ta
2). M. bovisValle KMIEV-9KM culture began to grow by two daysrlier, giving accumulation of
bacterial mass by 6 mg more. Microbial film wasnfied by 4.5 days earlier compared to khebovis
Valle KMIEV-9 stock strain. Thus, the use of thle bovisValle KMIEV-9KM production strain permits
to accelerate growth, to raise accumulation of rbgecteria bacterial mass; it permits to acceleiage t
technological process and increase the outputbefrtwlin.

Table 2
Terms of the initial confluent growth onset (formafon of a microbial film) and the weight
of the accumulated bacterial mass of production s&ins
Study parameters M. bovisValle KMIEV-9 M. bovisValle KMIEV-9KM
Terms of the initial growth onset, days 10.0£ 1.0 8.0+1.0
Term of the microbial film formation, days 19.5£ 3.0 15.0£ 0.9
Accumulated bacterial mass, mg 59.5£ 0.3 65.5+ 0.2

Using the suggested method, the suspension pretsnseparated from the liquid by means of

ultracentrifugation at 14,000 rpm using an indastnigh-speed separator of small volume (table 3).
Table 3
Output of tuberculoprotein and mass percentage of tein in PPD-tuberculin manufactured
according to different technological schemes

Output Output Mass percentagge
Features of the study of tuberculoprotein of tuberculoprotein of protein,
after TCA precipitation, g per 1 | of medium, g mg/cn?
Classic technology of tuberculin manufacture 19.8+ 0.2 1.4+ 0.3 0.8+£0.1
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Technology using membrane microfiltration gnd
ultracentrifugation

The materials of the table indicate that when usthg membrane microfiltration and
ultracentrifugation methods for tuberculin manufaet the yield of tuberculoprotein in the drug is
significantly increased (by 8.6 0.1 g) after trichloroacetic acid precipitatiorhet yield of
tuberculoprotein per 1 liter of medium - by @0.1 g and the mass percentage of protein - by-0.6
mg / cni. Due to the use of ultrafiltration membranes witle filter capacity of 150-1000 kDa and
capsules of Sartoclean®CA with a pore diameter.20-®.45um, the drug is sterile, highly purified,
containing protein fractions with the highest ratésliagnostic activity and specificity (150-100D& ),
while deep sterilization filtration through asbessfdters does not permit to obtain a reliably gtedrug
causing a significant amount of protein and watesés with the said filters.

The next stage of work is the development of arirenmentally safe method for determining the
activity of purified PPD-tuberculin for mammalsanimals sensitized with avirulent cultures\bfbovis
During manufacture of an allergen for diagnosingrmalian tuberculosis, the State Enterprise “Sumy
Biological Factory” uses the “Method for monitoringe determination of the mammalian PPD-
tuberculin purified activity” (Kassich et al., 199%vhich provides for the use of both bovine tulbéssis
pathogen and attenuated (live, weakengd)bovis BCG vaccine strain for sensitization of animals.
However, live cultures d¥1 bovisare potentially dangerous in terms of epidemiolagygl epizootiology,
since there is a possibility of reversion, i.eprogluction of the attenuated strain’s pathogenicity

Our work is based on the task of developing a $pemnd safe for animals and humans technique
for determining the activity of mammalian PPD-tuhéin purified in experiments on guinea pigs and
large cattle using inactivated by autoclaving baatanass ofM. bovisValle. As a control, sensitized
culture of animal BCG vaccine strain was used. feagon of large cattle and guinea pigs,
determination of the tested series activity comghacethat of the control, determination of the ratual
contamination absence, other drug control stages egeried out in compliance with DSTU 4664: 2006:
“Tuberculin purified for mammals in standard saduti. Experimental pilot production series 1 (E) &d
(E), PPD-tuberculin purified for mammals were maaifired in 2015 and 2016 using the developed and
implemented technological methods and producticairst.

