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BMJIMB NOJIIOKCINPONIJIEHMNONIOJIB HA BOAHI OB’EKTU"

BabieHko B.B., AHiweHko J1.B., MuxatineHko B.J1.
Opecbkuii HauioHanbHUIA MEAUYHUIA YHIBEPCUTET

B CTatee pacCMOTPEHb! PE3YIIbTaThI MPOBELEHUS TOKCUKO/IOrO-IMIMEHNYECKOU XapaKTEDUCTUKU HOBOM Pyl MOJTMOK-
CUMPONIIEHTIONNOIOB M OOOCHOBAH IMPOrHO3a CAHUTaPHO-3TUAEMNOIOMMYECKOrO B/Iaronosy sl BOAHbIX OBbEKTOB. OC-
HOBE JIEXUT UCCIIEAOBAHNE GHOJIOMYECKOrO AEUCTBUS 10/IMOIOB Ha OPraHn3M TEI/IOKPOBHBIX XUBOTHBIX B YC/IOBUSX
OCTPOro M ro4OCTPOrO KCIIEPUMEHTOB, B/IUSHUS TTO/IMO/IOB Ha OPraHOIENTUYECKNE TOKA3aTE/M BOAbl M CAHUTAPHBIN
DPEXUM BOJOEMOB. MICC/IEAOBAHNE TOKA3A/I0, YTO B OCHOBE MEXAHU3MA OUO/IOrMYECKOro AEHCTBUS 10/IMOKCUITPONTNIIEH-
110/IM010B JIEXUT CTUMYJISLNS CBOOOAHODAANKAIILHOIO MEPEKVICHOIO OKUC/IEHNS JINITMAOB HA (POHE UCTOLUEHUS aHTUOK-
CUAAHTHOM CUCTEMBbI, HaPYLIEHNE CTPYKTYDbI KIETOYHBIX MEMOPAH, CHUXEHNE aKTUBHOCTH MEMOPaHOCBA3aHHbIX GepMe-
HTOB, HapyleHne BUOIHEDIETHUKH, OKUC/TUTEILHOMO (OChHOPUIIMPOBAHNUS M OKUC/TUTE IbHO-BOCCTAHOBUTE TbHBIX POLJEC-
COB B OPraHU3Me TEIOKPOBHBIX XUBOTHBIX. BEAYLNMYU NIATOrEHETUYECKUMYU 3BEHLSIMU DOPMUPOBAHUS CTDYKTYPHO-
METABOSTNYECKHMX HAPYLIEHM B OPraHu3Me SB/ISIOTCS akTUBALMS CBOBOAHODAANKAE/TbHBIX [IPOLIECCOB [TEPEKUCHOMO OKHC-
JICHUS JIMITUAOB, MHIMONPOBAHNE AHTUOKCUAAGHTHON CUCTEMbI U SHEPrETUYECKMX [TPOLIECCOB, KOTOPbIE JIEXAT B OCHOBE

Pas3BuTiAa TKGHEBOU MITOKCUN U CHYDKEHUIO BOCCTAHOBUTETbHBIX [1poLjeccos.
KnioyeBble cnoBa: rurmeHa, 340poBbe, NOMMOKCUNPONMUIEHNONMNOSbI, BOAOEMbI.

LLiBnake 3pocTaHHA MPOMMUCIIOBOCTI i 3MiHa 1i CTpykK-
TYpU 3HAYHO 36iNbLUYHOTh KiNbKICTb CTIYHUX BOA, LLO Cy-
CKalTbCsA Y BOOOVMM, 3MIHIOKOTb X XiMiyHMIA cknag. Oxo-
poHa BOOOWM Bif UMX 3abpyaHEHb CTae OfHIE 3 BaXn-
BMX Npobrnem TexHIYHOro nporpecy 40 rpomMajcbKoi OXo-
poHu 300pos'a [9].

HebGesneka 3abpygHeHHA BOAOWM iCHYE Maixe y
BCbOMY CBITi. 3 HapocTal4MMu TemMnamum po3BUTKY Npo-
MUWCMOBOCTI CMOCTEpIiraeTbCcsa 3MiHa il CTPyKTypw i nepe-
Ba)KaHHA BOAOMICTKMX TEXHOJOrYHMX MpOLeCiB, Xapak-
TEpHUX Ansa ranysen XiMidHol, HadTOo- i KOKCOXiMIYHOI,
nanepoBO-LeNofo3Hoi  NPOMMUCIIOBOCTI, BUPOOHMUTBA
LWITYYHUX | CUHTETUYHUX OPraHivYHNX maTepianis [2].

Po3BuTOK XiMiYHOI NPOMMUCNOBOCTI, XiMi3auid iHLUMX
ranysen BUpoGHULTBA i CiNbCbKOro rocnogapcrea cynpo-
BOXKYIOTbCA HE TiNbKU LWBUAKUM 30inblieHHaM obcsary
CTiYHMX BOA, WO HaaxoAsdTb Y BOAOWMM, a M BCe OinbLu
IHTEHCUBHUM i Pi3HOMaHITHUM iX 3a0pyAHEHHSIM XiMiYHU-
MW peyoBWMHaMW i iHrpedieHTamn, 6araTto 3 AKkMX ganeko
He Ganpyxi onsa 34opoB's. Bue ckasaHe BigHOCUTLCS i
Ao noniokeunponineHononionis (MOTMM) [3, 5, 8, 11]. o
HeJOCTaTHbO BMBYEHWX B ririeHiYHOMY BigHoweHHi MO-
MM, saxki MmoxyTb 3abpyaHioBaTU BOAOWMM, BiAHOCHATHLCS:
NoMioKCMNPOMiNeH-OKCUETUNEHTTTIKONbYPETaH (norn-
100), noniokcunponineHamin (MOMM-294), noniokcunpo-
ninboBaHa caxapo3a 3 noniokcunponineHTpionom (MO-

MN-504). Bigomo, WO Ui pe4yoBMHM LUMPOKO BUKOPUCTO-
BYIOTBCS B Pi3HOMaHITHMX ranyssax HapOA4HOro rocnogap-
CTBa B SIKOCTi OCHOBW MPOMWCIIOBOrO BUMYCKY CUHTETUY-
HOT LUKipWM, eManewn, nakis, rigpaBniYHMX Ta TOPMO3HMX
piavH, nnactMac, nomniypeTaHis, MiHONNACTIB, NOBEpXHe-
BO-aKTMBHUX PEYOBWH, eNoKcMaHnxX cmorn. Ha Bcix eTanax
BUpo6HuuTBa MNOTMM (cuMHTes, kaTani3, OKUCHEHHS, rigpa-
Tauis, Cyluka) yTBOPIOKTBLCS CTiYHIi BOAM, SKi MOXYTb ByTun
NPUYNHOK 3abpyaoHEHHS BOAOWM i MOPYLUEHHS NpoueciB
NPUPOAHOro caMoouuLLieHHs [9].

Ha paHui 4ac npakTuyHO BiACYTHS iHpopMmauia Bia-
HOCHO napameTpiB TOKCMYHOCTI, BionoriyHoi akTUMBHOCTI,
BMMMBY OaHOi rpynu nonionis Ha yMOBM BOAOKOPUCTY-
BaHHSA Ta 340POB’A HACENeHHs, a TakoX pesynbTaTiB riri-
€HiYHOI pernameHTadii B Bogi BogHux ob’exTiB [1, 4, 7,
10, 12-15]. Tomy, HEOOXIOQHICTb BMBYEHHS LIMX 3annTaHb
0B6YMOBINIOE aKTyasnbHICTb AAHOrO AOCHIMXKEHHS, METOH
AKOro SABUJTOCb OTPUMAaHHSA TOKCMKOSOro-TirieHiYHOI xapa-
KTepucTuku  noniokcunponinexnonionis  (MOTMM-100,
MOrin-294, NnOrmn-504) ta obrpyHTyBaHHA NpPOrHo3y ca-
HiTapHo-enigemionoriyHoi HeGe3nekn BOOMM.

0O6°ekm 0OocnidxeHHs: GionoriuyHmin Bnnme MOMM Ha
OpraHiaMm ekcnepMMeHTanbHUX TBapuUH B YMOBaX rocTpo-
ro Ta nigroctporo ekcnepumeHTis, snnue MOIMN Ha opra-
HONMENTUYHI MOKa3HWKM BOOM i CaHiTapHUN pexum BOAO-
nm.

’ LumysaHHsi npu amecmauii kadpie: babieHko B.B., AHiweHko J1.B., Muxatine+ko B.J1. Brinue roniokcinponineHnoniosnie Ha 800Hi 06’ekmu //
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lMpedmem docnidxeHHs1 — CTaH eKcnepuMeHTanbHUX
TBapwH, CTaH CaHITapHOro pexvmMy BOAONM.

MaTepianu i MeToAN AOC/IAKEHHNA

Bynu BMKopuCTaHi HacTynHi MeToau AochnigXeHb: To-
KCMKOMOTO-TiriEHiYHi  (BU3HAYEHHS cepefHboneTanbHUX
003, KYMyNATUBHUX anepreHHWX BNacTUBOCTEN, LUKIpHO-
noapasHioYoi Ta LWKipHO-pe3opbTMBHOI Aii), caHiTapHi,
iIMYHHi  CNEKTPOOTOMETPUYHI (BU3HAYEHHSA aKTUBHOCTI
PepMeHTIB i KOHLIEHTpaUii cnonyk), cnekrpodyopome-
TPUYHI (BM3HAYEHHS LUBWOKOCTI OKMCINEHHS CMOIyK), Xpo-
mMaTodoTorpadivHi (posnoaineHHs Ha dpakuii, BM3Ha-
YeHHs1 BMICTy meTaboniTiB), XeMintoMiHeCLIEHTHI (BU3Ha-
YeHHA [HTEHCUBHOCTI XeMintoMiHecueHLii 6ionoriyHnx
06’ekTiB), yHithikoBaHi KMiHiYHi MeTOAN 3 BUKOPUCTAHHSM
CTaHgapTHUX HabopiB peakTuBiB, MOpPOdYHKLIOHAMNbHI
(BU3HAYEHHS NATOMOrYHUX 3pyLUEHb B OpraHax i TKaHu-
Hax), MCTOXiMiYHi (BU3HAYeHHSA aKTUBHOCTI epMeHTIB),
CTaTUCTUYHI.

TakMM 4MHOM, BMBYEHHSI CTyneHs Hebeaneku MOMMM
6asyBanocs Ha BeENWKOMY AianasoHi AoCHiaxeHb, cepen,
KX OOOB’A3KOBMM Oynu BCTAHOBMEHHSI neTanbHUX
edoekTiB, BUSABIEHHS KYMYMATUBHUX, LLKIpHO-
NoApasHIoYKMX, LUKIPHO-PE30POTUBHUX, CEHCUBINI3yoUnX
SIKOCTEN, BMBYEHHS XPOHIYHOI Aii Ha opraHiam 3 MeTol
BCTAHOBMNEHHSA MoporiB wkianueoi aii. Ocobnmeoro 3Ha-
YeHHS HabyBanun TOKCMKOKIHETUYHI Ta mMeTaboniyvHi Kpu-
Tepii OUIHKM TOKCUYHOCTI KCEHOBIOTUKIB, OOCMIMKEHHS
BifAaneHnx egekTiB, BNANUB Ha PENPOaYKTUBHY OYHKLLiO
opraHiamy.

Ons uboro nepepgbavanacb NocTtaHoBa roCTpPoOro Ta
NiArocTpPOro eKCNepPUMEHTIB Ha TEMMOKPOBHUX TBapuHaXx.

PesynbtaTh Ta ix 06roBopeHHs

OpHopasoBe nepoparnbHe BBEAEHHS AO0CNIMKEHNX
nonionis NPOBOAMNN 3 BMKOPUCTaHHAM AianasoHy [[o03
5,0-20,0 r/kr macu TBapuH, SIKUIN OOMPaBCst TaKMM YMHOM,
wo6 BM3HAuYMTU 003y netaneHocTi B iHTepBani Of1o-OJ1100
[6].

CnocTepexeHHsl 3a TBapMHamMy NPOBOAWMW Ha Mpo-
Ta3i 15 0i6. B nepwy noby BBEAEHHSI pe4OBWH NPUBOAM-
no TBapuH Ao 30yaXeHHs1, ke MOCTYNOBO NepPexoauno B
anarTito. Peakuia Ha 3BykoBi Ta 60MbOBi MogpasHuKK Y
TBapuH CyTTEBO 3MeHWyBanacb. Bigmidanu Tsxke au-
XaHHSA, 6nigicTb LWKIPHMX MOKPOBIB, MOPYLUEHHST KOopau-
Hauii pyxiB, aguHamito, GOKOBe MOMOXEHHS, Aiapeto, Ko-
MaTo3HWN CTaH, B $SKOMY [UMHyna 4acTuHa TBapWH.
CwmepTb TBapuWH crocTepiranu B nepuwy Aoby ekcnepu-
MEHTY B 3anexHocTi Big Ao3u pedoBuH. CepefHin vac
CMepTi TBapuH Yy BCiX rpynax BigaMi4aBcs B Mexax Bif
16,4 po 24,3 rogvH Bi4 MOMEHTY No4vaTKy rocTpoi Aii.
MopdonoriyHi gocnimkeHHs opraHiB TBapwH, 3armbnux B
Hanbnwxkyy [oby nicns BBeAeHHs nonionie, nokasanu
MOBHOKPOB’S BHYTPILLHIX OpraHis, 34yTTS LUYHKY, TOHKO-
o i TOBCTOrO KULLEYHWMKA.

