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PE®EPAT
3Bit mo HJIP

[IpoBeneno nocuimkeHHsT MOp(ONOriYHO-PYHKI[IOHAIBHUX OCOOJMBOCTEN
HUIYHKY, S3MKa Ta MO30YKa B HOPMI, Ta 3a yMOB Jii KOMIUIEKCY XIMIYHUX
PEYOBHH, a came TuyTaMat HaTpis (xapuoBa gob6aska E621), monco 4R (xapuoBa
nob6aska E124), xoBTHii 6apBHUK ,,COHTYHUN 3axin” (xapuoBa no6aBka E110),
HITpUT HaTpito (xapuoBa gobaBka E250), taptpasuny (xapuyoBa nodaska E102),
eputpo3uHy (xapuoBa go0aBka E127) ta GeH3oary HaTpito (XxapuoBa qo0aBka
E211). Pobora Oyna cmpsiMoBaHa Ha BHUBYEHHS OCOOJMBOCTI CTPYKTYPHOI
oprasizaiiii MO304Ka, si3UKa Ta IUTyHKa IIypiB B HOPMI, BUSHAUYECHHS JAUHAMIKA
CTPYKTYPHO — QYHKI[IOHAIBHUX Ta MOP(OJIOTIYHUX 3MIH B MO30YKY, S3UKa Ta Y
CTIHIIl IUIYHKA 32 YMOB Jii KOMIUIEKCY XIMIYHHX PEYOBMH, a caMe IiIyTamar
HaTpis (xapuoBa gob6aBka E621), monco 4R (xapuoBa nob6aka E124), xoBTuii
OapBHUK ,,COHSUYHMM 3axin’ (xapuoBa mo6aBka E110), HiTpuT HaTpito (xapuoBa
nob6aska E250), taptpasuny (xapyoBa no6aka E102), eputpo3uny (xapuoBa
nob6aska E127) ta 6eH3zoary Hatpiro (xapuoBa qob6aBka E211).

B pesynbrari MopdomeTpuuHOrOo JOCHIIKEHHS MO304YKa IIYpiB ¥y
KOHTPOJIBHIA Tpymni BCTAaHOBJICHO, WO 3arajbHa CEpeIHsS TOBIIMHA KOpU
MO304uka ckiagana (267,51+8,46) MKM, cepelHs TOBIIMHA MOJIEKYJISIPHOIO
mapy cranosmia (123,55+5,85) mkm, a 3epauctoro mapy (132,36+6,54) mxm. B
CBOIO Yepry 3arajibHa CEpeaHs TOBIIMHA OLT0i pPEYOBMHM MO30YKa CKJajana
(48,23£4,38) MKM.

B pe3ympTaTi mpoBeaEeHOrO JMOCHIIKEHHS BH3HA4YEHO, IO Mopdosoris
MO304YKa Ta NUTyHKY OUTMX TIypiB MOiOHA JO TaKoi y JIIOJWHU, 1 JAE 3MOTY
MPOBOJIUTH E€KCIIEPUMEHTAIbHE MOJETIOBAHHS Ha JaHOMY BHJ1 Ja0OpaTOpHUX
TBApUH PI3HUX MATOJOTIYHUX CTaHIB, a TOTIM B CBOIO YEPry IHTEPIPETYyBaTU
OTpUMaHi pe3yJabTaTH Ha OpraHi3M JroAuHU. [lpuitom B DKy BHUIIEO3HAYEHOTO
KOMIUIEKCY XapyoBUX J00aBOK MPU3BOJUTH A0 MOPQOJOTIYHUX 3MIH Yy
CTPYKTYPHHUX KOMIIOHEHTIB MO304YKa Ta NIIYHKY 1 0€3M0CEePEIHhO 3aJICKHUTh Bl

TEPMIHY iX CHOXKMBaHHA. TpuBajdi NPUHOMU KOMIUIEKCY XIMIYHMX PEYOBUX
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MPU3BOAATh 0 AECTPYKLII OAHUX CTPYKTYp 1 peopraHizauii IHIIMX, IO B
MEPCHEeKTUB]1 MPU3BEAEC 10 BUHUKHEHHS MAaTOJIOTIYHHUX CTaHIB MO304YKa Ta
LUTYHKY B LLJIOMY.

HaykoBe Ta mnpakTM4HE 3HAYEHHS BHUKOPUCTAHHA  OJOHTOII(DIUHHUX
KpUTEPIiB, K CKJIQJOBOI OJOHTOJOTIYHOT'O CTaTyCy IMpHU MPOBEACHHI CYIOBO-
MEIUYHUX  1ICHTHUPIKAIMHUX  JOCHIDKEHb MOJSITa€E Yy  MOKJIMBOCTSIX
PO3IIMPEHHS EKCIEepPTHOI Ta JO0Ka30BOi 0a3W JaHMX IHAMBIAYaJIbHUX O3HAK.
[IpoBeneni AoOCHiKEHHS OJOHTOMNII(IYHUX O3HAK, aHalli3 JiTepaTypu Ta
eKCTepTHU3, CBIAYUTH MPO MEBHY 3aKOHOMIPHICTh. A came: MiABUIICHI JUISTHKH
KOPOHKHU 3y0a JIFoAuHu (TOpOU, CTUJI1) MAIOTh JICSIKY €THIYHY 3aJISKHICTh CaMe
3a paxyHOK (peHOTHTIOBUX O3HAK. B Toit "ac, 3arnubieHi JUISTHKY (IMKH,PICypH,
O0pO3EHKN) MaIOTh IHAUBIAYaJbHUN XapakTep iX BI3EPYHKY, 110 MPUBOAUTH 10
IYMKH TpO  MapaleibHICTh  ICHYBaHHS  MDK  jJepMaroriidikoro  Ta
onoHrormidikor. JlaHi 1HAWBIAYaTbHOTO OIOHTOITI(IYHOTO CTATYCy MOXYTh
OyTH BUKOPHUCTaHI K JOJATKOBUI KpUTEPiil IpHU MPOBEACHHI 1IeHTH(IKAIIIHHIX

JIOCIII’KEHB.
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BCTYII

3B’A30K po0OTH 3 HAYKOBUMH NIPOrpPaMaMu, IJIAHAMH, TEMAMM.
PoGoTta € ¢dparMeHTOM HayKOBO-IOCHIAHOT poOOTH YKpaiHChKOT MEAUYHOT
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Meta gocaigKeHHs:
BuBunt 0COOMMBOCTI CTPYKTYpHOI OpraHizailii Mo304Ka Ta LUIyHKa LIypiB B
HOpMi, BHU3HAYUTU  JIUHAMIKYy CTPYKTYpHO —  (YHKI[IOHQJIbHHX  Ta
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(xapuoBa poGaBka E124), xoBTuil OapBHUK ,,COHSYHUN 3axin’ (XapuoBa
no6aska E110) tanitput HaTpito (xapuoBa nobaBka E250).
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JIOCIIIPKEHHS ;
1. BuBunutH 0cOOJIMBOCTI CTPYKTYPHOI OpraHi3ailii MuryHKa IIypiB B HOPMI.
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4. BuUB4UTH 0COOJIMBOCTI CTPYKTYPHOT OpraHi3allii Mo304Ka IypiB B HOPMI.
5. BuzHauntH OUHAMIKYy CTPYKTYpHO — (YHKI[IOHAJIBHHX 3MiH B CKJIQJOBHX
eJIeMEeHTaX MO30YKa IIypiB 32 YMOB Jii KOMIUIEKCY XIMIYHUX PEUOBWH, a caMe
riytaMmar Hatpisg (xapuoBa no6aBka E621), [Tonco 4R (xapuoBa nobaBka E124)
Ta KOBTUW OapBHUK ,,COHSIYHUH 3axin” (xapuoBa gob6aska E110).

6./1atu MopdoIOriyHy OLIIHKY MPOLIECIB 3MIH Y MO30YKY LIYpiB.



06 ’ekm 0ocnidxcennss —MOPQPOJIOTIUHI 0COOIMBOCTI HUTYHKY Ta MO30YKa HIypiB
B HOPMI Ta 3MIHU B HUX MICJIA JI1i KOMIUIEKCY XIMIYHUX PEYOBHH.
Ilpeomem  Oocnioxncennss ~ —Mop(POoPyHKIIOHANIBHI ~ 3MIHU  CTPYKTYPHHX
KOMIIOHEHTIB IJIYHKY Ta MO304YKa B HOpPMI Ta WICAS [ii TIyTaMmaTHATpis
(xapuoBa nob6aBka E621), monco 4R (xapuyoBa goOaBka E124) Tta >xoBTHii
OapBHUK ,,COHSTYHMM 3axi1” (xapuoBa no6aBka E110), HiTpuTy HaTpito (XapyoBa
nobaBka E250).

MeToau 10C/Ii/IKEHHS
AHaTOMIYHHM; TICTOJIOTIYHUHN; IMYHOTICTOXIMIYHHM; JIEKTUHOXIMIYHUMI; METO
CEepIMHMX HAMIBTOHKUX 3pi3iB; MOPPOMETPUYHUN; METOAM BapialiifHOl
CTaTUCTHKH; SIK1 JO3BOJIATH BCTAHOBUTH MOP(QOJIOTIYHI 1 ricToTonorpadiuxi
3MIHM y CTIHIIl IJTyHKa B YyMOBaX [ii KOMIUIEKCY XIMIYHMX PEYOBHH 1
3abe3reuarh BIpOTiHICTh OTPUMAHUX JIAHUX.

HaykoBa HOBH3HA 0OJlep:KaHUX pPe3yJIbTATIB.
VYnepiie BCTAaHOBJIEHO CTPYKTYpHY OpraHizaiilo Ta peakiilo TKaHUHHUX
KOMITOHEHTIB NUIYHKY Ta MO30YKa IIypiB Ha TJi BIUIMBY XapyoBUX J00aBOK, a
caMe TiiyTamar HaTpis (XxapyoBa mo6aBka E621), monco 4R (xapdoBa moOaBka
E124) Ta xoBTHii OapBHHK ,,COHSYHUM 3ax17” (xapuoBa nobaBka E110), Hirpury
HaTpito (xapuoBa gpobaBka E250).
Takox  BH3HAYEHO JUHAMIKY CTPYKTYpHO —  (QYHKI[IOHAIBHUX  Ta
MOpP(QOJOTIYHUX 3MIH CKJIQJOBHX S3MKa 32 YMOB Jii KOMIUIEKCY XIMIYHUX
pEUYOBHH, a caMme TIiyTamaT HaTpis (xapuyoBa mnobOaBka E621), Taprpasuny
(xapuoBa mo6aBka E102), eputposuny (xapuoBa gob6aka E127) Ta GeHzoaty

HaTpito (xapuoBa mobaska E211).



orJisig JITEPATYPU

ChorosHi, mii BIUIMBOM MaTOT€HHOI €KOJIOTIYHOI OOCTaHOBKH, arpeCUBHOIO
BIUIMBY MPOAYKTIB XapyyBaHHS 1 PI3HUX XIMIYHUX areHTIB Ha OpraHisM B
LIJIOMY, BiIOYyBa€eTbCs CTPIMKE 3pOCTaHHS XPOHIYHUX 3aXBOPIOBAHb OpraHiB
TpaBJICHHs Ta HEpBOBOI cuctemH [1]. He many posib BinirparoTb BUKOPUCTAHHS
OPUPOAHUX Ta XIMIYHUX PEUYOBUH B  XapyuoBii IPOMHCIOBOCTI 5Kl
3a0pyTHIOIOTh 1| HAKOTIMYYIOThCS y Xap4OBUX MPOAYKTaX. 3MiHA HA TaKWHA THII
KUTTS Ta BIUTUB 1HIIHUX (PAKTOPIiB PU3UKY HA HACEJICHHS TTOCTYIIOBO TPU3BOINTH
710 3MIH B CHUCTeMax OpraHiB BCboro opraizmy [2,3]. XapuoBumu nodaBkamu
HA3WBAIOTh TPYIIY MPUPOAHUX a00 CHHTETUYHHX PEYOBHUH, 5K CIEIIabHO
JOAl0Th J10 TMPOJOBOJIBYOI CHPOBHHHU, HamiBpaOpukatiB abo TOTOBUX
IPOJYKTIB 3 METOI HaJaHHA iM TEBHHX SKICHUX TOKa3HUKIB [4]. XapuoBsi
n00aBKM TIPUCYTHI CBOTOAHI B TMEpPEBaKHIA OUIBIIOCTI 3BUYANHICIHBKOIO
IPOJYKIIi — BiJ HOTYpTiB 10 KOoBOAcHMX BUPOOIB. B pamkax €BpomneichbKOro
CIIBTOBAapUCTBAa MPHUUHATO MO3HAYaTH iHJAEKCOM E HasBHICTH B MPOAYKTaX
XapuyBaHHS  OyAb-SKMX XapuyoBHX J0OABOK, 1IEHTH(IKOBAHUX  3TITHO
Miuixuapoauiit cuctemi kinacudikamii (INS) [4,5].

[ImyHOK Ta MO30YOK, SIK OJIMH 13 KIIFOUYOBUX OpPTraHiB, III0 MAa€ CBOI1 CTPYKTYpPHI
O0COOJIMBOCTI, BHUKOHYE pAJ BaxiIuBUX GyHKIIH. ToMy, Koiau Il OpraHu
HiJISITal0Th BUBYCHHIO, 32 YMOB/1T KOMIUIEKCY XIMIYHUXPEUOBHH, JJIsI KPAIIOTO
PO3yMIHHS JJaHUX Ta MEPEHECEHHs BUCHOBKIB, OTPUMAHUX Y X0/l €KCIIEPUMEHTA
Ha TBapWHAX Ha OPTaHi3M JIIOJWHH, 3aBXJU TOTpPIOHE 3HAHHS OCOOIUBOCTEM
OyZI0BH €KCIIEpUMEHTATBHOT TBAPUHH B MIOPIBHAHHI 3 TUIOM JItOUHU [6,7].

[Tpu ormsiai miTepaTypHUX JKEpe, He OyJio 3HaWIEHO JOCTATHBOT KUTBKOCTI
iHbOpMaIliil PO CTPYKTYpPHI KOMIIOHEHTH MO30YKa Ta IIIYHKY IIypiB. Takox,
MaibKe BIICYTHS JiTepaTypa MI0J0 JOCHIIKEHHS, CaMe, BIUIUBY KOMIUICKCY
Xap4yoBuX 100aBOK Ha 111 opranu[13-17]. OTxe, 11€ Bce MOTpeOy€e MOAATBIIOTO
Ta JETAJIBHINIONO BHUBYEHHS AaHATOMO-MOP(OJOrIYHUX OCOOJMBOCTEH IUX
CTPYKTYp Ta BIUIUB XIMIYHHUX CHOJIYK, IO AACTh 3MOTY MOPIBHSATU CTPYKTYpHI

3MIHU MiCJiA BIJIMBY XIMIYHMX PEUYOBUH Ta BUSHAYUTHU HASIBHICTH UM BIJICYTHICTb
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BIIMOBIIHOCTI MDK MO30YKOM Ta NUIYHKOM IIypiB Ta JoauHu [8,9]. Sk
3a3HAYEHO B EKCIIEPUMEHTAJIbHUX po0OTaxX, TpaBHAa Ta HEPBOBA CHCTEMHU
JIOJIUHMU 1 1Ilypa MPeACTaBiIse CX0XKY QYHKIIOHAIbHY CUCTEMY, sIka Mae Oarato
CIUIBLHOTO IIOJ0 CTPYKTypu Ta ¢yHKIiN opraHiB [9,10,11]. Ane aesiki aBTopu B
PI3HUX MpalsgX OMHUCYIOTh BIUIUB PI3HUX XIMIYHUX PEYOBHUH MO OJIMHLI Ha pI3HI
CTPYKTYpPH Ta OpraHi3m B IILIIOMY.

['mytamat HaTpiro € MiACKUIIOBAaYEM CMaKy B MPOJyKTax xapuyBaHHs. Y 1908
poui simoHcbkuil BueHuil KikyHa Ikena Bmepiine BUTSATHYB HWOro 3 MOPCBKUX
BoJIopocTeit Laminaria japonica i BUSBHB CBOI BJIACTHUBOCTI, IO MiJCHITIOIOTh
cmak (Ikeda, 1908). Xoua peryntorodi opranu 3 0€3MeKu XapuyoBUX MPOIYKTIB
BBAXKAIOTH CIIOKMBAaHHA TJIyTaMary HaTpilo Oe3MeyHuM, JAesKl AOKIIHIYHI Ta
KJIIHIYH1 JOCTIIPKEHHS MOCTAaBWIM MiJ CyMHIB HOro 0e3mneKy, 0COOJUBO TiCHs
XpOHIYHOTO BIUIUBY. AJie € HEBEJIMKa KUIbKICTh TMAI€EHTIB, SKI IMICIS
BUKOPUCTAHHS MMOBIAOMJISIIOTh TPO TaKi CHUMIITOMH, SIK MITJIUBICTh, OUIb Y
KUBOTI Ta TPYIsIX, TOJOBHI 00JI1, HYJI0Ta, TaXiKapis Ta ciadkicTh [19-22].Pazom
3 TUM BHECEHHSI TJIyTaMaTy HaTpPilo B pallioH HOBOHAPOKEHUX MUIIIEH Ta IIypiB
3 YaCOM BHUKJIMKA€ B HUX OXKHUPIHHS 1 I[yKpoBUi niabet. Tomy riryTaMar HaTpiro
HE PEKOMEHIYEThCA JO0JaBaTh N0 MPOAYKTIB, MPU3HAYEHUX I AUTSIYOTO
XapuyBaHHS. 3 OTJIAY Ha 1€, OyJI0 HECTOIBAaHO BUSBHUTH, IO TIyTaMaT HaJa€e
30y/UTMBY 1110 HA HEPBOBI KJIITHHH, 1 II0 BIH MOXE MOPYIITYyBAaTH KIITHHH JIO iX
3aru0eni B MpoIieci, SIKU Terep Ha3UBAETHCS «EKCITOTOKCHUYHICTDY.

[Torco 4R (xapuoBa no6aBka E124) me cuHTeTHYHMI Xap4yoBUii a300apBHUK,
TeTePOIMKIIIYHE apoMaTU4yHEe 3’ €JHaHHSA. BiH BiIKpuBae LTy MAIITPy Pi3HUX
KOJhOpiB 1 iX BiATIHKIB. Bomopo3unmHHU OapBHUKI HOWBiIyanbHO abo B
cyMmimax 3 IHIIAMH OapBHUKAMH 3aCTOCOBYEThCS il (apOyBaHHS
KOHJUTEPCHKUX BHPOOIB, HAMOIB, MOPO3WBA, IyJHWHTIB, JECEPTIB, (PYKTOBHX
KOHCEpBIB, pUOHUX MPOAYKTIB Ta aisi (apOyBaHHS BCiX (dapMaleBTUYHUX 1
KOCMETUYHHX 3aC001B, TOJAETHCS 0 IIIaMITyHIB, IMHU JJIsS BaHH 1 AyIlla, a TAKOX

PIIKUM MUJIaM, € TEKCTUWJIBHUM OapBHHUKOM JIJIT BOBHH 1 IIOBKY.
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XKoptuit OapBHHMK ‘“‘coHslyHMM 3axiy’ (xapuoBa JgoOaBka E110) 1e
CUHTETUYHUN Xap4yOBHI OAPBHHUK, KU HAJIEKUTh O CIMEHCTBA a300apBHUKIB 1
IIMPOKO BUKOPUCTOBYETHCS B XapUOB1i MPOMUCIOBOCTI. Y TOH ke 4Yac, 1[e MOXKe
BUKJIMKATH SIK CUHApPOM nediuuryyBaru 1 rinepaktuBHocTi (CHAYT), ue rpyna
MOBEAIHKOBUX CHMIITOMIB, SIKl BKJIIOYAlOTh HEYBAXKHICTh, T'IEPAKTUBHICTH Ta
IMITYJIbCUBHICTh, pakK 1 JESAKl IHINI HACIIAKU JJIsl 3[0pOB'S MPU HAIAMIPHOMY
crioxuBanHi [30,31].

Hitpatu 1 nitputn (NOS) npu XpoHIYHOMY HAJIXOJKEHHI B BEJTUKHX
KUTBKOCTSIX TPHU3BOJATH JO YTBOPEHHS METTeMOIJIO0IHY, B Pe3ylbTaTi 4Ooro
MOXKeE PO3BUHYTHCS XpOHIYHA aJiMeHTapHa HITPATHO-HITPUTHA
MeTreMoryiooinemis [26,27]. Hitpatu MarOTh ICTOTHHI BIUIUB Ha OOMIH HATpIO,
KaJilo 1 BOAM B HUIYHKOBO-KHUIIIKOBOMY TPAaKTi OpraHi3My JIOJMHU 1 TBapHH,
SIKMU OJTHUM 3 MEPIIUX MOIIKOKYEThCS MPH Jii HiTpaTHOT iHTOKCHKAaIlii[28-30].
['070BHUM  3aXBOPIOBAaHHSIM € pak IIJIYHKOBO-KHUIIKOBOTO TpPakry. Y
MPUCYTHOCTI HITPUTIB KaHIIEPOT€HHI HITPO3aMiIM 1 HITpO3a MIHH MOXYTh
CHUHTE3YBaTUCS MPAKTUYHO 3 OyAb-SIKUX MPOAYKTIB AK y LUIYHKY, Tak 1 B
KHAIIIEYHUKY. B X011 emigeMioNoriyHuX JOCTIKeHBb OYyJI0 KiIbKa JOKa3iB 3B'SI3KYy
(I) mietnunoro HITpHUTY Ta paky nuryHka Ta (1) moeqHaHHS HITPUTY Ta HITpPATY 3

00po0IIeHOT0 M'sica Ta paKy MPSMOI KUIITKH.
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MATEPIAJIM TA METOAU JOCJILAKEHHS

Hocnin mpoBoauBcs Ha jgopociux Irypax kuiekicTio 100 Ta wmacoro
260,140,58 r.. BukopuctoByBaaucs LypH SKI IPOKUBAIU B 3BUUAUHUX YMOBAX
(mo3HavaroThcst K — KOHTpONb, Ta HOMEpP THIXKHS), Ta SKUM JaBadl KOMILUICKC
XIMIYHUX pPEYOBUH, a came, TiyTaMar HaTpiio, MOHCO 4I, >KOBTUH OapBHUK
«COHSIYHUU 3axi» Ta HITPUT HATpi0 (xapuoBa noOaBka E250) (mo3navyaroTbes
TUIbKA HOMEPOM THKHs). YTPUMYBAJUCh TBAPUHU 1 BCl MaHIMyJsALIi HA HUX
npoBogwid  3rigHo 3 «lIpaBwiiaMm  BHKOpUCTaHHA  J1abOpPaTOpPHUX
excriepuMeHTanbHuX TBapun» (2006, nogatok 4) 1 ['eIbCIHCHKOIO JEKIapali€eio
PO T'yMaHHE BiHOIICHHS 10 TBapuH,3akoHy Ykpainu «IIpo 3aXucT TBapuH Bij
xopcTtokoro moBoKeHHs» (Ne 3447-1V Bin 21.02.2006 p.) 13 10TpUMaHHAM
BUMOT KoMicii 3 010€THKH YKpaiHChKOI MEIUYHOI CTOMATOJIOTIYHOI aKajeMii,
y3TOJDKCHUX 13 TIOJIOKEHHSIM «CBPOIEHCHKOT KOHBEHINIT 3 3aXHCTY XpEeOSTHUX
TBAapUH, SKI BUKOPUCTOBYIOTHCS B EKCIEPUMEHTAIbHUX Ta IHIIUX HAYKOBUX
isax» (Ctpacoypr, 1986).

JIist  BCTAaHOBJIIEHHS ~ OCHOBHMX  MOPQOJIOTIYHUX  OCOOJIMBOCTEM
CTPYKTYPHHX €JIEMEHTIB MO30YKa, sI3MKa Ta MIIYHKY IIypiB BUKOPHUCTOBYBABCSA
riCTOJIOTIYHUN 1 MOPHOMETPUYHUM METOAM JOCHIKeHHs. J[7ms BH3HaueHHS
MOPGOJIOTTYHUX  OCOOJIMBOCTEH, OlomTaTd MO304YKa, S3MKa Ta IUIYHKY
VIIUIBHIOBAIM Yy mapadiH Ta B E€MOKCHUIHY CMOJIY 3a 3arajJbHONPUUHITUMU
Meroaukamu. 3 mapadiHoBUX OJOKIB BUTOTOBIISUIMCH 3P13M 3aBTOBIIKU 4-5 MKM,
Kl TOTIM 3a0apBIIOBAINCH TEMATOKCHUIIIHOM 1 €03MHOM Ta 3a JIOTOMOTOO
BUKOPHCTaHHS KOMIUIEKCHOro Meroga ['pumeniyca 1 Ces’pa-Mynrepa. 3
EMOKCUAHUX OJIOKIB BUTOTOBIISUUIM 3Pi3H 3aBTOBIIKK 1-2 MKM 1 3a0apBItoBaIH
METHJICHOBHM CHHIM Ta TOJyinWHOBMM cuHIM [9]. Jlam ricTomoriudi 3pi3m
BHBYAINCH 3a  JIOIIOMOTOK  CBITJIOBOIO  MIKpPOCKONYy 3  IU(GPOBOIO
MmikpodoTtonacankor ¢ipmu Olympus C 3040-ADU 3 aganToBaHWMH JIsI
nanux pociimkens nporpamamu (Olympus DP — Soft, minenszis Ne VJ285302,
VT310403, 1AV4UI13B26802) Ta Biorex 3 (cepiiinuii HOMep 5604).

MopdoMeTpuyHO BCTAHOBIIIOBAIUCH CEPEAHI PO3MIpU CTPYKTYp MO304YKa Ta
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HUTYHKY. MopdoMeTpuuHi  JOCHIIKEHHS 3A1MCHIOBAIM, BUKOPUCTOBYIOUU
CUCTEMY BI3yaJIbHOIO aHali3y TICTOJOTIYHUX MpenapaTiB. 300pakeHHs
rICTOJIOTTYHUX MPenapaTiB Ha MOHITOP KOMIT FOT€pa BUBOJMIIN 3 MIKPOCKOITY Ta
3a pgomomoroio Bigeokamepu Vision CCD Camera. Mopdomerpuuni
JOCJIJDKEHHsT TpoBeleHl 3a gomomoroto mnporpam BigeoTect-5.0, KAAPA
ImageBaseta Microsoft Excel Ha nepconanbHoMy KoMm’roTepi.

CratucTUyHUN aHaji3 pe3ysbTaTiB JIOCHIIKEHHS MPOBOAMINCH Ha
KOMIT IOTEp1 32 JIONOMOIOI0 MaKeTa MPUKIAJHUX MpOrpam Jjisi CTAaTUCTUYHOTO
OTpAIFOBaHHS JAHUX MEIUKO-010J0TTUHMX Ta EMiJIeMIONIOTIYHUX JOCTIIKEHb
«InStaty. Tlporpama 103BOJsIE OACPKATH PE3YJbTaTH JOCHIIHKEHb Yy BUIJISAII
HACTYMHUX IPOTHO30BAHUX 3HAYCHB:!

M — cepenHe 3HAUYCHHS;

C — CTaHJapPTHE BIAXUJICHHS;

M — cTaHgapTHA MOXUOKA CEPETHHOTO 3HAUCHHS.

[TopiBusHHS t- TecT (Tect CTiO’7EHTA): OIIHIOBAIM, OEpydyd 10 yBaru

JOIUTBHICTD Ta BIPOTITHICTh PE3yJbTATIB, CyCiAHI TOKa3HUKHU.
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PO3JLI 3

3.1. Anani3 i y3arajibHeHHsl pe3yJbTaTiB Aoc/ilKeHHsA: «PemMoaenoBaHHsA
CTPYKTYPHMX KOMIIOHEHTIB MO304YKa INYPiB 32 yYMOB [il KOMILIEKCY

XiMiYHMX pe4OBHH (AHATOMO-eKCIIEPUMEHTAJIbHE J0CTiIKEHHS)»

[lenTpanbHa HEpBOBa CUCTEMa, SIK OCHOBHA YaCTHMHA HEPBOBOI CHUCTEMU
JIOJIMHM Ta YCIX XpeOETHUX TBApHUH, BKIIOUYAIOUM 1 MO30YOK 30KpeMa, MoTpedye
IIOJTAIBIIOTO0 BHUBYEHHS, JeTaji3allii Ta 3a JOIOMOIOI0 HOBHX aJIEKBaTHHX
METO/1B BCTAHOBJICHHSI KOMIIEHCATOPHO-MIPUCTOCYBAIIBHUX, JIETEHEPATUBHUX Ta
IHITUX TPOIECIB Ha JIIF0 €K30T€HHUX Ta EHJOTeHHUX YWHHUKIB. OCOOJIUBY
3aI[IKaBJIEHICTh HAYKOBIIIB BUKIMKA€ BUBUYEHHS CTPYKTYpHOI peoprasizarii
MO304YKa TIiJl JI€I0 PI3HUX BIUIUBIB, IO MIATBEPIKYETHCS BEIMKOI KUIBKICTIO

HAYKOBHUX MyOJTiKaIlii 3 11i€] akTyanbHOi npodaemu [32-38].

B ocranHiii Yac HaceleHHs IUTAHETH HEYXWJIBHO 30UTBIIYETHCS, TOMY
a0COJIFOTHO 3pO3yMIO, IO MPOAYKTIB XapuyBaHHS MOTPIOHO Bce OUIBIIE 1
30epiratucs BOHM TOBMHHI joBmie. [I1[o6 HaromgyBaTu IIOACTBO, XapdoBa
IIPOMHCIIOBICTh ~ KOPUCTYETHCS  HOBITHIMM  pO3poOKaMu 1 aOCOJIIOTHO
HEICHYIOUMMH B KUBIM MPUPOA1 peuoBUHAMU. [HOJI Taki peuOBUHHM aOCOIIOTHO

HEWUTpaibHI, a IHOA1 MOXKYTh 3aBJIaBaTH CEPUO3HOT KO, OCOOTUBO JITAM.

TomMy caig po3ymiTd, IO HaBITh SKIIO HE MOXXHA TOBHICTIO YHHUKHYTH
MPOAYKTIB 3 XapyoBUMH J00aBKaMH, cepejl SKHX € 1 HEKOPHCHI, 1 HaBiTh
BiJIBEPTO MIKI/UTHBI, TO TOTPIOHO X0ua O MaKCHMalbHO YHUKATH TaKOi Xap4oBOi
HeOesnekn. ToMy cTae 3po3yMuIMM 3HAayHA KUTBKICTh HAYKOBUX ITyOJiKaIiliif
MIPHUCBSIUCHA BIUIMBY Ha OPraHi3M JIFOJMHUA Xap4oBHUX 100aBok [39-44]. Ane mis
[IUX Xap4oBHUX J00ABOK y KOMIUIEKCI, 5Ki, SIK MPaBUIIO, BUKOPUCTOBYE Xap4oBa
MIPOMHUCIIOBICTh HA OpPTaHi3M JIOJWHU 1 TBAPUH HEBiloMa, OCOOJIMBO HA OpPTaHH

LEHTPaJIbHOI HEPBOBOI CUCTEMU 1 MO304YOK 30KpeEMa.
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Takum yrHOM, HaMu 1 OyJO MOCTABJICHO HAYKOBE 3aBJIaHHS: 3’ SICYBaTH
BIUIUB KOMIUIEKCY XapyoBHUX J100aBOK Ha Impouecu MOop(PodyHKIIOHAIBHOL

nepedy10BH MO304Ka O1TUX IIYpIB y AUHAMIIl 16-THKHEBOTO BBEACHHS iX.

Jns  peamizamii  MOCTAaBICHHOTO 3aBJaHHA Hacammepel MOoTpiOHO
BCTAHOBUTU MOPQOJIOTiI0 MO30YKa OUIMX HIYpiB KOHTPOJIBHOI TPYNU TBAapHH.
Hamu BcranoBneHo, mo MopgosoriyHa oprasizaulis MO304Ka OUIMX ULIypiB
KOHTPOJBHOT TPylH, Ha OPraHHOMY piBHI, BIANOBLAA€ NPHUHIMMIOBINA Oy/10Bi

MO304YKa JIFOJIMHH, 1110 CIIBIAAa€ 3 JaHUMHM IHIITUX JOCTiTHUKIB [45-48].

Hamu Bu3HayeHo, MmO JDKEpelaMd KPOBOIMOCTAYaHHS MO304YKa IIYpiB
KOHTPOJBHOT TPYNH € HOCOBA Ta XBOCTOBA 4YE€pPEBHI MO30UYKOBI apTepii, sKi
BIIraJIy>)KyBaJIUCh BiJl OCHOBHOI apTepii Ta apTepid, KOTpi BIAXOIWIH Bin
XpeOTOBUX apTepid y BUIJISAI TEPMIHAIBHUX BIAJAUIB CIUHHUX apTepiil. Y
MOTAIBIIIOMY MO30YKOB1 apTepii MOBHICTIO MPOHU3YBAIM MMAPEHXIMY MO304YKa 1,
pPO3raly’>KylOuHuCh, YTBOPIOBAJIM B KIPKOBIH Ta OUTIM pEeYOBHUHI MiCIEBe
FeMOMIKpOLIUPKYJIATOpHE pycio. [li  maHl  MmIATBEPIKYIOTHCS  IHIITUMH
HaykoBIsIMH [49], alle MU BCTaHOBHWJIM I[i 3aKOHOMIPHOCTI, BUKOPHUCTOBYHOUH

1HIII1 METOIN JOCHIIKEHHS.

VY mpoueci MOPGOJIOTTYHOTO JOCHIKEHHS BH3HAYEHO, IO Y MO30YKY
IIypiB BUIUISAIACH JOpcajbHAa 1 BEHTpajdbHA TMOBEPXHI, a TAKOX MEpPeIHIN 1
3anHiid Kpai. be3nocepemHb0 MO304OK ITypiB OyB MOOYyAOBaHUI 3 4YepB’siKa Ta
IBOX MiBKYyJb. Ha moBepxHI MIBKYJh 1 4epB’sika Bi3yali3yBaJUCh MOIMEPEUHI
IIUTMHY, K1 pO3IUISIIA MO3090K Ha YaCTKH, YACTOYKH 1 3BUBHHH. CaM MO30UYOK
ckimamaBcs 3 cipoi Ta Outoi pedoBmHm. Cipa pedyoOBHHA PO3TAINIOBYBAJIACh
MOBEPXHEBO 1 (popmMyBana KOpy MO304YKa Ta Oa3anbHI sapa, a Olra pedyoBHHA

JIOKaJTi3yBajach ITiJl KOPOIo, IO MiATBEPKYEThCS Y HayKoBHX mparax [50, 51].

[TapanenbHO 3 UM BHU3HAYEHO 1 JIETAII30BaHO, IO CTPYKTYPHO MO30YO0K
OUIMX IIYypIB KOHTPOJIbHOT TIpynu OYyB MPEICTABICHUN KOpOK 1 OLUI0K0
pedoBuHOI. Kopa MoO304ka 3a CTPYKTYpHUMH O3HAaKaMH Maja TpU IIapH:

MOJIEKYJISIpHUM, TAHTJTIOHAPHUN 1 3€pHUCTUN, a J10 CKJIanxy OuIoi peyOBUHU
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BXOJIUJIU MIAKOPKOBI Ipa, AKCOHU HEUPOIUTIB KIPKOBOI pEYOBUHU Ta €JIEMEHTH

HEUpOMiIs.

VY Hamii poOoTi 0co0JIMBOI yBaru 3aciayroBye€ BHU3HAUYEHHS 1 peTelbHa
JeTaizalis MomapoBoi OyJ0BM Mo30uka OUMX InypiB. Tak BH3HA4YeHO, L0
MOJICKYJIIDHUM IIap KOpUM MO304YKa WIypIB PO3TAlIOBYBaBcs mnepudepiiHo i
CTPYKTYpHO OYyB TMpEICTAaBICHUN MEpUKAPIOHAMHU KOIIMKOBUX 1 31pyacTUX
KIITUH. KOIIMKOBI HEWpPOIMTH Majld BEJIMKY KUIBKICTh BIAPOCTKIB, SIKI
OpSIMYBAJIA Y CEPEMHY TaHTJIIOHAPHOIO MIApy Y TOPU30HTAIBHOMY HAIPSIMKY.
3ipyacTi HEHPOLUUTHU MOJEKYISIPHOrO IIApy BI3yali3yBaJUCh, K MEPIKAPIOHU 3
YUCEJIbHUMH BIIPOCTKAMHM, 1 KJacu(iKyBaJIMCh HA MaJi 1 BEJIMKi, MalOUu MEBH1

0COOJIMBOCTI YIBTPACTPYKTYPHOI OpraHizariii.

lanrnmioHapHuid 1Iap CTPYKTYpHO OyB TPEICTaBICHUN BEIUKUMHU
HelporuTaMu i eneMeHTaMu Hewponiis. L1 Heliporutu Oynu kiracugikoBaHi K
kinitnan [lypkiabe, abo rpymonomioHi Heipouutu. L{uroronorpadiuyHo BoHU
PO3TaIIOBYBAIUCH B OJIMH PSJI 1 MaJld 3BYXKEHY BEPXIBKY 1 pO3IMIUpEHY Oa3aibHy
gactuHy. Bigpoctku xiituH [lypkiHbe ManM 4YHCENbHI JEHIPUTH, SKi
KyIIOmo1i0HO BIIXOMMIIM BiJl 3BY)KEHOI iX BEpXIBKH, a BiJ 0a3aJibHOI YaCTHHHM
BIIXOJMJIM aKCOHHW, SKI MaJli aHAaCTOMO3H 3 CYCIIHIMH TPYHIONOMIOHUMU

KJIITUHAMM.