Based on experiments performed on guinea pigs aatihly cattle vaccinated with inactivated by
autoclavingM. bovisValle culture (experimental animal groups) and ¢héure of theM. bovisBCG
vaccines strain (control groups) it was determintbdt production series of “PPD-tuberculin for
mammals purified”, produced by the State Enterpideerson biological factory” and tested for actyi
specificity, absence of bacterial contamination atieer indices provided by DSTU 4664: 2006 and the
EU Council’s Directive 97/12 of 17.03.1997, areiastspecific and suitable for allergy study ofraals
with tuberculosis.

The activity of the tuberculin 1 (E) and 2 (E) serin international units (IU) was 49000 and
47000 1U/mg, respectively, which complies with DSH864: 2006. Thus, methods for determining
tuberculin activity in large cattle, guinea pigsisiéized with inactivated. bovisValle culture and in
vaccinated with BCG vaccines animals are equalficieht. A method for controlling the tuberculin
activity in animals, vaccinated with inactivateccteial mass oM. bovisValle, is efficient and specific,
and besides, it prevents the living mycobacteriaagin nature.

The principle of obtaining purified derivative aftterculoprotein (Purified Protein Derivative) out
of a culture filtrate of mycobacteria cultured osyathetic growth medium lies in precipitation abfein
fractions with trichloroacetic acid or ammoniumfatg [1, 3, 5, 6].

A significant drawback of this method is the lovelgi and limited specificity of the final product.
Tuberculin, manufactured using membrane fractiomatechniques with a molecular weight of 3-300
kDa, has the highest specific activity. The authérs6] showed that removal of the macromolecular
fraction from the drug raises the specific protaiontent and the diagnostic specificity and,
simultaneously, reduces the allergen reactogeniékdycording to [7, 9], protein fractions with a
molecular mass of 90 kDa or more have the highesvity, but small specificity (100% and 20%,
respectively). Protein fractions with a moleculagight of 150-1000 kDa have the highest indices of
diagnostic activity and specificity.

Therefore, we suggest the culture fluid treatmgnthie membrane microfiltration method after the
bacterial mass separation using Sartoclean®CA tepsuth a pore diameter of 0.4Bn NBSP and
HOMM 150-1000 kDa and separation of tuberculin giotfractions after their trichloroacetic acid
precipuitation by means of ultracentrifugation 4f0D0 rpm followed by sterilizing microfiltratiorf ¢he
obtained permeates through Sartoclean®CA capsutesavpore diameter of 0.20m.

28.4+0.3 2.1+04 1.4+0.2
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The use of membrane microfiltration and ultracéagdtion technology in the drug significantly
raises the yield of protein by 860.5 g, the yield of tuberculin per 1 liter of mewh — by 0.7 0.1 g and
the protein fraction - by 0.6 0.1 mg / cm3. After microfiltration with ultrafdation membrane filters
Sartoclean®CA with pore diameter 0.45-0;#2@ (NBSP) and HOMM 150-1000 kDa the drug contains
protein fractions of mycobacteria with a molecwagight of 150-1000 kDa having the highest indicks o
diagnostic activity and specificity.

1. Using theM. bovis Vallee KMIEV-9KM production strain in cultivatiomn Sotona KhB
synthetic growth medium permits to accelerate gnoand accumulation and raise the bacterial mass
yield of mycobacteria by 6.0-7.9 mg per one botiges an opportunity to accelerate the technoligic
process and to raise tuberculin yield up to %201 mg/cm.

2. In the drug, the protein output is significaritigreased after TCA precipitation by &®.5 g,
tuberculin output per 1 liter of medium — by @D.1 g, protein content — by 0#60.1 mg/crd. The drug
turns sterile and highly purified.

3. After microfiltration on ultrafiltration membranfilters Sartoclean®CA with pore diameter of
0.20-0.45um and HOMM 150-1000 kDa, the drug contains profefctions of mycobacteria with a
molecular weight of 150-1000 kDa having the highedices of diagnostic activity and specificity.