BHyTpiWwHi opraHn nigaasBanuck naTtomMopdonoriyHo-
My OOCRIOXEHH. Y HUX Bynu BUSBREHi Taki 3MiHW: B ro-
NOBHOMY MO3KY - NMOBHOKPOB'st CYAUH OBOMNOHOK Ta peyo-
BMHW MO3KYy, CTasu B Kanindpax, nepvBackynsapHuiA Ta
nepuuentionsapHUin Habpsk; B cepui — BMpaXeHe NOBHO-
KPOB’S, NepuBackynsapHUA Habpsik cepLeBoro M’a3a; B
niereHsX — NnomipHe MOBHOKPOB'S; B MeYiHUi — pi3ke MoB-
HOKpOB’sl, BOTHULLIEBA ANCTPOMIs, MiCLAMU KPOBOBUINBMY;
B HMpKax — pi3ke MOBHOKPOB’S, BOTHULLEBA Ta 3epHUCTa
anctpodis, Ginok B NPOCBITI 3BUBUCTUX KaHanbLiB, Mic-
LMW KPOBOBMIMBK B KipKOBOMY Ta iHTepcTuUUianbHOMy
Liapi; B LWWAYHKY, TOHKOMY Ta TOBCTOMY KMLLEYHMWKY — MOB-
HOKPOB’S, HABpSAK NiACNN30BOrO LWapy, MiCLIAMW HEKPO3.

B KniHiYHI KapTWHI rOCTPOro OTPYEHHS MepeBaxanu
CMMTOMU MOPYLUEHHA 3 OOKy LeHTpanbHOi HepBOBOI,
cepaeyvHO-CyAMHHOI Ta AuXanbHOI cucTteM. PisHOMaHITHOI
BWAOBOI Ta CTAaTEBOI YYTNMBOCTI HE Oyno BCTAHOBIEHO.

Takum YnHOM, monionu y BUNaAKy O4HOPAa30BOro ne-
popanbHOro noTpannsHHA B OpraHiaMm TennoKPOBHUX
TBapuH Gynu 34aTHI NopyLyBaTK reMoanHamiky nepesa-
XKHO B FONMOBHOMY MO3KY, MeviHUi, HUpKax, cenesiHui, ce-
pui Ta BU3BaTW NapeHximaTosHy AUCTPOilo opraHis.

Bigomo, wWwo BnnmB GinbLIOCTI KCEHOBIOTMKIB HA opra-
Hi3M 30aTHWUIA NPU3BOOUTU OO iHTeHcudikauii BinbHopa-
OMKanbHUX peakuin i peakuin NepekMCHOro OKUCHEHHS
ninigi (MOJ), sKi cynpoBOAXYTLCA NiABULLEHUM YTBO-
PEHHSAM aKTMBHUX (POPM KUCHIO, MEepPEKUCIB, riaponepeku-
ciB, AIKi 30aTHi HagaBaTW MOLUKOMKYHOUMA BNNMB Ha Kri-
TUHHI MeMOpaHu. B sikocTi kpuTepiiB, WO cBig4atb npo
3MiHy akTmBHoCTI npouecy MOJ1, BukopucToByBanun peecT-
pauilo piBHS CMOHTAHHOro Ta iHAYKOBAHOro Hagcnabkoro
CBiTIHHS — XeMintomiHecueHuito (XI) y nopiBHAHHI 3 BMic-
TomM B 6ionoriyHnx cybcTpatax MPOAYKTIB MNEPEKUCHOro
OKMCeHHs ninigie — gieHoBmx koH'toratie (AK) i manoHoBo-
ro gianegerigy (MOA). Jocnigxysani nonionu B gosi 1/100
IJls0 npy3Boamnu Jo 3HayHoro niasueHHs BmicTy OK (B
cepenHboMy Ha 78%) i MOA (B cepeaHbomy Ha 126%) B
cmpoBaTLi KpoBi LLYpIB y MOPIBHAHHI 3 KOHTporem Ha 30
[oby ekcnepnMeHTy. ByBYEHHSI NPOHWKHEHHS JOCRIOXy-
BaHMX PEYOBUH Yepes3 HEMOLUKOKEHY LLUKIpY 3a OOMOMO-
rol XeMirtoMiHECLLEHTHOrO MeToda nokasano, Lo iHTeH-
CVIBHICTb XeMintoMiHeCLieHLii cnpoBaTku KpOBi O0OCHIAHMX
TBapwH 36inbLUyBanacb, NOYMHaYM 3 NepLUOi roanHK ar-
nikauii nonionie Ha wkipi. Lle Aano mMoxnueicTb 3pobuTn
BMCHOBOK NPO Te, L0 PeY0oBMHM 34aTHi NPOHMKaTK Yepes3
HEMOLUKOMPKEHY LUKIpY eKcrnepuMeHTanbHWX TBapuH. Ha-
CTiNMbKN BUCOKA YYTNMBICTb METOAY AAE MOXIMBICTb BUKO-
pUCTOBYBATM MO0 B TOKCUKOMOTO-TIMi€HIYHMX OO0CHiaXKeH-
HSIX 119 eKCPec-OLiHKN NMPOHUKHEHHS PEYOBUH Yepes He-
YIWKOMKEHY LUKipy. 3armbeni TBapyH NpuW OUjHLi LUKipHO-
pe3opObTUBHOI Aii nonionie He cnocTepiranocs.

O6rpyHTYBaHHS ocobnueocTen GionorivHoi Aii, BcTa-
HOBJIEHHSI MOPOroBUX Ta HeAiluMX [03 AOCHimXYyBaHUX
CMonyK B OpraHiami LypiB npoBogunu B ymoBax nigroct-
poro ekcnepumeHTy. Bci gocnigKyBaHi nonionu 3HuMXy-
Banu Bi4COTOK MPMPOCTY Macw Tina, BMICT reMornobiny,
epuTpouuTiB Ta nenkouuTie. BigsHavyanu 3miHM akTUBHO-
CTi KaTanasmu, nepokcuaasm, rIOK030-6-
doccatgerigporeHasn, nakratgerigporeHasn, manatge-
rcpaporeHasn, kpeaTuHdocdokiHasm, Caz' i Mg*'-
3anexHux AT®as, nyxHoi docdartasn, anaHiHaMmiHoTpa-
Hcdbepasu, acnaprtaTtamiHoTpaHcdepasm, a-
rigpokcubyTupartaerigporeHasu, rnyTaTioHNnepok-cuaasu,
a TakoX BMICT BifHOBNEHOrO rNyTaTioHy, BiTamiHy C.

BuBueHHs BigganeHux Hacnigkis BNnvBy nonionis no-
Ka3arno HasiBHICTb rOHaJOTOKCUYHOI Aii, ika nposiBnsanach
B 3HWXKEHHi KOHUeEHTpauii cnepmaro3oigiB B CycCneHsii
npuaartka, Yyacy pyxJIMBOCTi, OCMOTUYHOI CTiikocCTi Ta 36i-
NbLUEHHI KiNbKOCTi MepTBUX (POpM, KMCIIOTHOI pPe3ncTeH-
THOCTi. MopdonoriyHa ouiHka CTaHy crnepMaToreHHoro
eniTenito BUSIBUNAa 3MEHLUEHHS iHAEKCY CnepmaToreHesy,
yncna KaHanbuiB 3 12-010 cTagielo Menosy, HopMarnbHUX
hopm crnepmaToroHin Ta picT Yucna KaHanbuis 3i 3nyLe-
HUM eniteniem. PeyoBuHn B Ao3ax1/10 ta 1/100 Aflso
HaJaBanu MpPUrHidyYoi Aii Ha yHKUIOHaNbHUA CTaH
crnepmaTo30igiB Ta cnepmatoHeHes. [o3a 1/1000 OJ1so B
nigroctpomy gocnigi 6yna Hegitoyoto, TO6TO 3anuiianacb
Ha piBHi 3aranbHOTOKCUYHOI Aii. B Ton xe 4ac nonionu B
1/10 Ta 1/100 Q)50 HE YMHWUMAK BNNUBY Ha KiNbKICTb XW-
BMX eMmOpioHiB, pe3opbuii, >XOBTUX Tin BariTHOCTi, macy



nnaueHT, nocTiMnnaHTauivHy 3arnbenb. Ane MNOIMM-294,
Ta MOMM-100 B 1/100 ANso 3HWXyBanuM macy nnogis,
30inblyBanu goiMnnaHTauiiHy Ta 3aranbHy emOpioHa-
nbHy 3arnbens. MNpy gocnigxeHHi eMOpPIOHIB BigXUneHb B
OndoepeHLitoBaHHI OpraHiB Ta TkaHWH Ginux LypiB He BU-
SIBMSNOCH.

BuBueHHsa myTareHHoi gii MNOMMM Ha kniTUHW YepBOHO-
ro Mo3ky 0inmx Lypis nokasarno, wo pevouHn B 1/10 Ta
1/100 AJ1s0 cyTTEBO NigBULLYBanu BiACOTOK KNITUH 3 XpO-
MOCOMHUMU MOPYLUEHHAMMU Ta 3HWKYBaNN MITOTUYHY aK-
TUBHICTb KNiTUH. B gosi 1/1000 OJ1sp 3MiH B piBHI Xpomo-
COMHMX abepauii Ta MITOTUYHOI aKTUBHOCTI KMiTUH Yep-
BOHOro KiCTKOBOrO MO3Ky He Oyno BcTaHOBreHo. 3Hawi-
[OEHi CTPYKTYPHI YLLKOOXKEHHS TEHETUYHOro anapary 3Ha-
XOOUIUCb Ha PiBHi 3aranbHOTOKCUYHOI Ail.

Monionn He ganu NO3UTMBHOI peakuil Npu BHYTPILL-
HBOLLKIPHIl, HaLKipHIiA Ta KOH'IOKTMBAarbHiA ceHcubinisa-
uii y Mopcbkmx CBUHOK. Peakuii cneumdivyHoro nismcy
nevikouuTiB, arnomepadii NENKOUUTIB, MNOLUKOAKEHHSA Ga-
300¢piniB, nNocTaeneHi in vitro nicna 24 rogunH nicns see-
OEeHHS [03BONSA40i Ao3un, bynu HeratuBHumun. Lle pano
MOXIMBICTb CYAMTWU MPO BiACYTHICTb anepreHHuMx Bnac-
TMBOCTEN AaHoi rpynu cnonyk. CuMnToMiB NposiBiB anep-
rivHoi peakuii 3 6OKy LUKIPHMX MOKPUBIB, CIIM30BUX Ta KIi-
HIYHOT KapTMHU He Big3Ha4anocs, Lo Aano 3MOory BUKIO-
YATK B AaHin rpyni Nonionis HasBHICTb CEHCMBINi3yumx
Ta aneprisyymx BNacTMBOCTEN.

B cenesiHui Ta niMdaTU4HMX By3nax ekcrnepumeHTa-
NbHUX TBApWH Mpu Aii nonionis BusiBNANuck nponicgepa-
TUBHI 3MiHW, SIKi XapakTepuayBanuch 30inbLWEeHHAM KiTUH
nnasmoumTapHoro psigy. BigsHadanock Takox 30inbLueH-
Hs1 3piNuUX KNiTUH NNasmoLumMTapHoro psiay, nnasMmobnactu
3ycTpivyanucb y BUrNAAi OAMHUYHUX KNITWUH, HE3pini KNiTu-
HW crocTepirannch B AeLlo BinbLui KinbKoCTi nig Bnau-
Bom 1/100 OJ1so nonionis. B gosi1 /1000 OJ1s0 pevoBuHM
He HagaBanu CyTTEBOrO BMIMBY Ha Nna3mouuTapHy pea-
Kuito niMdaTU4HMX BY3MiB Ta CenesiHKu.

Takvm ynHOM, gocnigxyBaHa rpyna nonionis B nes-
HMX [J03ax BNNMBY MOXe 3MiHIOBaTW iMyHobionoriuHy pe-
aKTUBHICTb OpraHiaMy TEMMOKPOBHUX TBAPUH.

BuBYeHHs cTabinbHOCTI nonionie nokasano, Wo iX
BMICT B po34mHax Ha 30-Ty Aoby ekcnepumeHTy cknagas
50-96% Big BuWXxigHOI KoHUeHTpauii. MNpyn uboMy LWBMA-
KICTb pos3nagy 3anexana Big KOHLUEHTpauii peyoBUHM.
Bucoka cTabinbHiCTb nonionie nigTBepaXxyeBanacb i He-
npsimumn metogamu. MNOMM-294, MOMM-504 ta MOMnM-
100 Ha piBHi NpaKTUYHOro Mopora 3a 3amnaxom Ta npu-
cmakom 30epiranu crneuudivyHuin 3anax Ta npucmak Ha
npoTsi3i ABOX TWXHIB Big MOYaTKy MOCTAHOBKU eKcrnepu-
MeHTy. 36epiranvcs TakoXx B Lie MPOMDKOK Yacy i niHo-
yTBOPIOBaIbHi BMacTMBOCTI pevyoBuH. Bece Le gossonuno
CyauTV NPO BUCOKY CTabINbHICTbL nomnionis..