Jlo ckmamy 3epHUCTOTO IIAPY BXOIATH HEHPOIUTH JBOX TUITIB: KIIITUHHU-
3epHa 1 kiitiau [onbmki I Tumy, a TakoX eTeMeHTH HEHPOIILIS 3 eIeMEHTaMHU

T€MOMIKOIIMPKYJIATOPHOTO pyclia Ta HEPBOBUMHU BOJIOKHAMH.

[IpoBenene  IMyHOTICTOXIMIYHE  JIOCHIKEHHS  BH3HAYWIO, IO
HEHpOTTiAIbHUA ~ CIUTBHUWA ~ TPOCTIp,  BUABICHUA 33  JOTIOMOTOIO
IMYHOTICTOXIMIYHMX PpEAaKI[ii 3 BUKOPUCTAHHSM TaTbHOTO (IOPIIAPHOTO
KUCJIoro Oulka, BUABISIE NpOTOIIa3MaTW4Hi actpouutd B Hopmi. Cepen
HEUPOIMTIB 1 IX BIAPOCTKIB CIPOi PEUOBMHU MO30YKa IIypiB, B PI3HUX MOTO IIapax
Oyna BcranoBsieHa NeuN-mo3uTuBHA peakiiisi B MEPUKAPIOHAX 1 JEHIPUTAX KIITUH

[lypkinbe, B KIITHUHax-3e¢pHaX, 1 3IpYacTUX HEUPOIMTAX 3EPHUCTOrO 1
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MOJIEKYJISIPHOTO IIapiB, T4 B KOIIMKOBHMX 1 3IpYAaCTHX KIITUHAX MOJEKYJISIPHOIO

miapy.

TakuM yMHOM, OTpMMaHI HaMHM JaHl HIOJI0 CTPYKTYPHOi oOprasizamii
SAKICHUX Ta KUIBKICHUX TIOKa3HUKIB, BIIHOCHO OyJOBM MO30YKa IIIYypiB
KOHTPOJbHOI TPyNU TBAapuH Ha TKAHUHHOMY, KIITHHHOMY 1 CYOKIITUHHOMY
PIBHAX, CYTTEBO JIONOBHIOIOTh OTpPUMaHl HAyKOBISIMH paHilie, 1 OyIyTb
BUKOPUCTaH1 y SKOCT1 KOHTPOJBHUX JJI TOPIBHSAHHS PE3yNbTATiB, OTPUMAHUX

Impu HpOBGI[eHHi CKCIICPUMCHTAJIBHOT'O I[OCJIiI[}KeHHSI.

[Ipy mnpoBeneHHI aHa3y METPUYHUX 3MIH CEPEIHbOI TOBIIUHU
MOJIEKYJISIPHOTO, TAHTJIIOHAPHOTO 1 3€pHUCTOTO IIapiB KOPU MO30YKa IIypiB, MU
3BEpHYJIM yBary Ha Te, III0 Cepe]] HAyKOBHX TEPIIOKepeN HasiBHI JaHi, 010
BIUIMBY IHIIMX C€K30ICHHUX YMHHHMKIB Ha TPOILIECH PEMOJCITIOBAaHHS MO304YKa.
Tak, y cBoix poborax Tkauyk C. C. [52] Bka3ye Ha cyTTe€Bi MOP(OIOTiUHI 3MIHH
HEPBOBOi TKaHMHU TPHU EKCIEPUMEHTAIbHOMY IIyKpoBomy niabderi, a O. FO.
Crenanenko [53] cTBepkKye Mpo BIKOBY 3alIeXKHICTH PO3MIPIB MO30YKa B
3QJIEKHOCT1 BiJl KpaHIOMETPHUYHHUX Moka3HUKIB. Y poborax J[. I. Hazapoma 3i
criBaBTopamu [54] mpoBeaeHO moCTimKEHHS MOPGOPYHKIIIOHATBHUX 3MIH Yy
PI3HUX BiIJIJIaX TOJIOBHOTO MO3KY B YMOBaX T'OCTPOTO Ta XPOHIYHOT'O BIUIUBY

€TaHoIy.

[TapanensHO 3 MM HaMH BHUSBIICHI I[iKaBl 1 OpWTiHAJbHI HAyKOB1 JaHi,
I0JI0 BITUBY OITIKOBOT XBOPOOM HAa CTPYKTYpPHY OpraHi3aiiro MO30YKa MIypiB.
Tak, 3. M. HebGecna [55] 3i cmiBaBTOpaMH TIPOBOJUTH OpHTiHAJIBHE
JOCTIDKCHHST MO0  MIKPOCKOMIYHUX 3MiH HEWPOIUTIB KOPHU MO304YKa B
JTUHAMII, 32 YMOB €KCIEpUMEHTAIBHOI TepMiuHOi TpaBMmu, a JI. P. Maremnryk-
Bame6a [56] 31 cmiBaBTOpaMW HABOAWTH IiKaBi JaHi IMOJO CTPYKTYPHOI
opraHizanii KOpyu MO304Ka Iypa 3a YMOB BBEJEHHS OMioiny. Alle TaHUX LIOAO
BIUIMBY Xap4yoBUX J100aBOK, a OCOOJHMBO Yy KOMIUIEKCI, HAMU Yy JOCTYHHIN

JiTepaTypl HE 3HAMIEHO, 1 MU BBAXKa€MO, 1[0 Hallll J1aH1 OyyTh OpUT1HAIbHUMHU.
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Hamu BU3HaYeHO, 110 P TPUBAJIOMY BBEACHHI J1a0OpaTOPHUM TBapHHAM
KOMIUJIEKCY XapuoBUX J00aBOK 3Hauymie, npu p<0,05, 3MIHIOETbCS CepenHs
TOBIIMHA YCIX IMIApiB CIpoi 1 OLIOI PEedYOBHHM, B 3aJIEKHOCTI BIJ] TEPMIHIB

CKCIICPMMCHTAJIBbHOT' O ,Z[OCJ'IiI[}KeHHE[.

MopdoMeTpuyHO BCTAHOBJIECHO, 110 MOJEKYJSIpHUNA I1ap micias | TuxHS
ekcriepuMeHTy craHoBuB (117,32+1,72) mxwm, micas 4 Twkua — (123,92+1,54)
MKM, Ticisa 8 twxkHS — (105,7240,75) Mxwm, micas 12 twkas — (124,44+0,42)
MKM, Ticiast 16 tixuas — (105,21+0,46) mxm. [Nanrmionapauit map micis 1 TuxHS
crtaHoBuB (9,87+0,41) MM, micas 4 tixHg — (7,24+0,19) MM, micas 8 THXHS —
(11,43+0,38) mxm, micast 12 twxkas — (8,14+£0,29) mkwm, micas 16 TwkHS —
(6,55+0,18) mMxm. 3epuuctuii map micis 1 Twkas cranoBuB (115,06+0,72) MM,
micis 4 ks — (114,51£0,83) Mxwm, micas 8 TvwoxHs — (141,224+0,97) MM, micis
12 Twxuas — (103,81+0,88) mxm, micas 16 TwkHsS — (99,76+0,64) mxm. bina
pedoBuHa micias 1 TwxkHa craHoBuna (47,73+0,44) MM, micias 4 THXKHA —
(28,42+0,72) mxm, micins 8 TwkHA — (29,11+£0,65) mMxm, micias 12 TwkHS —
(20,61+0,71) mxm, micins 16 twkHS — (28,31£0,53) Mxm. [laHi, moao 3MiH
CepelHiX TMOKa3HWKIB IMapiB Cipoi pPEYOBMHHM MO304YKa B JUHAMIIII

EKCTICPUMEHTAIBLHOTO JOCTI/DKCHHS HaBeIeH1 Ha PUCYHKY 1.
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3epHUCTHUIA Wwap laHrnioHapHWIA Wwap MoneKkyaapHWiA wap

Myv ®1Tmkgens M4 TuOeHb M8 TwAeHb B 12 Tiaenb M 16 TMMOeHb

Pucynok 1 — 3mMiHM cepeiHIX TOKa3HUKIB MIAPIB CIpOi pEHOBUHHU MO30YKa

B TMHAMIIll €KCTIEPUMEHTAIBHOTO JTOCI1KEHHS

[Ticms mpoBeAeHHS KOMIUIEKCHOTO MOPQOJIOTIYHOTO  JTOCIIKEHHS,
CTOCOBHO peakKIlii e1eMEHTIB TeMOMIKPOIIMPKYISITOPHOTO Pyciia MO304Ka, MiCIs
BBEJICHHS  JTA0OpAaTOPHUM  TBapUHAM  KOMIUIEKCY  Xap4yoBHX  J00aBOK
BCTAHOBJICHO, III0 TE€MOMIKPOIIMPKYISTOPHE PYCIO MO304YKa TIPE/ICTABIICHE
€IMHOI0 CUCTEMOIO PE3UCTUBHUX, OOMIHHHMX Ta €MHICHUX MIKPOCYJWH y OuUTii
Ta Cipiii peYOBHHI, SIKI Y CBOIO YEpry, Ha pi3HI TEPMIHU EKCIEPUMEHTAIHHOTO
JOCIIHKSHHSI pearyBaii MpoliecaMy Ba3ouIsATallli a00 Ba30KOHCTPHUKIIII.

Peakriii eneMeHTIB TeMOMIKPOLIMPKYISTOPHOTO pycia MO304YKa IIypiB
npu Jii pi3HUX EK30TeHHWX YWHHHKIB y HAyKOBIH JiTepaTypi MPHUALIAIACH
3HayHa yBara. Tak y HayKOBHX mpamsx ydeHux [57, 58] 3a3znawaerncs mpo
HETaTUBHUI BIUIMB OINIOiIB, TEPMIYHOI TpaBMH Ta iHIIE, aje JTOCTATHIX JTaHUX,
I0JT0 BIUTMBY Xap4yOBUX JT00ABOK, a 0COOJIMBO 1X KOMIUIEKCHA Jisl, HE 3HAUIECHO.

Hamu BcTaHOBIIEHO, 110 BiACTIIKOBYETHCS YITKHUI 3B'SI30K MIX TTTHOMHOIO
CTPYKTYPHHX TEPETBOPEHb €JIEMEHTIB T'€MOMIKPOIMPKYISITOPHOTO pYycCIia

MO304Ka Iypa Ta MOPGOMETPUIHUMHU TTOKA3HUKAMU B JTUHAMIM 16-THKHEBOTO
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BBEJICHHS KOMIUICKCY XapuyoBUX J00ABOK. [ €MOMIKpOIUPKYISITOPHE PYCIIO
KOpPH MO30YKa BHACTIZIOK TPUBAJIOTO BBEJCHHS XapyoBHX J00aBOK 3HAYHO
JIECTPYKTypOBaHE, IO Ha TICTOJIOTIYHUX Tpemaparax  IMPOSBISETHCS
nedopMalii€ro apTepiosi 1 HEpIBHOMIPHICTIO IXHBOTO MPOCBITY 3 O3HAKaMU
Ba30AWISATAIli Ta BAa30KOHCTPUKIlI, 3HAYHOIO JWjiaTaIli€lo Ta aedopmaliiero
BEHYJI, pyHHYBaHHIM KaIlUIIPHOTO KOMIIOHEHTY, IO MiJTBEP/KYETHCS 3HAYHOIO

JECTPYKII€I0 CYJUHHOT CTIHKHU 1 (POPMYBaHHSAM MOOJAMHOKHX MIKPOBUJIUBIB.

BusnayeHo, 110 reMOMIKpOLMPKYJISTOPHE PYClIO MO30YKa MpeCTaBiIeHE
€IMHOI0 CUCTEMOIO PE3UCTUBHHUX, OOMIHHMX Ta €MHICHUX MIKPOCYJIMH Yy OuIii
Ta Cipiii PEUOBHHI, KI Yy CBOIO YEpPry Ha pPi3HI TEPMIHM €KCHEPUMEHTAIBHOIO
JOCJIIJDKEHHSI pearyBajid MpOIecaMu Ba3oAWIATAIli a00 Ba30KOHCTPHKIIII.
[Ticas 8 THOKHS MIKpOCYIMHU OyJIM IIUTBHO 3allOBHEH1 (POPMEHUMU eJIeMEeHTaMU
KpOBi, a micas 16 TKHS 3’ SBIAIOTHCS O3HAKaMU (POPMYBaHHS KIACHYHOTO

CIa/’K-CHHAPOMY.

Takoxx  BcTaHOBIEHO  MOp(OMETpUYHE  MIATBEPIKEHHS  SIBUII
Ba3OWIIATAIli Ta BA30KOHCTPHKIII €JEMEHTIB T'€MOMIKPOLMPKYJISITOPHOTO
pyclia, sKe CYyNpOBOJKYBAJOCh 3MIHAMU CEpPEJIHIX TOKAa3HUKIB 3arajbHOIO
aiaMeTpy, JiaMeTpy IMPOCBITIB 1 TOBUIMHHM CYAMHHOI CTIHKM MIKPOCYIHWH, SKi
JeTaIbHO OIMKCAaH1 1 MpoaHaIi30BaH1 y po3/iii 4.

[TapanenbHO 3 BHBYEHHSIM pEaKIlii MIKPOCYAMH MO304YKa Ha BBEICHHS
KOMITJIEKCY XIMIYHUX XapyoBHX J00ABOK HAaMW BH3HA4YEHI MPOLIECH
PEMOJIETIIOBAHHS CTPYKTYPHUX KOMIIOHEHTIB IIapiB MO30YKa HA KIITHUHHOMY i
CyOKIIITUHHOMY PiBHAX. Tak, y MOJEKYJSIPHOMY IIapi Cipoi pEeYOBMHU MO30YKA:
micist | THOKHS eKCTIEPUMEHTY HAaBKOJIO BETTMKHX 1 MAIUX 31pYacTHUX HEHUPOIUTIB
CIIOCTEPITalOThCSA  SIBUIA TEPUIMUIIONIIPHOTO  HAOpsAKY; mmichns 4  THXKHSA
3adikcoBaHo 3MiHY 0a30(inii Ha OKCiiITi0 UTOMIA3MH 31pYaCTUX HEHPOIIUTIB
Ta MOSIBY Cepell €JIEMEHTIB HeHWpomuis JpIOHMX BaKyOJI30BAHUX IYXHUPIIIB;
micast 8§ THXKHS Pi3Ke 3MEHIIEHHS Y TOJI1 30py MajuX 31pyacTUX HEHPOILUTIB Ta
Xa0THYHE PO3TAIlyBAHHS BEJIMKUX 31pUaCTUX HEMPOIUTIB 3 0O3HAKaMu 0azouiii;

micnss 12 TuxHA BiIOYyBarOTbCS CTPYKTYpPHI 3MiHM, SIKI HallpaBJieH1 Ha
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BIJTHOBJIEHHS! (DYHKI[IOHAJIbHOT'O CTaHYy MOJIEKYJSIPHOrO IIapy; Micas 16 THKHS
BU3HAYA€THCA OCUJICHHS IE€CTPYKTUBHUX 3MIH 1 allONTUYHOT 3arudeni oKpeMux

31pYacCTUX HEUPOILIUTIB.

B ranrmionapHomy mapi: micias 1 THXKHS €KCIIEPUMEHTY CIIOCTEPIrajJuch
MPOIIECU TEPUBACKYJISIPHOTO 1 MEPHUIETIONIPHOIO HAOPSKY, a TPYIIONOI0H1
HEWPOHU Maju pi3ko 0azouIbHY HEMpoIia3My, y CKIIajl IKO1 sSApO 3 sepleM
HE BI3yasi3yBajlOCh; BU3SHAYEHO, IO Micis 4 THXKHS MOPAJl 3 HOPMOXPOMHUMH,
IPyMIONOAIOHUMHI HEUPOLIUTAMU 3’ IBJSIOTHCS 1 TIMOXPOMHI KIITUHU [1ypKiHbE;
micJis 3aBEpIIEHHS 8 THXKHS Ha CBITJIOONTHYHOMY Ta YJIBTPAMIKPOCKOMIYHOMY
piBHAX (iKCyrOThCS MOPQOJIOTiYHI O3HAKU KOMIIEHCATOPHO-BIAHOBIIOBAJIBLHUX
MPOIIECiB, TPYIIONOI0HI HEHPOUUTH MO30aBISIOTHCA O3HAK TIMOXPOMHOCTI 1
¢ikcyroTbes kiiTuHU [lypKiHbEe 3 03HAKAMU HOPMOXPOMHOCTI, SIKI € aKTUBHUMU
y GyHKIIOHATBHOMY IUIaHI, Micas 12 TWXKHS UIUIBHICTH TPYHIONOIIOHUX
HEHPOIMTIB PI3KO 3MEHINYBaJlach, a IX KapiomazMa HaOyBama O3HaK
OKCU(DITBHOCTI 3 PEAyKIi€r sAeprs; Ticias 16 TWKHS BU3HAYAIOTHCS
M03aCyJMHHI TOPYIIEHHS, SKI MPHU3BOJIATH JO MIKPOBWJIMBIB 1 HE3BOPOTHHOIO

JTECTPYKITIEI0 OTOYYI0Y0T HEPBOBOI TKAHWHH.

B 3epaucromy mapi micns 16 THXKHS €KCIIEPUMEHTY CIOCTEPIrajiuch
IIPOIIECH TTEPUBACKYIISIPHOTO 1 MEPUIICTIOJIIPHOTO HAOPsKY; KimiTuHU ["onbmxki 11
TUNy Ta KIITHHHU-3€PHH 3a3HaBajd CYTTEBUX 3MIH Ha CYOMIKPOCKOIIYHOMY
piBHi: 3MiHAa (GOpPMH HEUPOIMTIB, MPOCBITICHHS HEUPOIUIa3MHU, PO3BUTOK

XpoMaToiizy, GOpMyBaHHS CHHANITUYHHUX MTyXHUPITIB.

TakuM YMHOM, MOXXHA KOHCTAaTyBaTH, IO BBEJACHHS JIaOOpAaTOPHUM
TBapHHAM KOMIUICKCY XIMIYHUX Xap4OBHUX J00ABOK MPHU3BOIUTH 0 ACCTPYKITIT
KIITUHHOTO CKJIaly HEHPOIMTIB 1 OTOYYIOYOI iX HEPBOBOI TKAHWHH, 1 MPSMO
MTPOTIOPITIIHO 3aJICKHUTh BiJl TPUBAJIOCTI €KCITIEPUMEHTAIBHOTO JTOCITIIKEHHS.

B ocrtanHi gecATUpIYYS CHOCTEPIra€TbCsl CYTTEBA  3aIlIKABIICHICTH
HAayKOBIIIB IOJJ0 BHUKOPUCTAHHS B ©KCIICPUMEHTAIBHUX 1 KJIIHIYHUX

JOCJIJIPKEHHSIX HeipocniennpiuHuX OUIKIB JJIsl HEPBOBOI TKAHWHM, 1 pa30M 3 TUM
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JUIsl BUBHAUEHHS 11 QyHKI[IOHATBHOTO cTaHy. OCcOO0IMBOro 3HAUYCHHS Y 3B S3KY 3
PO3NOBCIOJKEHICTIO  TaK  3BaHMX  XBOpoO  IUBLII3ALIT 3 SBISIOTHCS
MOBIAOMJIEHHSI PO Y4acTh aCTPOLMTIB y (POpMyBaHHI KOTHITUBHUX (YHKIINA
TOJIOBHOTO MO3KY, aJie MPO aHaJIOT14H1 CTPYKTYpU MO30YKa, SIK B YKPaiHCHKUX,
Tak 1 3apyODKHUX JIITEpaTypHUX JUOKepenax, JaHl BIICYTHI, OCOOJIMBO
BpPaxOBYIOUHU BIUTUB CIIOCOOY Ta SIKOCTI XapyyBaHHS.

[Ipy npoBeneHHI aHami3y IMYHOTICTOXIMIYHOTO — JOCHIJDKEHHS 3
BUKOPHUCTAHHSIM CYYaCHUX HEHpPOIMYHOJOTIYHHX MapKepiB HaMu BIeEpIIe
BU3HAUEHO, 0 TJIMOMHA 3MIH IMYHOTICTOXIMIYHHUX NpO(iIiB HEUPOIUTIB,
HEPBOBUX BOJIOKOH Ta €JIEMEHTIB HEHpOMIs, TEeX HaIpsMy, 3aJIeKUTh BiJl
CTPOKIB BBEJICHHSI KOMILJIEKCY XapyOBUX JI00aBOK.

VY pe3ynabTaTi MPOBEJACHOTO MOCHIIKEHHS 3 BUKOPUCTAaHHSIM B SIKOCTI
IMYHOTICTOXIMIYHOTO MapKepa TJIaJbHOTO KHUCIOro (GiOpUIISIPHOTO MPOTEIHY
BHU3HAYECHO, 1110 30UThIIEHHS cepelHbOoi KuUTbKocTi GFAP-TIO3UTUBHUX KIIITUH Y
JAUHAMIL €KCIEPUMEHTY O€3MOoCepelHbO IMOB’sI3aHE 31 3HMKEHHSIM CEpeIHBOI

KUTBKOCTI OCHOBHUX HEHPOHIB CipOi peYOBUHU MO30YKa.

KonmuBanHs cepemHboi KUIBKOCTI KJIITHUH  acTPOIMTApHOI TIJii €
KOMIICHCATOPHMM MEXaHI3MOM Yy BIJIHOBJICHHI HEWpOHIB Cipoi pPEYOBHUHU
MO30YKa 31 CTOBOYPOBHX HEWpaJbHMX KIITHH 3 TMOJAJIBIIUM PO3BUTKOM

PEAKTHUBHOI'O aCTPOTJII03Y 1 BIAMOBITHO MOYKJIMBUM PO3BUTKOM HEBPOMATOJIOT 1.

Busnaueno, mo NeUN-MO3UTHBHI CTPYKTYpHU CipOi peUYOBMHU MO30YKa
Oynu pi3HUMH, K CTPYKTypHO Tak 1 mopdomerpuuno. [lpu mpoBeneHHi
IMYHOTICTOXIMIYHOI peakIlii Ha TICTOJIOTIYHHMX TMpernaparax Mo304YKa MIypiB
BcTaHoBJeHO, 1m0 NeUN-iMyHOpeakTHBHICTh BH3HAUajgach HEPIBHOMIPHO Ha

PI3HHUX CTPYKTYPHUX KOMITOHEHTAX.

Tax cepen HEWPOUHTIB 1 X BIAPOCTKIB Cipoi PEUOBHMHH MO30YKa IIypiB Yy
pi3HMX Horo mapax Oyna BctaHoBieHa NeuN-mo3uTMBHa peakiis B
nepukapioHax 1 JeHapurtax KiaiTuH IlypkiHbe, B KJIITHHax-3epHaX 1 31pYacTHUX

HEUpOIUTAX 3E€PHUCTOrO IIapy, Ta B KOIIMKOBUX 1 3IpyacTUX KIIITHUHAX
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MOJIEKYJIIpHOrO mapy. JluHamika IMYHOTICTOXIMIYHMX 3MIH NpU BBEJEHHI

KOMILJIEKCY Xap4OBUX J0OABOK HaBEeaHa HA PUCYHKY 2.

M GFAP-NO3WMTUBHI aCTPOUMTH M NeuN-no3uTUEHI HEMpOUMTU

12

10

man

KOHTPONb 1 TMHOEHb 4 TUHIEHD 8 TMMOEHb 12 THHOEHb 16 TMH OEHD

=y

&)

Pucynok 2 — 3MiHM IMyHOTICTOXIMIYHUX TTPODUTIB CTPYKTYPHUX KOMITOHEHTIB

MO304YKa IypiB y AUHAMIII €KCIIEPUMEHTAIBLHOTO JOCIIIIKSHHS.

OcTaHHIM YacOM CIIOCTEPIraeThCsl TEHACHITIS MO0 POCTY KIIBKOCTI JAiTeH
3 mpo6eMoro AedilUTy yBary i riepaKkTUBHOCTI, aJie He3BAXKAI0UHU Ha 1€, 11010
BUBYCHHS JAHOTO MHUTAHHS HE MPOBOJUTHCS JTOCTATHS KUIBKICTH HEOOXITHHX

JIOCJIIUKEHD.

Hacammiepen He BpaxoBYe€TbCA SKICTh Ta KUIBKICTh 1KI 3 HasBHUMHU
XapyoBUMHU J00aBKaMU, Ky TITH BXKHUBAIOTh MOBCAKACHHO. Xoda me y 2007
pori y CayrreMmnToHchbkoMy mociimkeHHi mited 3 CIAYI, Oyno HaroomeHo
PO YITKI TPUTEPH WMOBIPHOI MOSABH Takux mpodiemM. OgHUM 13 HETOCTATHHO
BUCBITIICHUM YWHHUKOM BHUCTYNAlOTh MTPOIYKTH 3 Xap4YOBHUMH JT0OABKAMH,

HaBITh ITPH OJTHOPA30BOMY BKMBaHHIO [59].

Jlesiki aBTOpHM 3a3HAYAIOTh, MO POJIb XapUyBaHHS € JIOCUTh BAKIWBHM

(bakTopoM y MOXOMKEHHI JaHOro cuHApoMy. OcoOmMBY yBary BUKIMKAIOTh



24

XIMIYH1 PEYOBMHU 3 HASBHICTIO CANIIMJIATIB Ta IIyTaMara HatTpito 1 OapBHUKIB

(monco 4R Ta HITPUT HATPIIO).

[Ipy gocniKEeHHSAX CHOCTEpIralioch MOKPALEHHA CTaHy JITed Micis
BUKJTIOUYEHHS 13 JIETH XapyOBUX J00aBOK, IO MPU3BOAWIO JO 3HIKCHHS

rinepaktuBHOCTI y 30-35% xBopux [60].

Takox  3ycTpivaerbcs  1HGOpMAIsl MPO  MOXJIMUBICTb  PO3BUTKY
rinepakTUBHOCTI HE TUIBKM y AITeH, a il y Jopociux. Alie, Ha ajb, JOCTOBIPHOL
iHpopMallli Npo KUIBKICTh MPOAYKTY Ta TEpPMIHY BXXHBaHHS Mg MOSBU

CUHAPOMY N1e(IUTY yBaru 1 rinepakTUBHOCTI HEMAE.

CAYI' — une nucdyHKIS UEHTPAJbHOI HEPBOBOI CHUCTEMH, IO
BUSIBJISIETBCS TPYAHOIIAMHM KOHIIGHTpAIlll Ta MIATPUMKUA YBaru, MOPYIICHHIM
HABYaHHS 1 11aM’sITi, @ TAKOX CKJIQJHOIIaMH 0OpOOKU €K30T€HHOI Ta €HJI0TeHHO1

iHpopMarrii i crumyis [61].

Jlo TenepilHbOro 4yacy MOBHICTIO HE PO3KPUTE MUTAHHA MATOTE€HE3y Ta
eTioyiorii CHUHIpoMy, ane Oarato BiloMO (aKTOpIB PUBHUKY, Je IpodiemMa
B)KMBAHHS XapyoBUX J00aBOK YK€ TpUBAIMKM TepMiH Tpumae [ wmicre.
BBaxkaeTbcss BcTaHOBJIEHHMM, 10 B oOcHOBI martorenesy CIAYI mexats
nopyiieHHs Mopdorenesy 1 QyHkiiorenesy: nucyHKIliST HEHPOTPAHCMITEPHHUX

CHCTEM MO3KY 1 3aTpHMKa HEHPOPO3BUTKY [62].

Jlist 3aranbHOTO PO3YMIiHHS BIUIMBY KOMILIEKCY Xap4OBHUX J100aBOK Ha
CTaH OpraHi3My Ta peaxilii, BUKOPUCTOBYBAJIM €KCIIEPUMEHTAIBHUX TBApPHH Ta
TecT Bimkpuroro mois. Illypu pearyroTh 3aBMHpaHHSIM Ha HOBI, MOTEHIIHHO
HeOE3MeyHl CTUMYJIM, TOMY WIO Il pEeakiliss Mae He3alepevyHy aJlalTUBHY

3HAYUMICTh [63].

Y pe3ynbpTaTi BUKOHAHOTO JIOCHI/DKCHHS MH BHUSIBWIH  MPSIMO
MPOTNOPIIMHY 3aJIEKHICTh MK 3MIHAMHU MOKa3HUKIB Y TECTI BIAKPUTOTO TOJISI Ta

TPUBAJIICTIO IPUHOMIB KOMILJIEKCY XapyOBUX J100aBOK.
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CepenHsi KUIBKICTh NEpeTHHaHb MNepudepuyHuX KBaApPaTIB, CEpeAHs
KUIBKICTh ~ MEpPEeTMHAHb  IEHTPAJbHUX  KBAJpaTiB, CEpeAHl  IMOKa3HUKU
BEPTUKAJIBHOT aKTUBHOCTI Ta KUIBKOCTI MOJIOCIB MAOTh MOCTIHHY TEHICHLIIO J0
3pOCTaHHs, BIAMOBIIHO A0 30UIbIICHHS TEPMIHIB BXKUBAHHSI KOMIUIEKCY

XIMIYHUX PedoBUH (puc. 3).

16

14

12
1
10
I
I [T il
: [1
0

MNepudepiidHi KBagpaTH LleHTpanbHi KBaapaTh  BepTMKanbHa aKTMBHICTb Bontocu

[+.2]

=)

=

o]

B KoHTpont M1 TMMHAEHD ATURHI M8 TUKHIE W12 TMikHiB B 16 TMKHIB

Pucynok 3 — Pe3ynbraT TECTY BIAKPUTOTO TOJIS B JUHAMIII

€KCTICPUMEHTAILHOTO JTOC1KCHHS.

OTxe, OIIHUBIIM I1i TTOKA3HUKH, MH MOXKEMO TPHUHUTU JO BUCHOBKY, IO
MPUIOM KOMIUIEKCY XapuyOBUX J00aBOK HE TUIbKH BUKIIMKAE MPOSIBU TPUBOTH,
CTpaxy, TPUTYIUIGHHS aJanTUBHUX pEaKilii, 3HWKEHHS AaKTUBHOCTI Ta
MOPYIICHHS €MOIIIHHOTO CTaHy, a 1 3aJIMIIAIOTh CTIMKI HEHPOCEHCOPHI 3MIiHM 3

e eKTaMH MONTKOKCHHS POIIECiB HEUPOPO3BUTKY.

[TincymoByroun naHi pe3yiabTaTH, MH MOXXEMO 3pOOWTH BHUCHOBOK, IIIO
B)KMBAaHHS MPOJYKTIB 13 HASBHICTIO KOMIUICKCY Xap4OBHX J00aBOK BHUCTYIIA€

TPUTEPOM JIJI1 BAHUKHEHHSIM NOPYIIEHb HEPBOBOI CUCTEMHU
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3.2. AHani3 i y3arajgbHeHHs pe3yJbTaTiB aociilzkeHHss: «MopdgoJioris
LUIYHKY INYpPiB 3a YMOB il KOMILUIEKCY XiMiYHMX pPe4YOBHMH (aHATOMO-
eKCIIePUMEHTAJIbHE 10C/TIIKeHH))

BusiBieHi 3MiHM METPUYHUX TMOKA3HUKIB CTPYKTYPHUX KOMIIOHEHTIB
CTIHKM (PyHIANbHOrO BIJAULY HUIYHKa ILIYypiB MICHS All TiayTamary, HITPUTY
Hatpito Ta [lonco 4R oO0ymoBieH1 Hacamrmiepes iX Oe3mocepeHbOI0 €0 Ha
MOBEPXHIO CIM30BOT OOOJOHKM MNIIYHKY, IO NPU3BOAMUTH JO aibTepalii Ta
eKCyJallii 1 € CTEPEOTUITHOT /st 0araTboX arpeCMBHUX YHHHUKIB [64, 65].

Opnak, 32 HalIMMU JAHUMHU, 3 8 THKHS J111 KOMIUIEKCY Xap4yoBUX J00aBOK
y CJIM30BIN 0OOJIOHIII PO3BUBAIOTHCS JUCTPO(DIUHI Ta NECTPYKTUBHI 3MIHHU, SIKI
30epiratoThCsl 10 KiHILA crocTepekeHHs. [loTparissHHs MoJIpa3HUKIB y TOBIILY
CTIHKA LUIyHKY TPHU3BOAUTH JO  PO3NAJiB  TIeMOMIKPOLUPKYIALIT 1
rineprigparailii CoJiygHoi TKaHUHHU.

3arajibHa TOBIIMHA CTIHKM MaKCHUMaJIbHO 30UIbIlIyBanach Ha 4 THXKIEHb
CIOCTEPEKEHHSI, MIHIMAJIbHUMU OyJIM 3HaU€HHS Ha 8 THXKJEHb €KCIIEPUMEHTY.

BigHoBieHHs1 crmoctepirajgoch 3 JABaHAAUATOI 00W, ajne 3HaueHb Y

KOHTPOJIbHIM IpyIIi He gocsraio (puc. 4).

2000
1740,63
1800 iy
1600
1364,26
1400 - s .
12¥4,87
11%7,15 :
1200 1178,66 — KoHTponb
’
1000 922,53 ml
800 w4
m3
600
w12
400
|16
200
0
KOHTpOAb 1 4 8 12 16

IpuMiTkH: * — p<0,05 DOPIBHAHO 3 KOHTPOIBHOK TPYIIOK; ** —
p<0.,05 nopiBHAHO 3 IOTIEPETHIM TEPMIHOM CIIOCTEPEKEHHA.

Puc. 4 - Jlunamika 3MiH METPUYHHUX IMOKA3HUKIB 3arajJbHOI TOBITUHU

CTIHKHM (yHAATbHOT YACTUHU HUTYHKY IIIYPIB.
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3MiHU TOBIIMHM CJIM30BOT 000JOHKH BIOYBAINCh aHAJIOTTYHO

MOKa3HUKAaM 3arajJbHOi TOBIIUHH CTIHKH (pHC. D).

800

722,51
200 676,72 *
589,42 589,22
600 55'{1‘2*1 564,67
500 B KoHTponb
300 w4
m8
200
m12
100
m 16
0
KoHTpoAb 1 4 8 12 16

IpmviTku: * — p<0,05 TOPIiBHAHO 3 KOHTPOIBHOK IPYIOR0; ** —
p<0,05 mopiBHAHO 3 IONEPEIHIM TEPMIHOM CIIOCTEPEKEHHS.

Puc. 5 - Jlunamika METpUYHUX MOKA3HUKIB TOBIIMHU CIU30BO1 000JIOHKH

CTIHKHM (YHAATBHOTO BIIJIUTY IIUTYHKY IIYPiB MPOTATOM €KCIIEPUMEHTY.

BigHOCHO TOBIIMHM MIACIA30BOI OCHOBHMAKCHUMAJILHE ITOTOBIIEHHS

BimOynocss Ha 4 TIWKIEHb eKcliepuMeHTy. Jlaii BH3HAYEHO 3MEHIIEHHS

IIOKa3HHKa, ajJic Bi,Z[HOBJ'IGHHfI HC BHABJIICHO 10 KiHIIﬂ CIIOCTCPCIKCHHA, 110

00yMOBJICHE HASBHICTIO 3HAYHOT KUTBKOCTI cyuH (puc. 6).

200
180
160
140
120
100
80
60
40
20
0

16
146,82 r1s 141,41
’
OCHOBM
M KoHTponb
103,08
ml
m4
m8
|12
m16
1 4 8 12 16

KoHTpoAb

Ipmvitkn: * — p<0,05 TOPiBHAHO 3 KOHTPOIBHOK TPymor0; ** — p<0,05
MIOPIBHAHO 3 IONIEPEIHIM TEPMIHOM CIIOCTEPEKEHHS.