4. The developed method to determine the activitpwified PPD tuberculin for mammals is
specific and safe for the health of animals and dmsn prevents the spread of living mycobacteria in
nature. Determination of the tuberculin activity \accinated with inactivateldl. bovisVallee culture in
cattle, guinea pigs and animals vaccinated with B@&ine strains is equally effective.
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EKOJIOTTYHO BE3IEYHU 3ACIE KOHTPOJIIO 3KOJOTI'MYECKH BE3OIMACHBIN CIIOCOB
ENIJIEMIYHOI CUTYAIILi 3 TYBEPKY.JIbO3Y KOHTPOJISI SITAIEMAYECKOM CUTYAILIAH
TBAPHH B YKPAIHI IO TYBEPKYJIE3Y ) KUBOTHBIX B YKPAUHE
Kacciu B.1O., YxoBcbkuii B.B., Cocunubkuii O.1., Kaccuu B.1O., YxoBcknii B.B., Cocuunxnii A.H.,
Biden I.A., 3a:xxapcebknii B.B., Kacciu O.B. buben U.A., Baxapckuii B.B., Kaccuu A.B.
Jns  apmanramii, cedekmii  Ta  HAKOIMHUYEHHS Jliis amanTanyy, CENCKIMN U HAKOIUICHUS OaKTepUaTbHOU

OakTepiaJbHOI Macd BHPOOHMYMX IITAMiB PO3POOJICHO  MacChl IPOU3BOACTBEHHBIX LITAMMOB pa3paboTaHbl MUTATEIbHbIC
xuBmibHI cepenopuiia Corona KO i Cotona-Xb, Ha sikix cpempt Corona K® wu Corona-Xb, Ha KOTOpBIX KyJIBTYpBI
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KyJ6Typr M. bOVis nounnarots poctu pauime Ha (4,2 *
1,1) ni6 i nparore Giibllle HaKONMYEHHs OaKTepiaIbHOI
Macu. Po3poOieHO  HOBI  TEXHOJOTIYHI  NPHHOMH
urotoBieHuss [II1J[-TyGepkyniHy 3  BHKOPUCTAHHSIM
MeToiB MiKpodinbTpalii Ta yasTpaueHTpudyryBaHHs, 110
JTO3BOJIMJIO OTPUMATH aKTUBHHUM 1 CHEHU(IYHUNA aJlepreH.
Jl1s mpOBEIEHHS KOHTPOJIBHUX JIOCIHI/DKEHb Ipernapary
pO3po0ieHO  crmocid  ceHcmOumi3amii  JOCHITHAX TBapUH
IHAKTHBOBAaHOIO  KyjibTyporo M. bovis. Croci6 €
cnenugivHuM, OS3MEYHUM JUTS 30POB’ sl TBAPHH 1 JIFOAUHH,
BiH 3amo0irac IONIMPEHHIO JKUBUX MIKOOAKTepid y

TPUPO.
Kuarouosi ciioBa: TyGepkynbo3, mikobakrepii, ITT1/1-
TyOepKyJIiH, MeMOpaHHa MIiKpOQUIBTpaIlis,

YIBTpaLeHTpU(yTyBaHHS.

M. bovis naunnaroT pactu pasbiie Ha (4,2t1,1) cyTok W HaroT
Oonpliee HakoIUIeHWEe OakTepualbHOM Macchl. Paspabotansl
HOBBIE  TEXHOJIOTWYECKHe npuembl um3rotoeienust III1]I-
TyOepKy/IuHA C UCHOIb30BaHUEM METOJOB MHKPO(DUIBTPALUH U
yIBTPALEHTPUGYTUPOBAHUS,  YTO  MO3BOJIMIO  TOIyYHUTh
aKTHBHBIA W chnenuduueckuil amwiepred. Jna mpoBeneHus
KOHTPOJIBHBIX HCCIIEAOBaHUN TIpemapara pa3padoTaH crocod
CCHCHOWIM3aIMM  ONBITHBIX JKMBOTHBIX MHAKTUBHPOBAHHOM
KyJIbTypOi M. bovis. Cnoco6 sBusercs crenupuuHbIM,
0€30IacHBIM JUIS 3JI0POBbSI JKMBOTHBIX U JIIOCH M MPENSTCTBYET
PacIpoCTPaHEHUIOKO )KUBBIX MUKOOAKTEPHIL B IPUPOJIE.
KaroueBbie cioBa: TyOepkyne3, mukobakrepun, [TT11-
TyOepKyIUH, MeMOpaHHast MHUKpPOGUIbTpALIHS,
YIBTPALEHTPU(YTHPOBAHIE.
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MIEJIOAPXITEKTOHIKA KAIICYJIM KOJIIHHOTI'O CYTIJIOBA KOTIB