Y BOOHUX PO34MHAX SIKICHO BUSIBNSNUCH BYrNIEBOAHI
(rekcaH, renTaH, OKTaH) OUTOBWIA anbAerig, aueToH, me-
TaHor, eTaHon, i300yTaHomn, MeTUNEeTUNKETOH, eTunae-
TaT, AiokcaH Ta iH. HaaBHIiCTb BUXigHWX NpOAYKTIiB No 3a-
KIHYEHHIO LecTU MicsaliB eKcrno3uuii TakoX sBnsinacb
npsiMMM  NiATBEPOKEHHSIM BUCOKOI CTabinbHOCTI Aocni-
DKyBaHMX KCeHOBIOTuKIB. M0 3aKiHYEHHIO eKCrepuMeHTy
y BOAHMX po34vmHax 36epiranock 60-80% Big BuXigHOT
KifTbKOCTi pe4OBUH.

[nsa 6aratbox NpoaykTiB TpaHcdopMaLii BCTaHOBMEHI
ririeHiYHi HopMaTuBK y BoAi BOAOWM, aTMOCHEPHOMY Mo-
BiTpi, MOBITPi pob60Y0i 30HM Ta I'pyHTI. BinbLwicTe BUsiBNe-
HUX CMOMyK SIBASOTLCA BiNbly TOKCUYHUMU, HiK BUXIOHI
JocnigxyBaHi pevyoBMHU. AHania Ta ririeHiyHa ouiHKa
NpoAyKTiB AeCTPyKLUii Ta TpaHcdopMauii nonionis JO3BO-
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NSi€ rOBOPUTW MPO iX LUMPOKUWA cnekTp GionoriyHoi Aii.
BoHu 3gaTHi ypaxaTu opraHu Ta CMCTEMU OpraHiamy, siB-
NSYUCH MOTEHUINHO Hebe3neyHumn B MraHi BUHUKHEH-
HA BigAaneHnx Hacnigkis. [eski npoaykTn TpaHcgopma-
Lii BOMOAIIOTb HENPOTPOMHOIO Ai€t0. IHLWI Y NEBHUX KOH-
LEHTPAaLisX, YMHSTb BMMMB Ha OpraHonenTUYHi BracTu-
BOCTi BOAM Ta CaHiTapHUA pexum BOAOWM.

Takum 4mMHOM, pesynbTaTh AocnifKeHb AecCTpyKLUil Ta
TpaHcdopMaLii ABNSOTb BEMNWMKUIA IHTEpPEeC Npu cknagaH-
Hi MPOrHO3y HECNpUATMMBOIO BMMMBY KCEHOOIOTUKIB Ha
CaHiTapHWn CTaH BOAOWM Ta 300POB'A HAaCENeHHS.

Bucoka cTabinbHiCTb peyoBUH NigTBEpAXyBanach i
HenpsMumn MeTodamu. [liHOyTBOpIOlOYa 3AaTHICTb pe-
YOBWH, Hanpuknag, 3 BuMXigHOW KoHueHTpauieto 20,0
mr/n, 36epiranace Ha NPOTA3i BCbOro TEPMiHY cnocrepe-
XeHHs (15 gib). Mpu uboMy Ha piBHI NpaKTUYHOro Nopory
no NpUCMaKy - FipKo-B'sXKy4Min NpUCMaKk BOOHUX PO34MHIB
30epiraBcst Ha NpoTA3i AecsaTu i GinbLe fib.

Ak npami, Tak i HenpsMi MeToan A03BONATL CTBEP-
DKyBaTu, WO OOCNIAKYBaHi NOMionu sSiBNSHOTLCA BUCOKO-
cTabinbHUMKM Ta BaXKO NigAarTbes BionorivHOMy OKMc-
NEHH Ta rigponiTuyHin gectpykuii. Lle notpebye, B
CBOI 4epry, 34iNCHEHHS GionoriYHOl OYUCTKM CTiYHMX
BOA, SIKi MICTATb Ui XiMiYHi pEe4YOBMHU, @ TAKOX OOI'pYyHTY-
BaHHSA BUNYCKY CTiYHMX BOZ Y BOAHI 06'ekTn. XiMiuHi pe-
YOBUHW, SKi HAOX0AATb B BOAOVMMMU 3i CTIMHMMM BOAaMW,
MOXYTb 3MiHIOBATW OPraHOMNenTUYHI NOKa3HWKN BOAU: 3a-
nax, Konip, Npo3opicTb, NPUCMaK, Ta NiHOYTBOPEHHS. [1o-
ripLWeHHs OpraHoNenTUYHNX NOKa3HWUKIB MUTHOI BOAM MO-
K€ HeraTMBHO BNNMBATM Ha (PYHKLIOHaNbHUIA CTaH cep-
LeBO-CYAMHHOI, LieHTpanbHOI HepBOBOI, AuXarbHOI Ta
TpaBHOI cucteM. [lonionn HagawTb BoAi cneuundivyHun
3anax HadTonpoayktis. [lMopir cnpuiHATTS (iIHTEHCKB-
HicTb - 1 6an) Ta npakTu4HUK nopir (iIHTEHCUBHICTb - 2
6anu) npu 20°C 3HAaXOAUTLCA Ha HACTYMHUX PIBHAX: 2,5;
51,04; 23,2; Ta 5,0; 105,8; 35,8 mr/n BignosigHO Ans
MOrin-504, Norn-294, norr-100.

XnopyBaHHs1 BOOHUX PO34MHIB MOMIOfiB 3 BUXiOAHOMO
KoHueHTpauieto 5,0; 10,0; 20,0; 40,0 Ta 80,0 mr/n He cy-
NPOBOOXKYETLCA MOCUMEHHSIM ICHYHOHOrO Ta MNPOSIBOM
CTOPOHHIX 3anaxis (4031 akTMBHOro xnopy cknaganu 0,5;
1,0; 2,0 mr/n). HarpisanHs Boayn Ao 60°C HeOoCTOBIPHO
nocunoe 3anax. binbw 3Ha4YMMnn BNNMB Ha 3anax BoAu
YnHUTL MOTM-504. MNoporoBsi KOHUEHTpPAaUii No BNIMBY Ha
3anax BCTaHOBMEHi Ha piBHi 5,6; 106,9 Ta 35,8 mr/n.

Bci cnonyks HapawTb BOAHMM poO34MHaM  FipKo-
B’SKyunMn npucmak. [opir cnpuiHATTS Ta MpakTUYHUN
nopir BU3Ha4YeHHi Ha HacTymHuX piBHAX 26,3; 24,26 Ta
30,5; 47,32 mr/n BignosigHo ansa MOMM-504 ta MOnri-
100. MOrM-294 s koHueHTtpauii go 100,0 mr/n He BnnK-
Ba€ Ha MpuUcMaKk BOAHUX PO34uMHiB. HarpiBaHHs BOAHUX
PO34YMHIB PEYOBUH 0 60°C He NPUBOANTL OO0 MOCUNEHHS
abo nosiBM NprcMaka BOAMU.

HocnigpkyBaHi pe4yoBWHM He BNAMBaKOTb Ha Konip Ta
npo3opicTb BoaAWn B kKOHUeHTpauisx go 100,0 mr/n, He Bu-
SIBNSIETLCA TAKOX i onanecueHuiss BoaHUX po3yuHiB. Of-
HaK cnif Big3Ha4MTW, WO NpU CTPyLUYyBaHHI BOOAHMX PO3-
YMHIB NOMioNiB 3'ABNAETLCA MYTHICTb BOAW 3a paxyHOK
YTBOPEHHS OPiOHO- Ta BENWKO3EPHMCTOI MiHW. XapakTep
niHm Ta 1 cTabinbHicTb Garato B 4YOMy BU3HAYaeTbCs
KOHLIEHTpaUi€ BUXIOHUX pPeyvoBUH. [1OpOroBi KOHLUEHT-
pauii no NiHOYTBOPEHHIO BCTaHOBIEHi Ha piBHsAX: 0,1; 0,3
Ta 2,0 mr/n BignosigHo ansa MOMM-100, NOMM-504 Ta
MOrin-294.

TakuMm 4YMHOM, AocnigXyBaHa rpyna nonionis npu ne-
BHMX YMOBax 3[aTHa HagaBaTu Bodi cneuundiyHuin 3anax
HaTONPOAYKTIB, FPKO-B'SXKy4Mn NPUCMaK Ta BMKMNMKATU
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niHOYyTBOPEHHs. B koHueHTpauisx Ao 100 mr/n pevoBuHM
He BNNMBaKTb Ha KOMip Ta NPO30piCTb BOAHMX PO3YMHIB.
JlimiTytoun opraHonenTuyHa o3Haka LUKIANMBOCTI — NiHO-
YTBOPEHHS.

Mpu po3rnsaai 3anuTaHb HEraTUBHOIO BMMUBY LUKIANW-
BUX PEYOBMH MPOMUCIIOBUX CTIYHMX BOA Ha BOAOWMM,
ocobnuea yBara npuvainanace BNAvMBY iX Ha CaHiTapHWUiA
pexum. YMcneHHUMU JOCHiAXEeHHAMWU MOKa3aHo, Lo B
OCHOBI LMX MPOLECIB nexatb nepeBaxHo GioxiMivHi ne-
PEeTBOPEHHS OPraHiYHMX PEYOBUH 3B’A3aHI 3 XUTTELIANb-
HicTIO canpodiTHOI Mikpodpriopu. MokasHUKaMu iHTEHCK-
BHOCTi MPOLECIB CaMOOUNLLEHHST BOOONM ABMSOTLCS Bio-
XiMiYHE CMOXMBAHHSA KUCHIO, CTYMiHb MiHepanisauii Ta Hi-
Tpudikauii opraHiyHmx cnonyk. Ons 6inbly noBHOro pos-
KpuTTa Xapaktepy Bnnmy MOl Ha npouecn camooun-
LLEeHHs BOAOWMM [OA4ATKOBO JAOCHimXyBanacb AUHaMika
BMICTY PO34YMHEHOrO KMCHIO, aKTMBHA peakLis Boau, po3-
BWUTOK BOAHWX OpraHiamiB (Mikpo-BogopocTen, AadHin,
canpodiTHoi Mikpodnopw).

HaiiGinbw cyTTeBMIA BNNMB HA AUHAMIKy GioxiMiYHOro
CMOXUBAHHS KUCHIO B AOCNIMKEHUX fosax uymHunm MO-
MMN-294 ta MOMM-100, ski NoBHICTIO NPUBOAUNN A0 3HU-
KHEHHS! KUCHIO Ha N'ATy 00y eKCNepuMEHTY B KOHLIEHT-
pauisx 80,0 mr/n. MNMoporosi KOHUEHTpaLii BCTaHOBMNEHI Ha
piBHsx 20,0 mr/n gna MNOIM-294 Ta MOr-100 ta 40,0
mr/n gna MNOMM-504. Y Bcix Bunagkax KOHUEHTpauis
10,0 mr/n siBnsinacb Heaji4yoto.

36inblUEHHA CMOXMBAHHSA KUCHIO B KOHLIEHTpaUifx
20,0; 40,0 Ta 80,0 mr/n no4ynHanocb 3 nepLuoi Jobu ekc-
NepUMeHTy Ta Jocsirario MakcMMyMy Ha n’aty goby cno-
cTepexeHHs. [ocnimpkyBaHi peYoBUHM HE 3HWKYBamnu
LIBUAOKOCTI LIMX NPOLECIB, a B 3anexHOCTi Big 403U BNNu-
BY, HaBMaku, nigsuLlyBanu ix, Wo cBigunTb nNpo Gioximiu-
HE OKUCIEHHS1 OPraHiyHMX CMOMyK.

HocnigxysaHi nonionu B koHUeHTpauisx 5,0; 10,0; Ta
20,0 Mr/n He 3MiHIOBanNu KNCHEBUIA pexxMM BogonM. B Be-
NVKNUX [03aX CMocTepiranochb 3HWKEHHS PO3YMHEHOrO B
BOAi KUCHIO MOPIBHSIHO 3 KOHTpornem 6inbL Hixk Ha 20%.
BinbL YiTkM BNAMB Ha BMICT PO3YMHEHOIO B BOAI KUCHIO
Hagasanu OrMM-294 ta MOMM-100. MNoporoBrMK KoH-
ueHTpauiamu asnanuce 20,0 Ta 40,0 mr/n BignosigHo
ansa MNMOrr-294 ra rorr-504.

Bigomo, Wo nepeTBOpPeHHSA XiMiYHWMX CMONyK Yy BOA-
HOMY CepefoBULL MOXe 3MiHIOBaTW aKTUBHY peakuito
Boau (pH), wo B CBO Yepry Oyae cnpusaTK NOripLIEHHI0
3aranbHOro caHiTapHOro ctaHy BogowM. Npu KOHUEHTpa-
uisgx nonionis: 5,0; 10,0; 20,0; 40,0 Ta 80,0 mr/n He crno-
cTepiranocb nepesuLleHHs mex pH: 6,5-8,5.

[ocnigxyBaHi noniony NpurHivyloTb B 3aneXxHOCTi Bia
KOHLeHTpaLii B Bo4i ModenbHUX BOAOWM MnpoLecu MiHe-
panisauii opraHiyHux pe4yoBuH. [lonionn He HapawTb
BMNNMBY Ha AMHAMIKy HakONMWYeHHsA amiaky Yy BCi TEpMiHM
CMOCTEPEXEHHSA B OOCHiAXKyBaHUX KOHUeHTpauisx. Mpu
BMBYEHHI MpoLeciB MiHepanisauii gpyroi cragii BusiBns-
€TbCs, IO AMHaMika YTBOPEHHS a30Ty HITpUTIB nogibHa 3
TaKkol B KOHTPOSbHMX BoAovmMax. Bci peyoBuHM npuso-
OSTb [0 NiOBULLIEHHS HakoMUYeHHs1 a3oTy HiTpariB. Y 6i-
NbLWin Mipi Ue BiA3Ha4YaeTbCs B MOAENbHUX BOAOMMAX 3
KOHLeHTpauismu pevosuH 40,0 Ta 80,0 mr/n.