Puc. 6 - Jlunamika METpUIHUX MMOKa3HUKIB TOBIUHU ITiJICTU30BOT OCHOBU

CTIHKH ()yHJAIBHOTO BIAAUTY IUTYHKY IIYpiB MPOTATOM €KCIIEPUMEHTY.
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Haiimenm BupakeHMMH Oynu 3MIHM M s130Boi  000joHKHU. [licas
MOTOBILEHHA Ha 1-4 106u 10 12 100U 3Ha4YeHHS BIJ KOHTPOJBHUX MOKA3HHKIB

HE BIIPI3HSIUCH (puc. 7).

700 -

569,18
600 544 92 —
!

500 462,94 44718 463,9 468,41

m KoHTpOab
400

ml
300 ma
200 ms8
100 w12

0 m16
KoHTpoAb 8 12 16

IpmyviTEH: * — p<0,05 MOPIBHAHO 3 KOHTPOJIBHOK IPYIoR0; % —
P<0.05 mopirHAHO 3 MOTIEPEAHIM TEPMiHOM CTIOCTEPEKEHHA.
Puc. 7 - JlunaMika METpUIHUX MOKA3HUKIB TOBIIUHU M’ S130BO1 00OJIOHKH

CTIHKHM (YHAATBHOTO BIIJIUTY IIUTYHKY IIYPiB MPOTATOM €KCIIEPUMEHTY.

Cepo3Ha 000710HKa CTOHIIWIIACH HA | THXKHI €KCIIEPUMEHTY, BIPOT1IHO 3a
pPaxyHOK MOTOBILIEHHS M’ sI30BOT 000JIOHKH, MOTIM TIOCTYIIOBO BITHOBHJIACH 10

MOKa3HHUKIB KOHTPOITIO (puc. 8).

ToBUMHa cepo3HOi 060/10HKM

16 t * %

ttt

14 1 08 * kk 12 77
11, 09
2 am 10,35
10 M KoHTponb
3 7,42 1
6 ma
4 m8
2 =12
0 m16
KoHTpoAb

IpmyviTEH: * — p<0,05 MOPIBHAHO 3 KOHTPOJIBHOK IPYIoR0; % —
p<0,05 mopiBHAHO 3 IONEPEIHIM TEPMIHOM CIIOCTEPEKEHHS.

Puc. 8 - Jlunamika METpUIHUX MMOKa3HUKIB TOBIIUHHA CEPO3HOT OOOIOHKH

CTIHKH ()yHJAIBHOTO BIAAUTY IUTYHKY IIYPiB MPOTATOM €KCIIEPUMEHTY.
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[Ipu nii KOMIIEKCY XapuyoBUX A00AaBOK TIJyTamary HATPIlO, HITPUTY
Hatpito Ta [loHco 4R Ha paHHIX cTagisix EKCIEPUMEHTY CIOCTEPIralioch
3MEHILEHHS JAlaMeTpy CYAMH TE€MOMIKPOLUPKYISITOPHOTO pycia CIU30BOi
000JIOHKH (PYHJIaTbHOTO BIJAUTY IILTYHKA.

Busnauene sBumie moB’s3aHe 3 Oe3MOCEpEeAHIM MPSMUM  BILUTUBOM
CKJIQZIOBUX Xap4yOBUX J00ABOK Ha CJIM30BY OOOJIOHKY Ta OTOTOXKHIOETHCS 13
BIUIMBOM IHINUX TIOJIOTAHTIB Ha CiIM30B1 00ONOHKU [64], Ta peakii€ro
CYJIMHHOIO pycJja Ha Jif0 PI3HUX €K30IMCHHUX YMHHHUKIB [65].

CynuHu KpymHOTO KajiOpy MiJCIM30BOi OCHOBH, BHACIIIOK MOPYIIEHHS
reMOJIMHAMIYHUX yMOB y CYyJIMHaX TeMOMIKPOIMPKYISATOPHOTO pycia,
pearyBajy 30UIBIICHHSIM JlIaMEeTPy SIK PE3UCTUBHOI Ta 1 €MHICHOI JIAHKH, IO
TaKOX BIJOOpaKeHO Yy paHillle MPOBEACHUX AOCTIIHPKEHHSIX [0 BUBUYEHHIO
peaxiii CyJuH Ha /1110 KOMIUIEKCY Xap4oBUX J0OABOK CYJUH CIM30BOT O00JIOHKH
12-naoi kumiky 1rypis [66].

ApTepii miACIU30BOi OCHOBU OyJiW pPO3IMUPEHUMU 10 12 THOKHA
€KCTIIEPUMEHTY, a IMOTIM BITHOBWJIM JlaMeTp MPOCBITY 10 16 THXKHS HaBITH OYyIU
TPOXHM MEHIITMMH 32 TIOKa3HUKH B KOHTpOIIi (puc. 9).
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MpumiTku: * — p<0,05 NopiBHAHO 3 KOHTPOJILHOW rpynoto; ** — p<0,05
NopiBHAHO 3 NONepeaHiM TEPMIHOM CNOCTEPEMKEHHS.
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Puc. 9 - Jlunamika METpHYHHMX MOKa3HHKIB JiaMeTpy IOCBITYy aprtepii
MIJCIU30BOI OCHOBH CTIHKM (DYHIAIBHOTO BIAJAUTY HUIYHKY ILIypiB MPOTSITOM

EKCIIEPUMEHTY.

Benu niacnn30Boi OCHOBH PO3IIUPUINCH HA | THKIEHb €KCIIEPUMEHTY, a
MOTIM Maju TEHJACHIII 0 BIAHOBJICHHS JlaMeTpy, aje 3 12 TWXKHA 3HOBY
crocrepirajiacb TEHAEHIIS A0 JWISATAllll, BOYEBUIb 32 PAXYHOK PO3BUTKY

TKaHWHHOT TMOKCii Ta okcuaaTuBHOTO ctpecy (puc. 10).

«LI#3
60.44 £0c43
5!

KOHTpOAb
m1
4
m3
m12
m16

4 8 12 16

Ipmvitkn: * — p<0,05 TOPiBHAHO 3 KOHTPOIBHOK TPymor0; ** — p<0,05
IOPIiBHAHO 3 IONEPEIHIM TEPMIHOM CIIOCTEPEKEHHA.
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Puc. 10 - Jlunamika METpUYHHMX IOKa3HUKIB JJiaMEeTPy TOCBITY BEH
MiJCIU30BOT OCHOBU CTIHKM (PYHIAJIBHOTO BIAJUTY HUIYHKY IIYypiB MPOTSITOM

€KCIICpUMEHTY.

B nmopanpmomy BHACTIIOK i XapyoBUX J00aBOK pO3BHBANIACH 3amaibHa
peakiiss 3 sSBUIIAMH HaOpsAKYy CIW30BOI OOOJIOHKH, IO Ha 8§ THXKHI
MiATBEPIKYETHCS 3MEHIIICHHIM Ha Ha 3,71 % miameTpy mpocBiTy apTepion, Ta
Ha 27,09 % 3MeHIIeHHs AlaMeTpy KamusipiB, IO MPU3BOJAE A0 aKTHUBAIil
apTepio-BeHYISIPHUX aHACTaMO31B JUIsl BUKUIY KPOB1 Y CYIMHU €MHICHOT JIAHKH,

1 IK HACTIOK 301IBIIICHHS TiaMeTPy BEHYJI CIIM30BOT O0OJIOHKH.
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ApTtepionu pearyBaJid = XBWJIENOJIOHO1 HAMOMKIHLI EKCHEPUMEHTY
(IBaHAIUATUM-IIICHAAISTAN THXKH1) BU3HAUYAJIOCh iX CTIMKE PO3IIMPEHHS, 110
Oy10 00yMOBJICHE TPUBAIMM BILTUBOM €K30T'CHHHUX IMOIOTAHTIB (puc. 11).
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IpuMiTkH: * — p<0,05 DOPiBHAHO 3 KOHTPOIBHOK IPYIOK; ** — p<0,05

IOPIiBHAHO 3 IONEPEIHIM TEPMIHOM CIIOCTEPEKEHHA.

Puc. 11 - JIlunamika METPUYHHUX MOKA3HHUKIB JlIaMETPy MOCBITY apTepion
CIM30BOI OOOJIOHKM CTIHKM (YyHAAIBHOTO BIIAUTY HUIYHKY HIypIB MPOTSITOM

€KCIEPUMEHTY.

BinHOBHO- KOMIIEHCATOpHA PEakKilis sfKa CIOpsIMOBaHA Ha 3HENIKOKCHHSI
aNbTepaTUBHOTO (HaKTOPy, Ta HA BIHOBJIEHHS MOP(}HODYHKIIIOHATHFHOTO CTaHY
CynuH (yHIanpHOT YaCTMHU MUTYHKA MIypiB, HE MPHU3BOJUTH JO IOBHOTO
BIIHOBJICHHS TEMOJAMHAMIYHUX YMOB Y CYIWHaxX CJIM30BOi OOOJOHKH Ta
M1CIM30BOT OCHOBY IIUTYHKA ITYPiB.

OcTtanHe Ha KiHEIb EKCIIEPUMEHTY BiIOOpaKAETHCS 30UIBIICHHIM
JiaMeTpy CyIWH PE3UCTUBHOI JAHKH, 110 TPU3BOAUTH JI0 SIBUI JEKOMIICHCAITI1,
3MEHIICHHSIM JlilaMeTpy MPOCTBITY CyJUH OOMIHHOI JIaHKH, SIKE€ B CBOIO Uepry
BUPAXKAETHCS MPOSBAMU TIMOKCIT B TKAHWHI CTIHOK IUIYHKA, Ta PO3LUIMPEHHSM

CYJMH EMHICHOT JIAaHKH, SIK HAaCJ110K MOPYIIEHHS T€MOAMHUMIYHUX YMOB.
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Kaninsspu, micas 3BYKEHHS JlaMeTpy MpOCBITY Ha | THXACHb
€KCIIEPUMEHTY, BOUEBH/Ib 32 PAXYHOK 3MEHILEHHS MPUTOKY KPOBI 13 3BYKEHHX
apTepiol, PO3LIMPUIUCH Ha 4 THUXKACHb CIOCTEPEXKEHHS 13 3a 3MELIEHH:
HaOPsIKy, BIIHOBJICHHSI HAJXOKEHHS KPOBI 13 apTepiod, sIKI PO3MHUPPUINCH HA
e TepMiH. AJsie, Ha MI3HIX TEPMIHAX CIOCTEPEKEHHS, BHACIIJIOK PO3BUTKY
€HJ0TOKCEMII ba OKCUAATUBHOTO CTPECY B TKAHWHAX BITHOBJIEHHS HE B1IOYJIOCS

(puc. 12).

Kamusipu cim3oBoi 0007I0HKH
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[TpuMiTKH: * — p<0.05 TIIOPIiBHAHO 3 KOHTPOJIBHOIO IPYIIO0; ** —
p<0.05 mOPIBHAHO 3 MONEPEIHIM TEPMIHOM CIIOCTEPEKEHHS.
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Puc. 12 - JIlunamika METpUYHHUX MOKA3HUKIB JllaMETPy TMOCBITY KaIlIsApiB
CIM30BOI OOOJIOHKU CTIHKM (YHAAIBHOTO BIAAUTY HUIYHKY HIypiB MPOTITOM

€KCIEPUMEHTY.

Benynu ciu3oBoi 00OMIOHKM pearyBaiu 3BY)KEHHAM Ha | THXHI
CIIOCTEpPEKEHHS, TMOTIM BIIHOBIIOBAIHM JlaMeTp NpPOCcBiTY. Posmmpenus

KOHCTaTyBaJIM Ha 8 Ta 16 TIKHAX eKcriepuMeHTy (puc. 13).
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IpuMiTkH: * — p<0,05 DOPIBHAHO 3 KOHTPOIBHOK TPYIIOK; ** —
p<0,05 mopiBHAHO 3 IONEPEIHIM TEPMIHOM CIIOCTEPEKEHHS.

Puc. 13 - JluHamika METpUYHUX TMOKA3HHUKIB JI1aMETPy IOCBITY BEHYI
CIM30BOI OOOJIOHKM CTIHKM (YHAAIBHOTO BIAJAUTY HUIYHKY UIYpIB MPOTITOM
CKCIICPUMEHTY.

BoxvBaHHS KOMIUIEKCY Xap4yoBHX J00aBOK Ha paHHIX CTaifiX MpPHU3BEIC
70 3MEHILIEHHS METPUYHUX MOKAa3HUKIB B AUISHII JHA 3103 (YyHAAIHHOTO
BIIUTY IIUTYHKA, 13 30UTBIICHHSM BHUCOTH €MITETIONUTIB, Ta 30UIBIICHHSIM
MOP(POMETPUYHUX TIOKA3HUKIB y JUISIHIII Tila Ta MIWWKH, 0 HacaMIiepe.
MOB'A3aHe 13 MPSAMHUM OE€3MOCEepe/IHIM BIUIMBOM XIMIYHHUX PEYOBHH Y CKIIAJIi
KOMIUIEKCY Xap4oBHX JT00ABOK, IIT0 OTOTOXKHIOETHCS 13 JII€0 PI3HUX PEYOBHH HA
CIIM30B1 00010HKH [67].

B mnopanpmioMy BIUIMB XapyoBUX J00AaBOK MPU3BOAUTH 10 CHa3My
pE3UCTUBHOI Ta OOMIHHOI JIAaHOK TE€MOMIKPOIMPKYIATOpHOTO pycia [68] 3
MOCITITYIOYUM PO3BUTKOM TIMOKCii Ta pO3BUTKOM 3alajbHUX SIBUII Ta HAOPSKY.

Jlana peaxiiis mpu3Beia 10 3MEHIIEeHHs MOPGOMETPUYHHIX IMOKA3HUKIB Ha
4-8 THXKHI EKCTICPUMEHTY Y AUISTHKAX TiTa Ta IMIMHKYU 337103, OAHAK Y PalioHi THA
3a]103 CHOCTEPIraJioch 30UTBIIEHHS JiaMeTpPy 30BHIINIHBOTO 3a PaxyHOK
BiIapyBaHHs 0a3anbHOI MeMOpaHU, Ta PO3BUTKY AUCTPOGIUYHUX 3MiH, IO
MPOSIBIIIETHCS 3MIHOIO MOP(POMETPUYHUX TTOKA3HUKIB BUCOTH €MITETIONHNTIB.

Bracniok BIIHOBHO-TIPUCTOCYBAJIbHUX peaKIId COPSIMOBAHUX Ha
3HEMIKOJKCHHSI ~ aJIbTePaTUBHOTO  (haKTOpy, TIOBHOTO BIJHOBIICHHS HE

BiI0YBaj0Ch BHACHIZOK TIOCTIMHOI HEraTMBHOI J1i KOMIUIEKCY XapyOBHX
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n00aBOK, SKI 3a CBOEK CHUJIOK MEPEBAXKAIOTh MPHUCTOCYBAIbHO-3aXUCHI
MOXJIMBOCTI KJIITUHHUX KOMIOHEHTIB 3aJ103 (PYHIAJILHOTO BIIAUTY IUIYHKA Ta
PO3BUTKOM JUCTPO(PIUHHUX 3MIH.

TakuM 4MHOM NPUIOM KOMIUJIEKCY XapuOBHUX JOOABOK HA PAHHIX CTaalsx
MPU3BOJIUTH JO 3MEHIIEHHS METPUYHUX TMOKA3HHWKIB B JUISHIN JHA 3aJ03
(GyHIanbHOTO BIIALTY LUTYHKA, 13 30UIBIIEHHSM BHCOTH EIITETIOLUTIB, Ta
30UTbIIEHHSIM MOP(POMETPUYHUX TOKA3HUKIB Yy JUISHII Tijda Ta HIMHKK, 110
HacamIepe/ MoB's3aHe 13 NpAMUM Oe3MocepeHIM BIUTUBOM XIMIYHUX PEYOBUH
y CKJaJl KOMIUIEKCY XapuyOBUX J00ABOK, IO OTOTOXKHIOETHCS 13 JIEI0 PI3HUX
PEUYOBHH Ha CIIM30B1 000JI0HKH [65].

B mopmameiioMy BIUIMB Xap4yoBHX J00aBOK MPHU3BOAHWTH IO CHa3My
pPE3UCTUBHOI Ta OOMIHHOI JIAHOK T€MOMIKPOIMPKYIATOpHOro pycia [69] 3
TIOCTTITyFOYUM PO3BUTKOM TIMOKCii Ta pO3BUTKOM 3allaIbHUX SIBUII Ta HAOPSKY.
Jlana peaxiiisi mpu3Belsia 10 3MEHIIEHHS MOP(POMETPUYHUX MOKA3HUKIB Ha 4 -8
THKHI €KCIIEPUMEHTY y AUISHKAX Tifla Ta IIHUWKHU 347103, OJHAK y padoHi JIHa
3QJI03 CIIOCTEpIrajoch 30UIBIICHHS JlaMEeTpy 30BHIIIHBOTO 34 PaxXyHOK
BiJlIapyBaHHs Oa3albHOI MEeMOpaHHM, Ta PO3BUTKY AUCTPOMIYHUX 3MiH, IO
IIPOSIBIISAETHCS 3MIHOIO MOP(POMETPUYHUX MMOKA3HUKIB BUCOTH EIITEIIOLUTIB.

Bracmiok BiIHOBHO-TIPUCTOCYBAJIBHUX pEAKIId CHOPSIMOBAHMX Ha
3HEIIKOJKEHHSI ~ aJIbTePaTUBHOTO  (aKTOpy, TMOBHOTO BIAHOBICHHS HE
BiOyBaJlOCh BHACIIJIOK ITOCTIHHOI HEraTUBHOI Jii KOMILIEKCY XapdoBHX
100aBOK, SKI 3a CBOEI CHJIOIO IE€PEBaXKalOTh MPUCTOCYBAIbHO-3aXUCHI
MO>KJIMBOCTI KJIITUHHUX KOMIIOHEHTIB 3aJ103 (DYHAAIBHOTO BIAUTY IITyHKA Ta
PO3BUTKOM JUCTPOPIUYHUX 3MIH.

[Ipy  eneKTpOHHO-MIKPOCKOMIYHOMY JOCHIJKEHHI BCTAHOBJIIEHO, IIIO
OTpHUMaHi JAaH1 y3roJDKYIOTRCS 3 pe3yIbTaTaMHt 1HIIUX JOCIITHHUKIB, K1 BUBUAIN
BIUTUB TUIyTaMaTy HATpil0 Ha mediHky [69] Ta cyauuny ctiaky [70], a Takox
AHAJIOT14H1 3MIHM OYyJM BCTAHOBJIEHI y HAJHUPHUKAX MICHS i1 KOMIUIEKCY

Xap4yoBUX JI00AaBOK (TJIyTaMary HaTpito, HITpUTy Hatpito Ta [ToHco 4R) [71].
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BceranoBneHi  aBropaMM  3MIHM  HAa  KIITUHHOMY  pIBHI  Oyiu
CTEPEOTUITHUMU ISl Al €K30M€HHUX YMHHMKIB 1 MPOSBISIUCH AUCTPOPIUHUMU
ABUIIAMM  —  KOHJIGHCALlI€El0  XpPOMAaTHHY,  IOPYUIEHHSAM  IPOLECIB
CEKPETOYTBOPEHHSI 1 CEKPETOBUBEACHHS Y €K30KPHUHOLMTAX, W0 Oyio

BCTAHOBJICHO 1 TP BUBYCHHI BIUTMBY XPOHIYHOI IHTOKCHKAIIIT eTaHoJIoM [66].
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3.3 Particularities associatedwith the expression of glial acidic fibrillary
protein on the structural components of cerebellum of the rats influenced
by the food additives complex

Introduction. Food is and has always been an integral part of our lives.
But with the progress of technologies, ecologically pure products were turned
into a mixture of a large number of food additives and chemical impurities.
Which allowed us to reduce the time for cooking and to decrease its cost
thereafter to facilitate people’s lives in an economic crisis and high rate of life.
But a large number of food additives pose a threat to human health. Some of the
already known additives are considered as life-threatening and therefore are
prohibited.

Nevertheless, synthetic colorants E102, E110, E122, E124 are authorized
to use in Ukraine, although they are included in the so-called "Southampton list"
and are banned in the EU [72]. In our study, we focused on dietary supplements
such as monosodium glutamate (dietary supplement E621), ponso 4R (dietary
supplement E124) and yellow synthetic colorant "sunset™ (dietary supplement
E110).

The main consequences of taking a large number of these supplements are
the following: abdominal and chest pain, headaches, nausea, tachycardia and
weakness. But special attention should be paid to the negative effects on the
nervous system, especially on the cerebellum, which is easily affected, the
development of allergic reactions and a variety of diseases such as Parkinson's,
Alzheimer's and Huntington's diseases, amyloid polyneuropathy, type Il diabetes
etc. [73-75].

In our turn, we plan to examine the effect of dietary supplements intake
on changes in the structures of the cerebellum of rats using the
immunohistochemical marker GFAP, which is for indicating changes in
astrocytes. Nowadays there occur more and more experiments aimed at the

detection of contribution of astrocytes in the structural formation of synapses, in



37

the synthesis, trap and release the neuro- and glio-transmitters as in synapses as
In the extrasynaptic areas [76].

Aim. To define the degree for glial acidic fibrillary protein expression as
an immunohistochemical marker on the structural components of the cerebellum
of rats when influenced by the food additives complex.

Materials and methods. 100 white rats were used in our study, with
average weight of 258.1 + 0.67 g. The experiment involved rats under normal
conditions (C - control) and rats influenced by the complex of chemicals
(monosodium glutamate, ponso 4r and yellow synthetic colorant"sunset” (E -
experiment and week number).

Experimental animals were treated and all manipulations on them were
carried out in accordance with the "Rules for the use of laboratory experimental
animals™ (2006, Annex 4) and the Helsinki Declaration on the Humane
Treatment of Animals, the Law of Ukraine "Protection of Animals from
Cruelty" 2006) according to the requirements of the Commission on Bioethics of
the Ukrainian Medical Stomatological Academy, concordant with the provisions
of the "European Convention for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes™ (Strasbourg, 1986) [77-78].

We implied immunohistochemical, morphometric and statistic methods to
define the expression degree of the immunohistochemical marker GFAP on the
structural components of the cerebellum of rats. In order to determine
morphological features, cerebellar biopsies were sealed in paraffin according to
conventional methods. Slices of 4-5 um thick were cut from paraffin blocks,
then subjected to immunohistochemical reaction according to the manufacturer's
protocol with the primary antibody to GFAP (Dako, Denmark).

Visualization of immunohistological reaction products captured by the
detection system EnVision ™ FLEX (Dako, Denmark). Each slice was
additionally stained with Mayer's hematoxylin. On the next stage, we examined
histological sections examined using a light microscope with digital

microphotolensadjustment Olympus C 3040-ADU with installed programs
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adapted for our study (Olympus DP - Soft, license Ne VJ285302, VT310403,
1AV4U13B26802) and Viorex 3 (serial number 5604).

We have defined the number of astrocytes expressing the GFAP marker
morphometrically. Morphometric studies were performed with a visual analysis
histological specimens system. Images of histological specimens were displayed
on a PC monitor from different sources such as microscope and a Vision CCD
Camera. Morphometric studies and histogram both were made using VideoTest-
5.0 program, KAAPA ImageBase and Microsoft Excel in a personal computer.

Statistical analysis of the study outcomes was made with the computer,
using applications for statistical processing of data from medical, biological and
epidemiological studies "InStat". The program allows to obtain research
outcomes in the form of the following predicted values: M - average value; O - is
the standard deviation; m -is the standard error of the mean. Student's T-criterion
was used to compare quantitative values in dual series. The difference was
considered probable at values of p <0.05.

Results. Thus, as an outcome of our study on histological specimens there
were found elongated GFAP- positive cells, axon branched from star-shaped
perikaryon and from 9 to 11 dendrites. Their average number in animals of the
control group was (3.96 + 0.35) in 100 fields of view. According to
morphological features, (in respect their histotopographic features most of them
were located in the gray matter), in our opinion, GFAP-positive cells should be
identified as neuroglial macrogliocytes, namely protoplasmic astrocytes, which
are directly involved in the formation of the cytoskeleton. In the same time,
numerous small granular and fibrous GFAP-positive structures were visualized,

which in our opinion are identified as areas of astrocyte fibers (Fig. 14).
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Fig.14 - Morphology and histotopography of GFAP-positive cells of the
cerebellum of control rats. Staining: immunohistochemical reaction with glial
fibrillar acidic protein with Mayer’s hematoxylin staining.

At the light-optical level in histological specimens at the end of 1st week
of observation in the gray matter of the cerebellum there was a gradual increase
in 1.16 times of the average number of GFAP-positive cells. Their
perecarionswere singly located between the neurocytes of the corresponding
layers of the cerebellar cortex. A slight enhancement of the pattern formed by

the fibers of astrocytic microglia also attracted our attention (Fig. 15).
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Fig.15 - Morphological changes in the granular layer of the cerebellar
cortex at 1 week of experimental study. Staining: immunohistochemical reaction
with glial fibrillar acidic protein with Mayer’s hematoxylin staining.

We determined morphometrically the fact that at the end of 4th week of
the experimental study, the average number of GFAP-positive cells significantly
(at p<0.05 compared to the control group) increased in 1.27 times. Comparing to
the previous observation period, their average number also increased in 1.09
times, but the calculation range was within the statistical error. Thus, we are able
to state that in the period from 1st to 4th weeks there appears a tendency to

increase in the average number of GFAP-positive cells (Fig. 16).
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Fig.16 - Morphological changes in the granular layer of the cerebellar
cortex at week 4 of the experimental study. Staining: immunohistochemical
reaction with glial fibrillar acidic protein with Mayer’s hematoxylin staining.

Concurrently with the increase in the average number of astrocytic
macroglia cells, an increase in the granular layer of grain cells should be
measured. They visualized as cells with basophilic cytoplasm and were not
singly located, but in a kind of conglomerate. Taking into account their
functional significance, we are able to assume the strengthening of excitatory
effects which are transmitted by the fibers of the latter from moss-like fibers to
pear-shaped neurocytes (see Fig. 16).

At 8th week of the experimental study, we have found that the average
number of GFAP-positive cells significantly increased (at p<0.05) in
comparison to both the control group of animals and to the previous observation
period in 1.99 and 1.57 times, respectively. Neurocytes of a granular layer in
comparison with the previous period of observation lost cytoplasm basophility

and had the signs of destruction (fig. 17).
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Fig.17 - Morphological changes in the granular layer of the cerebellar
cortex at week 4 of the experimental study. Staining: immunohistochemical
reaction with glial fibrillar acidic protein with Mayer’s hematoxylin staining.

After analyzing morphological and morphometric changes in the
structural components of the cerebellum influenced by the chemical additives
complex at 12th of the experimental study, we noted that the average number of
GFAP-positive cells significantly increased (at p<0.05) in 2.25 times compared
to the control group of animals. In comparison with the previous observation
period, the abovementioned indicator has also increased in 1.12 times, but the

data is inter-correlated within the statistical error (Fig. 18,19).
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Fig.18, 19 - Morphological changes in the granular layer (A) of the cerebellar
cortex and in the white matter (B) of the cerebellar of rats at 12 weeks of
experimental study. Staining: immunohistochemical reaction with glial fibrillar
acidic protein with Mayer’s hematoxylin staining.

At the light-optical level in the granular layer of the cerebellar cortex for
the above-mentioned observation period, areas with completely destructed cell
structures were identified, which were actively inoculated with GFAP-positive
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structures (macrocytic glia astrocytes), and their processes penetrating these
areas created a kind of fibrillar frame.

We detected the strengthening of the fibrous pattern in the white matter of
the cerebellum. Astrocytic processes passed in almost parallel rows penetrating
the nervous tissue of the white matter of the cerebellum. Spherical nuclei, singly
placed in the white matter, had basophilic cytoplasm and oxyphilic one. Areas
with fine-spongy degeneration and sometimes with spherical dust-like cavities
were detected around basophilically stained nuclei (see Fig. 18, 19).

At the end of 16th week of the observation and the ending of the
experimental study, we have found that the average number of GFAP-positive
cells significantly increased (at p<0.05) in 2.39 times compared to the control
group of animals, and comparing with the previous observation period, the
abovementioned value has also slightly increased in 1.06 times, but remained
within the statistical error.

On histological specimens, on the 16th day of the experimental study, in
the granular layer of the cerebellar cortex there were determined the cases of
active colonization by matured grain-cells of areas that were dystrophically
altered during previous observation periods. These neurocytes were located
between GFAP-positive structures and had a clear tendency to recover their
average number compared to the control group of animals.

In the white matter of the cerebellum there remained the foci of fine-
spongy degeneration with spherical cavities, which merged with each other at
the boundary of the granular layer and the white matter of the cerebellum. Single
GFAP-positive processes were sent deep into the white matter, but the fibrous
pattern was less intense in comparison with one in the previous observation
period. We noted that the spherical nuclei of white matter had no signs of
destruction, which in our opinion is caused by the passing of the recovery stage
of the pool of neurocytes in response to long-term intake of a food additives

complex.
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Such processes can be regarded as compensatory-adaptive, and GFAP-
positive structures play the role of the fibrillar framework for the restoration of
the structural components of the cerebellum.

Summarized data on changes in the average number of GFAP-positive

astrocytes are on the figure
20.
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Fig.20 - Changes in the average number of GFAP-positive astrocytes in
the dynamics of the experiment.

Discussion. Thus, our study with use of glial acidic fibrillar protein as an
iImmunohistochemical marker proved that an increase in the average number of
GFAP-positive cells in the dynamics of the experiment was directly related to a
decrease in the average number of major neurons of the cerebellum gray matter.
Fluctuations in the average number of astrocytic glia cells are the compensatory
mechanism in the recovery of neurons of the cerebellum gray matter from neural
stem cells with the subsequent development of reactive astrogliosisand
thereafter, the possible development of neuropathology.

At the end of 4th week of observation, we have determined an increase of

the average number of grain-cells in the granular layer, which were visualized as
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cells with basophilic cytoplasm and were not located singly, but gathered in
some kind of conglomerate.

At the end of 8th week of the experimental study, we have noted that the
perikaryonsof the granular layer of neurocytes, in comparison with ones in the
previous observation period, lost the basophilicity of the cytoplasm and had
signs of destruction.

At the end of the 12th week of the experimental study we have detected
areas of nervous tissue affected by the cases of fine-spongy degeneration, which
are surrounded by spherical, dust-like cavities. In these areas we identified
processes of GFAP-positive cells which penetrated the latter and had a parallel
direction.

Thus, astroglialsyncytiumwas detected by immunohistochemical reactions
using glial fibrillar acidic protein which indicates on the protoplasmic astrocytes
in normal states, while the change in their average number indicates on the
compensatory-adaptive responses of the cerebellum after the influence of a food
additives complex.

Conclusions. The outcome of our study is that the increase in the average
number of GFAP-positive cells is directly related to the decrease in the average
number of major neurons of the cerebellar gray matter, and fluctuations in the
average number of astrocytic glia cells is the compensatory mechanism in the
recovery of cerebellar gray matter neurons from neural stem cells with the
subsequent development of reactive astrogliosis and, thereafter, the possible
development of neuropathology.

We have also found that the change in the average number of
protoplasmic astrocytes indicates on the compensatory-adaptive reactions of the
cerebellum influenced by the food additives complex.

We have noted that in both gray and white matters of the cerebellum the
compensatory-adaptive processes are aimed at partial restoration of structural
components of the cerebellum, and GFAP-positive structures play a major role

in this process as a fibrillar frame.
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34 BmiuB Ha cele3diHKy rocrporo iMmooOinizauiiiHoro crpecy,
CIPUYHUHEHOr0 QiKcanico UIypiB 32 IMHHY CKIAAKY.

Bcmyn. Piznobiune gusuenus cmpecogux 6niuGie Ha HCUBL OPeaHizMu, He
38axcalouu Ha C68010 MPUBANLY ICMOPII0, NPOOOBIHCYE 3ANULUAMUCS AKMYALLHUM I
cbo2ooni [19]. Exonociuni npobaemu, cKkiaoHa coyianbHO-eKOHOMIMHA CUmMyayis
6 Ykpaini, cmpimxuu pumm dcumms i3 nNOCMIUHUMU 3MIHAMU YMO8 ICHYBAHHA,
3pocmaHus  IHPOPMAYIliHO20 HABAHMANCEHH NPU3BOOAMb 00 NOCMIUHO20
BUHUKHEHHSL 8 Op2aHizmi nr00uHu cmpecosux peaxyiu. CTpecoBa peaxiiisi, 10
BUHUKIIa B TMPOLECI €BOJIONIT SIK CKJIaJ0Ba aJanTaliifHoro mpoiecy, 3a
HECIIPHSITIIMBOTO Tepediry MoKe MPHU3BECTH 10 3aIlyCKy HaTONCHETUYHHUX
MEXaHI3MIB YHCIIEHHOI matojorii. JlochikeHHs mpoOJeMaTUKH PO3BUTKY Ta
nepediry MaToJIOrYHUX 3pYIIEeHb, SKI BUHUKAIOTH MiJl BIJTABOM CTpECIB, a
TAKOXK TMOUIYK MUJISAXIB A0 iX NpOoQLIaKTUKH Ta KOPEKIii MpPOJOBKYIOThH
3aMIIaTUCS Yy UEHTPl yBark HAYKOBIIB PI3HUX MEIUYHUX CHEIIaTbHOCTEH.
JlocmikeHHsT  Ali  CTPECOBUX peakiliii Ha JKMBI OpraHi3MH MOTpedye
BUKOPUCTaHHS B EKCIIEPUMEHTAIBHUX poOoTax JabopaTOPHUX TBAPUH,
albTEpPHATUBH SKUM Hapasi HeicHye. Ha cporogHi BimoMi Ta MIHPOKO
BIIPOBA/DKEH1 y JOCHUIHHIIBKY pPOOOTY YHCJICHHI MOJACII BiATBOPECHHS
TOCTPUXCTPECOBHUX peakiiii y excnepuMenTtanbuux tBapud [80]. Ha ocoOmnuBy
yBary, 3 HaIoro Morjsiay, 3acIyroBYIOTh Ti, SKi € HECKIQJHUMHU Y BUKOHAHHI,
HE TTOTpeOyIOTh BUKOPUCTAHHS CKJIAJIHMX 200 BapTICHUX TEXHIYHHUX 3aC00iB, HE
NOPYIIYIOTh ~ YMHHUX  npuHOumiB  Oioetnkm  [81-82]. Cepen  Takmx
EKCIIEpUMEHTATBFHUX MOJIEJIeH BIATBOPEHHS TOCTPOi CTPECOBOI peakilii y MUIIen
€ dikcarris 3a mmiiHy ckinanky [80]. [Ipore 1151 MoeIh Majio BHKOPUCTOBYBAIACS
JUTSI BABYCHHS TOCTPUX CTPECOBHUX BIUIMBIB y MIYPiB; 30KpeMa, ISl TOCITIKEHHS
Aii TOCTPOro IMMOOLTI3AIIHOTO CTpeCcy Ha CENe3IHKYy B CYJacHUX HAyKOBUX
poboTax 3acTOoCOBYBaJUCS iHII MeToaukH [83-85].

Meta pociig:keHHsi: BuBUMTH BIUIMB TOCTPOI CTPECOBOI peakiiii Ha
CEeJE31HKY, BHUKJIMKAaHOI (iKcalll€ero IIypiB aTpaBMAaTUUYHUM 3aTHCKayeM 3a

WWWHY CKJIAJIKy IPOTITOM 6-TH TOJUH.
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Marepiaa Ta MeTOAM J0CTiI2KeHH. 3T1AHO 13 BAMOTaMU MDKHAPOIHUX
010€TUYHUX MPUHLHUITIB, TOCTIIPKEHHS IPOBOAUIIOCS 13 JOTPUMAHHSAM IOJ0KEHb
€BponeichbKOi  KOHBEHIIi I[0JI0 3aXUCTy XpeOETHUX TBApUH, SAKUX
BUKOPUCTOBYIOTh B €KCIIEPUMEHTAJIBHUX Ta IHIIKUX HayKoBUX X (CtpacOypr,
1986p.), AupextuBu Pagun €Bponu 2010/63/EU, 3akony VYkpainu Ne 3447-1V
«IIpo 3axuCT TBapuH Bi )KOPCTOKOTO MOBOKEHHS.