e-mail: olga-bevz@ukr.net

VYV crarTi nokasaHi KUIBKICHI CIIiBBIZHOIIEGHHS HEPBOBHX E€JIEMEHTIB CYrJI000BOI KalCylu KOTIB B aHAaTOMIUYHHMX
4YacTHHAX-aHTaroHiCTax KOJMIHHOrO cyrioba (JaTepasibHa, MeaiaibHA, AOpCalbHa, IIaHTapHa). HepBOBi CTPYKTypH BHSBISIIN
HEWPOMOP(OIOTiYHUM METOAOM — IMIIPErHALI€I0 a30THOKUCIMM Cpibiom 3a meToaamu binblioBcekoro-I'poc B Moamdikarii
JlaBpentbeBa Ta Kammoca, siki My 00'eaHany. CTaTUCTHYHO NMPOJEMOHCTPOBAHO, L0 JOpCalbHa YaCTHHA CYrJI000BOi KaICyIH €
HallMEHII HACHYEHOI0 HEPBOBHMH CTPYKTypaMmu. bimHimi pediekcoreHHi 30HH 3HAXOAAThCA B MEIiajbHiH, JaTepabHIl Ta
JOpCasibHI YacTHHAX KalCyJM Yepe3 MEHIIY KiIbKICTh IHKAlCyJIbOBaHMX 3aKiHYeHb. Pelentopu NpeicTaBieHi TiMbISIMU
®arep-Ilaunni, Py¢ini, Kpayse ta BinbHIME. Y KalCyJi KOJIHHOTO Cyrjio0a KOTIB, SIK IPEJCTaBHUKIB (halaHTOXOASINX TBAPHH,
nepeBakHa OUIBIIICTD 1HKAIICYIbOBAHUX HEPBOBUX 3aKiHUECHb, HIK BUIbHHX. Lli HaHI MOMIJIMBO BHKOPHUCTATH IJISI BUSICHEHHS
3aKOHOMIPHOCTEH YTBOPEHHS 0OJIbOBUX BIAYYTTIB y KOJIIHHOMY CYIJI00i, IUIsl BUSICHEHHS aKyIyHKTYPHHX Ta aKylpeCcypHHX 30H,
MiHIMi3yBaHHsI IIOLIKO/KCHbB 3 JOCTYIIIB IO OPraHOKOMILICKCY CHHOBIAJIBHOTO CEPE/IOBHIIA, & TAKOXK Y MOPIBHAILHOMY acIeKTi
IUTSL OLIIHKHY €KCIIEpUMEHTAILHOTO MaTepiaty.

KurouoBi ciioBa: kominuuii cyrio0, kamcyna, pedieKkcoreHHa 30Ha, BUIbHI PELENTOPH, iHKANCyJIbOBaHI HEPBOBI
3aKIHYCHHS.

Poboma ¢ @paecmenmom HIIP «ExcnepumenmansHo-mop@ponoziune O0CHONCEHHS I PeaKmugHux ma penapamueHux
enacmueocmeil CnoIy4HOMKAHUHHUX eIeMEHMI6 JIOKOMOMOPHO20 anapanty ccaeyig i nmaxig, ix cesmMeHmansHa, ekcmpa- ma
inmpaopeanna innepeayis ma 6acKkyaspuzayis», Ne oepacasnoi peccmpayii 0118U004127.