AHani3 oTpyMaHunx pesynbTaTiB AO3BONAE BU3HAYUTH,
wo MNOMn-294 Hapae gewo GinblW CYTTEBMI BMIMB Ha
KiHLLeBY CTafil0 MiHepanisauii opraHiYHNUX PeYoBMH.

PesynbTaT ekcnepumeHTiB cBigyaTb MNpo Te, LWO
cnocrepiraetbCcs sk 30iNblUEHHS BMICTY a3oTy HiTpaTis,
Tak i ranbMyBaHHS OKWUCMEHHS1 OpraHiyHuUX Cromnyk, ski
MiCTATbCA B MoAenbHMX Boaonmax. MakcumanbHUi
BMICT @30Ty HiTpaTiB Big3HavaeTbca Ha 18-20 goby, a B

KOHTpOnbHUX BodorMax — Ha 10-15 goby cnocrepexeH-
HA. Taki pesynbTaTi BKa3ylTb Ha ranbMyBaHHSA NpoLeciB
MiHepanisauii opraHiyHux pe4qoBuH. MoporoBa KOHLEHT-
pauisi BcTaHoBreHa Ha piBHi 10,0 Mr/n gns BCiX Cnonyk.

JocnigxeHHs BNAMBY pPeyvYoBUMH Ha BOAHI OpraHiamu
(Daphnia magna) nokasano, Lo BCi CMONyk/ HagaBanu
TOKCUYHOrO BMAMBY Ha Lier BMA HawnpocTiwmx. MNoporosi
KOHLeHTpaLii BU3HayeHi Ha HacTynHux piBHax 5,0; 10,0
Tta 20,0 mr/n BignoeigHo gns MOMM-294, MOMM-100 ta
MOrin-504.

B posuvHax, aki micTunu pocnigxysaHi nonionu B
KOHLeHTpauisx go 20,0 mr/n, po3BuToK HakTepin He Bia-
pisHsaBCcA Big koHTpont. [Npu koHueHTpadii 40,0 mr/n
crnocTepiraBcs GinblU IHTEHCUBHUIA PicT canpodiTHOT Mik-
pocbriopu, WO CBiAYMTL NPO CTUMYIIOIOYY Ail0 PeYOBUH
Ha pPO3BMTOK MiKpoopraHiamis. [MoporoBoo KoHLEeHTpaLi-
€0 Ana BCi€l rPynn peyoBWH SBMANAacs KOHLEHTpauis
20,0 mr/n.

MeBHi KOHUEHTpaUii NoNioniB YAHATL HECTIPUATNINBUIA
BM/IMB Ha Pi3Hi MPOLECU CaMOOYULLEHHS] BOAOKM: Bioxi-
MiYHE CMOXMBAHHSI KUCHIO, PO3YMHEHWIN Y BOAi KWUCEHD,
MiHepanisauito OpraHiYHUX PeYoBUH, PICT Ta PO3MHOXEH-
HA canpodiTHOI Mikpodbrnopu. [MoporoBi KOHLUEeHTpauii
BCTAHOBIIEHI Ha HACTYMHWUX PiBHSAX: OioXiMiYHE CMOXKM-
BaHHs kucHio — 10,0; 20,0 ta 40,0 mr/n BignosigaHo Ansi
Morin-294, normn-100 ra rMonm-504; posynHeHun B
BoAdi kuceHb — 20,0 mr/n; npouecu miHepanisdadii — 10,0
Mmr/n; canpoditHa mikpodropa — 20,0 mr/n ansa Bcix pe-
YOBVH.

EkcnepumeHTanbHe BYBYEHHS BNNBY Ha opraHosnen-
TUYHI NMOKa3HUKN BOOW Ta CaHiTapHUM peXmnm BOLOMM [0O-
3BOMUIIO BM3HAYMTK NOTEHLiNHY Hebe3neky nonionis ans
YMOB BOJOKOPUCTYBaHHS. 36ir oTpMMaHux pesynbTaTiB
nokasas, LU0 NiMITYIO4O0 O3HAKOK LUKIANMBOCTI B AaHUX
OOCTiAXKEHHAX ABNSAETbCA OpraHonenTuyHa — MNiHOYTBO-
PEHHS.

BUCHOBKM

Y3araneHeHHs pe3ynbTaTiB Mo ririEHiYHOMY HOpPMY-
BaHHI0 gocnigxysaHoi rpynu MOMIM y Boai Bogovim noka-
3ye, LWo:

- BCi gocnigKyBaHi nonionu BigHOCATBCS A0 KaTeropii
BMCOKOCTAbINbHMX | B 3B’A3KYy 3 UMM MOTPIOHWMI BUCOKO-
ePeKTUBHUI CTYMiHb OYUCTKU CTIYHMX BOA, SKi MICTATb
OaHi cnonyku;

- MONIoNM B NEBHUX KOHLIEHTPAaLIAX MOXYTb 3MiHIOBa-
TW OpraHonNenTU4Hi BNacTMBOCTI BOAW, Hagawuu in cne-
UMivHMX 3anax Ta npucMak Muto4Ymx 3acobie, a geski 3
HWX HaJalTb BNVB Ha NPO30PICTb Ta MYTHICTb;

- JocnigXyBaHi Cnonyku BOMOAiTb 34aTHICTIO A0 Mi-
HOYTBOPEHHS, MO LibOMY NMOKa3HWKY NMOPOroBi KOHLIEHTpa-
uii cknagatots 0,1; 0,3 Ta 2,0 mr/n BignosigHo ansa MO-
MN-100, MOMM-504 ta MOMM-294;

- Mpu KoHueHTpauisx 6inbwe 10,0 Mr/n peyoBWHU
30aTHi nopyllyBaT NMpoLEeCcH NPUPOOHOIO CaMOOYMLLIEH-
Hs1 BOOOVM, a came, niaBuLLyBaTtu BioximidHe cnoxusaH-
HS1 KMCHIO, 3HWXKYBaTWU BMICT PO3YMHEHOTO B BOAi KUCHIO,
ranbMyBaTW Mnpouecu MiHepanisauii opraHiYHUX CMOMyK.
Moporosi koHUeHTpaUii 4N BCix Monionis No BRNMUBY Ha
nadHin konueatoTbes Big 5,0 oo 10,0 mr/n. B 3anexHoCTi
Bi, KOHLEHTpaUii BOHWM 34aTHI cTuMyntoBaTn abo npurHi-
yyBaTW PICT Ta PO3MHOXEHHSA Mikpodnopu. [loporosi
KOHLLeHTpaLii No BAAMBY Ha CaHiTapHUN PeXUM BOAONMMU
cknagatotb 10,0 mr/n;

- Ha OCHOBi MapameTpiB rocTpoi TOKCUYHOCTI OOCHi-
[>KyBaHi peyoBMHU BIiOHOCATLCA A0 ManoTOKCU4HMX (4
knac Hebeanekn);
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- B KMiHIYHIN KapTWHi OTPYEHHSA nonionamu nepesa-
XalTb CMMNTOMU NoOpyLUeHb 3 BOKY LieHTpanbHOi HepPBO-
BOi, CepLEeBO-CYAMHHOI Ta AnxanbHoi cucteM. BigmiHHO-
CTen BUOOBOI Ta CTaTeBOi YYTIIMBOCTI He BWSIBIEHO.
CTpyKTYpHi 3MiHM BHYTPILLHIX OpraHiB xapakTepusyBa-
NUCb ANCTPOMIYHMMM 3MiHAMW B MEYiHLi, HUPKaXx, HagHW-
pKkoBWMX 3arno3ax, cenesiHui. Bci cnonyku B Tih un iHWIN
Mipi BonogitoTb LWKipHO-pe3opbTuBHO fieto. OuiHka Ky-
MYNSTUBHUX BNACTUBOCTEW BUSIBUNA, LLO MOiONM BigHO-
CATbCS A0 CNabKOKYMYNATUBHUX CMOMYK;

- AOCrigKyBaHi CNosykn HagalTb CYTTEBUM BASNB Ha
MOKa3HMKN KPOBIi, OKUCHO-BIAHOBHI Npouecu, akTUBHICTb
OKCUAAHTHO-aHTMOKCMOAHTHOI CUCTEMU B OpraHiami Ten-
NOKPOBHUX TBapuH. Hepitoyolo [o300 B MiArocTpomy
ekcnepumeHTi aBnsieTbesa 1/1000 OJ1so;

- BiganeHi HacnigkvM BNNMBY Monionis NposiBstoTbLCA
Ha OQHOMY PpiBHi 3 3aranbHOTOKCMYHOW Aieto. Lle pedyo-
BVMHW, SKi MPUrHiYylOYM AiloTb Ha (OYHKLiOHaNbHUI CTaH
crnepmaTto3oigiB Ta cnepmaToreHes. EmbpioTokcmyHa gis
NposBRsETbCA B 30iNblUEHHI A40- Ta NOCTiMNIaHTaLUiAHOT
3armbeni, a TakoX 3aranbHoi embpioHanbHOI 3arnbeni.
[ii nonioniB Ha reHeTUYHUI anapaT He BusiBreHo. CeH-
c1Bini3yto4MmMmn BNacTMBOCTAMU PEYOBUHW HE BOMOLIOTh;

- Monionu Ha piBHi 3aranbHOTOKCUYHMX 003 NPOSIBIS-
0Tb iHribytovy Aito Ha cTaH KNiTMHHOTO Ta rymMoparbHOro
IMYHITETY;

- NIMITYHOYMIA MOKa3HWK LUKIANMBOCTI ANs BCiX CNOMyK
— OpraHonenTU4HU (MIHOYTBOPEHHS);

- FPaHWYHO-AONYCTUMI KOHLEHTpaLii 3HaxoAAaTbCa Ha
piBHsx: 0,1; 0,3 ta 2,0 mr/n BignosigHo ans MOMM-100,
MOrin-504 ta NOMMM-294.

Takum umHOM, JocnigXyBaHi NoniokcUnponineHnonio-
nu, sBNSYUCH BiONOriYHO aKTUBHUMM CMoMyKaMu, CTUMY-
NOKTb NpoLecK BiNbHOPaaMKarnbHOrO NEPEKUCHOro OKUC-
NeHHA Niniais, BUKNMKaYM NPpY LibOMY HaKoMWYeHHS B Op-
raHiami nepekuciB, rigponepekncis, BiNbHUX pagukanis,
[OiEHOBUX KOH'lOraTiB, MarioHOBOro Aianbaerigy. Pasom 3
TUM, B pe3ynbTaTi MIKPOCOMAarbHOro OKUCMIEHHS OaHuX
PEYOBUH YTBOPHOKOTLCA anbAerian, CnmpTu, KETOHW, TOO6TO
peyoBUMHK, SKi BOMOAiOTb pagioMIMETUHHUMK edekTaMm.
MpoayKTn NepeKkMCHOro OKUCIEHHS Minigie Ta meTabonitu
bioTpaHcopmalii Nonionis 3HWKYHOTb aKTUBHICTb aHTUOK-
CMOAHTHOI CUCTEMM, IHaKTMBYIOTb MeMbpaHHi bepMeHTw,
MopyLUYyOTb CTPYKTYpY MeMOpaH Ta CTaH peuenTopHOro
anapaTy KniTyHu Grokyoun HewrporymoparbHy perynsuito
NpoLEeciB BHYTPILUHBOKMITMHHOTrO MeTaboniamy. Lli 3miHu
NpUBOAATbL 4O MOpYLUEHHS GioeHepreTnyHux Ta GiocuHTe-
TUYHMX NpoueciB. PigioMiMeTnyHi BNacTMBOCTI nonionis
06yMOBMIOIOTL PO3BUTOK B OpraHiaMi BinlbHOpaaukanbHOT
natororii sika siBnsie cobo KoHUenTyansHy MoAernb Me-
XaHi3my ix 6ionorivHoi gji.
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The article describes the results of toxicological and epidemiological characteristics of the new group and polyoxypropy!-
ene substantiated forecast of sanitary and epidemiological welfare of the water bodies. The study is based on research
of biological action of polyols on the body of warm-blooded animals in the conditions of acute and subacute experi-
ments, the effect of polyols on the organoleptic properties of water and sanitary water reservoirs regime. The study
showed that the basis of the mechanism of biological action is polyoxypropylene stimulation of lipid peroxidation on the
background of the depletion of the antioxidant system, violation of the structure of cell membranes, decrease of activity
of membrane-bound enzymes, a violation of bioenergy, oxidative phosphorylation and redox processes in the body of
warm-blooded animals. Leading pathogenetic link the formation of structural and metabolic disorders in the body are
activated free radical lipid peroxidation, inhibition of antioxidant systems and energy processes that underlie the devel-

opment of tissue hypoxia and reduced recovery processes.

Key words: hygiene, health, polyoxypropylenpolyols, water bodies.

Rapid industrial growth and changing of its structure
significantly increase the amount of wastes going down
into the water, changing their chemical composition. Pro-
tection of water from pollution is one of the important
challenges and technological progress in public health
[9].

The risk of water pollution exists almost everywhere.
With the increasing pace of industrial development, there
is a change of its structure and prevalence of slurry proc-
esses specific to the chemical industries, oil and coke,
paper-pulp industry, production of artificial and synthetic
organic materials [2].