PobGora BukoHaHa 13 3anmydeHHaM 10 O6e3mopoaHuX OUTMX LIypiB-CaMIIIB,
Maca skux ckiangana 240-260 rpamis, Bik— 8-10 micsui. TBapuHu yBech uac
nepedyBalivd y CTaHJIapTHUX YMOBaX BIBapil0 Ha 3BUYAWHOMY PEXKHUMI rofiBii. I,
KOHTPOJIbHY,IPYITy CKJIAKS IHTaKTHUX IIypiB;Il, eKCIepUMEHTaIbHY, TpyIy
OyJ10 CTBOPEHO 13 TBApHUH, 5Kl 3a3HAIH JIii TOCTPOT CTPECOBOI peaKiiii.

loctpuit iMMOOLTI3aLIMHUN CTpeC BUKIMKABCSA HUISIXOM (ikcalii mypiB
aTpaBMAaTUYHUM 3aTHCKAa4YeM 3a IIUHHY CKIaaKy mpotsarom 6-tu roauH (3 9.00
1o 15.00)uarmeceprie.

3a61if 1mypiB BUKOHYBaBCS ILIAXOM JEKariTallii yepe3 2 TOIAMHH IiCIIs
3aKiHUEHHsI mepioay ¢ikcarii mia BHyTPIITHLOOYEPEBUHHUM HAPKO30M(IIISTXOM
YBEACHHS TIOMEHTATY HATPIO 13 po3paxyHKy 50 MI/Kr MacH Tija).

[Ticms pO3KpUTTS 4YEepeBHOI MOPOKHUHHU TPOBOAUBCS MaKPOCKOMIUHUI
OIS CeJIe3iHKM Ta 3abip ii marepiady I IOJAJBIIOTO MIKPOCKOIIYHOTO
nociimxeHs. llImatouku oprany ¢ikcyBamu y 10% po3uuHi ¢popmainy; micis
BIIMIOBITHOTO TPOBEJCHHS Yepe3 3pOCTaldoi KOHIIGHTpaIil CHIHUPTH, iX
nomimand B mapadiH 32  3BHYANHOI  METOAWKOK.  3abapBIICHHS
MIKpOIIpenapaTiB MPOBOAMIOCS TEMATOKCHIIIHOM Ta €03UHOM.

Pe3yabTaT 10CHiKEeHHA Ta IX 00roBopeHHs. MakpOCKOIMIYHUMA OTJIsI]
CeJIe31HKH, MPOBEIECHUHN MICIIA PO3KPHUTTA UYEPEBHOI MOPOKHUHU, JOCTOBIPHUX
BIIMIHHOCTEH y IIypiB €KCMEPUMEHTAIBHOI Ta KOHTPOJBHOI IPYN HE BHSIBUB.
CenesiHka Maja SICKpaB€ UYEpPBOHO-CHHIOBATE 3a0apBIEHHS, TJIaJICHBKY

MOBEPXHIO, BUJAUMI MATOJOT14H1 3MIHUA OYJIU BIJICYTHI.
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Onnak, mojaJipllie TICTOJOrIYHE JOCIIIKSCHHS IIOKa3ajio, 110 Ha Tl
rOCTPOi CTPECOBOI peakilii, y CeJie31HIl MiIJOCAIAHUX TBapuH, MOPIBHSAHO 13
IHTAaKTHUMH, CIIOCTEPIratoThCs NEBHI MOPQOIIOTIUHI 3MiHH.

3arajioM, MaKpOMIKPOCKOIIYHE BUBYEHHS CEJIE3IHKH IIypa MOoKa3ao, 110
30BHI ii TOKPUBA€E CHOJYYHOTKAHWHHA KaIlCyja, TOBIIMHA SKO1 BIIPI3HAETHCS B
PI3HUX AUISTHKAaX CEJIC31HKH, a HAaWOUIBIIIOI0 € Y BOpoTax oprany. Big kancynu y
MapeHxiMy CeJIe31HKM BIIXOISATh Tieperopoaku — Tpabekynu. [lapenxima

CCJIC31HKH HEOAHOPIIHA, Y Hill BUAUIAIOTH OLTy 1 YepBOHY MyJbiu (pHC. 21).

Puc. 21. Cenesinka urypa y Hopmi.MikpodoTo. 3abapBieHHs
reMaToKcuiIiH-eo3uH. 36. x 100

bina mynena micTuth nepu aprepianbhi diMdoinHi mydTr Ta mimdboigHi
By31MKH. CTpoMa My(pTH CKJIaJAEThCA 13 PETUKYIISIPHUX KIITHH 1 pETUKYJISIPHUX
BOJIOKOH, JTIM(OITUTIB, MIa3MaTUYHUX KIITHH, MAaKpO]aris.

JlimdoinHi By3MMKH MalOTh TOHKY KarCyny 13 PeTHKYJSPHHMX KIITHH Ta
CKJIaIal0ThCS 13 CKYMYEHb JIMQOLMTIB Y MICHAX PO3ralyXeHHS HEHTPATbHHUX
apTepiil TOHKOIO KarcCyJol0 3 BUTATHYTHX PETUKYJIAPHUX KIITHH. [ 'epMiHATHBHI
HEHTPU BY3JIMKIB MICTATH PETUKYISIPHI KIITHHH, JTIMQPOOIAacTH, MiIa3MaTUYHI
KIITHHH, Makpodaru, neHAapuTHi kimituHu. KpaiioBa 30Ha BY3IHKIB €
NEPEXiAHOI0 JUISHKOI MK OUIOI0 1 YepBOHOIO IMYNBIIOI0 CEJIEe31HKU, MICTHTH

OaraTo aprepiaJibHUX CYAMH 1 BEHO3HHMX CHHYCiB. UepBOHa Myibla Cele3iHKU
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nypa CKJIAJa€TbCs 3 PETUKYISIPHOI TKAHMHM 3 PO3TAIOBAaHUMU B HIH
KJIITUHHAMHU €JIEMEHTaMH KPOBI1 Ta YUCICHHUX KPOBOHOCHUX CYJUH 1 BEHO3HHUX
cuHyciB. BeHO3HI CHHYCH 3aiiMarOTh 3HAYHY YAaCTUHY YE€pPBOHOI HYJbIU 1 €
[IOYaTKOM BEHO3HOI CHUCTEMH CEJE3IHKM. Y CTpPOMI UEpPBOHOI IYJbIH

BHU3HAYAIOTHCS JTIM(OIIUTH, MOHOLIMTH, Makpodaru (puc. 22).

Puc. 22. Cenesinka urypa y Hopmi.MikpodoTo. 3abapBieHHs
reMaToKcuiIiH-eo3uH. 36. x 100

Ilim BrUIMBOM TOCTpOro IMMOOLII3AIlIMHOTO CTpeCy, BHUKIUKAHOTO
¢ikcarri€ro mypiB aTpaBMaTUYHUM 3aTUCKAYeM 3a MIMIHHY CKIaJKy IPOTATOM 6-
TH TOAMH, y OUIH MyNbIli y CepeaHiX 1 KPyMmHUX JTIMQPOITHUX BYy3JIHKaX
MOJEKYIM BU3HAYAJNCS HEUMCICHHI MEPUBACKYJSAPHI HAOPSKH HEHTPAIbHHUX
apTepidi, TOTOBIICHHS TepiapTepiaibHOI 30HW, 3MEHIIEHHS JlaMeTpy
repminatuBHoro I1eHTpy (puc. 23). Takox Oyiau BHABICHI OCEpPEIKU
HEYHMCIICHHUX MEPUBACKYIISIPHUX KPOBOBWJIHBIB. Y CyIuHaxX
reMOMIKPOLIMPKYJISITOPHOTO PYCIIa BIAMIYaI0Cs MOPYIIEHHS MIKPOLMPKYJIALII, 3
SBUILAMU CTa3y KpOBI, JIEWKOCTa3y, cHamKy (MpocBiTH Oynu 3amoBHEHI
EpUTPOLIUTAMH, SKI TMOACKYIW CKJICIOBAIHUCS 13 YTBOPEHHSM MIKpPOTPOMOIB)

(puc. 24).
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Puc. 23. Cenesinka urypa micisi BIUIUBY TOCTPOro 1MMOOLTI3AIIHOTO

ctpecy.MikpodoTo. 3abapBiaeHHs reMaToKCuiIiH-eo3uH. 30. x 100

Puc. 24. Cenesinka miypa Micisi BIUIMBY TOCTPOTO IMMOOLTI3aI[ifHOTO
ctpecy.Mikpodoto. 3abapBieHHs reMaTOKCHIIiH-€031H. 36. x 400
OTxe, TOCTpUil CTpec, CIPUUYMHEHUH (IKCalli€0 32 MINIHY CKIaIKy, Ha
riCTOJNIOTIYHOMY PiBHI BUKJIMKA€E Y CEJIE3IHIN IIYpiB €KCIEPUMEHTANbHOT TPYIH
neBH1 MOp(OJIOTiuHI 3MIiHH, MMOMIPHAa BHPA3HICTh SKUX CBITYUTH MPO BIAHOCHY
CTIMKICTh CTPYKTYP CENIe31HKH 110 1ii 6-TH TOJAWHHOI IMMOO1Ti3arIil.
BucHoBku.TakuM 4MHOM, BHKOHAaHE AOCIIIKEHHS TOKA3al0 BITHOCHY

PE3UCTEHTHICTh CEJEe3IHKM IIypa A0 O-TOAWHHOTO CTPECOBOTO BILIWBY,
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BUKJIMKAHOTO  IMMOOUTI3alli€l0 332 WMHHY CKJIAaAKy, 13  HE3HAYHUMH
MOP(OJOrTYHUMU 3MIHaAMH o101 yJIBIIH Ta MIOPYILLIEHHIM
reMOMIKPOLIMPKYJISLII.

IlepcnekTHBH MOAAJBIIUX JOCHIIKEeHb. Y MOAAIBIIOMY IJIAHYETHCA
BUBYEHHS BIUIMBY €KCIIEPUMEHTAIbHOI MOJENl BIATBOPEHHS TOCTPOIO
IMMOO1II3afHOTO CTpecy WUISXOM aTpaBMAaTUYHOTO MiABINIYBAHHS 32 IIMHHY

CKJIAJIKy Ha CEJIe31HKY I1YPiB Ha YAbTPaCTPYKTYpPHOMY PiBHI.
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3.5 BILIUB KOMILIEKCY Xap4YOBHX A00aBOK HAa TPOIECH PeMOeTIOBAHHS
CTPYKTYPHUX KOMIOHEHTIB TOHKOI0 KHMIIEYHHKA, K Ba)KJIMBa MeIUKO-
coniajibHa mpo0JieMa CY4YacHOro CTaHy 3a0e3le4YeHHsI TIPOMaJACHKOro
310POB’sl HACEJICHHA Y KPaiHM.

JlocuTh CKIAQAHO YSBUTUM CY4YacCHY XapyoBy MPOMHCIOBICTH 0e€3
BUKOPUCTAaHHS  XapuyoBUX J00aBOK, sKI  3a0€3Me4yloTh  MOKpAaIEHHs
30BHIIIHBOTO BWIJISAY Ta CMaKOBUX BJIACTHBOCTCH NPOJYKTIB XapuyBaHHS,
CIPHSIIOTh MPOJAOBXKCHHIO iX TEpMiHY 30epiraHHs Ta TMOMNEPEKAIOTh IIBUIKE
ncyBaHHs. ToMy JOCHIKEHHS BIUIMBY XapuyoBHUX J00aBOK Ha JIFOJCHKUN
OpraHi3aM B IUJIOMYy Ta KOXEH OpraH OKpeMO, 3 METOK 3MCHIICHHS iX
HETaTUBHOTO BIUIMBY, € JOCHTh AaKTyaJbHOIO TIPOOJIEMOIO [UIsl CydacHHUX
HAYKOBI[IB Ta KJIIHIIUCTIB Y BCbOMY CBiTi. MeTOI HaAlIOro JOCHiJKEHHS OyIio
NPOBECTH aHaNi3 JIITepaTypHHUX JDKEPEN PI3HUX HAayKOBO-METPHYHHX 0a3,
30kpeMa Scopus ta Web of Science, npucBsiueHUX MUTAHHIO BIUTUBY Xap4OBUX
n00aBOK Ha TOHKUW KWIIEYHUK Ta y3arajlbHUTH OTpUMaHi1 daHi. /[0 HalOibm
IIMPOKO 3aCTOCOBYBAHMX XapYOBHUX J00ABOK, Y BIAMOBIIHOCTI 10 MPOBEIEHOTO
HAMM aHallizy MoxHa BigHectn HiTpuT Hatpito (E250), rioyramar HaTpiro
(E621), a Ttakox Ilonco 4R (E124). He3paxaroun Ha Te, 110 Ha3BaHI Xap4yoBi
100aBKH MOXKYTh MPU3BOJMUTH JO TMOSBH MOP(HO]YHKITIOHATBHUX 3MIH PI3HHUX
CHUCTEM Ta OpraHiB, HAWOUIBII NPHIIJILHO BOHU BIUIMBAIOTh HAa IIIIYHKOBO-
KUIIKOBUM TPaKT, 30KpeMa Ha TOHKHM KuIIEeYyHHMK. He 3Bakaroum Ha Te, 110
EHTEPOIUTH BUKOPUCTOBYIOTh TIyTamMaT HATPIIO SIK JHKEpeIo eHeprii mms
nepediry oOMIHHUX TPOIIECIB, P POOIT MOKa3ye, MO HAIJIUIITKOBE BXKHWBAHHS
E621 wmoxe mpu3BecTH 10 MOPYIIEHHS KHUIIKOBOTO Oap’epy Ta mepediry
3ananbHUX MnpoueciB. HiTpuT HaTpito, B CBOIO uepry, BeA€ [0 PO3BUTKY
mimbonuTaproi 1HGUIBTpamii Ta 3acTOK y BIACHIA IUIACTHHIN, a TaKOX
BOTHHIIIEBOTO HEKPO3Yy EHTEPOIUTIB, PO3TAIIOBAaHUX B amiKaJIbHIN 00macTi
BOPCUHOK KullleyHuKa. KpiM TOro, xapuoBi 100aBKH MOXKYTb CIIPUSITH PO3BUTKY
MyXJIMHHUX TMpoueciB. Pe3ynbratv HAIIOro aHaii3y MOKa3yloTh, 110 XapyoBi

N00aBKM  BUKIHUKAIOTH  3MIHM  MOP(OJOTiYHOI  CTPYKTYpH, Iepediry
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(1310J0TTYHUX TPOLIECIB Ta CKJIAAy MIKpOOIOTH TOHKOTO KHUIIEYHHKA, IO
CTBOPIOE MEPEIYMOBH JIJISI TIOMATBIITNX TOCITIKEHb.

KuarouoBi cioBa: xapyoBi J00aBKM, TOHKHMI KHIIEYHHUK, IJIyTamaT
HaTpito, HITpUT HaTpito, [ToHco 4R.

3B's30k myOuikamii 3 MIAHOBMMHM HAYKOBO-IOCJiTHUMH PoOdOTaMH.
Jlanapo6orta € (parMeHTOM HayKOBO-JIOCHIAHOI poboTu kKadeapu KIHIYHOT
anatomii 1 omepatuBHOi xipyprii I[IJIMY «3akoHoMipHOCTI MOpdoOreHesy
OpraHiB, TKaHUH CYJIWHHO-HEPBOBUX YTBOPIB Yy HOPMI, MPHU MATOJNOTIl Ta Mij
BIJIMBOM €K30T€HHMX YMHHHUKIBY, HOMEp AepkaBHOi peectparlii 0118U004457.

Bceryn. be3nedHe 3acTocyBaHHS XapuyoOBHX NPOAYKTIB TPHUBEPTAE BCE
OulbIllE yBaru B YChOMY CBITi, OCKUIBKM BCTAHOBJICHO, IO ICHY€ TICHUU
B3a€MO3B’ 130K MDK DKEIO, IO BXXKHBAETHCS Ta CTAHOM 3JIOPOB’S. 3a JaHUMU
BOO3 3nmopor’s mogunu Ha 52-55% 3aiexuth Big CrocoOy >KUTTS Ta
COILIaJIbHO-€KOHOMIYHMX YMOB, CE€pel AKX XapuyBaHHsA 3aliMae OJHY 3
BU3HAYAIBHUX JIaHOK [86]. TakuM YMHOM MOJIMIIEHHS Xap4yoBOi OE3MeKu €
OJIHIEI0 3 BAXKIMBUX CKJIAJOBHUX, CIPSIMOBAHMX Ha 3a0e3MEYeHHS 3J0pPOBOIO
HaceneHHs [87]. JlocuTh CKIIagHO YSBUTH Cy4acHY Xap4oOBY IIPOMHCIIOBICTh 0€3
BUKOPHUCTAHHS  XapyoBUX  J00aBOK, SKi  3a0e3MeuyroTh  IOKpaIlCHHS
30BHIIIHBOTO BHTJISIAYy Ta CMAaKOBUX BJIACTHUBOCTEH MPOIYKTIB XapuyBaHHSA,
CIPHUSIOTh MPOJOBKEHHIO 1X TEPMIHY 30€epiraHHs Ta IMOINEpPeKAIOTh IIBUIKE
ncyBanHs [88-89]. 3acTocyBaHHS XapuoBUX 100ABOK € OJHHUM 3 HAWMPOCTIIINX
Yy BHUKOPUCTAHHI Ta HAWOUIBII €KOHOMIYHO OIUIBHMM MUISIXOM BHPIIICHHS
MUTaHHS, 10 CTOCYETHhCS  TMOKpAIEHHS SKOCTI Ta  YAOCKOHAJEHHS
TEXHOJIOTIYHUX MPOIIECIB MPU BUPOOHHUIITBI XapUOBHUX MPOIYKTIB SIK Y TOTOBOMY
BHUTJISII, TaK 1 y Burismi HamiBdaOpukatiB. IllomeHna Tka JOIMHM MICTHUTH
3HAYHY KUTBKICTh OapBHUKIB Ta KOHCEPBAHTIB, SIKi, 3 BIIEBHEHICTIO MOXHA
CTBEP/)KYBaTH, HE € KOPHUCHUMH JUIsl ii 37A0pOB’s. AJyie HaBiTh 3HAIOUU IIE,
OUTBIITICTh 3 HAC HaBPSJ YW BIIMOBUTHCS BiJl BXKMBAaHHS XapuyOBHUX MPOJYKTIB,
SAKi HE JMIIe TapHO BUIJBIAAIOTh, @ W BOJOMIIOTH JOCHTH CIIOKYCIUBHM

apomatoM. 3 1HHIOrO OOKy, Wi MPOAYKTH XapuyBaHHS € HaA3BUYANHO



55

MOIMUPEHUMHU Ta JOCTYITHUMH, IO TAKOXK CIPHSIE TOMY, IO BOHHW MPHUCYTHI B
pallioH1 Mai>ke KOXKHOT JIFOAUHHU.

TakuM YUHOM, JOCITIIHPKCHHS BIUTMBY Xap4oBUX J00aBOK Ha JIOJCHKHIMA
OpraHi3aM B LUJIOMY Ta KOXEH OpraH OKpeMO, 3 METOK 3MEHIIeHHS iX
HETaTUBHOTO BIUIMBY, € JIOCHUTh AaKTyallbHOIO MPOOJIEMOI0 MMl CYYacHUX
HAyKOBLIB Ta KJIIHILKUCTIB y BCbOMY CBITI.

MeTa aocCaigKeHHsI — TPOBECTH aHATI3 JITEPAaTypHHX JDKEPENT Pi3HUX
HAyKOBO-METpUYHUX 0a3, 30kpema Scopus ta WebofScience, npucesuenux
NMUTAHHIO BIUIMBY XapuyoBUX J00ABOK HAa TOHKWU KHUIICYHHK Ta y3araJlbHUTH
OTpUMaHI JaHl.

OcHoBHa 4acTuHa. XapuyoBi J00aBKM — TMPUPOJHI, 1ICHTHYHI O
OPUPOJHUX YU CHUHTETWYHI (IITY4YH1) PEUYOBUHH, 5Kl € CKIJIAJOBOIO MPOJIYKTIB
XapuyyBaHHS, aJiec HE € 3BUYaiHUM KOMITOHEHTOM 1Ki a00 % OKPEMHUM XapuOBUM
npoaykToM. BoOHM [0AaroThCs 3 METOI0 MMOKpAIIeHHS OPraHOJIeNTHYHUX
BJIACTHUBOCTEM ab0 CTPYKTYpH TMPOIYKTY, a TaKOX JUIsl YIOCKOHAJEHHS
TEXHOJIOT1{ Horo mepepoOku Ta 30epiranHs. BukopucTanHs xap4yoBuX J100aBOK
MOXJIMBE JIMIIIE TPU HASBHOCTI JOCTOBIpHOI iH(oOpMaIlii, 10 HaBITh IpHU
TPUBAJIOMY 3aCTOCYBaHHI BOHH € OC3IEUHUMH JIJIsl 3/I0POB’ S JIFOJIMHH, OCKUIBKU
iX TPOAYKIisS cTajga JOCHTh IOTYXKHOIO IIPOTSITOM OCTaHHIX JECATHIIITh.
Buninsiore Aekiibka TPyl XapyoBUX J00aBOK, SKI IMOKPAIIYIOTh 30BHIIIHIN
BUTJISIT TPOAYKTY XapuyBaHHS (cTabumizaTopu 3abapBieHHs, OapBHHKH),
PETYIIOI0Th HOTO cMaK (PEeryisaTOpu KUCIOTHOCTI, MiJCOJIOMKYBadi), GOPMYIOTh
TEKCTYpy (eMynbpraropu Ta CTaOili3aTopH,), a TaKOX MiJBUIIYIOTH TEPMIH
30epiranfsi (aHTHOKCHIAHTH, KOHCEpPBaHTH). BpaxoByro4w pi3HOMaHITHICTbH
MPEICTaBHUKIB KOXKHOI TPYyMHM, MOXHAa CKa3aTH, M0 MEpEeBaKHa KITbKICThH
Cy4aCHUX MPOJYKTIB XapuyBaHHS MICTUTH iX 1 Tiil 4u iHmINA Mipi. 3arampHa
KUTBKICTh PEUOBHH, IO HAJEXKATh JI0 TPYMH XapUOBUX JT00ABOK HAJIdye TTOHA]
3000 naitmenyBanb [90]. B Ykpaini 3actocoByetbest 221, B kpainax €C — 1200,
a B CIIA ix kinbkicTh nepesuiye 1500 [91].
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He3Bakatoum Ha Te, 110 B XapyoBiil MPOMMCIOBOCTI MOXYTb OyTH
3aCTOCOBaH1 JIMIIE Ti XapuyoBl J00aBKW, IIO0 HE MAalOTh 3arpo3 370pOB’IO
JIOJIUHU, B CyYacHIN JiTepaTypl HasiBHA 3Ha4YHA KUIbKICTh POOIT, MPUCBIUYCHUX
ONMMCOBI 3MIH B PI3HUX OpraHax Ta CHUCTEMax JIIOJACHKOTO OpraHi3mMy Mpu
IIOJICHHOMY B)KMBaHHI JaHWX PEYOBUH HABITH B JOMYCTHMHX J03aX. TakuM
YUHOM, JlaHa TpobJieMa MoTpedye 3HAYHOI yBarv, 0COOJMBO BPaxXOBYIOUH, IO
JIOCHTh YacTO JIIOJUHA BXKHUBAE 1KY, SIKA MICTHTHh IUTMH KOMILJIEKC Xap4OBHX
100aBOK.

Y BigmoBigHocTi g0 MikHapoaHoi cuctemu kiacugikamii  (INS)
HAsBHICTh Y Xap4OBUX MPOAYKTaX OYIb-IKUX XapuyOBUX N0OABOK IMO3HAYAETHCS
3a momomororo iHmekcy E. JlaHuwil iHIEKC € MpOCTHM KOJOBHM HOMEPOM, IO
BUKOPUCTOBYETbCA ISl 1I€HTU(]IKAIT XapuOBUX J00ABOK, OE3MEYHICTh SIKUX
Oyno noBeaeHO Ta OQilliitHO JT03BOJICHO BUKOPUCTOBYBATH y Beix kpaiHax €C.
[Teprn HI>K TPUCBOITH TiHl UM 1HIIIN Xap4oBii 1o06aBIll HOMep «E» BOHAa MOBUHHA
OyTu 3aTBepKeHa €BpONEHCHKIM TOBAPUCTBOM 3 0€3MEeKH Xap4yOBHUX J00aBOK.
J1o HalOLIBII MHUPOKO 3aCTOCOBYBAHUX XapUyOBHUX J00ABOK, Y BIIMOBIAHOCTI J0
IIPOBEJICHOTO HaMM aHaJi3y MOKHA BigHecTu HITpUT HaTpito (E250), rmyramar
Hatpito (E621), a Takox ITonco 4R (E124) [92].

I'myramat Hatpito (MSG, C5SH8NO4Na, E621) € npenctaBHUKOM colieit
[IyTaMiHOBOT KHCJIOTH Ta HAJICKHUTh JI0 TPYNd HAUOLIBII IMOIIMPEHUX
aMIHOKHCJIOT B TIPUPOJi, a TaKOX BXOJUTH JI0 CKJIaay OUIKIB, BiAirparouu
3HauYHy poJib B OOMIHHHMX Tmporecax opranismy [93]. Bxoauts mo ckiamgy
BEIIMKOI KUIBKOCTI XapyoOBUX MPOIYKTIB, 30Kpema Qact-Qymay, M SICHUX Ta
KoBOacHUX BHPOOIB, KOHCEPB, COYyCiB, HamiBpaOpukaTiB Ta iHme. BmactuBocti
E621 BuBHaroThCS nmecaTWimiTTAMU.SIK yHIBEpCcalbHUN 3acid I TOKpaIeHHS
CMaKOBUX BJIACTUBOCTEH 1K1 Oro 3acTOCOBYIOTH HE MeHIle Hixk 100 pokis.

B xapuosiii mpomucioBocti Ykpainu E621 3actocoBytots 3 2000 poky,
konu y BignoBinHocTi 10 [loctanoBu KaGinety MinicTpiB Ykpainu Ne 342 Bin
17 mororo 2000 poky ioro Oyj0 0AaHO A0 MEpeiKy XapuyoBUX J00ABOK,

N03BOJIEHUX Ha Teputopii Ykpainu. Ha cboromeHHOMy pHUHKY XapuyOBHUX
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MPOJYKTIB, JOCUTh CKJIAJHO 3HANTH KOHCEPBOBaHI MPOAYKTH a00 MPOMUCIOBI
HaniBabpukartH, siki 6 He mictriin MSG.

JoGaBka E621 MiIcTUTh TigpOJI30BaHUN POCIUHHUN OUIOK, SKHUI
CTUMYJIIOE OPOCEHCOPHI pEelenTopu 1 Al€ sIK XIMIYHUWA MIICUIIOBAY CMakxy,
MOKpAIlyI0OUd CMakKoBY SKICTh MpoAykTy [94]. Meraboni3M HpUPOAHOrO
rIyTaMary BiqOYBaeThCS Y KHUIIEYHHUKY M1 BIUIMBOM €K30MENTHa3 MPOTIrOM
npouecy riaponizy Ouika. [loTpamnsioun 10 opraHizMy L xapyoBa Jo0aBKa
BIUIMBAE€ HA NPOLECH KaTaboJli3My, CTUMYIIOE PO3ILIEIJICHHS MeTa0oJITIB,
CIPUYHHSIE 3MIHU CEKpeIlil 3aj03 IIJIYHKOBO-KUIIKOBOTO TPaKTy Ta MOPYIIYE
pPI3HOMaHITHI TpollecM B 30HI I1HHepBalii Ojykatouoro HepBa. Peakiis
opranizMmy Ha E621 3anexxuthb BiJi XIMIOCEHCOPHOTO CIPUNHATTS CMAKOBHX
BITYYTTIB, & TAKOXK MOKE MaTH IMiJ cO00I0 TeHeTHUHe MIArpyHTTA. [IpoBeneni
JOCTIDKEHHSI TIOKa3yloTh, IO TCHETUYHWH (aKTOp Ma€e JOCUTh Ba)IIMBE
3HaUEHHSA y Tpoliecax OOMiIHY TJyTamaTy HaTpil0 Ta BIUIMBA€ HAa MOKIIUBI
nojanpii Hacaigku [95].

E621 y xomIutiekci 3 IHIIUMH Xap4OBUMHU J00aBKaMH 1HAYKY€E YTBOPEHHS
peakiiiHo3maTHuX (GOpM KHCHIO 1 THM CaMHM  3MIHIOE  OKHCHO-
BITHOBJIIOBAJIbHUNA TOMEOCTAa3, BHUKJIMKAIOYM CHCTEMHI YpakeHHs. BBeneHHs
rIyTaMaTy HaTpilo MNPHU3BOJIUTH JO TOPYIIEHHS JIMiAHOTO OOMIHY, 30KpeMa
BUKJIMKA€ 3MIHM JIMIHOTO Tpodurro (3MIHM TIOKa3HUKIB  3arajbHOTO
xonectepuny, Tpuriinepuais, JINTHII ta JITIAHIL) y 6ik ioro miaBUIEeHHS, a
TaKOX cHpuse 30UTbIICHHIO Macw Tina [96], THM caMUM MiATBEPIKYIOUH
iHbopMmariito, ipo Te mo E621 Bukinukae 3Minn MeTabomizMy. B Hacnigok 11poro
0€33By4HO PO3BUBAETHCS HEAIKOrOJbHA JKMpOBa XBOpoOa TMEYIHKH 3
MOJAJIBIIMMY META0O0JIYHUMHU 3MIHAMH Ta HaABITH CUCTEMHHMH AaHOMAJIISIMHU 1
3TOSIKICHIMHY TIPOIIECAMHU IIISIXOM MOAYJISIIT pI3HUX CUTHANBHUX NIIAXiB. Byio
BCTAHOBJICHO, 110 TIPH BBEJEHHI CYMIIII JIsl TOyBaHHS, HACHYEHOT TITyTaMaToOM
HATpP1l0, HOBOHAPOKEHUM KpHcaM, OXKUPIHHSA Ta Ha3BaH1 BUILE MPOLECH MOTJIU

BUHUKATH BXKE B JJOPOCIOMY BIIIL.
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MSG HaleXuTh 10 MEPENIKYy MOKIUBUX XapuOBUX TPUT€piB BUHUKHEHHS
HamnajiB TOCTPOi MIrPEHl, OCKUIBKM BOJIOAIE MEBHOIO BAa30AKTUBHOIO AIEI0 Ta
MOK€ TTPOBOKYBATH aHTIOCIMAa3M, IO HAJCKHUTh JO OCHOBHHX MATOTCHETUYHHX
MEXaHI3Mi1B BUHUKHEHHSI MIrPEH1 y BIAMOBIIHOCTI JO pe3yJbTaTiB MPOBEACHUX
ngociimkers [97].

B xo#1 ekciepuMeHTaIbHUX JOCIIKEHb 0yJI0 BCTAHOBIIEHO, IO J100aBKa
E621 moxe BuUkiIMKaTH MHU30(PpEHi0, AENPECito, TPUBOXKHICTh, EMUICTICIIO,
BUKIIMKATH Iape3W Ta Tapalidi 3a pPaxyHOK YypaXeHHS HEPBOBO-M SI30BUX
CUHAIICIB, a TAKOX OyTH MPUUYUHOIO JCIKHUX JCTCHEPATUBHUX YpaKEHb HEPBOBOI
CHUCTEMH, 30KpeMa XBOpoOu AubIreiimepa, 019HOTO aMioTpO(IYHOTO CKIIEPO3Y
Ta xBopoOu [Tapkincona [98].

[Ipy nmochimKeHHI HUPOK IIYpiB, L0 OTPUMYBAIM XapyoBY T00aBKY
riiyTamaT HaTpiio B /1031 3 I/KT Macu TuIa NpOTAroM 6 MICSIIIB BUSBICHO O3HAKU
JIOKAJIBHOTO 3amajieHHs, HaOpsAKy, I1HTEPCTUI[IAILHOIO KPOBOBUJIMBY Ta
HasBHICTh TIaJIHOBUX 3JINKIB, [0 BHUSBISIUCS MYJIbTHU(POKAIBHO, B3JI0BXK
He(pPOHIB BiJl KOPU JO MO3KOBOi PEUOBHMHHM HUPKH, B JIEIKHUX MICISIX Oyia
nedopMmariss Ta pPyWHYBaHHA IPOKCUMANIbHUX Ta JUCTAJbHUX KaHAJbIIIB
HepoHa, 10 CBITYUTH PO HASABHICTH HE(YPOTOKCHUIHOTO edekty [99].

Hapenena Buie iHdopMalriss CBITIUTh, IO TIyTaMaT HATPiO BIJIMBA€E Ha
pi3HI1 OpraHy Ta CUCTEMH, BUKIMKAIOYH MOSBY MOPG O YHKITIOHATBHUX 3MiH, 110
BEIIyTh JIO MOPYIICHHS 5K TICTOJIOTTYHOI Oy0BH OpTaHy Tak i1 PyHKIIIi, IO BOHU
BUKOHYIOTb.

[Ile omHUM MPEACTAaBHUKOM TPYIH Xap4OBHUX J0OABOK, IO TOCUTH YaCTO
3yCTpPIYa€ThCS B Cy4acHi Xap4yoBiil MPOMHUCIOBOCTI € HITpUT HaTpito (NaNQOy).
Y BigmoBigHOCTI 10 Kiacudikaiii xap4oBux go0aBok, E250 HamexuTs 10
KOHCEPBAHTIB, SIKUM IPHUCBOIOEThCS iHAEKC E200-E299, 30kpemMa 3a XiMidHOIO
OymoBor0 XapuoBi mo6aBku i iHAeKcoM E240-259 nanexats no Hitpatis [100-
101]. 3acrocyBanus go6aBku E250 B kpaiHax €Bpormeiicbkoro Corozy Oyio
no3BojieHo y 2011 p. BianoinHo 1o [loctaHoBu €BponelcbKOro TOBapucTBa 3

oesnekn xapuoBux gob6aBok Ne 1129/2011. BinnmosigHo no aanux HaykoBoro
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KoMiTeTy 3 xapuyoBux npoaykTiB (SCF) ta CHnuibHOro €KCrnepTHOro KOMITETY
OAO/BOO3 3 xapuoBux n06aBok (JECFA) mpuiiHATHOIO IIOJEHHOIO 0300
st HiTpuTiB € 0.06-0.07/kr macu Tina grogunau [102].

Hitput HaTpito MHUPOKO 3aCTOCOBYETHCS [l BUTOTOBJIEHHSI KOBOACHUX Ta
IHIIMX M SICHUX TMPOAYKTIB 32 pPaxXyHOK YTBOPEHHS HITPO3UIMIOTIOOIHY
(NOMD), mo Hagae iM XapakTEpHOrO0 POKEBOr0O KOJILOPY Ta apoMary, a TaKOxXK
BOJIOJII€ 3AAaTHICTIO J0 mnpurHideHHs po3poctanHs Clostridiumbotulinum Ta
IHIIUX Xap4oBUX 30YIHHUKIB, THM CaAaMHUM 3aTPUMYIOUYH OKHCITIOBAIBHI MPOIECH
Ta MPOJIOBXKYIOUHM TepMiH 30epiranns nmpoaykris [103].

Kpim Toro E250 mmpoko 3acTocyeTbcs MPU BUTOTOBJICHHI OapBHUKIB,
a30THCTUX CHOJYK Ta XIMIYHHUX PEUYOBHH, IO MOXXYTh OyTH BHKOPHCTaHi Ha
BUPOOHUIITBI TymMu. KpiM mepeBar HITpUTY HATpPilO Y XapyoBiil Ta 1HIIMX BUAAX
IPOMUCIIOBOCTEH, BiH BOJIOJI€ 1 IHIIUMU KOPUCHUMH SIKOCTSIMH, BKIIOYAFOUH
foro Jikapchbke 3aCTOCYBAHHS JUIsl PO3IIMPEHHS OPOHXIB Ta CYJIMH, a TAKOX Y
BUTJIAMl AHTUIOTY TpPH JESIKUX XIMIYHUX OTpyeHHAX. Hespakarounm Ha 11e,
IpPOBEACHI JIOCTIPKEHHS TIO0Ka3yloTh HasBHICTH y E250 iHmykoBaHOi
TOKCUYHOCTI Ha BHYTPIIIHI OpraHd TIPA TOCTPOMY BIUIMBOBI BHUCOKHUX
KOHIICHTpAIlii a00 MpU XPOHIYHOMY — HaBiTh HU3bKUX 703 NaNO; [104].