Koninamii cyrno06 Mae MUPOKHIA Aiana3oH pyXiB, 1 HaJe)KHA HEWpoaHATOMIYHA OpraHizamis €
KPUTHYHOIO [UIsi CcTabiabHOCTI KomiHa [6]. CuHOBianbHa 000J0HKA CYTriI00y BHKOHYE psii QYHKINH, sIKi
3a0e3MeuyoTh HOPMANbHY JKHTTENSUIBHICT CYrJIo0y Vy 3BHYAHHUX YMOBax, pi3HOMaHITHHUX
HaBaHTA)KEHHSX Ta IPY BUHUKHEHHI MATOJOTIYHUX 3MiH JIOKAJIBHOTO XapaKTepy Ta OpraHi3My B IIJIOMY
[2]. Posmoxmin, po3ramryBaHHS Ta IMIPOCTOPOBA JOKATi3allis MEXaHOPELENTOPIiB BaXKIIUBI IS KOPOTKOCTI
Ta TOYHOCTI HEMPOHHOTO CUTHATY B MPONPiOpeenTHBHIM iHpopMarlii, ska HeoOXiaHa A MiATPUMaHHS
¢byHkioHaneHoi  ctabinpHOCTI  [14]. BinbliicTe  AOCHIAHMKIB  BH3HAIOTH TMOTCHIHHY  POJb
MeXaHOpelEeNnTOpiB y mporpiouenTuBHii (QyHKIT cyrmo0iB. 30BCiM HemoaaBHO OyJio MOKa3aHO, IO
MOIIKO/KEHHS CYrJIOO0BHX MEXaHOPEIENTOPIB MOXKE MPHU3BECTH JI0 MPOIPIOPEHENITUBHUX JS(IIUTIB,
SIKi MOXKYTb MTPU3BECTH 10 MepioandHol HecTabinpHOCTI [14]. e Moxe OyTH 00yMoOBieHe mpobieMamu 3
MeXaHOopelenTopaMu, 000pOOKOI Ta PETPAHCIIIOBAHHIM COMAaTOCCHCOPHOI iH(OpMaIlii y BUIII IEHTPH
a0o0 crenuGpiuHUM BTPYUYaHHSIM CyrJI00iB B KOHTIHMUTHBHI mpoiieck 3 0oky 6oui [11]. ITix yac TotambHOT
apTPOIUIaCTUKU BUJAANAEThCA OiNbllla YacTHHA CYIrJI00OBOI Karcyid, B TOMY 4YHCIHi OLIBIIICT
MEXaHOPELENTOPiB, BAXIMBUX ISl NpOINpiopeleniii, mo TOTeHLIHHO 0o0MeXye Tmicisonepariiine
(GYHKIIIOHAIbHE BiTHOBJIEHHS Ta Ma€ MOAOBXeHui medinmut mpomnpiopenemnii [12]. Homumenrusai
MMOAPAa3HUKHU cIpuitMaioTbes C-BOJIOKHAMHM, IO MICTATBCS B YCiX CTPYKTypax cyriioda, 3a BHHITKOM
cyriobosoro xpsmia [5]. OcHOBHHIT MeXaHi3M BHHHUKHEHHS XPOHIYHOTO OOIBEOBOTO CHHAPOMY IIPH
3aXBOPIOBAHHAX OIMOPHO-PYXOBOro amapary — HouunentuBHui [3]. [IpobGnema perenepariiii HepBOBUX
BOJIOKOH TIpUBEpPTaE 10 cebe yBary 0aratboX IOCIIIHHKIB, TaK SK YIIKOIPKEHHS nepudepiiiHuX HepBiB
BUKJIMKA€ 1HBaNiIHICTB, 0cOoOMMBO B Mosogomy Bimi [1]. Kapta mokamizarii cyrio6oBHX TiJloOK
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