The development of chemical industry, the use of
chemicals and other industries of agriculture are accom-
panied not only by the rapid increase in the volume of
waste water entering the reservoir, but more intense and
diverse contamination of chemicals and ingredients,
many of which are not indifferent to health. This applies
to polyoxypropylenepolyols (POPP) [3, 5, 8, 11]. Insuffi-
ciently studied in relation to hygienic POPP that can pol-
lute water objects are: polyoxypropylene-
oxyetylenglicoluretane ~ (POPP-100)  polyoxypropile-
namine (POPP-294), polyoxypropylated polyoxypropylen-
tryol sucrose (POPP-504). It is known that these sub-
stances are widely used in various sectors of the econ-
omy as the basis for industrial production of synthetic
leather, enamels, varnishes, hydraulic and brake fluids,
plastics, polyurethane foams, surfactants, epoxy resins.
At all stages of POPP production (synthesis, catalysis,
oxidation, hydration, drying) wastewater is generated,
which can cause water pollution and disturbance of natu-
ral self-cleaning [9].

At present, there is almost no information regarding
the parameters of toxicity, biological activity, the impact
of the conditions of polyols water and population’s health
and hygiene regulations results of water in water objects
[1, 4, 7, 10, 12-15]. Therefore, the need to explore these
questions determines the relevance of this study whose
purpose is to obtain toxicological and hygienic character-
istics of polyoxypropylenepolyols (POPP-100, POPP-
294, POPP-504) and justification of the forecast for sani-
tary and epidemiological risk of water reservoirs.

Object of study: biological effects of POPP on the or-
ganism of experimental animals in acute and subacute

experiments The impact of POPP on the organoleptic
properties of water and sanitary water mode.

Subject of research: condition of experimental ani-
mals, condition of sanitary water mode.

Methods of research

The following methods of research were used: toxico-
logical and hygienic (determining the average lethal doses,
cumulative allergenic properties, skin-irritating and skin-
resorptive action), health, immune spectrophotometric (de-
termination of enzyme activity and concentrations of com-
pounds) spectrofluorometric (determining the rate of oxida-
tion compounds), chromatophotographic (separation into
fractions, determination content metabolites), chemilumi-
nescent (determining the intensity of chemiluminescence
biological objects), standardized clinical methods using a
standard set of reagents, morphological (definition of patho-
logical changes in organs and tissues), histochemical (de-
termination of enzyme activity), statistics.

Thus, the degree of danger in POPP study was based
on a large range of research, including the definition of
lethal effects, cumulative detection, skin-irritating, skin-
resorptive, sensitizing properties, the study of chronic ef-
fects on the body to determine the thresholds of harmful
effects. Of particular importance are the acquired toxyco-
cinetic and metabolic criteria for assessing the toxicity of
xenobiotics, study the long-term effects, impact on repro-
ductive function of the body.

For this purpose, acute and subacute experiments on
warm-blooded animals were conducted.

Results and discussion

A single oral administration of investigated polyols
was performed using dose 5.0-20.0 g/kg of animal, who
was elected so as to determine the dose mortality in the
range LDo-LD1go [6]. Observations of animals were car-
ried out within 15 days. First day the administration of
substances in animals led to excitement, which gradually
turned into apathy. The reaction to sound stimulation and
pain in animals significantly reduced. Heavy breathing,
pale skin, loss of coordination of movements, weakness,
lateral position, diarrhea, and coma were observed. The
death of animals occurred during the first day of the ex-
periment, depending on the dose. Average time of death
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of animals in all groups was marked in the range of 16.4
to 24.3 hours from the start of acute action. Morphologi-
cal examination of animals killed in the next day after the
introduction of polyols showed plethora of internal or-
gans, bloating, stomach, small and large intestines.

Internal organs were subjected to pathological inves-
tigation. They were identified as follows: in the brain -
plethora of vessels and membranes of brain substance,
stasis in the capillaries, perivascular and pericellular
edema; heart - expressed hyperemia, perivascular
edema of the heart muscle; in the lungs - moderate hy-
peremia; liver - acute hyperemia, focal degeneration,
sometimes bleeding; kidney - acute hyperemia, focal and
granular dystrophy protein in the lumen of the convoluted
tubules, sometimes in the cortical hemorrhage and inter-
stitial layer; stomach, small and large intestine - hypere-
mia, swelling of the submucosa, sometimes necrosis.

The clinical presentation included acute poisoning
with prevailing symptoms of the central nervous, cardio-
vascular and respiratory systems. Various species and
gender sensitivity has not been established.

Thus, polyols in the case of single ingestion into the
body of warm-blooded animals were able to break hemo-
dynamics mainly in the brain, liver, kidney, spleen, heart
and cause of parenchymal degeneration.

It is known that most of the impact of xenobiotics in
the body can lead to intensification of free radical reac-
tions and reactions of lipid peroxidation (LPO), accompa-
nied by increased formation of reactive oxygen, perox-
ides, hydroperoxides which can provide damaging effect
on cell membranes. The criteria that indicate a change in
the activity of LPO, used the registration of spontaneous
and induced superweak light - chemiluminescence (CL)
compared with the content in biological substrates of lipid
peroxidation products - diene conjugates (DC) and
malondialdehyde (MDA). Polyols investigated in a dose
1/100 DLsp led to a significant increase in GC content
(average 78%) and MDA (average 126%) in the blood
serum of the rats compared with the control on day 30 of
the experiment. The study investigated the penetration of
substances through intact skin using chemiluminescence
method showed that the intensity of chemiluminescence
serum of experimental animals increased from the first
hour polyols application on the skin. This made it possi-
ble to conclude that the substances are able to penetrate
intact skin of experimental animals. Such a high sensitiv-
ity makes it possible to use it in toxicological and hygienic
studies for the rapid assessment of the penetration of
substances through intact skin. Animal deaths in assess-
ing skin-resorptive action polyols were observed.

Justification for characteristics of biological effects,
setting thresholds and inactive doses of the compounds
in rats conducted under conditions subacute experiment.
All studied polyols reduced rate of increase in body
weight, hemoglobin, red blood cells and white blood cells.
The changes in the activity of catalase, peroxidase, glu-
cose-6-phosphate dehydrogenase, lactate dehydro-
genase, malate dehydrogenase, creatine, Ca? iMg? + + -
dependent ATPase, alkaline phosphatase, alanine ami-
notransferase, aspartate aminotransferase, a- hydroxy-
butyrate dehydrogenase, glutathione peroxidase and
content of reduced glutathione, and vitamin C were ob-
served.

The study of remote effects of polyols showed the
presence of gonadotoxical action which is manifested in
the reduction of the concentration of sperm in the epidi-
dymis suspension, time, mobility, osmotic resistance and

increase the number of dead forms of acid resistance.
Morphological assessment spermatogenic epithelium re-
vealed a decrease spermatogenesis index, the number of
tubules of the 12th stage of meiosis, normal form of
spermatogones and growth in the number of desqua-
mated tubular epithelium. Substances in doses 1/10 and
1/100 DLso gave depressing effect on functional status
and sperm spermatogenesis. Dose 1/1000 DLsp in
subacute experiment was ineffective, that remained at
general toxic action. At the same time polyols in 1/10 and
1/100 DLso did not influence the number of live embryos
resorption, corpora lutea of pregnancy, placenta weight,
postimplantation death. POPP-294, and POPP-100 in
1/100 DLsp reduced the weight of the fetus, and overall
increased preimplantation fetal death. In the study of em-
bryonic differentiation of abnormalities in organs and tis-
sues of white rats not found.

The study of mutagenic effect of POPP on red cells of
cord of white rats showed that the substance in 1/10 and
1/100 DLso significantly increased the percentage of cells
with chromosomal disorders and decreased mitotic activ-
ity of cells. In a dose 1/1000 DLsp changes in the level of
chromosomal aberrations and mitotic activity of red cells
of bone marrow has not been established. The identified
structural damage to the genetic apparatus was at the
level of general toxic action.

Polyols do not give a positive reaction with intrader-
mal, skin and conjunctival sensitization in guinea pigs.
Specific lysis reactions of leukocytes, agglomeration of
leukocytes, basophils damage posed in vitro after 24
hours after administration allowing doses were negative.
This made it possible to suggest the absence of aller-
genic properties of this group of compounds. The symp-
toms of an allergic reaction of the skin, mucous mem-
branes and the clinical picture were not observed, which
allowed the group to exclude the presence of polyols and
allergic sensitizing properties.

In the spleen and lymph nodes of experimental ani-
mals under the influence of polyols proliferative changes
were identified, characterized by an increase in plasmo-
cyte cell number. The increasing number of mature
plasmocyte cells was also noted, plasmablasts as single
cells, immature cells were observed slightly more often
under the influence of 1/100 DLsy of polyols. In dose
1/1000 DLso substance does not provide any significant
effect on plasmocytic reaction of lymph nodes and
spleen.

Thus, the studied group of polyols in certain exposure
doses can alter the immunological reactivity of warm-
blooded animals.

Study of polyols stability showed that the content in
solution at 30" day of the experiment was 50-96% of the
original concentration. The rate of decay depended on
the concentration of the substance. High polyols stability
confirmed and indirect methods. POPP-294, POPP-100
and POPP-504 at the practical threshold for odor and
taste retain odor and flavor within two weeks from the
start of the experiment setting. Foam creating properties
of substances are kept well in this period. All this has to
indicate the high stability of polyols.

In aqueous solutions were identified qualitatively hy-
drocarbons (hexane, heptane, octane) acetaldehyde,
acetone, methanol, ethanol, isobutanol, methyl ethyl ke-
tone, ethyl acetate, dioxane and others. Availability of
source products at the end of six months of exposure
was also a direct confirmation of high studied the stability
of xenobiotics. At the end of the experiment in aqueous
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solutions of 60-80% of the original number of substances
were stored.

For many products of transformation, hygienic stan-
dards were set in water reservoirs, the air of the working
area and the soil. Most of the identified compounds are
more toxic than the original material studied. Analysis
and hygienic assessment of degradation products and
polyols transformation allows us to talk about a wide
range of biological effects. They can affect organs and
systems of the body, being potentially dangerous in
terms of the emergence of long-term effects. Some trans-
formation products have neurotropic action. Others in
certain concentrations influence the organoleptic proper-
ties of water and sanitary water mode.

Thus, studies of destruction and transformation are of
great interest in the preparation of the forecast adverse
for effects of xenobiotics on the sanitary condition of wa-
ter and public health.

High stability of matters was confirmed by indirect
methods. Foaming ability of agents, at the initial concen-
tration of 20.0 mg/l, was kept throughout the observation
period (15 days). At practical level, the threshold for bitter
and astringent taste of aqueous solutions maintained for
ten more days.

Both direct and indirect methods suggest that investi-
gated polyols are highly stable and difficult for biological
oxidation and hydrolytic degradation. This requires, in
turn, the implementation of biological treatment of
wastewater containing these chemicals, as well as justifi-
cation release of sewage into the water. Chemical sub-
stances that enter the body of water with sewage, can
change the organoleptic properties of water: odor, color,
clarity, taste and foaming. The deterioration of organolep-
tic characteristics of drinking water can adversely affect
the functional state of the cardiovascular, central nerv-
ous, respiratory and digestive systems. Polyols give the
water an odor of petroleum products. The threshold of
perception (intensity - 1 point) and practical threshold (in-
tensity - 2 points) at 20°C are at the following levels: 2.5;
51.04; 23.2; and 5.0; 105.8; 35.8 mg/l according to
POPP-504, POPP-294, POPP-100.

Chlorination of water solutions of polyols with a start-
ing concentration of 5.0; 10.0; 20.0; 40.0 and 80.0 mg/l is
not accompanied by increased expression of existing and
odors (chlorine dose was 0.5, 1.0, 2.0 mg/l). Heating wa-
ter to 60°C does not significant increase the odor. A more
significant impact on odor is exerted by POPP-504.
Threshold concentration of exposure to the smell is set at
5.6; 106.9 and 35.8 mg/l.

All compounds provide water solutions with bitter and
astringent taste. The threshold of perception and practi-
cal threshold determination on these levels is 26.3; 30.5
and 24.26; 47.32 mg/l according to POPP-504 and
POPP-100. POPP-294 at a concentration of up to 100.0
mg/l does not affect the taste of water solutions. Heating
water solutions of substances to 60°C does not lead to
increased flavor or appearance of the water.

The substance does not affect the color and trans-
parency of the water at concentrations up to 100,0 mg/l;
opalescence and aqueous solutions are not detected.
However, it should be noted that in shaking of aqueous
solutions of polyols turbidity appears due to the formation
of small and big grain foam. The nature of the foam and
its stability is largely determined by the concentration of
precursors. Threshold concentration of foaming is set at
levels: 0.1; 0.3 and 2.0 mgl/l, respectively for POPP-100,
POPP-504 and POPP-294.
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Thus, the studied group of polyols in certain condi-
tions can give water the odor of oil, bitter, astringent fla-
vor and cause foaming. At concentrations up to 100 mg/I,
substances do not affect the color and clarity of aqueous
solutions. Limiting organoleptic characteristics hazard is
foaming.

In considering the question of the negative impact of
harmful industrial waste water on water, special attention
was paid to the impact on their health regime. Numerous
studies have shown that these processes are based pre-
dominantly on biochemical conversion of organic matter
connected with the life of saprophyte microflora. Indica-
tors for the intensity of self-cleaning water are biochemi-
cal oxygen demand, the extent of mineralization and nitri-
fication of organic compounds. For more complete dis-
closure of the POPP nature impact on water self-
purification processes are additionally studied the dynam-
ics of dissolved oxygen, the active reaction of water, de-
veloping water organisms (micro-algae, Daphnia, sapro-
phyte microflora).