XapuoBa nmoOaBka E124, takox Bimoma sik Ilonco 4R, Hamexuth 10
apOMaTUYHUX TETEPOIMKIIYHUX CIOIYyK Ta € XapyoBUM a300apBHUKOM
SCKPAaBO-YEPBOHOTO KOIBOPY, SKUH MPU TOEJHAHHI 3 IHIIUMH OapBHUKAMH
MO>K€ YTBOPIOBATH 1Ty namiTpy KoiabopiB [105]. B ocHOBHOMY 3acTOCOBY€ETHCS
B KOHAMTEPCHKIA MPOMHUCIOBOCTI JJIS HAJaHHS TOPTaM 1 TICTEYKaM TapHOTO
30BHINTHBOTO BUTJISIY, ajleé TAKOK MOKe OyTH BUKOPHCTAHO JJISI BUTOTOBIICHHS
KOHCEPBOBAHUX M SCHHX MPOAYKTIB Ta KOHCEPBOBAHUX (PPYKTIB, MO TOCHUTH
9acTO BTPAYArOTh KOJIp MPHU XIMIUHIN Ta TepMidHii 00OpoOIIi.

E124 no3ponenuit B Ykpaini, A3ii, Pocii Ta aeskux kpainax €C. Ane B
uuomy psal kpaid, 3okpema CIIA, ®@innsuaii, Hopserii Ta iHmwux ITonco 4R
HaJeXUTh JO TMepesliKy 3a00pOHEHUX CIOJNYK, OCKUIBKM PsJl HayKOBHX

JTOCTIIKEHb MOKa3ye, 110 BiH BOJOJIE KAHIIEPOTEHHUMH BIACTHUBOCTIMH, TOOTO
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MOK€ BUKJIMKATH MOSABY 3JI0sKICHUX HOBOYTBOpeHb [106]. Kpim Toro, xap4yosa
nob6aska E124 Moxe NpU3BOAUTH 10 BUHUKHEHHS aJepridyHUX peakiiid,
aHa(UIaKTUYHOTO IIOKY Ta CHOPHUSIE 3aTOCTPEHHIO Nepediry OpoHXialbHOT aCTMHU.

Jlo6oBa gomyctuma no3a Ilonco 4R cranoButk 0,7 Mr/kr macu Tina y
BIIMOBIAHOCTI 10 pimeHHs 2009 poky €Bpomneichbkoro areHTCTBa Oe€3MeKH
XapyoBHUX MPOAYKTIB. X04a 3acTOCyBaHHs xap4yoBoi no6aBku E124 B xapuoBiid
POMHCIIOBOCTI  JIO3BOJICHO, BOHa € KAaTeTOPUYHO 3a00pPOHEHO TpH
BUTOTOBJICHHI1 JIIKAPCHKUX 3aCO0IB.

[ToBimoMIISIETBCSI, IO BXKMBAaHHS Xap4yOBHUX JOOABOK MOJKE BILTMBATH Ha
0COOJMBOCTI TMepediry mpolieciB aganTailii g0 Pi3HOTO POy MOAPa3HHKIB. Y
BIJIMOBIIHOCTI 10 PE3yJbTaTiB JOCIIKCHb MPOBEICHUX BITUM3HAHUMU
HAYKOBISIMH OyJI0 BCTaHOBJIEHO, IO 3aCTOCYBaHHS KOMIUICKCY XapyOBHX
n00aBok (TiyTamar Hatpito, HiTpuT HaTpito Ta [loHco 4R), y crnpuilHATIMBUX
703aX, Ma€ BIUIMB Ha IIOBEIIHKOBY pEAKII0 MiAJAOCIIIHUX TBapuH. byro
BUSIBJICHO, III0 BXX€ 3 TMEPIIOrO THIXKHS CIOCTEPEKEHHS IIypH BiTdyBalld
HiIBUIIEHY TPUBOXKHICTh, CTpaX, MPUTHIYEHHS aJalTUBHUX PEAKI(iIH, 3HUKEHHS
AKTUBHOCTI Ta TIOPYIICHHS EMOIIHHOTO CTaHy, 10 MOCKIIOBANIoCA A0 16 TxKHA
excriepumenty [107].

HesBaxkaroum Ha Te 110, TJIyTamMaT HATpiro, HITPUT HaTpito Ta [ToHco 4R
MOXXYTh MPU3BOIUTH JI0 TTOSIBH MOP(HO(DYHKITIOHATBHUX 3MIH PI3HUX CHUCTEM Ta
OpraHiB, HaWOUIBII TPHUIIUIPHO BOHW BIUIMBAIOTh HAa TaCTPOIHTECTHHAIBLHUN
TpakT. [IpoBeneHi yKpaiHCBKMMH HAYKOBIIMU JOCIIHPKCHHS TOKa3ylOTh, IO
KOMITJIEKC JIaHMX XapuyoBUX J00AaBOK TPHU3BOAWTH JO CTPYKTYPHHX Ta
METPUYHUX 3MIH JHaNUIyHKa ImypiB. Ha 4 TwKHI JOCTIIKCHHS BHUSBIICHO
rineprijparaimito Ta MOPYIICHHS MIKPOIMPKYJIAIii B yciX MeMOpaHaxX CTIHKH
NUTYHKA, a Ha TMI3HIX CTalisSX CIOCTEPEKCHHS — BITHOBIECHHS METPUYHUX
MMOKAa3HUKIB y M’S30Biii Ta Ccepo3Hili 000JIOHKaX, B CIW30BiH 00OJIOHII
BUHHUKAIOTh JECTPYKTHUBHI SBHUIA, a B MIJCIM30BOMY IIapi — BHUpPaKeHa

iH}bTpanis serikoruTis [108-109].
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[IpoBeneHuii HaMu aHali3 JITEPATYpHUX JKEpeNl MOKazye, 10 TOHKUM
KHUIIICYHUK, SKUH BIAMOBIA€ 32 OCTATOYHE PO3IMICIIIICHHS MMOKUBHUX PEUOBHH, a
TaKOX BCMOKTYBaHHS MPOAYKTIB iXHbOro oOMiHy o jimpu Ta kpori [110]
TaKOX € MIIIEHHIO BIUIUBY Xap4YOBUX J100aBOK.

B TOHKOMY KHIIEYHHKY 32 paxXyHOK KHIITKOBOTO COKY, (D€pPMEHTH SIKOTO
(GYHKIIIOHYIOTh B CIA00-JIy)KHOMY CEPEIOBHIIN, BIIOYBAETHCA MOJATIBIITUN
(micns uutyHka) miporiec TpamieHHs. CTiHKa 1HOro BiAJAUTY MITYHKOBO-
KHIITKOBOTO TPAKTY CKJIAJIAE€THCSA 3 TPHOX OOOJOHOK: CIM30BOI 3 IMiJCIH30BOIO
OCHOBOIO, M’5130BOi Ta cepo3Hoi. Cim3oBa 00OJIOHKA TPEJCTaBlIeHA YOTHPMA
IIapaMu: eritesiieM (OJHOIIAPOBUM IHJIIHIAPUYHUM), BJIACHOI IIIACTHHKOIO
(YTBOPCHOIO TYXKOK CIOJYYHOK TKAHHHOK), M SI30BOK0  IIJIACTHHKOIO
(moOy10BaHOIO 3 MIAKUX MIOIUTIB) 1 MiICIN30BOI0 OCHOBOO [111].

[Tics mepopaabHOTO BBEJACHHS IIyTaMaT HATPIlO MiIIA€ThC OKUCIICHHIO
B EHTEPOLIUTAX TOHKOTO KMIIEYHUKA, SKI BUKOPUCTOBYIOTH HOTO SIK JIXKEPENO
eneprii [112]. Takum 4yuHOM, JNHIIE HEBEJIUKA WOTO KUIBKICTh BUSBISETHCS B
KpOBI 1, MIBUAIIIE 32 BCE, 11¢ BiIOYBaeThCcs B pe3ynbTaTi Karabomnismy E624 min
BIUTMBOM aKTHMBHOCTI TJIFOTaMIHA3U KHIIIEYHUKA, & HE BHACIIJOK BCMOKTYBaHHS
xapuoBoro riyramary. Iliciasi oKHCIeHHs TiyTamaT Jajii MepeTBOPIOETHCS Ha
1HIIT aMIHOKHCIIOTH a00 BUKOPUCTOBYETHCS SIK IMOMEPETHUK JJIsI CHHTE3Yy Pi3HUX
OioakTuBHUX cronyk [113].

PesynpTaT  eKCIEpUMEHTAIbHOTO  JOCHIKEHHS Ha  IIypax 13
3MOJIYJTIOBAHOIO 1IIEMI€0 TOJIOBHOTO MO3KY, SKHM BHYTPIIIHHOOUYEPEBEHHO
BBOJWIM TJIyTaMaT HATpil0, TMOKazalu 1o XapuyoBa nobOaBka E624 Bimirpae
3HAYHYy POJIb B MpOIEcax Mepediry mocTimeMiYHHUX 3alalbHUX PEAKIlid SIK Y
TOHKOMY KHUIIICYHUKY TaK 1 B TOJIOBHOMY MO3Ky [114].

BoxvBaHHS Xap4OBHX MPOAYKTIB, IO MICTATh TUIyTaMaT HATPil0 MOXe
COPHSITH 3MEHIICHHIO KUTBKOCTI Ta YKOPOYEHHIO EHAOIIa3MaTHYHOTO
PETUKYIIYMY CIM30BOi OOOJIOHKA TOHKOTO KHIIEYHUKY, 1[0 MOXKE MPU3BECTH 0
nucyHKIli  emiTeniio, 10, B CBOIO 4Yepry, BHUKIHUKAE MOPYLICHHS

(yHKIIIOHYBaHHSI ~ KUIIKOBOrO  Oap’epy  4epe3  OOMEKEHHsS  Macaxy
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Mpo3anajbHUXareHTiB Ta/abo 3MiH mpoueciB adcopoiii [115]. V 3BuvaitHux
yMOBax CJIM30Ba OOOJIOHKAa TOHKOTO KHUIIIEYHUKA SIBJSIE CO00I0 OallaHC MIX
KIITUHAMH, $KI PO3MHOXYIOTbCSI 1 TUMH, fAKI NIAAAIOTBCA anonTo3dy abo
Hekpo3y. JlocnipkeHHs, SKI BUBYAIOTh JaHl MPOLECH MOKa3yloTh, 110 CIM30BA
000JI0OHKA JOCUTH YyTJIHBA A0 OKUCHOTO CTPECY, SIKUH Biirpae Ba)IJIUBY POJb B
IHAYKYBaHHI MPOLIECIB MOUIKOH)KEHHS CIM30BOTO IIapy, SIKE B MOXE CTaTu
OpUYMHOI0  OakTepiaibHOi  TpaHciokanii. TakuM  4YMHOM,  MiJBHILEHA
NPOHUKHICTh CJIM30BOi OOOJIOHKM TPU3BOJIUTH JO TOpyHIeHHS Oap’epHOI
¢yHKIIi, BHACIIIOK dYoro OakTepiajibHl TOKCMHM MOXYTh BUKJIMKATH
€H/IOTOKCHKO3 1 B TIOJIATBIIIOMY CITPOBOKYBAaTH PO3BHTOK CHHAPOMY CHCTEMHOI
3amajpHOi peakiii. Bimomo, mo BTpara CTPYKTYpHO-CIM30BOTO Oap’epy Ta
IMyHHa aKTHBHICTh TOHKOTO KHUIIIEYHUKA BIAMOBIAAIOTh 3a 30UIBIICHHS
(GyHKIIIOHATBHOT MPOHUKHOCTI Ta OakTepiaabHOI TpaHcaokairii [116].

BoxuBaHHS HITPUTIB, 30KpeMa HITPUTY HATPII0 BUKJIMKAE TOMITHI 3MIHU
MOpPGOJIOTii KITITUH TOHKOTO KHIIEYHHKA Ta PI3HUX OIOXIMIYHHMX THapameTpiB.
[nnykoBane NaNO; MOIIKOMHKEHHS €MiTeTaJbHUX KIITUH KHUIIEYHHUKA MOXKE
BIUTMHYTH Ha (I310JIOTiI0 KHUIICYHUKA TaKUMU crocobamu: 1) 3HMODKEHHS
akTUBHOCTI ¢epMeHTIiB Ta 3aranbHOi AT®d-azu 3MeHITye BCMOKTYBaHHS
MOKMBHUX PEYOBHH, OCOOJIMBO IIYKPIB Ta aMIHOKHCJIOT JIO €IITENII0 TOHKOI'O
KHIIIEYHUKA, 10 MPU3BOAUTE 0 CHOBUILHEHHS IPOIIECIB MPOAYKIli eHeprii; 2)
3MiHa aKTUBHOCTI (DEPMEHTIB BYTJIEBOJIHOTO OOMIHY BIUITMBA€E HA BUKOPUCTAHHS
TJIFOKO3W €HTEPOLUTAMHU Ta MOTIPIITY€E KUIIKOBUH TIIOKOHEOTEHE3, IKUH BiJirpae
KIIOYOBY pOJb B EHEPreTUYHOMY TOMeocTasi; 3) 3HIKEHHS OKCHUAAHTHOL
€MHOCTI EHTEpOLUTIB Yepe3 TMOpPYIICHHS iX (EepMEHTAaTUBHUX Ta HE
(dbepMeHTaTHBHUX KOMITOHEHTIB 301IbIITyE CIIPUHHSATIMBICTD 0 OKUCTIOBATBHOT
ataku; 4) ypaxenus JHK pi3Hoi npupoau MOXyTb BUKJIMKATH T'€HETOKCHUYHI
Ta/abo0 MyTareHHi eQeKTH, SKi MOXYTh BUKIHUKATH pak. OKUCITIOBAILHUN
CTPECOBUHN CTaH BBAXKA€TbCSI OCHOBHHUM €TIOJOTTYHUM (PAKTOPOM y PO3BUTKY
psAly 3aXBOpIOBaHb KuileyHuka. KpiM mopymieHHs (i310JI0TYHUX MPOLIECIB B

EHTEPOLINTAaX, HITPUT HATPIIO0 BUKIMKAE MOPQPOJIOTTYHI 3MIHU EMITEN1I0 TOHKOTO
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kumieyHuka. [lig yac MIKpOCKOMIYHOTO JIOCHIKEHHST 3a0apBlEHUX 3pi3iB
JABaHAAUATUNANOI KUIIKK mmicias BxuBaHHA NaNOj, Oyno BHUSIBIEHO MHOMITHI
3MiHH, 30KpeMa JiM(pouuTapHy 1HYUIBTPALIIO Ta 3aCTii y BIACHIM MJIACTUHIII Ta
BOTHMILIEBUI HEKPO3 EHTEPOLMTIB, pO3TAIIOBAHMX B amiKajibHIA o00MacTi
BOPCHHOK KuIIeyHHKy [116-117].

B pesymbTari eKCHEPHUMEHTAIBHOTO JOCHIDKCHHS JOBEICHO, IO
3aCTOCYBaHHS XapyoOBUX MPOJYKTIB 30araueHUX HITPUTOM HATPilO MPU3BOJIUTH
710 TIO3UTUBHOT'O POCTY MyXJIMH TOHKOT'O KHUIIICYHUKY, HA BiIMIHY BiJ] TOBCTOTO
KUAIIECYHWKA, JI€ JaHWHA Xap4yoBHM paIllioH MaB NPOTWICKHUHA e(EeKT, TOOTO
3MEHIIIUB KUTBKICTh HOTo ypaxeHs [118].

Kpim Bumie BkazaHux 3MiH XapyoBl J00aBKM 3HAYHO BIUIMBAIOTH Ha
MIKpOOIOTy TOHKOT'O KHIIEUYHHKA. Bigomo, 1o Moaymsiis Mikpodiopu
KAIIEYHWKA  TiJ  BIUIMBOM  KBEPIIUTHHY  3amobira€  MmporpecyBaHHIO
a0TOMIHAJILHOTO OKHUPIHHS BHUKJIMKAHOTO B)KHBaHHAM riryTamaty Hatpiro [80].
Kpim meoro E621 y moemHaHHi 3 Ji€TOr0, 30aradyeHoro JimigaMu, 30UIbIIye
PI3HOMAaHITHICTh MIKpoduIopr KuIledHHWKa Ta Moaudikye il ckiag, a TakoX
cripusie KoJioHI3aI(ii OakTepid, MOB’sA3aHUX 3 MpollecaMud OOMIHY eHeprii B
racTpoiHTeCTHHAILHOMY TpakTi [119], Xoua olHOYACHO MOYKE CTaTH MPUUYHNHOIO
BUHUKHEHHS auc6iody [120]. 3miHm KUIIKOBOI MIKpOGJIOpH, TMiJ BIUIMBOM
HAJMIPHOTO HAJIXOJKCHHS HITpaTiB, BEAYTh N0 mopymieHHs yTrBopeHHs NO B
KHMIIICYHHUKY, 110 BIUIMBA€ Ha Je3aMiHyBaHHS aMIHOKHCIIOT Ta iHII OOMIiHHI
npouecu [121]. IHmii mocmimKeHHS MOKa3yloTh, IO XapyoBi JTOOABKH MalOTh
BIUTMB HA TIABUIICHHS BMICTY TMpO3amajbHUX KHUIIKOBUX  OakTepii
Bacteroidestaiotaomicron Ta Enterococcus faecalis, mnpum omHOYacHOMY
3HIDKEHHA piBHA mpoTtm3ananbHuX mTamiB Clostridium tyrobutyricum uwm
Lactobacillus paracasei, 1m0 BIIMBa€ Ha IUTICHICTH CITM30BOi 000JIOHKH TOHKOTO
KHIICYHNKA, & TAKOXK HOr0 IMYHOJIOTTYHY pEaKTHBHICTH [122].

BucnoBku. [IpoBeeHunii HaMu aHajli3 BUSBUB HAABHICTh HU3KU HAYKOBUX
pOoOIT, MPUCBSYEHUX BIUIUBOBI TNIyTaMaTy HATpito, HITpUTY HaTpito Ta [Tonco 4R

Ha TOHKHMH KHUIIIEYHUK. Pe3ynpTaTd MOKa3yloTh, IO III Xap4yoBl JT0O0AaBKH
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BUKJIUKAIOTh 3MIHM MOP(]OJIOTIYHOI CTPYKTYpH, mepediry (i3ionoriyHux
MPOLIECIB Ta CKJIaAy MIKPOOIOTH BIAMOBIJHOTO BIIULY TaCTPOIHTECTUHAIBHOIO
TpakTty. HaykoBux poOiT, 110 OMUCYIOTh 3MIHM TOHKOI KMIIKH TiJ] BIUIMBOM
OJIHOYACHOTO BBEJCHHS KOMIUIEKCY XapdyoBHX J00aBOK (TJIyTamaT HaTpio,

HITpUT HaTpito Ta [ToHco 4R) BusiBneHo He Oyio.
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3.6 BinTBOpeHHs eKCNIePUMEHTAJbHOI MO/iei BIVIMBY HA NMEYiHKY rocTPOro
cTpecy HUIAXoM (ikcauil mypiB 32 INMHHY CKJIAIAKY.

Beryn. He 3Baxkarounm Ha TpuBally ICTOPII0O CBOIO BUBYEHHS,
npoOJeMaTuKa CTpecy 3allUINaeThes akTyanpHO mnoHuHI [123]. Criagna
€KOJIOTIYHA CHUTYyalis, COLaJIbHO-€KOHOMIUHI Herapa3id, NPUCKOPEHHS PUTMY
KUTTS Ta 30UIbIIEHHS 1H(OPMAIIHHOrO HaBaHTAXKEHHSI CIIPUSIOTh BUHUKHEHHIO
Ta PO3BHTKY B OpraHi3Mi Cy4acHOI JTIOJUHU TOCTIHHOTO HANPY)KEHHS, TIPOSBOM
IKOTO € cTpecoBa peakiis. CtpecoBi peakiii, 1Mo cpopMmyBalucs B XOl
CBOJIIOIIIHHOTO  PO3BUTKY, IPYHTYIOTBCS HAa  HEUPO-CHIOKPUHHUX i
METa0OIIYHUX 3PYIICHHSX, 5Kl 3 SBJISIFOTHCA M1/ BIUTUB PI3HOMAHITHUX €K30- Ta
EHJOTCHHUX TIOJIPAa3HUKIB, 1 € JJI JKUBUX OpraHi3MiB BcCe3arajibHOIO
CYKYITHICTIO 3aXHMCHHMX 1 YIIKOJKY BaJbHHMX MEXaHi3MiB. Y Tpoleci €BOJIOIT
CTpeC BHHHMKHYB SK Ba)XJIMBa JIaHKa MPOIECY ajanTallii, IpoTe TpUBaja YH
HaJMipHA CTPECcOBa PEeaKI(isi MOXKe CTaTh OCHOBOIO MATOr€HETUYHUX MEXaHI3MIB
HaWpI3HOMAaHITHIIOI maTojiorii. Hax BHUBYEHHSM MeXaHI3MIB BHHHKHECHHS,
PO3BUTKY Ta TMepediry CTPEeCOBUX peakilii, IMOIIyKOM HOBUX METOJIB
MiBUIICHHS PE3UCTEHTHOCTI JO0 HHUX, PO3POOKOI CydacHHUX 3axoMdiB i3
3ano0iraHHsS BUHUKHEHHIO Ta JIIKYBaHHsS CTPECOBOI MATOJIOTIi HUHI MPaIIOIOTh
HAyKOBIIl PI3HUX CIEMiaIbHOCTeH. BUBYEHHS BIUIMBY CTpeCy Ha JKHBUU
opraHisM 0e3 BHUKOPHUCTAHHS €KCIICPUMCHTAIBHUX JOCIIIKEHb Hapasi
HEMOXXIIMBE. ICHYe HHM3Ka CIIOCOOIB MOACIIOBAaHHS TOCTPUX CTPECOBUX PEAKITIN
y OpraHi3Mmi IiJI0CTIAHIX TBApUH, ajie TIepeBary HamMararThCs BiIAaBaTH THM,
AKI € TPOCTUMHU Yy BHUKOHAHHI, HE TOTPEOYyIOTh CKIATHOTO UM BapTICHOTO
oOnamgHaHHS, BIANOBIOAIOTH OIOETMYHHUM BHMOraMmM. Takolw  MOJEIIIO
BIITBOPEHHS TOCTPOi CTPECOBOi peakilii € ikcamis 3a MHUHHY CKIAAKYy Y
MUIIICH, siKa He TIOTpeOye 3HAYHUX BUTPAT Ta € HECKJIAJHOI y BUKOHaHHI [124].
AJle Ha ChOTOJHI Maji0 BIAOMOCTEH NP0 BUKOPHUCTAHHS I1€1 METOIUKHU IS
BIITBOPEHHSI TOCTPOi CTPECOBOI peakilli y UIypiB; 30Kpema, JJisi BUBUCHHS
BIUIMBY IMMOOUII3AIIITHOTO CTpecy Ha MEYiHKYy B po0OTax OCTaHHIX POKIB

BUKOPHUCTOBYBaIIMCS iHIII Mozeni [125-127].
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Meta nocaimpxennsi: Ha nizcraBi MopdonaoriyHux JOCHIIKEHb BUBUUTH
BIUIUB HAa IMEYIHKY OUIMX ILIypiB EKCHEPUMEHTAJIbHOI MOJEel BIATBOPEHHS
roCTpOro IMMOOUITI3aiHOrO CTpECy HUISXOM aTpaBMAaTHYHOIO IMiJBIIIYBAaHHS 3a
MIMIHY CKJIAJIKYy IPOTITOM 6-TH TO/AMH.

Marepiaa Ta MeTOAM AOCTIKeHHS. Y BIANOBIIHOCTI 3 MI>KHAPOIHUMHU
010€TUYHUMHU NPUHLMIAMH, POOOTa BHUKOHAHA 13 JOTPUMAHHSAM IMOJIOKEHb
€Bporelcbkoi  KOHBEHIlII IMIOAO 3aXUCTy XpeOETHHWX  TBapWH, SKUX
BUKOPHUCTOBYIOTh B €KCTIEPUMEHTAIBHUX Ta IHIINX HayKoBuX HuIsIX (CtpacOypr,
1986p.), AupextuBu Pagun €Bpornu 2010/63/EU, 3akony VYkpainu Ne 3447-1V
«IIpo 3axuCT TBapuH BiJ )KOPCTOKOTO IMOBOKEHHS.

Hocnimkenas npooauiaocs Ha 20 OUTuX mIypax-caMIisix, Maca Tijia SKUX
cranoBmwia 240-260 rpamiB, Bik— 8-10 wmicsmis. IlypiB yrpumyBanu B
CTaHJAPTHUX YMOBaXxX BiBapiro akajeMmii Ha 3BUYaliHOMY pailioHi. TBapunu Oymiu
posmnoniieni Ha 2rpynu, 1Mo 10 ocoOuH y koxHii. [lepiry, KOHTPOJIbHY,IPYITY
CKJIaJIM I1HTaKTHI TBapWUHHU, SKI HE 3alydyaJucs [0 MPOBEIEHHS KOTHUX
eKCIIEpUMEHTIB M JTOCHIAIB.Y Apyrid, eKCepuMEHTaNIbHIM, TpyIi nepedyBaiu
IIypH, K1 3a3HAJIM BIUIUBY TOCTPOTO IMMOOLITI3AIIITHOTO CTPECY.

3a OCHOBY
BiJITBOPEHHSICKCIIEPUMEHTAILHOIMOIEIIIrOCTPOTOIMMOO L1132 1IIHHOTOCTPECYOYITO0
obOpaHo(ikcarito 3a MHUHHY CKIAAKY. [3 Ii€l0 METOI0 HEHAPKOTU30BAaHUX IIYpPiB
IMMOO1TI3yBalld IIJISAXOM IMIJBIIIYBAHHS 3a IMUWHY CKIAIKy aTpaBMaTHYHUAM
3aTHCKayeM HpoTsaroMm 6 ronuH. ExciepuMeHT mpoBOAUBCS HaTmiecepie 3 9 1o
15 rogunm.

EBrana3zis TBapwH 37iHCHIOBAJIAcS ACKAMITAIIEI0 Yepe3 2 TOAWHU IMiCIs
3aBepiieHHs (ikcarii. BHyTpinmtH004epeBUHHNI HApKO3 MPOBOIWBCS IIISTXOM
yBeneHHs: tionmeHTtany Harpito (50 mr/kr wmacwurima). Ilicnms  eBranHasii
NPOBOAMIIOCA PO3KPUTTS YEPEBHOI MOPOKHMHM, OIVISA TMEYiHKM Ta 3alip
Marepiany JJsl ricToloriyHoro pociigxkeHHs. [IIMarouku nedinku (ikcyBanu y
10% po3uuHi Gopmaiiny; MicJas BIAMOBIIHOTO MPOBEASHHS Yepe3 3pOCTAr0vOi

KOHIIGHTpAIlli CNHUPTH, IX MNOMIATU B mapadiH 3a 3BUYAHHOIO METOJIMKOIO.
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Mikponpenapaty 3a0apBIOBaId FeMAaTOKCUITHOM Ta €03UHOM.

PesyabTaTtH nociimxeHHss Tta ix od0roopeHHs. IIpoBenenuii, micis
PO3KPUTTS YEPEBHOI MOPOKHUHU, OIS/ MEYIHKU BI3yaJbHUX BIIMIHHOCTEH Yy
IIypiB €KCIIEPUMEHTAIbHOI TPYNU BiJ KOHTPOJbHUX HE BuUABHUB. l[loganbiie
MIKPOCKOTIIYHE BUBUCHHS TIpernapaTiB neuinku mypis 11-oi rpynu nokasano, 1o
Ha TICTOJIOTIYHOMY PIBHI €KCIIEpUMEHTAJIbHA MOJIEIbh BIATBOPEHHS TOCTPOIO
IMMOOLTI3afHOTO CTpeCy MUIAXOM aTPaBMATHUYHOIO MiJABINIYBAHHS 3a IIUUHY
CKJIQJIKy TPOTATOM O-TH TOAMH BHUKJIUKAE CYTTEBl 3MiHH. OcCOOJMBO BOHU
MPOSIBUIIUCA Ha PIBHI KPOBOHOCHOTO pycjia MediHKU. Tak, Biamidanocs
MMOBHOKPOB S Ta SIBUIIA TPOMOO3Y MIDKUACTOYKOBHX BeH (pHuc. 25). llenTpanbHi
BEHU TaKoX OyJIM TIOBHOKPOBHHMH, BIAMIYAIOCS 3HAYHE PO3MIMPEHHS

MEPHUCHUHYCOITHUX TPOCTOPIB (pHC. 26).

Puc. 25. TloBHOKpOB’S  MDKYaCTOYKOBHUX BE€H 3  SBUIIAMH

TpoM603y.MikpodoTo. 3abapBieHHs remaToKcuiaiH-eo3uH. 30. X 100
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Puc. 26. [ToBHOKpOB’Sl LIEHTPaJIbHOT BEHH 3 PI3KUM PO3LIUPEHHIM IMepu

CUHYCOIiTHUX MpocTopiB. MikpodoTo. 3abapBiaeHHS T€MAaTOKCHIIIH-€031H. 30. X
100

3MiHM Ha pPIBHI TE€MOMIKPOLUHUPKYISTOPHOTO pycia XapaKTepu3yBaJuCs

MPOSIBAMU 3aCTOI0 KPOB1 Ta CNa/KyBaHHA Yy OUIBIIOCTI CUHYCOITHUX KaIiIspiB

(puc. 27).
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Puc. 27. BinbuiicTe CHHYCOiTHUX KamiIspiB 3 SBHILAMHU 3aCTOIO KPOBI Ta
cnamkyBanHs. Mikpodoto. 3abapBiieHHs reMaTOKCUIiH-e03uH. 30. X 400
[lepuBackynsipHO Ta B TOPTATbHUX TpaKTaxX BUSABJSUIMCS  SIBUIIA
iHGUIbTpalli  TKAHUH  CETMEHTOSJEPHUMHU  HeWTtpodiiaMu, a  TaKoXK
Makpodaramu, JiMEPOIUTAMH.
3MIHM BU3HAYaJIMCsA 1 B KIITUHAX TIEYIHKHU: SBHUIA KapiOMiKHO3Y,
cyOkancynsipHuii (hOKaJIbHUI KOJIKBAI[IWHUM HEKPO3 B OKPEMHX T'elaTOIUTax,
riiporniuHa auctpodis B TemaTolHTax, PO3MIMICHUX Mo nepudepii 4acTouok

nevinku (puc. 28).

Puc. 28. SIBuma kapiomikHO3y B OKPEMHUX TemaToluTax, Ha nepudepii
94aCTOYOK TEeMaTOlUTH 3 TiApomniuHo0 auctpodiero . Mikpodorto. 3abapBieHHs
reMaTokcuiIiH-eo3uH. 36. x 400

TakuM 94MHOM, BUKOPUCTAHHS €KCIIEPUMEHTAIBHOI MOJIEIi BiITBOPCHHS
rOCTPOro IMMOOUTI3aHOTO CTpECy MUISXOM aTPaBMATHYHOTO ITiIBITYBaHHS 32
HIMHHY CKJIAJKy Y MEYiHIl I[ypiB €KCIIEPUMEHTAIbHOI TPYNH BUKIUKAE CYTTEBI
MOpdoJIOTiuHI 3MiHH, MOJIOHI O THX, 1[0 BHHUKAIOTH ITiJl BIUTUBOM (ikcarrii
IIypiB y TOJIOKCHHI Jiekadn Ha cruHi [125-126]. Bukonane mociiKeHHS
JIOBOAWTh BUHUKHEHHS CTPYKTYPHHMX 3MIH y TEYIHLI MiJ BIUIMBOM TOCTPOi

CTpecoBOi peakuii, a TakoX e(EeKTHBHICTb EKCIIEPUMEHTAIbHOI MOJei
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BIATBOPEHHS y IIYpiB TOCTPOro  IMMOOUII3alHOTO  CTpecy  LUIIXOM
aTpaBMaTUYHOTIO MiJBIIIYBAaHHA 32 IIHIHY CKIAIKY.

BucHoBkn.BruiiB ekcriepuMeHTalbHOI MOJIENl BIATBOPEHHS TOCTPOTO
IMMOO1II3afHOTO CTpecy WUISXOM aTpaBMAaTUYHOTO MIJIBIINIYBAHHS 32 IIMHHY
CKJIQJIKy MIypIB MPOTATOM O-TU TOJMH BHUKJIMKAE Ha TICTOJIOTIYHOMY PIBHI Y
NEeYIHIl MIIAOCHITHUX TBAPUH MOBHOKPOB’S MI)KYACTOYKOBHMX Ta LIEHTPATBHUX
BEH, SBHILA TPOMOO3y, MPOSIBU 3aCTOI0 KPOBI Ta CJIAKYBAHHS Y CUHYCOITHUX
Kamnuisipax, pi3ke po3LMIMPEeHHS NEPUCHUHYCOIAHUX MPOCTOPIB, NEPUBACKYISIPHY
JeHKOUTApHY 1HQUIBTPAIIO, SIBUIIA KAPIOMIKHO3Y, TIPOMiuyHOi JucTpodii Ta
(oKaIbHOrO KOJIIKBALIHHOTO HEKPO3Y B OKPEMUX IeNaTOIUTAX.

IlepcnekTHBM MOAAJBIINX JOCTIIKEeHb. Y TMOJAIBIIOMY IJIAHYETHCA
BUBUCHHS BIUIUBY €KCIIEPUMEHTAIbHOI MOJENI BIITBOPEHHS TOCTPOTO
IMMOO1TI3afHOTO CTpeCcy MUISXOM aTpaBMAaTUYHOTO MIJBIINIYBAHHS 32 IIMHHY

CKJIQJIKy Ha MEUYIHKY IIypiB Ha YABTPACTPYKTYPHOMY PiBHI.
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3.7 Inflammation-related morphological alterations in the microvasculature

Introduction. Microvasculatureis a complex structural and functional
system that regulates blood filling of organs, provides transcapillary exchange
and supports the tissue homeostasis. The human microvasculatureis represented
by the system of small vessels: arterioles, capillaries, venules and
arteriolovenular anastomoses. The vessels of this complex become flexible in
the altered blood flow; they can deposit the blood corpuscles, undergo spasm
and pass plasma only, change their permeability for tissue fluid [128]. The
renowned morphologist V.V.Kupriyanov and his co-authors, who have long
been studying blood microcirculation, came to the conclusion that arterioles,
capillaries, arteriolovenular anastomoses and venules should be considered as a
living substrate but not the passive, inert tubes, that adequately respond to the
physical conditions and chemical agents [129]. Thus, the disorder of blood
microcirculation is one of the main components or internal signs of
inflammation.

The aim. The paper is aimed at the analysis of the scientific publications
on the study of morphological alterations in the microvasculature in response to
inflammation.

Material and methods. The bibliosemantic method has been used during
the study. The findings of current publications on the study of morphological
alterations that occur in the microcirculatory blood flow in response to
inflammation have been analyzed.

Review. Current scientific views present microvasculature as an
extremely sensitive to the influence of various factors, responding to them by
the developed specific or nonspecific reactions. In particular, the acute stress
affects the microvasculature of different internal organs, inducing the
morphological alterations, indicating about its non specificity [130].

Microvascular  dysfunction leads to increased mortality from
cardiovascular diseases and is considered to be a decisive factor in the

development and progression of cardiometabolic and renal pathology.
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Microvascular dysfunction coexists or precedes macrovascular diseases,
presumably due to joint mechanisms of damage to vessels such as oxidative
stress and inflammation [131-132].

Inflammation is considered as body’s response to local lesion, formed in
the process of evolution and is characterized by alteration, disorder of
microcirculation and proliferation, targeting at localization, destruction and
removal of damage agent, as well as regeneration of affected tissues. Alteration,
disorders of blood microcirculation (with exudation and emigration) and
proliferation are the main components or internal signs of inflammation. In
addition, over the foci of inflammation five external (local) manifestations are
observed: redness (rubor), swelling (tumor), fever (calor), pain (dolor) and
dysfunction. Inflammation causes a rapid reaction of the immune system with
the entering of significant amount of immune cells into the foci of inflammation
and increased level of cytokines by dozens and hundreds of times [133-134].

Homeostatic microcirculatory response to infection can be harmful if it is
hyperactive or disregulated [135]. For example, in chronic generalized
periodontitis the state of regional hemodynamics and microcirculation in
periodontal tissues is significantly impaired [136]. In the acute experimental
sialoadenitis the response of microvasculatureto the inflammatory process was
determined during the entire period of the experiment [137]. Inflammation along
with oxidative stress and autophagia are the leading factors of such
microvascular complication of diabetes mellitus as diabetic retinopathy [138].
Inflammatory septic processes can be accompanied by a severe microvascular
dysfunction, which is associated with hyperpermeability of capillaries,
destruction of the microvascular endothelial barrier, arteriolar hypofunction of
vasoconstrictors, lack of adrenergic sensitivity and tone of smooth muscle cells
that line arterioles; lack of antiadhesive function of endothelial surfaces;
decreased density of the perfused capillaries [139-145].