The most significant impact on the dynamics of bio-
chemical oxygen demand in the investigated doses was
exerted by POPP-294 and POPP-100, which are fully led
to the disappearance of oxygen on the fifth day of the ex-
periment at concentrations of 80.0 mg/l. Concentration
thresholds set at 20.0 mg/l for POPP-294 and POPP-100
and 40.0 mg/l for POPP-504. In all cases, the concentra-
tions of 10.0 mg/l of exposure were inactive.

Increased consumption of oxygen concentrations in
20.0; 40.0 and 80.0 mg/l began from the first day of the
experiment and reached the maximum on the fifth day of
observation. The substances did not reduce the rate of
these processes, and in a dose-dependent effect, rather
increased them, indicating the biochemical oxidation of
organic compounds.

Investigated polyols in concentrations 5.0; 10.0; and
20.0 mg/l did not change the oxygen regime of water ob-
jects. In large doses dissolved oxygen decreased in the
water compared to control by more than 20%. A clear in-
fluence on the content of dissolved oxygen in water was
provided by POPP-294 and POPP-100. Threshold con-
centration appeared at 20.0 and 40.0 mg/l, respectively,
for POPP-294 and POPP-504.

It is known that the transformation of chemicals in the
aquatic environment can change the active reaction of
water (pH), which in turn will contribute to the deteriora-
tion of the overall sanitary condition of water objects. At
concentrations of polyols: 5.0; 10.0; 20.0; 40.0 and 80.0
mg/l, excess of pH: 6.5-8.5 was observed.

Investigated polyols inhibit the processes of minerali-
zation of organic substances depending on the concen-
tration in water reservoirs modeling. Polyols do not have
an impact on the dynamics of accumulation of ammonia
in all periods of observation in the studied concentrations.
In studying the processes of mineralization second stage
it appears that the dynamics of the formation of nitrite ni-
trogen is similar with that in the control ponds. All sub-
stances lead to increased accumulation of nitrate nitro-
gen. To a greater extent it is detected in model waters
with concentrations of substances 40.0 and 80.0 mg/I.

Analysis of the results to determine which POPP-294
provides a somewhat more significant impact on the final
stage of mineralization of organic substances.

The experimental results indicate that the observed
increase in nitrogen as nitrate and inhibition of oxidation
of organic compounds found in model waters. Maximum
observed nitrate nitrogen by 18-20 days, and in the con-
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trol ponds - 10-15 day follow-up. These results indicate
mineralization inhibition processes of organic matter. The
threshold concentration set at 10.0 mg/l for all com-
pounds.

The influence of substances on aquatic organisms
(Daphnia magna) showed that all compounds provided
toxic effects of this type of protozoa. Concentration
thresholds defined at these levels were 5.0; 10.0 and
20.0 mg/l for POPP-294, POPP-100 and POPP-504, re-
spectively.

In solutions containing polyols studied at concentra-
tions up to 20.0 mg/l, the growth of bacteria did not differ
from controls. At the concentration of 40.0 mg /I more in-
tensive growth of saprophyte microflora was observed,
indicating that the stimulatory effect of substances on the
growth of microorganisms. Threshold concentration for
the whole group of substances was concentration of 20.0
mg/l.

Certain polyols concentration exert adverse effects on
the different processes of self-purification of water, bio-
chemical oxygen demand, dissolved oxygen, organic
matter mineralization, growth and reproduction sapro-
phyte microflora. Concentration thresholds are set at the
following levels: biochemical oxygen demand - 10.0; 20.0
and 40.0 mg/l according to POPP-294, POPP-100 and
POPP-504; dissolved oxygen in water - 20.0 mg/l; miner-
alization processes - 10.0 mg/l; saprophytic microflora -
20.0 mg/I for all substances.

Experimental study of influence on organoleptic prop-
erties of water and sanitary treatment of water allowed us
to determine the potential danger of polyols for the condi-
tions of water use. The coincidence of the results showed
that limiting feature of harm in these studies is organolep-
tic, in particular, foaming.

Conclusions

Summary of hygienic rationing in the study group of
POPP in water reservoirs shows that:

- All studied polyols include the category of high and
in this regard highly desired degree of wastewater con-
taining compound data;

- Polyols in certain concentrations can alter the or-
ganoleptic properties of water, giving it specific taste and
smell of detergents, and some of them have an impact on
the transparency and turbidity;

- The compounds have the ability to foam, by this in-
dicator threshold concentration is 0.1; 0.3 and 2.0 mg/l
respectively for POPP-100, POPP-504 and POPP-294;

- At concentrations of more than 10.0 mg/l sub-
stances are able to disrupt natural processes of self-
purification of water objects, namely, the increase bio-
chemical oxygen demand, reducing dissolved oxygen in
the water, slow down the processes of mineralization of
organic compounds. Threshold concentration of polyols
in effect on Daphnia ranged from 5.0 to 10.0 mg/l. De-
pending on the concentration, they can stimulate or in-
hibit the growth and reproduction of microorganisms.
Threshold concentration of exposure to medical treat-
ment is 10.0 mg/l;

- Based on the parameters of acute toxicity of the sub-
stance, they are attributed to low-toxic (hazard class 4);

- The clinical picture is dominated by symptoms of
poisoning polyols disorders of the central nervous, car-
diovascular and respiratory systems. Differences species
and gender sensitivity were found. Structural changes of
internal organs are characterized by degenerative
changes in the liver, kidneys, adrenal glands, spleen. All
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compounds in varying degrees, have skin-resorptive ef-
fect. Assessment of cumulative properties found that
polyols relating to weakly cumulative compounds;

- The compounds provide significant impact on blood
redox processes, activity oxidant-antioxidant system in
the body of warm-blooded animals. Dormant dose in
subacute experiment is 1/1000 DLso;

- Long-term effects of polyols appear at the same
level with general toxic action. This substance inhibits the
functional state of spermatogenesis and sperm. Em-
bryotoxic effect is to increase pre- and postimplant death
and total fetal death. Actions on the genetic apparatus
polyols were not found. Sensitizing properties were not
revealed;

- Polyols at general toxic doses exhibit inhibitory ef-
fect on cellular and humoral immunity;

- Limiting hazard rate for all connections - organolep-
tic (foaming);

- Maximum permissible concentrations are at levels:
0.1; 0.3 and 2.0 mg/l for POPP-100, POPP-504 and
POPP-294, respectively.

Thus, polyoxypropylenpolyols which were studied, be-
ing biologically active compounds that stimulate the
processes of free radical lipid peroxidation, cause the ac-
cumulation of peroxides, hydroperoxides, free radicals,
diene conjugates malondialdehyde. However, as a result
of microsomal oxidation of these substances are formed
aldehydes, alcohols, ketones, i.e., substances that have
radiomimetyc effects. The products of lipid peroxidation
and metabolites biotransformation polyols reduce the ac-
tivity of antioxidant systems, inactivate enzymes break
the membrane structure and the state apparatus of the
cell receptor blocking neurohumoral regulation of intracel-
lular metabolism. These changes lead to disruption of
bioenergetic and biosynthetic processes. Ridiomimetyc
properties of polyols cause the development of free radi-
cal pathology in the body which is a conceptual model of
the mechanism of biological effects.

References

1. Bagmut I. Yu. lzuchenie vliyaniya polioksipropilenpoli-
olov na immunologicheskuyu reaktivnost zhivotnyih v
podostrom opyite i obosnovanie naibolee chuvstvitel-
nyih pokazateley diagnostiki immunologicheskih na-
rusheniy / |. Yu. Bagmut // Visnyk problem biolohiyi i
medytsyny. — 2010. — Ne 2. — P.24-25.

2. Barenboym G. M. Otsenka biologicheskoy opasnosti
organicheskih ksenobiotikov / G. M. Barenboym, M. A.
Chiganova, A. V. Aksenov // Metodyi otsenki soot-
vetstviya. — 2011. — Ne 7. — P. 28-33.

3. Bryantsev O. N. Toksikologo-gigienicheskaya harakter-
istika poliolov v svyazi s problemoy ohranyi vodnyih
ob'ektov : avtoref. dis. na soiskanie uchen. step. kand.
med. nauk / O. N. Bryantsev. — Rostov-na Donu, 2006.
— 24 p.

4. Vliyanie polioksipropilenpoliolov na metabolicheskie
protsessyi i funktsiyu detoksikatsii / A. V. Bondareva, L.
I. Artyugina, |. Yu. Bagmut // Visnyk problem biolohiyi i
medytsyny. — 2014. - Bun. 3, T. 2 (111). - P. 110-113.

5. Vliyanie tehnogennyih himicheskih zagryazniteley ok-
ruzhayuschey sredyi na osnove poliproksipropilenpoli-
olov na generativnuyu funktsiyu i geneticheskiy apparat
teplokrovnyih zhivotnyih / O. V. Zaytseva, V. A.
Telegin, V. |. Zhukov [i dr.] // Problemy ekolohiyi ta me-
dytsyny. — 2006. — T. 10, Ne 5-6. — P. 21-24.

6. Elizarova O. N. Opredelenie porogovyih doz promyish-
lennyih yadov pri peroralnom vvedenii / O. N. Elizarova.
— M. : Meditsina, 1971. - 173 p.

7. Zhukov V. I. Vliyanie poliolov na okislitelno-
vosstanovitelnyie protsessyi u teplokrovnyih zhivotnyih
v svyazi s problemoy ohranyi vodnyih ekosistem / V. I.
Zhukov, O. V. Zaytseva, S. V. Pavlyicheva // Ekspery-



Tom 20, N 3-4 2016 p.

10.

1.

12.

mental'na i klinichna medytsyna. - 2008. - Ne 2. - P.
107-112.

Mediko-toksikologicheskoe izuchenie poverhnostno-
aktivnyih veschestv v svyazi s problemoy sanitarnoy
ohranyi istochnikov pitevoy vodyi / N. G. Scherban, V.
A. Kapustnik, V. V. Myasoedov [i dr.] / Mezhdunarod-
nyiy meditsinskiy zhurnal. — 2013. - Ne 2. — P. 116-120.
Mokienko A. V. Voda: k vzaimosvyazi gigienyi i ekologii
/ A. V. Mokienko // Voda: hihiyena ta ekolohiya. — 2013.
-Ne1, T.1. - P. 20-34.

Rezunenko Yu. K. Osoblyvosti biolohichnoyi diyi polio-
liv na osnovi etylen i propilenhlikolyu za umov pidhos-
troho eksperymentu / Yu. K. Rezunenko // Dovkillya ta
zdorov'ya. — 2012. - Ne 2. — P. 9-12.

Sirenko E. V. Vliyanie novyih grupp poliolov na sani-
tarnyiy rezhim vodoemov i esteticheskie pokazateli
vodyi / E. V. Sirenko // Ekologiya i promyishlennost. -
2006. - Ne 1. - P. 39-43.

Antiirritant properties of polyols and aminoacids / C.
Korponyai, R. K. Kovacs, G. Erds [et al.] // Dermatitis.
—2011. - Vol. 22. - P. 141-146.

12

14.

15.

Effect of polyols P-5003-AC, P-373-2-20, P-294-2-350n
the sanitary regime of water reservoirs and organolep-
tic properties of water in connection with the water res-
ervoirs protection / V. Zhukov, O. Zaytseva, Y. K. Re-
zunenko // Am. J. Clin. Exp. Med. — 2013. — Vol. 1, Ne
1. - P.16-19.

Kumar V. Effect of polyols on polyethylene glycol
(PEG)-induced precipitation of proteins: Impact on
solubility, stability and conformation / V. Kumar, V. K.
Sharma, D. S. Kalonia // Int. J. Pharm. — 2009. — Vol.
366, Ne 1-2. — P. 38-43.

Politi R.  The impact of polyols on water structure in
solution: a computational study / R. Politi, L. Sapir, D.
Harries // J. Phys. Chem. A. — 2009. — Vol. 113, Ne 26.
— P. 7548-7555.

Marepian Hagiviwos go pegakuyii 01.12.2016



Tom 20, N 3-4 2016 p.

KJIIHIYNHA MEAULUUHA

© Nedoborenko V.M., Kaidashev |.P.
UDK 616.155.194.8-056.52

THE PATHOGENESIS OF IRON DEFICIENCY ANEMIA IN OBESITY"

Nedoborenko V.M., Kaidashev I.P.

Higher State Educational Establishment of Ukraine "Ukrainian Medical Stomatological Academy"

S3anizone@iyuntra aHeMIs Ta OXUPIHHS CTa/m r7106a/1bHUMK rIPOB/IEMamu, SIKI CTOCYIOTLCS HE TifIbKWU KpaiH 3 BUCOKUM piB-
HEM SKOCTI JXUTTS, ane ¥ KpaiH, 1j0 pPO3BUBAIOTHCS. EKCIIEPUMEHTA/IbHI Ta KIIIHIYHI JOC/IKEHHS BKA3YIOTh Ha TE, L0 fC-
HYE B33aEMO3B'SI30K MK METAOO/I3MOM MIKDOEIEMEHTE 3a/1i3@ Ta HAAMIDHUM HAKOMUYEHHSIM OifIOi XUPOBOI TKaHMHA.
OXUPIHHS 0B 93aHE 3 HU3bKO [HTEHCUBHUM XPOHIYHUM 3a1a/1EHHIM Ta 30I/IbLUEHUM PIBHEM KOHUEHTpaUli rerncuanry B
KpOBI. ['erncuinH € K/It040BUM PEry/IITOPOM CUCTEMHOIO MOMEOCTAa3y MIKPOE/IEMEHTA 3a/1i38. Y LUbOMY OIS/l y3araibHEHO
CYYaCHI YSB/IEHHS PO 3MIHU FOMEOCTA3y 3a/1i3a NP OXUPIHHI Ta HaBEAEHO MPUIYLLEHHS LOAO JIKYBaHHS.

Knro4yoBi cnoBa: 0XXMpiHHS, HA3bKO IHTEHCUBHE XPOHIYHE 3ananeHHs, rencuauH, anisogediuntHa aHemis.

Introduction

Iron deficiency anemia and obesity are global health
problems that occur in everyday activities of various
medical practices. They affect not only medical aspects
but also social - economic aspects and disrupt the quality
of life of these patients.

Iron deficiency anemia is the leading cause of anemia
and is found in more than 2 billion people around the
world. This statistic was confirmed by analyzing a large
number of reports from 187 countries from 1990 to
2010[1] and showed a decrease in quality of life, low pro-
ductivity, difficulty concentrating, decreased cognitive
functions, weakness and fatigue.

Obesity is a common metabolic disease and is char-
acterized by excessive accumulation of white adipose
tissue due to increased food intake and lifestyle changes.
[2] As of 2014 more than 1.9 billion people aged 18 and
older are overweight and 600 million are clinically obese;
[3] this puts them at risk of many diseases including
metabolic syndrome, diabetes, cardiovascular disease
and cancer.

There is a standing close relationship between the
metabolism of iron and obesity due to immunological ab-
normalities in molecular - biological level.

Unfortunately, there are still unanswered questions
about the prognosis and treatment of obesity in combina-
tion with iron deficiency anemia and the effects on the
common pathogenetic links of these diseases.

Hypotheses of hypoferremia in obesity

Wenzel et al (1962) first reported on the link between
the iron metabolism and obesity. They found lower con-
centrations of iron in the blood serum in adolescents with

obesity compared to individuals who had normal weight.
These findings were confirmed by subsequent studies.

In recent decades, formed three main hypotheses of
hypoferremia obesity have been suggested:

— Nutritional hypothesis, which establishes iron defi-
ciency as comorbidity obesity in different age groups, ir-
respective of its consumption.[4]

— The blood volume hypothesis to increase blood vol-
ume in patients with obesity due to weight gain, which
was confirmed only in experiments. [5]

— The inflammatory hypothesis [6] is based on the
participation of systemic inflammation in violation disrup-
tion of the iron metabolism in obesity. This hypothesis is
the most reasonable and is logically combined with pre-
vious research on low-grade systemic inflammation as a
new model of the pathological process.

Revealing the essence of this hypothesis is in the
should pay attention to two key components: low-grade
systemic inflammation and dysregulation of iron metabo-
lism involving hepcidin - a peptide hormone that is the
primary regulator of systemic iron metabolism protein,
mediated immune defense and inflammation. [7]

One of the definitions of "inflammation" is a series of
cellular and humoral responses aimed at protecting the
body from various injuries, including infection and even-
tually leads to the restoration of functional and morpho-
logical integrity of the affected tissue; [8] it is generally
characterized by increased local and systemic cytokine
levels, with increasing numbers of immune cells (primarily
neutrophils) that enter the site of inflammation, dominat-
ing mainly in the acute phases and macrophages in more
chronic conditions. [9] Chronic systemic inflammation is
characterized by increased cytokines by 3-5 times, but
remains consistently high. [10]
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Low-grade systemic inflammation transforms abnormal
external and internal stimuli to disrupt intracellular metabo-
lism; this leads to chronic internal diseases. The effect of it
in the hyperactivation of the immune system is caused by
the disruption of the normal human biology. [11]

Although, in many ways, obesity resembles the im-
mune inflammation in its classical form, the difference is
that this low intensity inflammation produces lower levels
of circulating cytokines, such as C-reactive protein (CRP)
and interleukin -6 (IL-6), and absent of clinical signs of
inflammation. [12] In addition, it is believed that this
chronic inflammation requires a relatively longer period of
treatment (> 8 weeks in animal models) before there are
noticeable changes in adipose tissue. [13]

A potential basis for the initiation of inflammation in
obesity is endoplasmic reticulum (ER) stress, mainly in
the liver and adipose tissue due to excess lipid accumu-
lation and a disturbed energy metabolism. ER stress ac-
tivates a stress response signaling network - “unfolded
protein response” (UPR) that drives protective but also
apoptotic and, particularly, inflammatory reactions. Dur-
ing ER stress, activated transmembrane protein, includ-
ing protein kinase/endoribonuclease IRE1, which induces
inflammatory signaling cascade by activating IKK,
MAPKs p38 and JNK, and finally the main inflammatory
transcription factor NF-KB, [14] which is a central inte-
grator of pro-inflammatory signals and the main regulator
of genes involved in inflammation, innate and adaptive
immunity and apoptosis. [15]

Adipose tissue is infiltrated many immune cells, es-
pecially macrophages, which make up 40% of the fat
cells, [13] which is a major source of inflammatory media-
tors in adipose tissue of mice and humans. Inflammatory
cytokines affect intracellular pathways that regulate in-
flammation by activating nuclear transcription factors.

Hepcidin as the second part of the hypothesis was
found by Krause et al (2000-2001) by ultrafiliration of

blood. This peptide is composed of 25 amino acids with
antimicrobial activity was called LEAP-1 (antimicrobial
peptide - 1 expressed by the liver). In the same period,
Pigeon et al. (2001) identified the gene (HAMP), which
regulates the metabolism of iron and encodes for the
LEAP-1 high expression from the liver, and significantly
lower expression in the kidney, adipose tissue, heart,
brain, calling it hepcidin (hep - liver and cidin - bacteri-
cidal protein). [16]

The action of hepcidin on cellular iron homeostasis is
detected by binding to the only known exporter of iron,
protein ferroportin that leads to its internalization and
degradation. [17] As a result of this interaction, the ab-
sorption of iron from food is reduced due to reduction
hepcidin - mediated expression ferroportin enterocytes,
which leads to lower circulating levels of iron, with it in-
creases the inhibition of macrophage iron export by the
same mechanism. [18]

This regulatory peptide can be synthesized in re-
sponse to inflammatory stimuli in quantitative terms the
liver to a lesser extent, other tissues and cells, heart, kid-
ney, adipose tissue, spinal cord, myeloid cells, alveolar
macrophages and monocytes. [19]

Bekri et al (2006) provided the assumptions that hep-
cidin is synthesised not only in the liver but also in adi-
pose tissue. This research demonstrated the increased
content of MRNA hepcidin in the adipose tissue of pa-
tients suffering from obesity. The level of mRNA posi-
tively correlated with markers of inflammation (IL-6, CRP)
and body mass index. In contrast, HAMP expression in
the liver was not related to CRP; however, liver HAMP
was positively correlated with serum transferrin satura-
tion. Also, results showed that in obese patients, 68%
had a low ratio of transferrin saturation and 24% had
anemia. [20]
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mRMNA Hepcidin

Crytolines

Adypoking

— Iacrophage
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Erythropoiesi

Figure 1. The pathogenesis of hypoferremia in obesity

In this regard, it is believed that adipose tissue can
make a significant contribution to circulating levels of
hepcidin. This assumption is confirmed by the presence
of a significant direct relationship between the level of
hepcidin and the degree of obesity. [21]

In recent years, studies have shown a link between
hepcidin, chronic inflammation and a low concentration of
iron in patients with obesity, with the possible emergence
of hypoferremia determination mechanism. But despite
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the large number of studies clearly defined impact adi-
pose tissue on levels hepcidin not fully understood.

There are assumptions that in obesity chronic in-
flammation leads to real iron deficiency as a result of
long-term decreased iron absorption and unregulated
iron loss. [22] The qualifiers for iron deficiency in obese
individuals may therefore be similar to those seen in
anemia of chronic disease coexisting with real iron defi-
ciency. However, this definition of iron deficiency has not
always been the case in studies measuring iron status in
obese populations, and further research is needed.

Conclusions

Thus, the traditional treatment of iron deficiency ane-
mia, which consists of adding foods with increased iron
content, and giving iron supplementation, cannot be fully
effective for obesity because it changes the absorption of
iron and its metabolism associated with low-grade sys-
temic inflammation.

The complex treatment of iron deficiency anemia is
significantly associated with inflammation and requires
pharmacological modulation of inflammatory activity
aimed at the central molecular basis of systemic inflam-
mation, such as cascade reactions associated with NF-
kb.
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Iron deficiency anemia and obesity have become a global problem affecting not only high income countries but also de-
veloping countries. Experimental and clinical studies indicate that there is a relationship between iron metabolism and
weight status. Obesity is associated with low-grade systemic inflammation and elevated hepcidin concentrations. Hep-
cidin Is the key regulator of systemic iron homeostasis. This review summarizes the current understanding of the dys-
regulation of iron homeostasis in obesity and leads assumptions about treatment.
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Introduction

As a result of development of chemical and pharma-
ceutical industry the rate of the cases of acute poisoning
tend to increase, which is a significant problem for both
health and toxicological science in general. One of the
most toxic drugs is a group of cardiac glycosides. Having
a very narrow spectrum of therapeutic action, cardiac
glycosides are able to cause serious intoxication with
complications including arrhythmias and conduction dis-
order, which often lead to death [1,2]. Considering the
mortality rates in cases of medication poisoning it is im-
portant to pay special attention and care to prevent, di-
agnose and treat such medical conditions.

Case report

The 28-year-old Ukrainian male accidentally took di-
goxin instead of calcium. The patient arrived at the hospi-
tal around 16 hours after the accident. He complained on
general weakness, palpitation and dyspnea.

The patient said that he took some tablets of «cal-
cium» (approximately 30) in evening before sleep and
next morning the symptoms of weakness, palpitation and
dyspnea appeared. He found out that instead of calcium
he took digoxin, which was often used by his grand-
mother. The patient approached emergency unit of the
local hospital to receive medical help. The dose of taken
digoxin was calculated as 0.0075G.

The patient considered himself to be generally
healthy. He said that he had no chronic diseases and al-
lergic reactions. The patient reported occasional (once or
twice a year) viral diseases.

On admission, the patient was fully conscious (Glas-
gow Coma Scale: 15). His vital signs were: temperature
36.8°C, respiratory rate 17 breaths/minute, pulse 56

beats/minute; blood pressure140/70 mm Hg, saturation
02 98%.0n physical examination the patient’s skin was
pale, rash absent. Pupils were normally dilated. Periph-
eral lymph nodes were not enlarged. Peripheral edema
was absent. Bones and muscle system were normal.
Freely breathing through the nose. Ribcage was symmet-
rical, palpation was painless. Percussion of the lungs
was normal, on auscultation - vesicular breathing. The
heart auscultation revealed irregular rhythm. There were
no murmurs or gallops. The tongue was wet and clean.
There was no hepatosplenomegaly.

Laboratory tests results were within the normal range.

Blood test results: haemoglobin (HBG) 148 g/l; red
blood cell (RBC) count 4.7 * 10'?/ I; color indicator 0.93;
white blood cell (WBC) count 10.1 * 10° / I; eosinophils
1%; lymphocytes 16%, monocytes 3%; hematocrit (Hct)
0.45. Chemistry: total bilirubin — 17.0 mcmol/l, blood glu-
cose — 5.0 mmol/l, urea 4.6 mmol/l, creatinine 123.0
mcmol/l, fibrinogen 4.4 g / |, electrolytes: K+ - 5.53
mmol/l, Na+ -137 mmol/l, CI' — 97.4 mmol/l; total protein
79.0 g/l. Urine test — unremarkable.

Chest X — ray detected no abnormalities.

On admission, an electrocardiogram (ECG) demon-
strated atrial rhythm. The heart frequency: 57 beats per
min. Atrioventricular (AV) block — Il degree, and type | 3:
2, 5: 4, 5: 3. We observed transitional abnormality in re-
polarization (Figure 1).

" To cite this English version: Savchenko L., Mormol I., HusarP., Reva N., Borzykh O., Kaydashev I. .Acute intake of a large dose of cardiac
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After admission the patient was transferred to the In-
tensive Care Department for monitoring of ECG, pulse
rate, arterial pressure, body temperature, percentage of
oxygen-haemoglobin saturation, urine output, etc.

Treatment consisted an activated charcoal admini-
stration, fluid infusion 1000 ml (solution glucose 5% -
400.0 ml, rheosorbilact - 200.0 ml, sorbilact - 200.0 ml,

electrolytes (NaCl 10% - 30.0_rp|, MgS04 25 % - 10.0 .

b i . aee
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ml), omeprazole 40 mg intravenously, diluted in 200.0 ml
of physiological solution, furosemide 2.0 ml.

Six hours after admission the ECG showed a positive
change. Right sinus rhythm. Heart rate 71 beat per min.
Electrical axis of the heart - vertical. There was subendo-
cardial ischemia on myocardium of posterior-lateral walls
(digitalis intoxication) (Figure 2).
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The patient remained in hospital for three days. When

the ECG had normalized (Figure 3) the patient was dis-

i

charged from hospital.

Wb

Discussion

Acute digoxin poisoning is a life-threatening condition.
The clinical characteristics of intoxication are mainly car-
diac (bradycardia, heart block, dysrhythmias), gastroin-
testinal (nausea, vomiting, abdominal pain, diarrhea) and
weakness. Vision changes, including green/yellow dis-
colouration and electrolyte abnormalities (hyperkalemia)
may be noted in patients with chronic poisoning.