The study of the influence of inflammatory process on the vessels of

microvasculatureof the walls of the fundic portion of rats’ stomach in the acute
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experimental gastritis shows the significant changes in metric values of the
lumen diameter of its elements. In this way, at the early stages of the
experiment, arterioles responded by the spasm, which is a typical reaction of the
resistance vessels on the alteration. The subsequent dilatation of venules was
caused by the hypostatic events in the capacitance vessels and development of
tissue hypoxia [146].

Moreover, ourinvestigationsshow that disorders of blood microcirculation
in rats are one of the main manifestations of inflammation in the acute
experimental gastritis, induced by administration of A-carrageenan, which is
phlogogene by the impact mechanism. Spasm of arterioles in the stomachs of
the experimental animals, morphological manifestation of which was noted
already on the 1% day of the experiment was observed even at the early stages of
observation. Spastic phenomena (the nuclei of endothelial cells protruded into
the lumen; the internal elastic membrane was visualized as the basophilic strip,
which formed numerous high folds) were detected in the arterioles of the
mucous and submucous membranes on the 2" day of the experiment. The
lumina of arterioles were densely filled with blood corpuscles. Numerous
medium lymphocytes were detected in the perivascullar loose connective tissue.
Following the 3™ day of the experiment arterioles were dilated in all membranes
of the stomach. Blood corpuscles were detected in the lumina. The recovery of
the morphological state of the arterioles was observed on the 21% day of the
experiment. The exchange vessels responded to administration of A-carrageenan
by the dilatation from day 2 to day 7 of the experiment, caused, primarily, by the
development of tissue hypoxia in the stomach wall as a result of spasm of the
resistance vessels of the gastric wall. The wall of the capillaries was thinned,
containing no hemocytes in their lumina. The surrounding intersticium showed
morphological signs of hyperhydration. The recovery of the morphological state
of the exchange vessels was observed on the 30" day of the experiment [147,
148].
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The dependence of morphofunctional alterations of microvessels on the
time course of inflammation is also proved by the findings of other
investigators. Morphological analysis of restructuring of elements of
microvasculature of red bone marrow in experimental aseptic peritoneal
inflammation in rats showed that the state of arterioles, capillaries and venules
was also in the direct dependence on the time course of experimental aseptic
inflammation [149].

The change in the diameter of the elements of the microvasculature of the
epinephros, as well as synthetic activity of the adrenal glands, targeting to
combat the inflammatory response, is also in directed dependence on the time
course of aseptic peritonitis. Active response of adrenal glands can be explained
by the fact that they are essential component of neuroendocrine and stress-
adaptive systems and are responsible for implementation and mobilization of the
body’s host defense during the action of various pathogenic factors.
Microvasculature of the adrenal glands is the main link, which, in addition to
changes of the diameter and structure of the walls of its vessels, responds to
inflammation by the leukocytic infiltration of the perivascular connective tissue
[150].

Study of the local reaction of the microvasculature vessels of the small
and large intestine at the early stages of peritonitis (within 12 hours after the
beginning of the experiment) showed moderate dilatation of the venules in the
small intestine mucosa. In the submucous and muscular membrane the
morphometry confirms the fact of the spasm of the arterioles, reduced capillary
blood flow and simultaneous stable dilatation of the venules. Within the one day
after the beginning of the experiment (the reactive stage of peritonitis) a
significant increase in the average diameter of the venules, similarly to the
previous time period of the experiment, and reduce of the average diameter of
the capillaries was detected in the mucous membrane of the small intestine. On
the 2" day of the experimental peritonitis (toxic stage) a paralytic dilatation of

capillaries was observed in the mucous membrane of the small intestine.The
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average size of the venules is significantly greater than the similar value of the
previous time periods of the experiment. Following the 3™ day of the
experimental peritonitis (late stage) spasm of the arterioles in the wall of the
small and large intestine became weaker. Paralytic dilatation of the capillaries of
the villi and crypts was combined with dilatation of the venules, impaired
rheological properties of blood in the form of stasis, sludge, microthrombosis
and changes in the permeability of vascular walls [151,152].

In the acute enteritis the resistance vessels of the small intestine
microvasculature was characterized by the dramatic decrease of the values of the
average diameters of arterioles with maximum rate on the 2" -39 days and
increase with maximum rate on day 15. Their restoration to the values of intact
group was detected only on day 45 of the experiment. In the exchange vessels
the dynamics of changes in the mean values was similar to the arterioles. In
contrast to the resistance and exchange vessels, the acute enteritis causes the
enlargement of the diameters of the capacitance vessels with maximum rate on
day 15-25 with restoration to the values of the intact group up to day 45 of the
experiment [153].

Findingsofanotherstudyshowedthat in the jejunum simulation of the acute
aseptic inflammation of the peritoneum first caused the narrowing of the
diameter of arterioles and capillaries, significantly marked on day 2-3 of the
experiment (p<0,05), followed up by the significant dilatation on day 14 of the
experiment (p<0,05). Thediameter of the venules wassignificantly enlarged on
day 14 of the experiment (p<0,05). In the acute aseptic inflammation of the
peritoneum along with transplantation of the cryopreserved placenta the
diameter of the arterioles and capillaries first became narrower (significantly on
day 2; p<0,05) and then enlarged (on day 3-10; p<0,05) [154]. Experimental
administration of placental tissue causes reactive changes in the
microvasculature of the rats’ red bone marrow, too, manifested by the
significant enlargement or narrowing of the average diameters of the vascular

lumen, especially at the stages of the experiment [155]. In rat’s spleen
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microvasculature affected by experimental acute aseptic inflammation of the
peritoneum, administration of cryopreserved placenta causes marked
morphofunctional changes. In the acute aseptic peritonitis a significant response
of small blood vessels was detected during all time periods of the experiment.
Single administration of cryopreserved placenta was accompanied by the
significant changes in the diameters of the arterioles and capillaries within 2-7
days of the experiment; restoration of the diameters of microvessels to the
values of the control group began already from day 5-7; on day 14 no significant
difference from the metric parameters of the control group was noted [156].

Studies of our colleagues also confirm that experimental aseptic
inflammation, induced by intraperitoneal administration of 5 mg A-carrageenan
leads to disorder of microcirculation in the venules and capillaries of rats’
testicles on day 1 and day 2 of the experiment. Consequently, plethora and stasis
occur and lumen of the vessels is overfilled with blood corpuscles. Static
phenomena in vessels lead to the edema of vascular wall [157].

Thus, publications of the contemporary scientists report about the
significant morphological alterations that occur in the microvessels vessels in
response to the impact of proinflammatory factors.Inflammatory processes are
accompanied by the events of microvascular dysfunction, related to the
increased permeability of capillaries, destruction of microvascular endothelial
barrier, loss of antiadhesive function of the endothelium, etc.Findings of the
majority of analyzed experimental studies show, that at the early stages of
inflammation the arterioles respond by spasm which is a typical reaction of the
resistance vessels on alteration. Subsequent dilatation of venules is caused by
the events of stagnation in the capacitance vessels and development of tissue
hypoxia. Disturbances in the blood rheological properties are manifested by the
stasis, sludge, microthrombosis. Morphofunctional alterations in the

microvasculature are dependent on the time course of inflammation.

Conclusion
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1. In response to experimental inflammation the marked morphofunctional

altarations are detected in the microvasculature of various organs.

2. At the early stages of inflammation they are manifested mainly by the
spasm of resistance vessels and dilatation of the capacitance vessels.
Disturbances in the blood rheological properties are manifested by the stasis,

sludge, microthrombosis.

3. Morphofunctional alterations in the microvasculature are dependent on

the time course of inflammation.
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3.8 Cy4acHi norJsiam moja0 Kopekuii 1e3aJanTUBHUX CTPECOBUX peaKuii
NPU3HAYEHHAM (PJIABOHOBHMX IVIIKO3HIB.

Beryn. Ha choroani nmutanHs momyky i BUOOPY HOBUX €(QEKTUBHHX, a
roJIOBHE, 0€3MEeUYHUX METO/IB MPOPLIAKTUKH Ta JIKYBAaHHS CTPECOBHUX PO3JIaJIiB
MIPOJIOBXKYE 3AIMIIATHACS OJTHUM i3 MPIOPUTETHUX 3aBAAHb JJISI MEIUIHOI HAYKH.
Cepen CTpecnpOTEKTOPHUX 3ac00iB, MmO € (HJIABOHOBUMH TIIIKO3HUIAMH,
OCTaHHIM YacOM JOCIIJHUKHM IOYaJId BiJ3HAYaTH KBEPIETUH — MpernapaTr Ha
POCIMHHIM OCHOBI, SIKHI BOJIOIE MOTYKHOIO aHTHOKCHIAHTHOO Jieto [158].

Metow poGoTH Oyno TMPOBEJAEHHS aHali3y Cy4acHOi HayKOBOi
JITEPaTypH, IPHUCBIYCHOI BUKOPUCTAHHIO KBEPIETHHY SIK CTPECHPOTESKTOPHOTO
3aco0y.

O0’exkt i MeToau gocaigxeHHs. Jlns BukoHaHHS poboTu OyIio
BUKOPUCTAHO O0107110CEMAaHTUYHUM METOJI, TPOAHAI30BAaHO 35 CydacHHX
TTEpaTypHUX  JDKEeped, Yy  SKAX  BHUCBITIIOETHCA  AHTHOKCUAHTHA,
CTPECIIPOTEKTOPHA JIisl KBEPLIETUHY.

Pe3yabTaTu Jo0caiukeHHsi Ta ix oO0roBopenHHsi.Ha crorogni ctpec
3aJIMIIAETHCSI OJTHAM 13 TOJOBHUX YMHHUKIB BUHUKHEHHS 1 PO3BUTKY HH3KH
IICUXOCOMATHYHUX po3lianiB. Ham momrykoM HOBHX NUISAXIB 13 3amoOiraHHs
BUHUKHCHHIO Ta HaJ KOPEKIIEI IMOCTCTPECOBUX 3MIH HAYKOBIll YChOT'O CBITY
IIPOJIOBXKYIOTh BECTH aKTUBHY pPoOOTY, MPO IO CBIiTYaTh YMCIICHHI IMyOsiKarii
OCTaHHBOTO dYacy. Y 0aratbOx 13 HHMX BHUCBITIIOETHCS CTPECHPOTEKTOPHA s
KBEPLIETUHY, SKHA BOJOAIE TOTY)KHUMH aHTHOKCHUAAHTHUMH, a TaKOX
MPOTH3ANAIBHAMH Ta TPOTHITYXJIMHHUMH BIacTUBOCTsIME [159-161].

Ksepuetun € ¢QraBoHONOM, SIKUHA MICTUTBCS y 0aratboX MPOIYKTaX
xapuyBaHHs (Opoxoiti, MU0y, Yail, sITOAN Ta MUTPYCOBi). Y BHIIHUX POCIMHAX
KBEPIIETUH HAWYacTiIe 3YCTpI4aeTbCcsy BUDISAL TIMKO3UAy B dopmi
130KBEpIIETUHY, PYTHHY 1 THIIEPUHY, Kl 3aXHINAIOTh POCIHHY BiJ] OKHCHOTO
ymkomkeHHss [162]. TlomidbenonpHa mpuposa KBEPUETHHY JO3BOJIAE HOMY
BIJIOBIIIOBATH  BUTbHI  pagukamu [163-164]).BiH  mmpoko BIAOMHH 5K

¢iTOXIMIYHA CITOJyKa, IO HAJIUICHA JIKYBaJbHUMHU BiacTuBoCcTsIMH [160].
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[lo3uTuBHI epeKTH B MPU3HAYEHHS KBEPLETHHY CIIOCTEPIratoTh MPH JIKYBaHH1
HEHPOJETEHPATUBHUX  PO3JIANiB, TaKUX SK XBopoObw  Asbnreiimepa,
Xanriarrona, Ilapkincona [163].3a miTeparypHUMU JaHUMHU, (PJIaBOHOIA
KBEPIIETUH MOXE€ OYyTH 3ampolOHOBAaHUN SAK 3aci0,l10 3axUIIae TEYiHKOBI
kiiTian HepG2 Bij OKUCHOTO CTpeCy,NOB'I3aHOTrO 3 Tinepriikemieto [165].

[Ipy nikyBaHHI PEBMATOINHOrO apPTPUTY METOTPEKCAT € IpernapaToM
NIEPIIIOTO PAAY, ajie HOro BKUBAHHS CYNMPOBOIKYETHCS YUCICHHUMH TOOIYHUMU
epexramu. [lapanenbHe mNpU3HAYEHHS KBEPIECTHHY JOCTOBIPHO IMiJCHITIOE
NpOTU3AMaAbHUM e(EeKT Tepamii, a TaKoXK 3MEHIIYE TelMaTOTOKCHYHHWIA BILJIUB
meToTpekcaty(p<0,05)[166].

KBepuernn nopsj i3 TaKUMH PEUYOBHHAMHU POCITMHHOTO TIOXO/KCHHS, 5K
NepUUIUIOBUM cUPT Ta OepOepuH, KOperye MpaBOLLTyHOUKOBI PO3Jaau, IO
BUHUKAIOTh y MIypiB Ha TJII EKCICPHMEHTAJIbHOI JIETEHEBOi TimepTeH3ii, 3a
paxyHOK 3MEHIICHHS 3amajeHHs, anontoly Ta (¢iopo3y; BiTHOIICHHS
AHTHOKCHIAHT-OKCHUIAHT MPH IbOMY 30UIbIIyeThest [167].

Hacriit Sedum dendroidum, 1o MicTUTh KBEPIIETHH Ta iHIII MOIi(pEHOTH
(bnaBoH 0JI0BI MTKO3UAM, MIPHIIETHH, KeMIIPEpoi1) CIpUsA€e TacTPOIPOTEKIIT Y
MO/JIEJISIX TOCTPOT BUpa3Ku IayHKa [168].

TakoX BCTaHOBJIEHO NPOTHU3ANAJIbHUKA BIUIMB KBEPUETUHY, SKHAU
BiIOYyBA€ThCSI YHACHIIOK IHTI0OYBaHHS CEKpeIlii IHTepiehkiny-6 ¢iopodaacTaMu
nereniB moauHu [169]. B ymoBax rimokcii e€heKTUBHICTh Bil MPU3HAYCHHS
KBEPLETUHY /I MPO(PUIAKTUKA OKHCHEHHS JIET€HEBOTO CypdaKTaHTy HaBITh
BHINA HIX y canpOyramony [170]. 3aBasiku aHTHOKCHIAHTHHUM BJIACTHBOCTSIM,
CTaJIO JOIUTBHAM TPHU3HAYEHHS KBEPIETUHY Yy KOMIUIEKCHOMY JIIKyBaHHI PaKy
nereab [171]. KpiMm mporo, kBepueTHH O€3MoCepeHbO Ma€ MPOTUITYXIUHHY
710, OCKUTBbKU 37aTeH 10 perymoBanHs ekcrpecii PPAR-y y xmitmHax paky
nereHiB moguHUAS49 [172]. Jnd TOCWICHHS TEPaneBTUYHOTO e(eKTy

MPOMOHYETHCSI KOMOIHOBAaHa CTpATEris, KOJU TOEIHYIOThCS KBEPLETHH 1

KypkymiH [173].
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Pocnunna niera, Garata Ha KOMIOHEHTHU (DITOXIMIYHUXCIOIYK MOXKE
3a0e3MeYnTH JAOJATKOBY KOPUCTH ISl 3[I0POB's, 32 pPaXyHOK MPOTUIYXJIHHHOI,
AHTUOKCHUJIAHTHOT 1 MPOTU3aNajibHOI aKTUBHOCTI, MOXE OyTH KOPHUCHOIO HE
TUIBKA I8 NpOQUIAKTUKU, ane 1 JJid JIKyBaHHA paky JereHiB. llpuiiom
(b1aBOHOIAIB 3 DKEIO MOKpaIlye MPOLEeCH MEeTaboJi3My MOXKUBHUX PEUOBHUH B
XKUBOMY oprasizmi. CrnocTepekHi KOTOpTHI JOCHIIKEHHS CBiAYaTh PO
HEraTUBHUI 3B'SI30K MK CIOXUBAaHHAM (PJIABOHOIIB 1 PUBHUKOM METaO0OJIYHUX
Ta CEpIIEBO-CYJMHHUX 3aXBOpIOBaHb. Kibka 1HTEPBEHIIMHUX TOCII)KEHb Ha
TOASX ~ TaKOXK  MIATBEpAWIM  KOPUCTh  XapyoBuX  (iaBoHOimiB. B
EKCIIEPUMEHTABHUX [TOCIIPKEHHAX 13 BHUKOPHCTAHHAM TBApUHHUX MOJEJICH
Oyn0 TOKa3aHO, IO IIOJCHHUN paIlioH, OaraTUil TUMOBUMH (IaBOHOITAMH,
TaKUMH SK KaT€XIHU, aHTOIIaHWH, 130()JIaBOH 1 KBEPIETHH, MOKPAILye€ BUTPATU
€Heprii BChbOro Tia, aKTHUBHICTh MITOXOHJpPIM 1 TOJEPAHTHICTh IO TJIFOKO3U.
Xoua BIIUB (hIaBOHOINIB HA HEHPOHU HE 3’5COBaHO, OyJIO MOKa3aHO, 10 JEAKi
(b1aBOHOITM PETYNIOIOTh TEPMOTE€HE3 1 XapuoBY MOBEAIHKY 3a JIOMOMOTOIO
MOJIYJIAIIT BEr€TaTUBHOI 1 IIEHTPaIbHOT HEpBOBOI cucteM [174].

Ha kopucte mnpu3HaueHHs KBEPIETUHY Yy KOMIUIEKCHOMY JIIKyBaHH1
NyXJIUH JIETEHb TaKOX CBLAYUTH MOTO 3aXWCHUW MOTEHIIAl OO
TEMOMOCTUYHUX  YIIKOJKEHb,  BHUKIMKAHUX  T'aMMa-BUIIPOMIHIOBAHHSIM.
Pamiamifino-iHagyKoBaHa TreMO TMOETHYHA  JUCPYHKIA €  OJHIEI 3
HAWUTIOMUPEHINX TPOOIEeM TMPH HE3aIlIAHOBAHOMY OMPOMIHEHHI, a TaKOXK Y
OHKOJIOTIYHHUX XBOPHUX, fAKI OTPUMYIOTH IMPOMEHeBy Tepamito. [IpuzHaueHHs
KBEPILIETUH-3-PYTHHO3UIY nocnaditoe pajiaiiitHo-onocepeIKOBaHe
VIIKO/KEHHSI ~ CENe31HKH, MIHIMI3ylO4M 3aru0enb KITHH 1 CIOPUSIOYH
npomidepartii; BiJHOBIIOE AHOMAJIbHI TICTOMATOJNIOTIYHI 3MiH B KICTKOBOMY
MO3KY KOPEJSIIHHO 31 3HKCHHSIM aronTo3y 1 3MIHOIO PO3MOAUTY KIITHHHOTO
[IUKITy; 3MEHIIYE KUTBKICTh XPOMOCOMHHX alepallii B KICTKOBOMY MO3KY;

BIIHOBJIIOE 3arajibHy KUIbKICTh JICHKOLIMTIB Ta IHTEPJAEUKIHY-6 B CHUpOBATIIl

[175].
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AJe JIKyBaHHS paky JIETEHIB 3a JOMOMOTOI XIMIOTEPaneBTUYHUX
npenapariB Ha OCHOBI (PITOXIMIYHUX CIIOJYK HHMHI Ma€ HENONIKH, MOTpeOye
MOJAJILIIOTO T[PYHTOBHOTO BHUBYEHHS, CTBOPEHHS HOBITHIX CTpaTerii Ta
JIKapCchbKuX GOpM 13 TKAaHMHOCTICIU(IIHOIO, JTOKAIBbHOO Jier0[176-177].

Kpim Toro, oCHOBHUM HEO0JIIKOM KBEPLETHHY SIK JIIKApPCHKOIO 3aco0y €
Horo HU3bKa OIOJOCTYIHICTH MpH MepopaibHOMy mpuitomi [178]. Keepuerun
no0pe pO3UMHHMNA B Jimigax 1 COUpTi, ane abCOJIOTHO HE PO3UMHSIETHCS Y
Boni[179]. Tomy HuU3bKa OIOAOCTYIHICTh KBEPICTHHY MOTPEOyE MOUIYKY
0COOJIMBUX MUISXIB HOTO YyBEACHHS, 30KpeMa, IHTAIALINHOrO y BUIJISII
HAHOEMYJIbCIT JJIs TOCTABKH IMpenapary B TKaHuHy jereHb [180,182].

[IpoGnemaTuka cTpecy y Haml dYac 3ajUIIAE€TbCA  HAA3BHYANWHO
aKTyaslbHOIO. TOMy MOIIYK HOBHX HAIpPSMKIB NPO(UIAKTUKA Ta JIKYBaHHS
MOCTCTPECOBUX PO3JaJIB TOHHWHI 3HAXOJUTh BIIOOpPaKEHHS Yy YHCICHHUX
HayKOBHX mpaiix [173-177].

CydacHi JOCHIKEHHSI CTPECHPOTEKTOPHUX BIACTUBOCTEH KBEPUETHUHY
CBiUaTh, IO 30aradyeHa HHUM JlieTa MoOXe OyTu e(peKTUBHUM 3aco00M
NPUIYIICHHS OKHCHOTO CTpeCcy Ta AaKTUBHOCTI TMPOIECIB KAaHIIEPOTEHE3y B
JOJICBKOMY opraHizmMi.KBeprieTiH Mae aHTHOKCHAAHTHI BJIACTUBOCTI, a TaKOX
aHTUTIPOJIIpEepaTUBHI 1 MPOANONTUYHI €(eKTH 00 MyXJIMHHUX KIITHH; MPHU
IIbOMY MPOOKCUAAHTHI BIACTUBOCTI KBEPLETHHY MPOSBISIOTHCS JHIIIE B yMOBaX
3HIDKEHHS PIBHA BHYTPIIHBOKIITHHHOTO TIyTaTioHy. BiAmoBimHO, HaBITH
HU3bKI KOHIEHTpAIl KBEPIETHHY CHPHUSIIOTH AaKTUBAIll TIyTaTiIOHOBOI
aHTHOKCUJAHTHOI CUCTEMH, B TOM Yac sIK BUCOKI HOro KOHIEHTpaLii MPU3BOAATH
70 amomnTo3y MyXJWHHUX KITUH.KpIM aHTHOKCHJAHTHUX BIACTHBOCTEH,
KBEpLUETHH Ma€ 3AaTHICTh JO PETYNTIOBaHHSA KIITUHHOTO LHUKIY [UIIXOM
MOJICITIOBaHHS JESAKNX OUTKIB-«MIIICHEH» Ha MOJICKYJISIPHOMY pPiBHI, a TaKOX
cupusi€ BITHOBJICHHIO (DYHKIIII aHTHOHKOTE€HHOTOCYyTmpecopa — Oinka P 53, mpu
bOMY HE BIUIMBAIOYM HA 3/I0POB1 KIITMHU 1 HE MOPYUIYIOUU X KIITUHHUN
k. Taka CeleKTUBHICTh KBEPLETUHY POOUTH MOr0 MEPCIEKTUBHUM areHTOM

JUISL TIOAANBIIUX JOCHIIKEHb B PO3p00Ill HOBUX aHTHOKCUIAHTHUX MPEnaparis 1
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NPOTOKOJIB XimioTepamii B onkojorii [193]. A Tomy mnonasibiie BUBYCHHS
e(peKTIB KBEpLUETUHY NOTpedye MPOBEAEHHS HACTYNHUX I[PYHTOBHUX
€KCIIEPUMEHTATbHUX JIOCIIIKEHD 13 3aJly4€HHSM BOJIOHTEPIB Ta J1a0OPATOPHUX
TBapHH.

BucnoBku. IlpoBenenuii anami3z jaiTepaTypHUX JHKEeped CBIAYUTH, IO
Cy4yacHI HayKOBI1 JOCIIJKEHHS JOBOJATh BUCOKY aHTHUOKCHUJIAHTHY BJIACTHBICTh
KBEpPLETHUHY, fKa POOUTH MOro MEPCIEKTUBHUM areHTOM JUIsl MPOQLIaKTUKH,
KOpeKIli Ta JiKyBaHHA MOP(PO(YHKI[IOHAIBHUX 3MIH, KOTP1 BHUHUKAIOTH Y
Oprati3Mi Ha TJi BIUTUBY CTPECOBOT peaKIii.

IlepcnekTHBH MOJAJBIIUX AOCHIIKeHb. Y MOAAIBIIOMY IUIAHYETHCS
NPOBEJICHHS €KCIEPUMEHTAIbHUX MOPGOIOTIYHUX JOCIIHKEHb Ha IIypax aJis
BUBUYCHHS CTPECNPOTEKTOPHOI  Jii  KBEpPUETUHY  TpU  TOCTPOMY

IMMOO LT13aI[IHHOMY CTpec.
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3.9 Stress-Protected Effect of Torasemide in Acute Immobilization Stress in
Rats.

Notwithstanding a long-lasting study, the problem of stress remains
relevant to date. In particular, numerous recent morphological studies promote
better understanding the essence of stress-related structural changes and search
for novel ways to prevent and treat adverse effects caused by stress [194, N.
Vynnyk, M. Koptev , S. Sovhyrya]. However, the issue of finding and selection
the advanced effective and, most importantly, safe methods of prevention and
treatment of stress disorders continues to be one of the priorities for
contemporary medical science. Our previous studies give evidence of structural
changes in the rat lungs induced by the acute immobilization stress as the
predecessors for the development of pulmonary edema [195, Koptev, M.M.,
Vynnyk, N.I .; Koptev, MM, Vynnyk, NI]. Therefore, torasemide as a potential
stress protector was worth our attention. Currently, in the cardiology, the use of
this long-acting loop diuretic has become widespread in treatment of essential
hypertension, as well as in treatment and prevention of edema and effusions
caused by heart failure and cardiogenic pulmonary edema [196].
Aim.Thepaperwasaimedatthemorphologicalstudyoftherationaluseoftorasemideas
astressprotector.

MATERIALSANDMETHODS

25 albino mature male rats aged 8-10months old of 240-260 g body
weightwere involved into morphological study. Group I (controls) (n=5)
involved intact animals; Group Il (n=5) involved animals that were exposed to
acute immobilization stress without correction; Group Il (n=5) involved
animals, exposed to stress after intraperitoneal administration of 0.5 ml sodium
chloride(NaCl) ; Group IV (n=5) involved animals, exposed to stress and
corrected with mexidol, well known for its stress-protective effect; Group V
(n=5) involved animals, exposed to stress and corrected with torasemide. Acute
iImmobilization stress was simulated by retention of rats, lying supine for 6

hours. For the purpose of correction, 100 mg/kg body weight mexidol was
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single-time administered intraperitoneally 20 minutes prior the period of
immobilization (Group 1V) or with 0.1 mg torasemide (Group V).

The rats were sacrificed within two hoursafter the period of
immobilization by decapitation under intraperitoneal thiopentone anesthesia.
Afterdissection of rats’ chest and abdominal cavity, a macroscopic study of its
organs was carried out with subsequent collection of the specimens of the lungs,
liver, kidneys and spleen for microscopic study. Pieces of investigated organs
were fixed in 10% neutral formalinand after dehydration in spirits of the
ascending densities they were embedded into paraffin according to conventional
technique. The microtome slices were stained with hematoxylin and eosin.

The experiment was performed in compliance with the requirements of
international principals of the “European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other Scientific Purposes”
(Strasbourg, 1985) and corresponding Law of Ukraine “For the Protection of Pet
Animals” (No.3 446-1V, 21.02.2006, Kyiv) [197,198].

RESULTS

The macroscopic analysis showed that in acute immobilization stress without
pharmacocorrection, the liver, spleen and kidneys of rodents of the experimental
groups did not differ from the organs of intact rats. However, the acute
immobilization stress caused marked changes in the lungs, which were plethoric,
with numerous areas of hemorrhage beneath the pleura and lung tissue. During
the dissection of the lungs, specific hemorrhagic exudate was noted.
Macroscopically, in both groups of rats, which were previously administered
with the investigated drugs, stress-related pulmonary alterations were less
pronounced.

Microscopic study shows that acute immobilization stress causes significant
morphological changes in the lungs, liver and kidneys.

No significant structural changes were detected in the spleen; minor perivascular
edema of the central arteries in large- and medium-sized lymphoid nodules of

the white pulp and single perivascular hemorrhages were noted. Correction,
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performed with both mexidol and torasemide, eliminated the effect of stress on
the spleen at the morphological level: its histological structure did not differ
from intact animals.

In the lungs of rats, exposed to stress without pharmacocorrection,
histological study showed significant dilation of the alveoli; local destruction
and thinning of the interalveolar septa; thickening and destructive changes of the
epithelial layer of the mucous membrane of the intrapulmonary bronchi with
accumulation of cellular detritus and red blood cells in their lumen;
peribronchial leukocyte infiltration; hemomicrocirculation disorders with the
development of blood stasis and the appearance of numerous hemorrhages in the
interstitial connective tissue and the lumina of the alveoli (Fig. 29).
Morphometric study confirmed that in acute immobilization stress in rats of
Group 11, the average diameter of the alveoli increased significantly (p <0,01) by
67.16%, from (38.83 = 1.15) um to (64.91 = 2.35) um. Thinning of the
interalveolar septa was by 41.3%, from (13.05 + 0.86) um to (7.66 + 0.46) um, p
<0.01. The mucous membrane of the smaller bronchi also significantly
thickened (p <0.01) by 86.72%, from (8.81 £ 0.40) um to (16.45 = 0.52) um.
The diameter of the internal lumen of the capillaries and venules significantly
increased by 104.93%, from (3.65 £ 0.25) um to (7.48 = 0.71) um, p <0.01, and
by 37.04%, from (18.87 = 1.14) um to (25.86 = 1.76) um, p <0.01, respectively.
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Ty o
Fid. 29. Rat lungs after simulation of the acute immobilization stress.

H&E stain: 100xmagnification: 1 — lumen of the alveoli; 2 — alveolocyte; 3 —

destruction of the alveolar wall; 4 — cellular detritus.

The use of mexidol and torasemide to correct stress-related pulmonary
disorders has shown the effectiveness of these drugs. The stress-protective effect
of torasemide was particularly positive. The correction promotes insignificant
peribronchial infiltration and edema of the bronchial mucosa, especially with
torasemide; detrital masses were not observed in the bronchial lumen; dilation of
alveoli and thinning of interalveolar septa was less pronounced;
hemomicrocirculation disorders were not so significant (Fig. 30).

The findings of morphometric and statistical studies prove by evidence
the positive stress-protective effect of mexidol and torasemide.

In the group of animals administered with mexidol in simulated acute
iImmobilization stress, the average diameter of the alveoli increased by only
34.48%, from (38.83 £ 1.15) um to (52.22 £4.41) um, p <0, O1. Thinning of the
interalveolar septa was by 11.03%, from (13.05 £+ 0.86) um to (11.61 = 0.41)
um, p <0.01. The mucous membrane of the smaller bronchi thickened by
48.13%, from (8.81 £ 0.40) um to (13.05 = 0.54) um, at p <0.01. The diameter
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of the internal lumen of the capillaries and venules increased by 49.86%, from
(3.65 £ 0.25) um to (5.47 + 0.82) um, p <0.0, and by 18.44%, from 18.87 +
1.12) umto (22.35 £ 1.85) um, p <0.01, respectively.

Correction with torasemide showed that the average diameter of the
alveoli increased by 20.06%, from (38.83 £ 1.15) um to (46.62 £ 5.63) um, p
<0.01. Thinning of interalveolar septa occurred by 4.67%, from (13.05 + 0.86)
um to (12.44 £ 0.44) um, p <0.01. The mucous membrane of the smaller bronchi
thickened by 27.36%, from (8.81 = 0.40) um to (11.22 £+ 0.52) um, at p <0.01.
The diameter of the internal lumen of the capillaries and venules increased by
27.36%, from (3.65 = 0.25) um to (4.78 = 0.58) um, p <0.01) and by 11.02%,
with 18.87 = 1.12) um to (20.95 £+ 2.05) um, p <0.01), respectively.

- .-’j

Fig. 30. Rat lungs after simulation of the acute immobilization stress with

torasemide correction. H&E stain: 100xmagnification.

In the liver of rats of Groups II-I11, swelling of hepatocytes with smoothing of
intercellular borders and extension of perisinusoidal spaces was detected. The
central vein and interlobular vessels were plethoric, in most sinusoidal
capillaries the sludge phenomena were noted (Fig. 31). Moderate plethora of
sinusoidal capillaries and marked perivascular edema was also noted.
Dystrophic changes (hydropic and hyaline-drop dystrophy) were observed in the

center of the lobules, as well as subcapsular focal colliquative necrosis of
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individual hepatocytes. Morphometric study showed that stress in rats of Group
Il promotes in the liver enlargement of the lumina of the interlobular veins by
16.9% (from (6.88 £ 1.06) um to (8.28 + 1.20) um, p < 0.01), spasm of the
arteries by 30.13% (from (3.93 £ 0.16) um to (3.02 = 0.21) um, p <0.01) and
enlargement of the lumina of the bile ducts by 31, 82% (from (5.72 + 0.26) um
to (7.54 £ 0.25) um, p <0.01). In the hepatic lobuli, the central veins were also
dilated by 38.22% (from (25.93 £+ 2.89) um to (35.84 + 2.87) um, p <0.01.

Fig. 31. Plethora of interlobular veins with the phenomena of thrombosis
in rat liver after simulated acute immobilization stress. H&E stain.

400xmagnification.

The correction with mexidol had a positive effect on the structure of the hepatic
lobuli, which were preserved; the triads were unchanged; insignificant plethora
of interlobular vessels was noted. Hyaline-drop dystrophy was observed in
individual hepatocytes around the central veins, and hydropic dystrophy on the
periphery of the lobuli was detected in single hepatocytes. Nuclear structures
were unchanged. Morphometric study confirmed that administration of mexidol
significantly eliminated the adverse effects of stress on the liver: the lumens of
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the interlobular veins enlarged by only by 11.77% (from (6.88 + 1.06) um to
(7.69 £ 1.12) um, p <0.05, and constriction of the arteries by 14.24%
(from (3.93 £ 0.16) um to (3.44 + 0.15) um, p <0.05; enlargement of the lumina
of the bile ducts by 10.34% (from (5.72 + 0.26) um to (6.38 £ 0.34) um, p
<0.05; enlargement of the inner diameter of the central veins by 15.32% (from
(25,93 £2.89) um to (30.62 £ 2.45) um, p <0.05, was noted.

The correction with torasemide had the same positive effect: the structure of
hepatic lobules was preserved, the triads were unchanged, sinusoids were not
dilated, moderate plethora of central veins was noted, and hydropic dystrophy
was observed in some hepatocytes on the periphery of the lobules (Fig. 32). The

findings of the morphometric study on correction with torasemide showed that

the lumina of the interlobular veins dilated by 12.69% (from (6.88 + 1.06) um to
(7.88 £ 1.71) um, p <0.05; constriction of the arteries by 15.93% (from (3.93 +
0.16) um to (3.39 £ 0.18) um, p <0.05; enlargement of the lumina n of the bile
ducts by 16.86% (from (5, 72 + 0.26) um to (6.88 £+ 0.31) um, p <0.05);
enlargement of the inner diameter of the central veins by 21.47% (from (25.93 +
2.89) umto ( 33.02 £ 2.34) um, p <0.05, was detected.
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Fig. 32. Rat liver after simulation of the acute immobilization stress. H&E stain:
200xmagnification: 1 — hydropic dystrophy in single hepatocytes; 2 -
hepatocytes with preserved structure.

Histologically, stress-related renal changes promoted enlargement of the lumina
of the convoluted tubules with the accumulation in their lumina of cellular
detritus due to desquamation of the epithelium. Vacuoles filled with translucent
liquid were found in the cytoplasm of epitheliocytes; necrosis of single epithelial
cells was noted. The peritubular vascular system was characterized by focal
hemorrhages. Morphological changes of the glomerular apparatus were
manifested by the significant enlargement of the Shumanski-Bowman’s capsule,
dramatic plethora of capillaries, edema of the mesangial matrix (Fig. 33). In
some renal corpuscles, collapsed cells of the inner leaf of the capsule were
detected, which indicated the exclusion of this nephron from the filtration.
Morphometric study of rats of Group Il proved the enlargement of lumina of the
proximal and distal convoluted tubules by 17.32% (from (18.24 + 0.32) um to
(22.06 = 0.56) um, p <0.05, and by 18.71% (from (18.68 + 0.31) um to (22.98 +
0.75) um, p <0.05, respectively; thickening of the Shumanski-Bowman’s
capsule by 11.64% (from ( 37.98 £+ 0.44) um to (42.95 £ 0.71) um, p <0.05, and
enlargement of the lumen of the capillaries of the glomerular apparatus by
14.67% (from (2.21 £ 0.15) um to (2.59 = 0.25) um, p <0.05.
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Fig. 33. Rat kidney after simulated acute immobilization stress. H&E stain:
400xmagnification: 1 — enlargement of the lumen of the convoluted tubules; 2 —
eosinophilic masses in the rat kidney associated with stress reaction.

Correction with mexidol alleviated the effects of stress on the kidneys. Sporadic
focal changes in convoluted tubules, characterized by swelling of epitheliocytes
were noted; in the lumen of individual tubules, minor homogeneous masses
were detected. In some glomeruli, insignificant plethora of the capillaries and
edematous changes in the mesangium were detected. The findings of the
morphometric study on correction with mexidol showed that enlargement of the
lumina of the proximal convoluted tubules was less pronounced, only by 6.96%
(from (18.24 £+ 0.32) pm to (19.51 = 0.52) um, p <0 , 05; distal convoluted
tubules by 15.44% (from (18.68 = 0.31) um to (22.09) um = 0.45, p <0.05;
enlargement of the Shumanski-Bowman’s capsule by 3.92% (from (37.98 +
0.44) um to (39.47 £ 1.44) um, p <0.05; enlargement of the lumen of the
capillaries of the glomerular apparatus by 5.43% (from ( 2.21 £ 0.15) um to
(2.33 £ 0.15) um, p <0.05.

Administration of torasemide had no stress-protective effect on the kidneys of
experimental rats. During the correction with torasemide, the lumina of the

convoluted tubules remained constricted due to significant swelling of
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epitheliocytes, and numerous eosinophilic homogeneous masses were noted in
their lumina. Necrosis of individual epitheliocytes was detected, and the
phenomena of hyaline-drop dystrophy were observed in the cytoplasm of most
cells. In the vessels of the glomeruli a pronounced plethora, edema of the

mesangium was noted. The interstitium was characterized by severe edema and

significant vascular plethora (Fig. 34).

Fig. 34. Necrosis of epithelial cells of rat kidney after exposure to stress and
correction with torasemide. H&E stain: 400xmagnification.

DISCUSSION

Thus, the study confirms the need for a comprehensive study of the effect of the
drugs that could potentially be used for the prevention or treatment of stress
disorders. Our studies on the stress-protective properties of torasemide indicate
its positive corrective effect on the structure of the liver, spleen and, especially,
the lungs in acute immobilization stress. However, morphologically,
administration of torasemide in acute immobilization stress did not show a
positive stress-protective effect in the kidneys of rats: the lumina of the
convoluted tubules remained constricted due to significant swelling of
epitheliocytes, filled with eosinophilic homogeneous masses; necrosis of

individual epitheliocytes was detected; hyaline-drop dystrophy was observed in
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the cytoplasm of most cells; in the vessels of the glomeruli pronounced plethora,
edema of the mesangium was detected; interstitium was swollen with significant
vascular plethora. Unlike torasemide, mexidol, the drug of comparison, with its
well-studied stress-protective properties had a positive effect on the structure of
the kidneys. We believe that the use of torasemide as a stress protector in acute

immobilization stress is not rational.

CONCLUSION

1. The use of torasemide in acute immobilization stress has a positive
effect on the structure of the spleen, liver and lungs, reducing stress-related
changes in these organs.

2. Administration of torasemide in acute immobilization stress increases
the effect of the stress response on the structure of the rat kidneys.

3. Based on the findings of the study the use of torasemide as a stress

protector is not considered rational.



94

3.10 Cy4acni norisigu Ha GyHKIiOHAJIBHY MOP(]OJIOrilo cJIM30B0i 000J10HKH
SI3UKA Ta il 3MiHM 32 YMOB COMAaTHYHHUX 3aXBOPIOBAHBb TA BIUIUBY OKPEMHX
€K30T¢HHUX MOJIIOTAHTIB.

3axXBOPIOBaHHS OpraHiB TPaBHOI CHCTEMH Ha CbOTOJHIIIHIA JE€Hb €
OJIHIEIO 3 MPOBITHUX MIPUYUH TUMYACOBOI BTpATH Mpale3JaTHOCTI, 1HBaJI1AHOCTI
Ta CMEPTHOCTI, 3alWMalO4M B CTPYKTYpi 3aXBOproBaHOCTI 3a nanumu BOO3 4-5
MICIIE B 3aJIEKHOCTI BiJ] €THOrpaiyHUX YMOB, €KOJIOT1YHOI CUTYyaIlli, BIKOBOTO
CKJIaJly Ta PiBHS PO3BUTKY CUCTEMHU OXOPOHH 3/I0pOB’sl KpaiHu. BUCOKUH piBeHB
PO3MOBCIOJDKEHOCTI 3aXBOPIOBAaHb OPraHiB CHCTEMHU TPABICHHS OOYMOBIIOE
HEOOXIIHICTh BUPIIICHHS NUTaHHS OOpOTHOM 3 HUMH, a TAaKOX BHUPOOJIEHHS
HOBHX 3aXOJIiB TOTIEPE/KEHHS Ta JIIKYBaHHS BUIC3a3HAYCHUX 3aXBOPIOBAHb.

Cnu3oBa 000JOHKAa POTOBOi MOPOKHHHHU B IIJIOMY, Ta S3MKa 30Kpema
3a0e3neuye B3aeMOJII0 (PaKTOpPIB HABKOJIUIIHHOTO CEPEIOBUINA 3 BHYTPIIIHIM
cepenopuiiem opranizmy [199-201]. Takum 4MHOM BOHA TEPIIOK KOHTAKTYE 3
HABKOJIMIIIHIM CEPEIOBUIIEM 1 3a3HA€ HETaTUBHOTO BIUTUBY OKpEMHUX (aKTOPiB
OCTaHHBOTO, 1 € TEHETHYHO JIETEPMIHOBAHOIO Ha aKTUBHY BiamoBias [202].

Ak Bimomo, ciam3zoBa 000J0OHKA BKPHBA€ BCIO MOBEPXHIO s3MKa. ToOTO,
S3UK € €IMHUM M’ SI30BUM YTBOPCHHSIM B OpraHi3Mi JIIOJWHH, SKE TOBHICTIO
BKpHUTE CJIM30BOIO 000JOHKOK. bymoBa cinu30Boi° OOOJIOHKH SI3MKAa HEO-
nHopinHa. HukHS TIOBEpXHS BKpHUTAa BIJHOCHO TOHKHM OaraTolIapoOBHUM
IUIOCKUM HE 3pOTOBUIMM  EMITENIEM Ta CHOJYyYHOTKAHWHHOIO BIIACHOIO
IUTACTUHKOIO, 1[0 3arjHOII0ETHCI B OCTAHHIM HEBHCOKHMH MAJIbIIENIOIIOHUMH
BUPOCTAMH — COCOYKAMHU, SIK1 MICTATh 3HAYHY KUTBKICTh €TACTUYHUX BOJOKOH 1
320€31euyI0Th IPUCTOCYBAH- HS CIIM30BOI /10 MTOCTIMHOI 3MIHH (POPMHU S3UKA T
gac pyxiB [203]. ['mubme BracHOi TUIaCTUHKHU po3TaIloBaHa IMiICIM30Ba OCHOBA,
PYXJIMBICTh SKOI° OOMEXeHa MIITHUM MPHUKPIIICHHIM J0 ITIeTI0i M’ S30BOi’
TKaHUHH.

BepxHsi moBepxHs s3WKa BKpPUTA CIM30BOI OOOJIOH- KO, MOKPUBHUKA
eniTenid SKOi HaJeXuTh 0 crelianizoBaHoro emitenito. CrnuHka Ta Ol4HI

MOBEPXHI s3UKAa BKPUTI OaratomiapoBUM YacCTKOBO 3POTOBUIMM EMITENIEM, IO
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3HAXOJMUTHCI Ha BJIACHIW INIACTHHII, MIIHO 3’ €IHAHOIO 3 IIJIETIIMMUA M’ SI3aMH.
B 3a3HaueHux AUIAHKAX CIM30Ba 00OJOHKA 3pOIIEHA 3 M’ si3aMH OUIbII IIUIBHO,
B MTOPIBHSIHHI 3 HUYKHBOIO ITIOBEPXHEIO.

Enitenid si3uka OKpiM cMakoBOi 1 (Di3WYHOI YYTJIMBOCTI, BHUKOHYE
¢yHkuito QizuyHoro Ta imMyHoJoriyHoro Oap’epy [204]. V ¢opmyBanHi
AKTUBHOI'O MICHEBOIO IMYHITETY AaKTUBHY YYacTb MPUKWMAIOTh KIITHHU
Jlanrepranca, 1o BXOASTH JO0 CKJIQAY CJIM30BOI OOOJOHKM 1 TIPU KOHTAKTI 3
Yy>KOPITHAUM ~aHTUTeHOM crhpusitoTh aktuBauii T-mimpouurtie [205]. B
CTBOPEHH1 aKTUBHOT'O MICLIEBOIO IMYHITETY y4YacTh TaKOX MPUUMAE J30LUM
(Mypominaza) — MYKOJITHYHMH (PEPMEHT, 10 MEPElIKOKAE MPOHUKHEHHIO
AQHTUTEHIB y BHYTPIIIHE CEPEIOBUIIE OpPraHi3My, CTHUMYJIO€ (arouuros,
nigcuwinoe  koomepatuBHi  yskmiit  T-cyOomomymsmiit  miM@ouMTiB - Ta
0akTepioNIoriuHi BIACTHBOCTI CEKPETOPHOTO IMyHOTI00Y iy Kiacy A [207].

Cekpertopaud imyHnorino0yimin A (IgA) 6110kye aare- 3110 MiKpOOpraHi3MiB
Ha TIOBEpXHI CJIM30BOiI OOOJIOHKKM 1 Ha 3ybax. IgA Moke YTBOpPIOBATH
MaKpOMOJIEKYJISIPHI arperaTu, Kl aKTUBYIOTh KOMIUIEMEHT 1 CHPHUSIOTH JI3HUCY
oaxtepin [208]. Jlizonum pywWHY€ KIITHHHY CTIHKY OaKTepid, IO HEraTHBHO
BIuMBae Ha kKoresiro mik C. albicans i GakrtepisMu pOTOBOI MOPOKHUHH
(akTEBHO 13 S. mutans), Ta Mae BupilagbHe 3HAYEHHS I KosoHizarii C.
albicans [209-210].

B s3umi mronuHW BHOUIAIOTH YOTHPH BHUAM COCOYKIB: HHUTKOIOJIOHI,
mucTonoAioHi, rpubomomiOHi 1 xomoOyari (BamukomomiOHi). Bci cocouku
MOKpHUTI OaraToria- pOBUM IJIOCKUM EMITENIIEM 1 MalOTh OCHOBY 3 ITyXKOi BO-
JOKHUCTOI  CHONYyYHOI' TKaHWHHW, (OKpIM  HUTKOMOMIOHMX) B  SAKIH
PO3TALIOBYIOThCS YHCEIbHI KPOBOHOCHI CYAWHH, IIO TMPOCBIUYIOTHCS Kpi3bh
CTITEIH.

HaWuucenpHIMMME Ta HAWAPIOHIIMMU € HUTKOMO- Mi0OHI COCOYKH.
OcTtanHl MarOTh BUTJISL KOHIYHUX, MapalelbHUX BUMHUHAHL BUCOTO 10 2 MM 1

HE MICTSITh CMAaKOBUX IIUOYNHH. [{i COCOUKHM BKPUTI €MITEN1€EM, TOHKUH POTOBUKH
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miap SIKOro yTBOPIOE€ KOHIYHI BUIIMHAHHS Ha BEPXIBIIl, 10 OOEPHEH] O TJIOTKH.
@DyYHKI[IS HUX COCOYKIB MIEPEBAKHO MeXaH1uHa (abpa3uBHA).

B nutsdyoMy Billl 3yCTpI4arOTHCS JIUCTOMOAIOHI COCOUKH, K1 Y AOPOCIUX
MalTh PYAMMEHTapHUW BUTJSA] a0o BiAcyTHI. JIMCTOMOMIOHI COCOYKH B
KUIbKOCT1 3-8 po3Mi- LIYIOThCA Ha 3aJHbOOIYHIN MOBEPXHI s3UKa. B KoXHOMY
cocouKky MictuThesa Bif 3 1o 20 cmakoBux HMOynuH. ['pubonoaiOHI cocouku
3HAXOMATHCS HA KIHYMKY 1 3aJHIM TO- BEPXHI f3MKa, KUIBKICTh iX HE3HayHa,
PO3TalIOBYIOTHCSI BOHU cepeJl OUTbI YuceabHUX HUTKONoAi0HuX. 111 cocouku 3a
dopMoOrO HaraayTh TPUO 3 MIUPOKOIO BEPXiBKOIO 1 BY3bKOK OCHOBOIO, BUCOTA
ix mocsarae 2 mMMm. B emitenii’ iX BEpXiBKM 3HAXOAUTHCS HEBEIUKA KUIbKICTH
CMaKOBHUX ITUOYJIHH.

KonoOysari (BaJiMKOMOMIOHI) COCOYKM MarOTh Jia- METp 10 3 MM 1
BUCOTY A0 | MM B KUIBKOCTI 6-12, po3- MimieHi OIS KOpeHs s3UKa B
TEepMiHaJIbHI OOPO3HI Y BUIIISI/AI JJATUHCHKOI JiTepu «V», ¥ KOKHOMY COCOUKY
Ha- paxoByeThes Bia 40 10 150 cmakoBux nuOynuH. KokeH cOCOYOK OTOYECHUH
MOTOBIICHHSAM CJIM30BOi OOOJIOHKH y BUTJIS/I BAJIMKA Ta BIIOKPEMIICHUW BiJ Hei
rIMOOKOK OOPO3HOIO, Ha JIHI SKOi BIAKPHUBAIOTHCS BHBIIHI MPOTOKU CEPO3HUX
cmuaHUX 3ano3 EOnepa [211]. BepxHs moBepXx- HS K0J0OYBaTOro COCOYKa
BKpHTA 3pPOTOBLIMM €MITeNieM, a O19Ha 1 BHYTPIIITHS OBEPXHSI — HE 3pOTOBUIUM
ermiTesieEM 1 MICTUTh 3HAYHY KUIBKICTh CMakoBHX IWMOynmuH. B crmomydHind
TKaHWHI BAJIWKIB PO3TAIIOBAHI MyYKH TJIAJICHBKUX M S31B, CKOPOUEHHS SKUX
crpusie OUTBIITICHOMY KOHTAKTY Xap4OBHX PEYOBHH, 1110 MOTPAIUAIIN B KOI000K
31 CMakoBUMU OpyHbKamu [212].

B nitepaTypi 3ycTpiuaroThCs YMCIEHHI JaHHI MOAO0 Cenu(IuHUX 3MiH
cu30BOi OOOJIOHKHM SI3MKa 32 YMOB HAsSBHOCTI 3aXBOPIOBaHb OKPEMUX
BHYTPIIIHIX OpraHiB, 10 Ma€ CYTTEBE 3HAYCHHS B JIIarHOCTHYHOMY TPOIIEC,
30KpeMa JIJIs JIIKapiB MePBUHHOI JIJAHKA HaJaHHS M€- TMYHOi JTOTIOMOTH.

Tak, 3a ganumu E.I'. PomMaHeHKO y XBOpPHUX 3 XPOHIYHHMM TacTpPOAYOAECHITOM
CIIOCTEpIraBcsl TimepKepaTo3 HUTKOIMOAIOHUX COCOYKIB B 76,3%, rimepemis Ta

HaOpsik si3uka B 69%, a rineptpodis rpuOONOAIOHUX Ta JIUCTOMOMIOHHUX
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cocouKkiB B 64% 0OCTEeKEHUX XBOpUX. Y XBOPUX Ha BHPA3ZKOBY XBOpPOOY
JBAHAIATUTIANO KUAIIKK S3UK JTOCUTh YacCTO BKPUTHUW HAIBOTOM, IO BaXKO
3HIMAETHCS, a IHKOJIM KIISHKUM ciiu3oM [213].

3axXBOPIOBAaHHS MEYIHKH, XPOHIYHUM TMMAHKPEATUT CIPUUYUHSIOTH MOSB1
remMoparii B CIM30BIM 000JoOHIN si3uka [214]. 301IblIeHHS KLIBKOCTI
HUTKOMOAIOHUX COCOYKIB, Tinepruiazis IpuOONOJIOHUX COCOUYKIB Ta CYXICThb
A3UKa BJACTHBI TOCTPOMY TMAHKpEAaTUTy, a aTpo(iyHl 3MIHM NpPUTAMaHHI1
XPOHIYHOMY 3aIajeHHIO MIMUTYHKOBOI 3a1031 [215].

CyTTeBUMH 3MiHaMH pearye CIIM30Ba s3MKa Ha 3aXBOPIOBAaHHS
SHIOKPUHHOI CHCTeMHU. | imepTUpeo3 CympOBOIKYETHCS 3HIKEHHSM CMaKOBUX
BITYYTTIB, a TINOTHPEO3 — CYXICTIO Ta TMOTOBIICHHSIM S3UKa. YTBOPEHHS
CKJIQJIOK 3a PaxyHOK KUIBKICHOTO 30UIBIICHHS HUTKOIMOJIOHUX COCOYKIB Ta
MOTOBIIEHHS $3MKa Pa30M 3 IHIIMMH CHMIITOMaM{d MalTh 3HAYCHHS 1 B
JTiarHOCTHINl TopymieHHsT ¢GyHKIii rimodizy. IlosiBa misM KOpUYHEBOTO KO-
JHOPY Ha OIYHIW MOBEPXHI S3WKa Ta CIM30BIKM OOOJIOHIII POTOBOI MOPOKHUHU
NpUTaMaHHA XPOHIYHIA HEJOCTaTHOCTI KOPH HAJHUPKOBUX 3aJ7103, HATOMICTH
rinepdyHKI[iS OCTaHHIX MPOSBISIETHCSA aQTO3HUM CTOMATUTOM, TIEPKEPATO30M,
KaHIMIaMIKO30M, 10 0OOYMOBJIEHO KaTaOOJIIYHOI Ai€l0 TOpMOHIB. LlykpoBuu
nia0beT MPOSBISETHCS PO3BUTKOM aHTYJISIPHOTO XCHIIITY, CTOHIICHHSIM CIU30BOi
000JIOHKH, MOSABOIO MAPECTE31H, CyXIiCTIO s3uKa [216].

3MiHM CcIM30BOiT OOOJOHKM sI3MKa TaKOX € OJHMMHU 3 paHHIX
JIarHOCTUYHUX O3HAK 3aXBOPIOBaHb KPOBI Ta OpraHiB KPOBOTBOPHOI CUCTEMH.
AHeMisM pI3HOTO re- He3y MPUTAMaHHI 3MEHIICHHS B PO3Mipi, MOTOBIIEHHS Ta
3arOCTPEHHS COCOYKIB, OJIFICTh Ta CyXiCTh CIM30BOi OOOJOHKH, aHTYISIPHUN
cromatuT. OKpeMi BUIUM TeMoO- 0JIACTO3IB CYNPOBOKYIOTHCS BHPA3KOBO—
HEKPOTHYHU- MU 3MIHAMHU CJIM30BOi 000JOHKH POTOBOI MOPOKHUHH. ['emodimis
MPOSIBIIATUMETHCSI CIIOHTAHHUMH KPOBOTEYA- MU 3 Bi3yalbHO HE TMOIIKOKEHUX
SICEH Ta MPH MPUKY- CyBaHHI S3MKa. 3MIHU Y BUIJISIAI €PO3UBHOTO CTOMATHUTY,

KaTapaJlbHOTO TIHTIBITY, «aMla4HUX OIIKIB» XapakTepH1 [Jii HUPKOBOI
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HEJIOCTATHOCT1 1 BUHUKAIOTh 4epe3 OakTepiajibHE PO3IICTUICHHS CEYOBHHH, IO
BUJIUISAETHCS 31 cimHOI0 [217].

Pi3HOMaHITHI 3MIHU CIM30BOi OOOJIOHKHU SI3UKA CHOCTEPIralOThCs TaKOXK
MpU TiMo- Ta aBiTaMiHO3aX. Tak, He- JOCTATHICTh BITaMiHy A TIPOSBISETHCS
CYXICTIO CJIM30BOi OOOJIOHKM POTOBOi MOPOKHUHH, HAJAMIPHUM 3POTOBIHHAM

emitenito. I'imoBitamino3 B1 — rimeprnasieo rpubo- mNoaIOHHUX COCOYKIB,
AHTYJSIPHUM CTOMAaTUTOM. XEHWJIT XapaKTepHUW [Jis TinoBiTamiHo3y Bg, a
aedinut BitaMiny B12 mposBIs€ThCS 1eCKBaMaTUBHUM riiocuToM [217].

BrnuB TepMiyHMX YMHHHKIB Ha CIM30BY OOOJIOHKY POTOBOI MOPOKHUHU
TOTO)KHUHM I1HIIMM  CJIM30BUM OOOJIOHKAM 1 TIPOSIBISIETHCSA TiMEPEMIElo,
YTBOPEHHSM ITyXHPIB 3 PO3BUTKOM PI3HOTO CTYICHIO HEKPOTUYHHX 3MiH B
3aJIeKHOCT1 BIJ CWJIM TEpMIYHOTO BIUIMBY. Ha cam3oBid crnoctepiraerbes
Mareparlisi eniTeiaio 3 BiAlIapyBaHHSIM HOTO YPUBKIB 1 YTBOPEHHSM BHPa30K
[218].

VYIIKOMKEHHS — €JIeKTPUYHUM CTPYMOM  Hauyacrimie Moxe OyTu
OOyYMOBJICHO SIBUIIEM TallbBaHI3MY — YTBOPEHHSIM €JIEKTPUYHUX IOTEHIIIAJIB
MDK PI3HUMH MeETaJlaMH B POTOBIM IOPOKHHWHI (32 HAsBHICTIO IMIUIAHTIB,
pOTE3iB, INIOMOYBAJIBLHOT'O MaTepialy, SKUW MICTUTh aMaJlbraMy) 1 BAHUKHCHHS
MDK HUMHU pi3HuIl moTeHii- aniB (edekt IlanpThe). I[IposiBoM ommcaHoro
ypaKEHHS € TilmepKepaTo3, OITKH, $KI XapaKTEePU3YIOThCSA KaTapallb- HHUM,
€pO3WBHUM, €pO3UBHO-BUPA3KOBUM a00 JIIXEHO- ITHUM YIIKODKeHHsM [218].

BrmiuB XIMIYHHX CHONYK, TaKUX SIK HIKOTHH, QJIKO- TOJIb CIPUYHHSIOTH
MaTOJIOTTYHE IMMOTOBIICHHS CIIM30BO1 000JI0HKH SI3UKa 3 HAAMIPHUM 3POTOBIHHSIM
— JIEWKOTUIAaKil0, «JYOPHUH BOJOXATHH S3UK» TIPH SKOMY CIOCTEPITacThCs
PO3POCTaHHS 1 MOTOBIICHHS HUTKOIMOAIOHUX COCOYKIB, IO HAOYBarOTh TEMHOTO
KOJIbODY.

[TatonoriyHud cTaH, BIJOMHUH I Ha3BOK  «reorpaiyHUW  TIIOCUT»
XapaKTEPU3YEThCS  JIECKBAMAILl€l0  €MITeNil0, 3HEOApBJICHHSM  CMaKOBHX
COCOYKIB, B JICSIKMX BHIIAJKax MOSBOIO TpimuH. ETionoris mporo mporecy ao-

CTEMEHHO He BijioMa. J[esiki aBTOpH MOB’3yI0Th BUHUK- HEHHS 3aXBOPIOBAHHS 3
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niaberoM 1 Tumy, XpPOHIYHMM CTPECOM, QJIEpPriyHMMHU 1 aBTOIMYHHUMU
3axBOproBaHHsIMHU [216].

[Ipy XpOHIYHOMY OTpPY€HH1 (PTOPOM y KOHEW BHUSAB- JICHO XapaKTEpHE
OKCaMHUTOBO-UE€pPBOHE 3a0apBJICHHS CJIM30BOI 00OJIOHKH SI3UKA. 3MIHU CIU30BOi
OOOJIOHKM fI3UKa MICJIS KOHTAKTy 3 KPUCTAJIIYHOIO PEYOBHUHOIO XIHOHY, HOTO
PO3YMHOM YH ITapaMu TPOSBIISIOTHCS JOKATBHAUMHY MTONTKOKCHHSIMH Y BUTIISI
3MIHH KOJIbOPY, O3HaKaMH IMOAPA3HEHHS 3 €pUTEMOI0, HAOPSKOM, YTBOPCHHSIM
narmyJi i myxupis [217].

[Ipu oTpyeHHI KapOOIOBOIO KHCIOTOIO CIOCTEpira- IOTHCS BHPAKEHI
MICIIEB1 3MIHU y BUIJISA1 OUTyBaTUX XIMIYHUX OIMIKIB, MOBEPXHS si3MKa HaOyBae
Oyporo 3a0apB- JIeHHs, POPMYETHCS KOAryJSIIIIWHUK HEKPO3, BUpa3ku. HaBkoso
BOTHHUIIA HEKPO3Y PO3BUBAETHCS HAOpSK, BU- pa3Hl O3HAKW 3ananeHHs [218-
219].

BB okpemMux CcTOMAaToOJOTiYHMX MaTepiajiB Ha CTaH CJIM30BOi OOOJIOHKH
POTOBOi" TMOPOKHMHU B IUJIOMY 1 30KpeMa Ha CJIU30BY OOOJIOHKY sI3UKa
JI0OCTaTHbO IIM- POKO BHCBITJIEHI B Cy4acHUX HaykoBuX poborax. Tak, mo-
HOMEPH aKpWJIOBOi CMOJM Ha OCHOBI «®dTopakc», MaTepiald Ha OCHOBI
MOXITHMUX aKPUJIOBOI Ta METAKPUJIOBOI KHUCIOT B yMOBax EKCIEPUMEHTY Ha
IIypax BUKIUKAIOTh €PO3MBHO-3alalbHI 3MIHU Ta 3aTPUMYIOTh pereHepa- IIio
eIITENII0 CIIM30BOI 00OJIOHKH SI3MKA, CIIPUYMHSAIOTH aTpodiuHi, CKICPOTHYHI Ta
JNECTPYKTUBHI 3MIHM B M’s3aX, BJIACHIM IUTACTHHII Ta cocodkax sizmka [220-
221].

BrnmuB panianiidHoro BUIIPOMIHIOBaHHS B YMOBaxX EKCIEPUMEHTY Ha cobakax
CIPUYWHSE €pO3WBHO-3aMallbHI, arpodidHi Ta AUCTPO(DiUHI 3MIHH B CIU30BIH
obOomonii  s3uka. CrocTtepiranoch 3HUKHEHHS CMAaKOBUX COCOYKIB —Ta
EMITENMANBHOTO Mapy B JIUISTHIII ONPO- MiHEHHs. Y BJIACHIW TUIACTHHIII Majo
MICIIe CKYITYEHHS MITPAHTHUX 3alajbHUX KIITHH, NECTPYKTHUBHI 3MIHH BO-
JIOKOH CIIOJYYHOI TKaHWHH, CYAMHHI po3Jiajiu, aTpodis M’sI30BHX BOJOKOH 31
3HUKHEHHSIM XapaKTEePHOi MOCMY- TOBAHOCTI, aTpodisi TprOONoaiI0HIX COCOUKIB

31 3MEH- IIICHHSM PO3MIpy CMaKOBHX OpyHBOK [222].
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[IpoMeHeBe ypakeHHs CIM30BOi1 000JIOHKH POTY MPOSIBISIETHCS XEUITITOM,
CTOMATHUTOM, 110 BUHMKAIOTh BHACIIJOK pajl0J1i3y BOAU 3 YTBOPEHHSIM BUIBHHUX
paau- KamiB, IO MICTSITh KHCEHb. BOHM, B CBOIO 4Uepry, CTalOTh NMEPBUHHUMHU
YIIKOJDKYIOYMMH YMHHUKAMU 1 BUKJIMKAIOTh BUIBHO paJAUKaIbHUKW HEKpP00io3
KIITUH. KIIHIYHO MYKO3UT MpOSIBISETHCA TINEPEMIEI0 Ta HAOpAKOM He-
3pOTOBUIOrO EMITEeNiI0, MOCWICHUM 3pPOTOBIHHSAM EMITENil0, BTPATOIO OJIMCKY.
Crnu3oBa si3MKa YUIUIBHIOETBCS, CTa€ ThbMSHOIO, 3MOPILEHOI0. EniTenin MicusMu
BIZIIIAPOBYETHCSI 3 YTBOPEHHSAM €pO3id Ta BHUPA30K, BKPUTUX KICHKUMHU
HEKPOTUYHMMHU HamapyBaHHsIMHU. CrocTepiraeTbes rinepemis KiHUMKa 1 O14HHX
TIOBEPXOHb 53UKa, aTpodist cocoukin [222].

B TenepimHii 4ac mpu BUTOTOBJICHHI MPOJYKTIB Xap- YyBaHHS IIMPOKO
3aCTOCOBYIOTBCS ~ PI3HOMAHITHI ~ XIMI4HI ~ J0OaBKM, SIKI  TOKpAaIlyIOTh
OpraHoJIENTUYHI BJIACTUBOCTI MPOJYKTIB, MIJICUIIOIOTh iX CMAaKOBl SIKOCTI,
IOPOJOBXKYIOTh TEPMIH MPHUAATHOCTI JJs BXKUBaHHA. B ToW ke wac psg
JOCJIJDKEHb CBIAYUTH MPO MOXIIMBI HETaTHBHI HACHIKKA BXXUBAaHHS XapyOBUX
no6aBok. 3o0kpema, 0apB- HUK TOHCO 4R Mae KaHIIEpOT€HHI BJIACTHUBOCTI Ta
MO’K€ CIPUUYUHATH PO3BUTOK aJepriyHUX 3axBoproBaHb. llpu TpuBanomy,
II0JICHHOMY B)KMBaHHI HEBEJIUKHX J103 TIt0- Tamaty Hatpito (E620), TapTpasuny
(E102), epurposuny (E127) omucani BHUMagku pO3BUTKY XPOHIYHOTO Ba30MO-
TOpHOrO pUHITY. OKpeMUMHU AOCHDKEHHSAMHU JOBEIe- HO, II0 BXUBaHHS
oenzoary Hatpito (E211) ta monco 4R (E124) cnpuymHSE ITOMIKOKCHHS
JICWKOIIMTIB Y XBOPHX Ha OpoHXialbHY acTMy [220-222].

Cnig 3a3HauMTH, IO MUTAHHSA peakilii opraHiB MOPOXKHUHU poTa 1
30KpemMa Si3MKa Ha CHCTEMaTHYHE BXXHUBAHHS TMPOAYKTIB, SKI MICTITh
PI3HOMaHITHI Xap4oBi TOOABKHU, B CY9aCHIH JITepaTypi BUCBITICHO HEIOCTATHHO
1 motpelye, 3 OrMsAAy Ha HaBEJCHE BHUIIE, IPYHTOBHUX EKCIIEPHUMEHTAIbHUX
JOCTIKEHb, PE3yJbTaTH SIKUX B CBOIO YEpry MOBHHHI CTaTH MIAIPYHTSIM s

BHU3HAYEHHSI O€3MEeYHUX 703 Ta PO3POOKH NPO(PUIaKTUUHUX 3aCO01B.
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3.11 MopdoJtoriuni 3MiHM B JeSIKHX OIPAHAX il BILIMBOM Xap40BUX

100aBOK

XapuoBi A00aBKM — PEYOBUHHU, IO MOXYTh 3MIHIOBATU CTPYKTYpYy Ta
(13MKO-XIMI4HI BIIACTUBOCTI MPOAYKTIB. Jl0 mepesiky peuoBUH, 10 BITHOCITHCS
710 Xap4yOBHX J00aBOK HAJIEkKaTh: €MYJbralbTOPU, aHTUOKCUJAHTH, OAPBHUKH,
KOpPUTYBaJIbHI peyoBUHU. Bce 11e peuoBUHH, sIKi 3MIHIOIOTh OPTaHOJENTUYHI Ta
PEOJIOT1YH1 BIACTUBOCTI (KOHCUCTEHI[1}0) MPOAYKTIB, ajie HE MalOTh 010JIOTTYHOT
aKTUBHOCTI, Ha BIUIMIHY Bil OIOJIOI1YHO-aKTUBHUX J100aBOK. (OCHOBHUMHU
OpelCTaBHUKAMU 1i€i TPynu €: 3aryiryBadi, >KeJeyTBOPIOIYl pPEUOBUHH,
MOKMBHI TMOBEPXHEBO-aKTUBHI PEUOBHMHU, CTaOUII3aTOpU (DI3UYHOTO CTaHy
NPOIYKTIB, 103aTOpU. XIMIUHA MPUPOJA IUX J00ABOK JOCUTH pi3HOMaHiTHA. [0
HUX BIJHOCSTHCA NPOAYKTH CTBOPEHI MPUPOJIOI0 Ta OTPUMAHI MITYYHUM

[UISIXOM, B TOMY YHCJI1 IIJITXOM XIMIYHOT'O CHHTE3Y.

He saBnsroTecs xapuyoBUMM J00aBKaMH CIOJYKH, IO MIIBUIIYIOTh
XapyoBY IIIHHICTh MPOAYKTIB (BITaMiHM, MIKpPO- Ta MAaKpOOCJIEMEHTH) Ta
N00aBKM 1 PEYOBUHM, SAKI TMOTPANUIM Y TMPOAYKTH 3 HABKOJMIIHBOTO
cepenoBumia. 3 19 cromirta po3modanocsi aKTUBHE BUKOPUCTAHHS Xap4OBHUX
n00aBOK 1 Ha TaHUH Yac JOCATIIO MAaKCHMAaIbHOTO MOIIMPEHHS Y PI3HUX KpaiHax

CBITY.

TexHonoriss ~ BUKOPHCTaHHS  XapyoBUX  JO0ABOK  HAJA3BUYANHO
piI3HOMaHITHa, a iX BHECEHHS MOXXJIMBE Ha pI3HUX eTanax BHUPOOHMIITBA,
TPAHCTIOPTYBAaHHS Ta 30€piraHHs 3 METOI0 MOKPAIICHHS 30BHINTHBOTO CTaHy Ta
CTPYKTYPH TPOAYKTY, 3aXUCTy BiI TCyBaHHsS. Y TMPOIYKTax Xap4doBi M00aBKU
MICTSATBCS y PI3HOMY BHIJISI: TIOBHICTIO HE 3MiHEHI, YaCTKOBO 3MiHEHI a0 y
BUTJISIII PEYOBHH, IO OTPUMANM B HACTIOK XIMI4HOI B3aemomii m00aBOK 3
KOMITOHEHTaMH MpoyKTiB. OCHOBHA YacTHWHA JTO3BOJICHUX JIO BUKOPHUCTAHHS B
VYkpaini xapuoBux J00aBOK € O10JIOTIYHO THEPTHUMH IJis OpraHizMmy. AJe He
MOXHA ITHOPYBaTU TOM (PakT, M0 XIMIYHI CIIOIYKH 000 PEYOBUHU OKPEMO YU B

KOMOIHAIIIT B NMEBHUX yMOBax (BIUIMB BUCOKHMX YW HU3BKUX TeMIlepartyp W iH.)
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MOXYTh OYTH TOKCMYHMMH. XapyoBa J100aBKa MOBMHHA OOOB’SI3KOBO MAaTU
J0Ka30By 0a3y, MIOAO0 BIACYTHOCTI KaHLUEPOTE€HHOCTI, FOCTPOI Ta XPOHIYHOT
TOKCUYHOCTI, TEPATOT€HHOCT1, MyTareHHOCT1 Ta TOHAIOTPOMHUX BJIACTUBOCTEH,
TUIBKU TOZA1 BOHA MOXe OyTH O€3MEYHOI0 Ta JO3BOJICHHOIO /1JI1 BUKOPUCTAHHS B
XapyoBid MPOMHCIOBOCTI. B cydacHOMy cCBiTI aesiki J0OaBKM OJHOYACHO

MOXXYTbh OyTH JJO3BOJICH1 B OJIHIN KpaiHi, ajie 3a00pOHEHI B 1HIIIH.

B cyuacHux ymoBax Bci ICHYIOYl JOOABKM B XapyoOBii MPOMMCIOBOCTI
MapKyroTh Jiteporo "E" 1 BIANOBIAHMUM YMCIIOM, SIKI CXBaJeH1 €BpONEUCHKOIO
CHUIBHOTOIO, SIK Oe3medHi XapyoBi Jo0aBku. IX iHaexcu odiuiiiHO BU3HAHI B

Hani kpaini. Knacudgikaiis xapuoBux 1006aBOK:
E100-E182 bapBHUKHN — BIJHOBIIOOTH a00 MiJACUIIOIOTh KOJIIP MIPOIYKTY.

E200-E299 KoncepBantu — nNoAoBXYIOTh TEPMiH 30€piraHHs MPOAYKTIB,
MarTh 3aXMCHI BJIACTUBOCTI BiJ TpUOKIB, MiKpoOiB, OakrepiodariB, a TaKOxX

CTEPIITI3yI0Ul XIMI4H1 J0OaBKH, SIK1 BAKOPUCTOBYIOTH TPH JI03pIBaHHI BUH.
E300-E399 AHTHOKHCITIOBAYl — 3aXUIIAIOTH BiJl OKUCIFOBAHHS.

E400-E499 Cra6imizatopu — 30epiraroTb 3aJaHy KOHCHCTEHIIIIO.

3arymryBadi — MiABUIIYIOTh B'SI3KICTh.

E500-E599 Emynbsratopu — CTBOPIOIOTH OAHOPIMHY cyMim (a3, mo He

3MIMIYIOThCS (HAPUKIIA, BOAM U OJii).
E600-E699 IlincuntoBadi cMaky i 3amaxy.

E900-E999 IlinoracHuku — momepe/kaloTh a00 3HWKYIOTh YTBOPCHHS
miHu. Y 110 TPyMy, a TakoX y HOBY rpymy — E1000 — BXoaaTh miicomoxyBadi,
po3myIIyBayi Ta Tia3ypyBaTeni, i iHmi go6aBku. B Ykpaini meit Bux xapuoBux

7100aBOK MMOBHICTIO 3a00pOHEHUH 10 BUKOPHUCTAHHS.

OcCKUIbKM TOCTIHHO 3’SIBIIIIOTBECA HOBI JOOaBKM Ta HOB1 pPe3ysibTaTH

HAayKOBHUX JOCHIIPKEHb IIIOJ0 iX BINIMBY Ha OPraHi3M JIIOJWHH, TEPeTiK
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XapyoBUX J00aBOK, SKI JO3BOJIEHI [Jii BHUKOPUCTAaHHSA B Hallid KpaiHi,

CUCTCMATHUYIHO IICPCTIIAAAETHCA Ta ITOIIOBHIOETHCA.

3rifHO 3 CY4YaCHUMHU 3apyOLKHMMM JOCHUIKEHHSAMH Ta JeTalbHUM
aHaNI30M  BIJUM3HSHUX HAYKOBUX JIKEped OTPUMaHi JlaHi  CTOCOBHO
HEraTMBHOIO BIUIMBY Ha OpraHi3M JIIOJMHA OKpeMHuX J00aBok abo ix
KOMO1HaIIli, 1[0 J103BOJICHI B YKpaiHi Ta JIOCUTh IMIMPOKO BUKOPHUCTOBYIOTHCS.

Ile 30kpeMa Taki XapudoBi J00aBKU: MOHCO-4R, HITpUT HaATpilO Ta TiIyTamaT

Hatpito [223-224].

E 124 — Bimoma xapuoBa noOaBka (anri.: Ponceau 4R; ¢pani. "kBiTka
MaKy'") — CHHTETUYHHMI a30-OapBHUK, SIKUW BBEJEHUHN Yy BUKOpHUCTaHHS 3 1910
poky nisi mifdapOOByBaHHS B SICKpABO-UEPBOHUU KOJIP PI3HUX MPOIYKTIB
[225]. He € mosBonmenum y CIIIA Ha migcraBi MiATBEpPIKEHUX MAAHHX, IO
HATpPIEB1 COJI, SIKI BXOMASATH 10 ckiany E124 € kaHieporeHoM, 1Mo MiABHUIINYE
PHU3UK BUHUKHCHHS 3JIOSKICHUX MyXJuH [226-227]. Binbmiicte kpain €Bponu i
A3ii BU3HaIOTH Oe€3leuyHicTh JaHoi J00aBKM 3a YMOB OOMEXKeHHS il
BUKOPUCTaHHS B PEKOMEHJ0BaHUX fo03ax. OaHak, mounHaroud 3 1970-x pokiB
MIOYaJIn 3'SIBISATUCS PE3YIbTATH JOCIIKCHbB, MO0 MPUIYETHOCTI TaHO1 J00aBKU
710 BUHUKHEHHS y JIITeH CUHApPOMY nediluTy yBaru i rinepaktuBHocTi. L1 maHi
CTaJIM OJTHUM 13 BaKWJIIB BILIUBY 7151 BKItoueHHS E 124 B mepenik 3a00poHEHUX

PEUYOBHH B JEIKUX KpalHaX.

Takoxx oxHa 13 momupeHux rpymn xapuoBux no6aBok — HitpaTu (NO3) Ta
HiTputH (NO2) — cnonykw a3ory, SKi MOXYTh MICTUTHCS y KOBOACO-M'SCHHX
BupoOax, cupax Ta oBouax. Ouwmmenwmii HiTput Hatpito (E 250) Ha momiTpi
MOBUTRHO JOOKHUCIIOETHCS a0 HiTpary HaTpito NaNOs. ¥V muryHkKy mpuGiam3HO
5% miTpaTiB TpaHCHOPMYETHCS Y HITPUTH, PEIITa — JIMIIE B TEPMIHATHHHUX
BIJITUTaX KUIIEYHWKA, 110 3MEHIIYE X 3aCBOEHHS opraHizMom. Lle B cBoto yepry
MO>KE€ IMIBUIIYBATH PU3WK BUHUKHEHHS paky TOBCTOi kumiku [226]. Hitputu B
KpOB1 BCTYNamwTh B PEaKIIl0 3 TEeMOTJOOIHOM, OKHCIIOIYMA 3alli30,

MEePEeTBOPIOIOYM HWOro B MeTremMornoOiH. HaBith B MiIHIMaNbHUX 032X
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METreMorio0iH Moxe OyTH HeOe3MeuHUH JIsl HEMOBJIIAT, 0COOJMBO 3 OIJISAY Ha
ix Bary Ta OUIbLI BUCOKHUH piBeHb PH y IIIYHKY, IO B CYKYIMHOCTI MPU3BOJUTH
70 TIABUIIEHOI KOHBEpCIi HITpATIB y HITPUTH, Ta K HACIIAOK IMPU3BENE 0

"CHHIPOMY CUHBOTO HEMOBIIATH .

E 250 aktuBHO nojarwoTth 0 M'[Aca, I MNEPEIIKOIKAHHS PO3BUTKY
Clostridium botulinum. A 3a paxyHOK HIiTpOMIOTJIOOiIHY, SIKHW yTBOPIOETHCS
BHACJIZIOK B3a€EMOJIi HITPUTY HATPil0 3 MIOTJIOOIHOM, M'SICHI TPOIYKTH
HaOyBalOTh MPUBAOJIMBUN POKEBO-YEPBOHMM KOMIp. A TMiJl Yac BHCOKOI
TeMreparypHoi o00poOkuM 1mx M'ssicHuX mnpoaykriB, E 250 B3aemoxie 3
aMIHOKMCJIOTAMH, 3 YTBOPEHHSM HITPO3aMiHIB, IO SBISIOTHCA MOXITHUMU

aMiaKy, 1 BHUCTYIIAIOTH AK KaHICPOTCHH.

Takok 3BepHEMO yBary Ha pe3yJbTaTH CydYaCHUX JaHUX HAYKOBO-
eKCTIEPUMEHTAIBHUX JOCIIDKeHh OJIHI€] HAWOUIBII TMOIIUPEHOI Xap4oBOi
no0aBkM, TJyTamMaTy HATpilo, IO BHUKOPHCTOBYETHCS B IIUPOKIA cdepi
XapUoOBUX TEXHOJIOTIM, 1 KUIBKICTh HWOTO0 BUKOPHUCTAHHS HE Ma€ 4YITKO
BU3HAYCHUX MMOKAa3HUKIB. [ TyTaMiHOBa KHCIIOTa B OpPraHi3Mi JIFOJAHMHA TPUCYTHSI
y BUIBHOMY CTaHi Ta y CKJaai OUIKIB, 1 BIZHOCUTBHCSA JI0 YMOBHO HE3aMIHHHUX

AMIHOKHCJIOT.

[Tepmi 3amucu moao E 620 (rmyramiHoBa KucCIOTa) JIaTyroThes 1866
POKOM XIMIKOM HIMEUBKOTO MOXO/keHHs. A B 1907 pori, micis aeTaabHOTO
BUBYCHHS BIJIACTUBOCTEH TJIyTaMaTHUX COJIeH, SMOHCHKUK OiloxiMik Ikena
Kikynae BimokpemuB ximiuno yuctuii E 621 (MSG), saxuit Mae HaWTIpUEMHIIINIA
CMaK, MaKCUMaJIbHY PO3YMHHICTH Ta IOCUTh MPOCTUH Ay KpucTtamizarii. Came

BUIBHHI ITyTamMaT MpHUIa€ 1Ki Tak 3BAHOTO BIATIHKY "M'sicHOTO cMaky'[227].

3a pe3ynpTaTaMyd HAYKOBHX EKCIIEPUMEHTIB OyiM OTpUMaHi MaHi, II0
JOBrOTPUBAJIE HOro CIOXUBAaHHS 3 MPOJYKTaAMU XapuyyBaHHs IOB'sS3aHE 13
PO3BUTKOM psifly TMAaTOJOTIYHMX CTaHIB TakuX SK: IyKpOBUM jdialer,
JUCTINIAEMIsI Ta OXUPIHHS, METAa0OJNIYHMI CUHAPOM, TINepTeH3li Ta IHIII

3aXBOPIOBAHHS CEPIIEBO-CYIMHHOI cuUCTeMU [228], mopymieHHSIMU 3 OOKYy
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CEYOBO1 Ta PENpPOAYKTUBHOI cucTeM [229], HEeHpOEHAOKPUHHI MOPYIICHHS,
nenpecii, TpuBokHOCTI [230-231], BUHUKHEHHS alepriuHux peakuin [232] Ta
3axBOpioBaHb NeuiHKW [233-234]. Takox MNOB’SA3YIOTh TJyTamaT HaTpilo 13
3MaTHICTIO 10 TE€HOTOKCHUYHOCTI, IO OOYMOBJIEHO WOro MOXJIHMBICTIO
MOIIKOKYBAaTH sjpa KimituH [234]. MyTtailii TeHIB y CBO€ 4epry MOTEHIIIINHO
MOXYTh CIOPUYUHUTH PO3BUTOK TMATOJOTIYHUX CTaHIB, META0OIIYHUX
NOpYILIE€Hb, HEOIUIA31i 1 HEBPOIOTTUHUX Je(eKTIB [234], AK1 MOKYTh MaTH MicClie
1 B HACTYMHUX MOKOJIIHHAX [236]. Cy4acHi qOCTiPKEHHS JTOBENH, 1110 IIyTaMaT
HATPII0 YMHUTH TOKCUYHUUN BIUIUB Ha CIUHHI 3a5103u [237-239], TkaHUHU 3y0iB
[232], neuinku [241-242], mignutyHKOBO1 3ai03u [242-243], TOBCTOI KHIIKH
[245-246], cnpuunHse TONIKOMXECHHS CcTareBoi cuctemu [247-248]. B
JITepaTypHUX JDKEpeliaX HEOJHOPA30BO 3yCTPIUAIOTHCS MOJENl  1HIYKIIil
I[yKPOBOT'O JliabeTy 2 TUNy, BHUKOPHCTOBYIOUM HEOHATaJbHE BBEICHHS
rIyTaMaTy HaTpil0 B PI3HUX J03aX 1 3 PI3HOI TPHUBAIICTIO. B pesynbTaTi
OTPUMYBAJIM PO3BUTOK IYKPOBOTO Aia0eTy, a camMe TakuX HOro MpOsBIB SK:
TinepriikeMis, TINepiHCYJIIHEeMis, 3HW)XEHHS TOJEPAHTHOTI JI0 TJIFOKO3H,
IHCYJIIHOPE3UCTEHTHICTh Ta TJIIOKO3Yypis. 3a pe3ylbTaTaMu EKCIIEPUMEHTIB
BBEJICHHS TJIyTamaTy HATpil0 B HEOHATAJIIbHOMY Tepioji OyiM OTpuMaHi JaHi
I0JI0 BUHUKHEHHS HEKPO3y HEHPOHIB BEHTPOMEIIATBLHOIO 1 JYTOIOi0HOTO
aep rimoTalaMmyca. 3ayBa)X€HO, IO B 3aJI&KHOCTI BiJ 30UIBIICHHS BIKY,
HOPMOTJIIKEMIsl 1 HOPMOIHCYITIHEMISI B PaHHBOMY Billl 3MIHIOIOTHCSI PO3BUTKOM
OKUpIHHA 1 Tinepincymiemieto. [Ipu ekciepuMenTi Ha MUIIax, siKi OTPUMYBaU
Binm 0,6 10 4 MI/Kr IiIyTamaTa HaTpilo B Mepiog 6 MICAIIB, CIOCTEPIra€ThCs
sckpaBa mpodideparis OeTa-KIITHH Ta, SK HACHIJIOK, JOCHUTh IIOMITHA

rinmepTpodis MaHKpeaTHIHUX OCTPiBIiB [249].

3HaXOAMMO JIaHi 1 MO0 MPUYETHOCTI TIIyTamaTy HATPII0 JO PO3BHUTKY
HecnenupiYHOro BUPA3KOBOr0O KOJITY abo xBopoOu KpoHa , 1€ MOsSICHIOEThCS
JOCUTh YyacTUM BxkuBaHHSM E 621 y cknaal O0araTux Ha *UPHU MPOAYKTIB, L0
MPU3BOAUTh JO TMOPYIICHHS MIKpOOIOMY KHIIIEYHUKA Ta, SK HACHIIJIOK,

BHHUKHCHHS 3amaJibHUX TmporeciB [245]. Ilpum moemHaHHI i€TH 3 BHUCOKHM
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BMICTOM JKHMpIB Ta TIJyTaMaTy HaTpil0 ONHCAHU HEraTUBHUU BIUIMB Ha
MOTOPHUKY KHILIEYHUKA, SKHUH OOYMOBICHHMI MOIIKOJKEHHSAM MOP(}OIOridHOL

CTPYKTYpH HOT0 HEPBOBHX KJIITHH [245].

JlocnimpKyBaBcsl BIUIMB IJIyTaMary HATpiiO 1 HA MIANUTYHKOBY 3aio3y. B
pe3yibTaTi eKCIEepUMEHTY, II0JICHHOro BBeAeHHS mrypaM E 621 mpotsrom 30
IHIB, y 1031 15 1 30 mr/kr Baru, mo Bignosigano 1 abo 2 rpamam AJis JTIOAUHH,
OyaM OTpUMaH1 JaHl PO3BUTKY T'OCTPOrO MaHKPEATUTy, OKUPIHHS Ta Mailbke B

JIBa pas3u 30UIBIICHHS MacH T1JIa Bij] TOYATKOBOI.

[NicronoriyHo crnocrepiranucs TUCTPOPivHi 1 HEKPOTUYHI 3MIHU €K30- Ta
€HJIOKPUHOITUTIB, SIKI HApOCTalX B JUHaMIIl. BuU3HadaBCcs IHTEPCTUIIINHUN Ta
NEPUBACKYJISIPHUM HAOPSIK  CHOJMYYHOI TKaHWHH, (iOpo3, 30UIbLIYBANIOCH
SICPHO-IIUTOTUTA3MATHYHE ~ CIIBBITHOIIEHHS KIITHH, Majd MICIlE TaKOX

JeKonuTapHa iH(IIbTpaIlis Ta cTa3 B IPOCBITI CyauH [244].

3HaxXoaMMO JaHl OTPUMaH1 B MPEKJIHIYHUX JOCTDKEHHSX, 10 TIyTamar
HATpil0, 30KpeMa, MOpYIIye TICTOMOP(OIOTIYHY CTPYKTYpY si€dka Ta MOXKe
OPU3BOJIUTH 1O TMOpYyIIeHHS crnepmaTorere3y [250]. BikuBanHs riyTtamary
HATPI0 TOB'A3yBAIM 13 3HHKEHHSIM PIBHIB TECTOCTEPOHY, IO BIPOTiAHO, MOXKHA
MOSICHUTH BUCOKOIO YYTJIMBICTIO SI€YKA 10 HECTIPUSATINBUX BIUIMBIB €K30I€HHUX
gyuHHUKIB [248]. TlpoBoamiau TakKoXX IOCHIIKEHHS TIOB'I3aHI 3 BIIHBOM
riiyTamaTy HaTpilo Ha MaTKy, MaTKOBI TpyOU Ta sSIEYHUKHUKH, OyJI0 BCTAHOBJICHO,
0 BIH MOXE TMOIIKO/KYBaTH OOIMUTH, 30UIBIIYBATH PO3MIp TEPBUHHUX
domikyniB [247]. B mochimKkeHHsX, MO0 BILUIMBY Ha OPTaHM >KIHOYOi CTATEBOi
CUCTEeMHU OyJ0 BUSBICHO HETATHUBHUI BIUIWB, SIKUA BHUPAXKABCS HACTYITHUMH
3MIHAMH: TIOTOBIIEHHS 0a3ambHOT MeMOpaHu (DONIKYISIPHOI TEKH, MOPYIICHHS

BaKyoJIi3aIlil KIIITHH CTPOMHU siedHUKiB [251].

BrmuiuB xap4yoBux n100aBOK, 30KpeMa 1 TlIyTaMmary HaTpio, Ha JKIHOUY Ta
YOJIOBIUY PENpPOAYKTUBHY CHUCTEMY 3aJIMIIAETbCS OJHUM 13 HalMEHI
nociimkeHux cdep. ToMy BUHHMKAE HEOOXIAHICTh MOAATIBIINX JTOCIIIKEHD, K1

IMOBMHHI JaTH BIAMNOBIJII HAa OCHOBHI ITMTaHHA, SK MEXaHI3MU J1i J00aBOK, TaK 1
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METOJM MIHIMI3alll YIIKOJKEHb Ta MOPYLIEHb (PYHKI[IH CTaTEBUX OpPraHiB, L0

0e3mocepeIHbO BIUIMBAIOTh HA (DEPTUIIBHICTD.

[Iponykt xapdyyBaHHS 3a3BUYail MICTSTh JIeKUIbKa J00aBOK, TOMY
BITUYM3HSHUMH Ta 3apyODKHMMH HAYKOBIIIMH AKTUBHO BEJCTHCS BUBUCHHS B
€KCIIEpUMEHTAIbHUX YMOBAaX BIUIMB PI3HUX KOMOIHaIlil Xap4yoBUX A00aBOK.
Opniero 13 HaiyacTille BXXKMBAHMX € KOMOIHAIlsA TiyTaMmaTy HaTpiio, HITpary
HaTpito, moHco 4R [227]. CnuzoBa 000J0HKA MOPOKHUHK POTA OJHA 13 MEPIIUX
KOHTaKTY€E 31 LIKIJIMBUMH PEUOBUHAMH, SIK1 OTPAIUISIOTh B OPraHi3M y CKJIaji
NpONyKTiB xapuyBaHHS. OJHIEI0 3 OCHOBHUX (YHKIIA CIU30BOI OOOJOHKHU
MOPOXXKHUHMU POTa € 3a0e3IMeUeHHs B3a€MOJli MDK BHYTPIIIHIM CEpEeIOBHUIIEM
Oprai3My 1 pi3HMMH 30BHIIIHIMH (pakTopamMu. CeKpeT CIMHHUX 3aJ103 BUKOHYE
NPOTEKTOPHY (YHKIIIIO, siKa 3a0e3MeuyeThCs PI3HUMHU MeXaHi3Mamu. BHacniok
BBEJICHHSI BIIPOJOBXK OJHOTO TYO)KHS B Xap4OBUH PAIliOH MiJOCTITHUX TBapUH
KOMOIHAI[li XapyoBUX J00ABOK CIIOCTEPIrajgoch 3HAYHE PO3IIMPECHHS BUBIIHHUX
MPOTOKIB 1 TOMITHE 30UIBIICHHS JiaMEeTPy KIHIIEBUX BIIJIUIIB B CIM30BUX
CIIMHHUX 3aj103ax. Y OUIBIIOCTI BUMAJKIB CEKPET B PO3MIUPEHUX MPOTOKAX OyB
BiJICYyTHIH. B crmony4yHiil TKaHWHI HABKOJIO MPOTOK 1HKOJW BHUSBIISUIMCH SIBUIA
HaOpsAKy. 3rigHO pe3yJabTaTiB MOPPOMETPUYHUX JOCTIIHKEHb B CIM30BHUX
CIMHHMX  3aJ03aX, BIA3HA4YajJoCh 30UIBIIEHHS  BIAHOCHOI  KIJIBKICTH
apeHXIMaTO3HOTr0 KOMITOHEHTA 1 BIATIOBITHO 3MEHIITUIACh YacTka ctpomu. [Ipu
IbOMY Majo Micie 30UTBIICHHS CEepeIHbOro giamerpa amuHyciB [252]. YV
OITKOBHX CIWHHUX 3aJ03aX TaKOX CIIOCTEPIrajJoch 30UIBIICHHS KITBKOCTI
MapeHXIMH 1 3MEHIICHHS KUIBKOCTI CTPOMAaIbHOTO KOMIIOHEHTY, MpOTee JaHi
3MIHM OyJM MEHII BUPAXCHHUMH Yy TIOPIBHSHHI 31 CIW30BUMH CIHHHUMH
3ano3amu. Ilicnst 4 THKHIB BBEJEHHS B XapyOBUU PAIlOH KOMILIEKCY J00OABOK
SK B CIM30BHX, TaK 1 B OLIKOBUX CIMHHHX 3aJ03aX, BIA3HAYaJIOCh
MPOTrPECyYBaHHs OMMCAHUX 3MIH Ta ICTOTHE 30UIBLICHHSI CEPEAHBOTO JlaMEeTpy
aruHyciB. JlOCHTh 4acTO BUSABISIOCH PO3IIMPEHHS BUBITHUX MPOTOKIB CIIMHHUX
3a]103 13 HAaKOMMMYEHHSM B OCTaHHIX CEKpEeTy, IO MaB BUIJSAJ TOMOTCHHUX

IUTACTUHYACTUX MAacC 3 JOMIMIKAMH MOOJIMHOKUX JIECKBAMOBAHHX E€IITEI10MTIB.
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Byap-skux 3MiH 3 OOKYy MpPOTOKOBOi CHUCTEMH OLIKOBUX 3ajl03 HE OyJo
BUABJICHO. BuineszazHaueni Mop(]osoriyHi 3MiHM BKa3ylOTh Ha MIJBUILEHHS
CEKpETOpPHOI MISTIbHOCTI CIMHHUX 3aJl03, 110 MOXE CBIIYUTU SIK TMPO
BUHUKHEHHSI 3aXMCHOI peakiuii, Tak 1 IpO HACIIAOK CTHUMYJIALII MiABUIIEHOTO
CIIMHOBUJIJIEHHSI KOMIUIEKCOM XapyoBUX J00aBoK. OcoOiauBoCTSIM OynoBU
CIM30BOI OOOJIOHKM SI3MKA Ta ii 3MIH MiJ BIUIMBOM THX YM 1HIIMX 30BHIIIHIX
¢dakTOpiB, MPUCBSIYECHO 3HAYHY KUIbKICTh myOmikamii. [logo 3miH ciauzoBoi
O0OO0JIOHKH sI3MKa, 1110 BUHMKAIOTh MPU BXXUBAHHI PI3HUX KOMOIHAIIM XapyoBHUX
n00aBOK y pallioHi, y CydyacHUX MyOJiKaIlisX 3HaXOMMO HACTYIHI PE3YJIbTaTH.
CroxuBaHHS KOMIUIEKCY XapdoBHX 100aBok (TimyTamar Hatpito, [Tonco 4R i
HITPUTY HATPil0), OJAHOTO [0 CTAaHJAPTHOTO pallioHy NIypiB-ajb0IHOCIB,
OPOTATOM YOTUPHOX THXKHIB TMPU3BOAUTH JO MPOrPECUBHOTO 30UIBIIECHHS
TOBIIMHK 0aratomapoBOro IUIOCKOTO EMITeNi0 BCl€l JAOpcaibHOI MOBEPXHI
A3MKa, 10 CYNPOBOKYETHCS PO3BUTKOM TIAPONIYHOI AUCTPO(ii Ta aKkaHTO3Yy.
I{i 3MiHM HaiOIbIIe BUpaXKeH1 Micisa 4 TWXKHIB BIUIMBY Xap4yoBHX J00aBOK Ta

CIIOCTEPIrar0THCS MEPEBAKHO B TiMI si3uKa [224].

Tako BUBYA€THCS BIUIMB KOMOiHAIli XapdyoBHX J00aBOK TIJIyTamaTy
HATpio, HiTpaTy HaTpito, moHco 4R i1 Ha meuinky [223]. Ileuinka B opranizmi
JIOJIMHK BiJIirpa€e KIIOYOBY poJb B OOMiHI PEYOBHH 1, KPIM TOr0, BUKOHYE
0arato IHIIUX JKUTTEBO BAXKIMBUX (yHKIIH. OCHOBHUMH KIITHHHUMH
€JIeMEHTaMH TMapeHXIMU TMEUYIHKH € TemaToluTH, sKi OepyTh yd4acTb Yy
MeTabomi3Mi  OUIKIB, BYIJIEBOMIB, CHHTE31 XOJECTEPUHY, ICTOKCHKAIli Ta
BUBEJICHHI PSy EHJOTEHHHUX pPEUYOBHMH 3 oOpraHizmy. JleCTpyKTHBHI 3MiHU
TeNaToIUTIB JISKAaTh B OCHOBI MATOT€HE3y OLTBIIOCTI 3aXBOPIOBAHb MEYIHKH, a
TOMY YMCJICHHI TOCITIKeHHS MOPG O YHKITIOHATHHUX 3MIH MEYiHKA MPUCBIYCHI
KITIHIKO-€KCTICPUMEHTAIBHUM ~ JTOCJI/DKEHHSM, 10 PO3BHUBAIOTHCSA TIiJ dac
BIUIMBY PI3HOMAHITHUX €HJIO- Ta €K30reHHux (akropiB. HuHimHi myOmikamii
HEJIOOI[IHIOIOTh OMHC KOHCTPYKTUBHO-(DYHKIIOHATBHUX OCOOJIMBOCTEN KIITUH
MEYIHKM TMpPU BBEJACHHI B PAIllOH PI3HUX XapuyoBUX J00aBoK. BogHouac Ha

OCHOBI CKCIICPHMMCHTAJIBbHUX NAaHUX BCTAHOBJICHO, 11O IIPH BBCI[GHHi B X&p‘IOBI/Iﬁ
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paiioH HITpaTiB (TJayTaMaT HATPito, HITpaTy Hatpito, [loHco 4R) npu3BoauTh 110
MOP(OJIOTTYHUX 3MIH JESIKUX OpraHiB TpaBHOI cuctemu. Ilicis BBeJeHHS B
Xap4yoOBUU paIliOH TBAPUH KOMIUIEKCY XapuoOBUX J100aBOK MPOTATOM OJIHOTO
THO)KHS BHSIBISUTMCS HEYHCIICHHI TEMaTOIUTH 3 SBUIIAMHU KUPOBOI AUCTPOdii,
IpyU LBOMY BIJHOCHA KUIBKICTh CTPOMAJIBHOIO KOMIIOHEHTa JEHio 3pocia.
JlonaBaHHS B CTAaHAAPTHUM paIlioH TaOOPATOPHUX TBAPUH KOMILJIEKCY XapUOBUX
100aBOK TIPOTITOM 4 THXKHIB MPU3BOUIIO 10 TOMITHOTO 30UIBIIIEHHS KUTBKOCTI
TenaTouTIB 3 AUCTPOPIYHUMU 3MIHAMU 1 3HAYHOTO 3OUIBIIECHHS BIIHOCHOL
KUTBKOCTI CTPOMAJIbHOTO KOMIIOHEHTa. Pe3ynbTratu MOCHiIKEeHHS CBiI4YaTh, IO
BUIIE3a3HAYCHUI KOMIUJIEKC Xap4yoBUX J00aBOK (TiayTaMar HaATpilo, HITPUT
HaTpito, Ponceau 4R) npu BBENEHHI 10 CTaHAAPTHOTO PalliOHY JIa0OpPaTOPHUX
TBAapUH MPU3BOJIUTH JI0 MOMITHUX MOPQOJIOTIUHUX 3MIH B MapeHXiIM1 MEYIHKH.
HaiiGinpi  iCTOTHUMHM 3MIHAMHM  CJIiJI BBaXXaTd 3MIHY MOp(OMETpUYHUX
XapaKTepUCTUK KIITUH TEYiHKM, 3HUKEHHS BMICTY B HHUX TJIIKOTEHY Ta
mporpecyrode 30UIbIIEHHS KUIBKOCTI TeMaTOIUTIB 13  IMOIIKOJKCHHIMHU.
BoaHouac crnokuBaHHSI KOMIUIEKCY XapdyoBHX 100aBOK, AOJAHUX /IO PAIllOHY
IIPOTATOM THIKHS, TIPU3BENO JI0 SBUIIA KUPOBOI AUCTPO(dii, a OLIBIIT TpUBAIUM
TEPMiH i1 CHOXMBaHHS (MPOTATOM YOTHPHOX THXKHIB) MOKa3aB, IO TMOMITHO
3pocia KUIBKICTh KJIITUH MEYiHKHA 3 MOP(OJOTIYHUMH 03HAKAMH, XapaKTePHUMHU
IS TigpomniuHoi quctpodii. Taki 3MiHM B MEUiHIT BiOYBaIOThCS I BINIMBOM
pSly €HIOTEHHUX MAaTOTeHHUX (PakTopiB, 1 B JEAKUX BHUMAJAKAX MOXYTh OyTH
oboporHuUMHU. TakoX CHOCTEpIra€TbCsi BUHUKHEHHS '"TEMHHX T'€HaTOIUTIB'",
BIpOTiAHIINIE BCHOrO IX CIiJ BITHECTH JO KITHH 3 HE3BOPOTHUMHU
JECTPYKTUBHUMH 3MiHaMU. BusiBieHe mnpu MOpPOMETPUYHOMY AOCITIIKEHHI
30UTBIIICHHS PO3MIPIB KJIITHH TIEYIHKK MOKE OyTH SK HACHIIKOM TUCTPO]idHOT
3MIHM 1 TIPOSIB KOMIIEHCATOPHOTO TPOIECy, IO TMOB'I3aHE 13 MiABUIICHHSIM

(GYHKITIOHATHPHOT aKTUBHOCTI IIUX KIITHHHHUX eJIEMEHTIB [223].

TakuM 4YMHOM, TIPOAHANI3yBaBIIM EKCIEPUMEHTAIbHI JTOCHIIKEHHS
OCTaHHIX POKIB, pO3yMIEMO, IO HE BCl XapyoBl J00aBKH, IO JO3BOJEHI O

BUKOPHUCTaHHS B YKpaiHi € UUIKOM Oe3reuHi. SIK okpemi pe4OoBUHHU, Tak 1 iX
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KOMOIHaLIi TPU3BOIATh 10 CYTTEBUX MOP(OJOrIYHMX 3MIH PI3HUX OPraHiB Ta
cucteM. BrumB xap4yoBuX A00aBOK Ha JKIHOYY Ta YOJIOBIYY PENpPOIYKTHUBHY
CUCTEMY 3aJIMIIAETHCS OJHUM 13 HailMEHII JaociimkeHux chep. Tomy BUHUKaAE
HEOOXIAHICTh MOJANBIIUX MOIIYKIB, 3 METOI MONEPEIKEHHS YIIKOIKEHb Ta
nopyueHb (YHKI[IA CTaTeBUX OpraHiB, IO O€3MOcepeHbO BIUIMBAIOTH Ha

(bepTUIBHICTD.

[TepcriekTHBH MOAATBITUX AOCTIKEHb — TOCTIINTH BILUTUB KOMOIHAII1
XapyoBUX J0OABOK HA 3MIHU S€YOK Y KPUC B €KCIIEPUMEHTI.
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MNIACYMOK
[IpoBenennii HaMu aHai3 BHUSBUB HAsBHICTh HU3KH HAYKOBHX pOOIT,
MPUCBSYEHUX BIUIMBOBI IIyTaMaTy HaTpito, HITpUTy Hatpito Ta Ilonco 4R Ha
TOHKUW KUIIEYHUK. Pe3yiapTaTH MOKa3yloTh, WIO 11 XapyoBl J100aBKU
BUKJIUKAIOTh 3MIHM MOP(]OJIOTIYHOT CTPYKTYpH, IMepediry (i3ionoriyHux
MPOLIECIB Ta CKJIaAy MIKpOOIOTH BIAMOBIIHOTO BIAAUTY racTPOIHTECTHHAIBHOIO
TpakTty. HaykoBux poOir, 10 OMUCYIOTh 3MIHM TOHKOI KHUIIKH ITiJl BILUIUBOM
OJTHOYACHOTO BBEJCHHS KOMIUIEKCY XapuyoBHX [00aBOK (TiIyTamar HaTpilo,

HiTpuT Hatpito Ta [loHco 4R) BusiBiIeHO He OyII0.

VY miCyMKy eKCIIepUMEHTAILHOTO JAOCTiIKEHHSI BCTAHOBJICHO, 110 SIK y Cipii
Tak 1y OUT1i pe4yoBUHI MO304Ka B1AOYBAIOTHCS KOMIIEHCATOPHO-TIPUCTOCYBAIbHI
NpOIIECH HAINpaBlieHI HAa YacTKOBE BIJHOBICHHS CTPYKTYPHUX KOMIIOHEHTIB
mo30uka, a GFAP-mo3uTuBHI CTpYyKTypH BIJIrpaiOTh BHU3HAYAJIbHY pOJIb Y
IIOMY TIpolIeci Y SKOCTI (hiOpUIIPHOTO KapKacy.

BrmnuB  excriepuMeHTanbHOI  MOJeNi  BIITBOPEHHS  TOCTPOTO
IMMOOLTI3alfHOTO CTpeCy MUIAXOM aTPaBMATHYHOTO MiABIIIYBAaHHS 3a IIUHHY
CKJIQJIKy IIypIB MPOTATOM O-TH TOJWH BHKJIMKAE Ha TICTOJIOTIYHOMY PIBHI Y
NEYIHIll MiAJAO0CITITHUX TBAPWH MOBHOKPOB’S MIKYACTOYKOBHX Ta IEHTPATBLHUX
BEH, SBHINA TPOMOO3yY, MPOSIBU 3aCTOI0 KPOBI Ta CIAKyBaHHS Y CUHYCOITHHX
Karmusipax, pi3ke PO3MIUPEHHS MEPUCHHYCOIMHUX MPOCTOPIB, MEPUBACKYIISIPHY
JeHKOIUTapHy 1HQIIBTPAIIiIOo, SIBUIIA KapiOMIKHO3Y, TiAPOMiuHOi auctpodii Ta
(b oKaTBHOTO KOJIIKBALIHHOTO HEKPO3Y B OKPEMUX IeMaTOIHUTAX.

Takok BUKOHAHE JOCTIIHPKCHHS II0Ka3ajl0 BiJHOCHY PE3UCTEHTHICTh
CEeJIe3IHKM IIypa J0 6-TOJAWHHOTO CTPECOBOTO BIUIMBY, BHUKJIMKAHOTO
IMMOO1TI3AITI€I0 32 MUIHY CKIIAJKY, 13 HE3HAYHUMHU MOP(HOIOTIYHIME 3MIHAMHA
017101 TyTBITK Ta TOPYIICHHSIM T€MOMIKPOIMPKYJISAIII.

[IpoBenenmii aHami3 JiTepaTypHHUX JDKEPEN CBITYHTH, IO CydacHI HayKOBI
JOCTIIKEHHS TOBOJATh BUCOKY aHTHOKCHIAHTHY BIACTHUBICTH KBEPLETUHY, KA

poOUTH HOTr0 MEepPCHEeKTUBHUM areHToM il NpoQUIAKTHKHA, KOPEKIii Ta



112

JiKyBaHHsS MOp(}O(QYHKIIOHATbHUX 3MiH, KOTPl BUHUKAIOTh Y OpraHi3Mi Ha TJii

BILJIUBY CTPECOBOI peaKilii.
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