ECG changes include flattening or inversion of the T
wave and depression of the ST segment. Dysrhythmias
often associated with cardiac glycoside toxicity include
bradydysrhythmias, sinus bradycardia with all types of
AV nodal block, junctional rhythms, and sinus arrest [3, 4,
5, 6].

The intoxication mechanism of cardiac glycosides is
that toxic concentrations of the substance significantly
reduce the membrane ATP-ase activity, disrupt the func-
tion of sodium-potassium pump. Inhibition of enzyme ac-
tivity leads to disruption of the return of potassium ions

into the cell, and the accumulation of sodium thereby in-
creasing the excitability of cells and the development of
arrhythmia [7].

Treatment of cardiac glycosides intoxication should
consider the gastro-intestinal decontamination, treatment
of all kinds of dysrhythmia, antidote (anti-digoxin Fab)
administration or temporary cardiac pacing [2, 6].

In the case we are reporting, there was a one-time
overdose of digoxin by the subject, whom did not have
cardiovascular disease or other problems with health.
The patient complained on general weakness, palpitation
and dyspnea. On ECG was observed arrhythmia and
atrioventricular block, deep trough decline in segment
ST. Furthermore, the digoxin's effect appeared within a
few hours after acute poisoning. The initial serum digoxin
concentration in our patient was very high and did not
reflect the total body burden, probably because full distri-
bution has not occurred. This reflects the time for distri-
bution to a peripheral compartment and/or time-
dependent binding to the Na+-K+-ATPase [6]. After
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treatment the patient’'s state significantly improved,
symptoms of weakness, palpitation and dyspnea disap-
peared. We were unable to use antidote therapy due to
limited resources of medication in the hospital, especially
digoxin-specific antibody fragments.

Conclusions

A timely appeal for medical help and appropriate
treatment avoided the serious consequences of glycoside
intoxication.

Special attention should be paid to the fact the patient
asked for medical help. This is a very important feature in
the «internal diseases clinic», that reflects the severity of
underlying disease.

From the start to the patient’s request for help, the
doctor should carefully complete all complaints, the
medical history of disease and predict possible complica-
tions.

This case confirms the importance of careful usage of
medications.

Summary
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One of the most toxic drugs is a group of cardiac glycosides. Having a very narrow spectrum of therapeutic action, car-
diac glycosides are able to cause serious intoxication with complications including arrhythmias and conduction disorder,
which often lead to death. Considering the mortality rates in cases of medication poisoning, it is important to pay special
attention and care to prevent, diagnose and treat such medical conditions. The 28-year-old male presents with intoxica-
tion and arrhythmia after he unintentionally took a wrong medication. A timely appeal for medical help and appropriate
treatment helped to avoid serious consequences of glycoside intoxication.

Key words: acute glycoside intoxication, complications, arrhythmias

19

Marepian Haaiviwos Ao pegakyii 02.12.2016



Tom 20, N 3-4 2016 p.

© MNepuesa T.0., KoHonkiHa J1.1., BoTsiHikoBa J1.A.
YOK 616.24-002-007.272-036.1-037.-07

HOBI AIATHOCTUYHI MOXJIUMBOCTI LWOAO0 BCTAHOBJIEHHA NMPUPOAU
PECIMIPATOPHUX CUMINTOMIB Y XBOPUX HA XPOHIHYHE OBCTPYKTUBHE
3AXBOPHOBAHHS JIETEHb"

lMepuyesa T.0., KoHorikiHa J1.1., bomeiHikosa J1.A.
OepxaBHui 3aknag «[JHinponeTpoBcbka MeanyHa akageMis MiHicTepcTBa OXOpoHM 340poB’s YkpaiHu», M. [IHinponeTpoBCbK

Ha cerogHsLHmi E€Hb OKOHYATE/IbHO HEU3BECTHO, OYEMY Y HEKOTOPBIX BOSIbHBIX XPOHUYECKUM OOCTPYKTUBHBLIM 3360-
n1egarnsgm aerkmx (XO3/1) B cTabusibHyto @asy narosiorm4eckoro rpoyecca B IEpUPEPHYECKON KPOBU [10SBISETCS
60/IbLLIOE KOJMYECTBO 303MHOPUIIOB. HE UCKITIOYEHO, YTO 3TO CBUAETE/ILCTBYET 00 OLMOOYHO BbICTAB/IEHHOM ANarHO3€e
XO3/1 BMecTo 6poHxmasbHoW actMbl (BA); BO3MOXHO, DECITUPATOPHbIE CUMIITOMbI Y Takux OOJIbHBIX O6YC/I0B/IEHbI HE
TO/IbKO JEUCTBUEM a3POO/IIOTAHTOB, HO U MIMEPYYBCTBUTE/ILHOCTBIO K ObITOBbIM, SITUAEDMA/IbHBIM, [1/IEBHEBbIM a/I/1ED-
reHaM; BO3MOXHO, 3TO C/lyYan OBEP/IaN-CuHAPOMAE. B NOCEAHNE rofbl A/1S PELLIEHNS HEKOTOPbIX BbILIEYKA3AHHBIX BO-
POCOB [105IB/ISIOTCS HOBBIE ANATHOCTUYECKUE BO3MOXHOCTY, CDEAU KOTOPbIX — METOA MOJIEKYJISPHON anieproanarto-
crukm Phadiatop, KoTopeivi 03BOSISET Ha MOJIEKY/ISPHOM YPOBHE ONPEACINTE CTDYKTYDY a/IIEPrEHHBIX BE/IKOB, «BUHOB-
HbIX» B CEHCUOM/TN3ZALINMN OPraHn3Ma K TEM WM UHBIM PECIMPaTOPHBLIM a/iiepreHaM. Ecm pesyibtar npob tecra Phadia-
top ronoxXuTe/IbHbIV, HEOOXOANMO ONPEAE/IUTS TPYIITY UHIA/ISLNOHHBIX AI/IEPreHOB, @ 3aTEM — U KOHKPETHbIE a/I/IEPIe-
Hbl B IDYINax C NOIOXKUTENILHBIM PE3Y/IbTaTOM. OTpULETEIbHBIN pe3ysibTar npob 1ecta Phadiatop o3Haqaer, 41o rpu-
YyHa, KOTOPAas BbI3Ba/Ia A/I/IEDrONOLOBHBIE CUMITTOMBbl, HE SB/ISETCS PECNPATOPHOU afIEPIUeY, Mo3TOMYy HEOOXOANMO
MPOBECTU UCC/IEA0BAHUS APYIUX ODIGHOB U CUCTEM ([TULLEBAPUTE/ILHON, UMMYHHOM, SHAOKPUHHON U Ap.). Hamu 6blio
MIPOBELAEHO IMUIOTHOE MCCIE[0BaHNE y 12 60s1bHBIX (ChegHm Bo3pacT — 65,0+3,8 7iet, MyxynH — 7) ¢ gaBHo (6osee 5
JIeT HA3a4) BEPUGUUNPOBAHHBIM AnarHo3om XO3/1 III cragmu. Onpegeneqne ypoBHS 303MHOGUIOB u oblyero IgE B
Kposu, n3yqerne Tecta Phadiatop rpoBoanIncs B ANHAMUKE Ha QOHE /IHOBOV TEPATMN BOJIbHBIX — IPYU BKITHOYEHMM X
B UCCIELOBAHNE, Yepe3 6 u 12 mecayes. Pe3y/ibTaTsl 10Kas3a/m, YT0 Ha/lMYne pU3HaKkos PECIMPaTopPHOro anaeprosa y
6osbHoro XO3/1 (o gaHHbiM Tecta Phadiatop) Hanbosiee 4acTo COrpoBOXAAETCS IMOBBILLEHNEM VPOBHS 303MHO@U/IOB
u/nmm yposHs oblyero IgE B kposu. OAHAKO, Yy ONPEAESIEHHOU YacTu BOJIbHBIX C 1a60PaTOPHBIMU MPHU3HAKaMH PECrvpa-
TOPHOro a//iepro3a 3T MoKazate/m MoryT ObiTe M HOPMaslbHbiMy. [ToBbILLIEHHNE yPOBHS oblyero IgE B KpoBu 60/1bHOroO
XO3J1 6€3 roATBEDKAEHNS HA/IMYNS Y HEMO MPU3HAKOB PECITUPATOPHOro a/inepro3a (1o AaHHsIM Tecta Phadiatop) cyxa-
€T PaMKu [asIbHEVLLErO ANArHOCTUYECKOrO IOMCKa B CTOPOHY APYrov (He pecripaTopHow) natosiorm. beps Bo BHuUMa-
HUE I10/TYHEHHBIE AAHHbIE O TOM, YTO flOKazaresm tecta Phadiatop MoryT UBMEHATLCS B AMHAMUKE Hab/iioaeHusi 60/1b-
HbIX, MOXHO AYyMarb, YTO [IPOSIB/IEHNS PECITUPATOPHOIro a/UIepro3a MoryT U3MEHSTHCS BO BpeMeHU. [TOCKO/IbKY TecT
Phadiatop siBnseTcs 6o/1€e YyBCTBUTEIbHLIM M CIELNPUYHBIM [J18 BbISB/IEHNS CUMITTOMOB PECIIMPATOPHOro aa/ieprosa,
UMEHHO OH (3 HE YPOBEHbL 303MHOPUIIOB KpoBu u/mmm oblyero IgE) [4o/mkeH 6osiee WHPOKO UCITO/b30BATLCS KaK Mpu
CKDUHMHIE, TaK 1 Ha 3T1arnax HabsogeHns 60s1bHbx XO3/1.,

KnroueBble cnoBa: XpOHU4yeckoe 060TpYKTVIBH09 3aboneBaHue Nerkux,pecnmpaTtopHbie annepreHbl

Baratbma HayKoBLUSIMU-NYNIbMOHOMOraMm BXe OOCUTb enigepManbHUX Ta NiCHABMX anepreHiB (To X, MoXe, Le
[aBHO BU3HaHWUI TOW akT, O Y AESKMX XBOPUX Ha XpO- € oBepnan-cuHApoM) ToLo?
HiYHe OGCTpYKTMBHe 3axBoptoBaHHsa nereHb (XO3I) nig OcTaHHiM YacoM ANns BUpILLEHHS AesKnX BuLle3asHa-
yac iH(PEeKUiNHOro 3aroCTPEeHHsI MOCUMIOKTBCS O3HaKu YEHMX MUTaHb 3'ABMSTLCS HOBI OiarHOCTUYHI MOXIMBO-
€03NHOMINBHOrO 3ananeHHs, a y nepudepuyHin KpoBsi cti. OfHiel0 3 TakMX MOXIIMBOCTEN € 3aCTOCYBaHHA Me-
3'ABMNAETBCA MOr0 MapKkep — NiABULLEHUIA PiBEHb €03UHO- TOOY MONEKYNApPHOi aneprogiarHocTVkM, a came TecTy
ginis. Yomy > Hacnpaegi BigOyBatoTLCA Taki 3MiHM | YoMy Phadiatop, — HoBoro piBHA BepudikaLii anepriyHnx 3a-
caMe y LUMX KOHKPETHUX MauieHTiB — JOCTEMEHHO He Bi- XBOPIOBaHb [2, 5, 6]. Lien meTon A03BOMSE Ha MOMeKyns-
nomo. CTocoBHO  cTabinbHoi dasn XO3J1 3anuTaHb Wwe PHOMY piBHi BU3HAUUTWU CTPYKTYpPY anepreHHux Oinkis,
GinbLue: yn 3ycTpivatoTbesa B3arani xsopi Ha XO3J1 3 nig- «BUHHUX» Yy ceHcubinisauii opraHiaMy A0 TUX 4YM iHLIKX
BULLEHVM piBHEM €O03MHOMINIB; SKWO «Tak», TO SKWN anepreHis.
CTYNiHb NIABULLEHHSA ANA HUX HAWBiNbL XapakTepHUR; Ym Tect Phadiatop, pospo6bneHuin komnaHieto Pharmacia
He € Le BMNaaky 3 MOMUITKOBO BCTAHOBMEHUM AiarHo30Mm Diagnostics. Lle komnnekcHe CKpUHIHIOBE AOCHIOKEHHS,
XO3 3amicTb giarHo3y 6poHxianbHoi actMu (BA); un He 3a [OMOMOrol0 SIKOro MOXHa BU3HAYUTU CXWUNbHICTb A0
00yMOBIeHi pecnipaTopHi cumnToMu y xBoporo Ha XO3J1 anepriyHoi peakuii Ha OCHOBHI iHransAuiiHMX anepreHis,
He nuile Aielo aepornontioTaHTIB (THTIOHOBUIA OUM, MpPO- YTOYHUTW NPUPOAY €03MHOMINBLHOrO 3ananeHHs Ta nig-
MUCnoBi chakTopu), a 1 rinepyyTnMBIiCTIO OO NOOYTOBMX, TBEpauTK (abo BUKMIOYMTK) O3HAKK anepriyHoi npupoau

’ LumysaHHsi npu amecmauii kadpis: lNepuesa T.0O., KoHonkiHa J1.1., bomeiHikosa J1.A. Hosi diaeHocmuyHi Moxnueocmi uwod0 8CMaHOBeHHS
npupodU pecripamopHUX CUMITMOMI8 y X80PUX Ha XPOHIYHE 06CmpyKmMuUeHe 3axeoprosaHHs1 nie2eHsb // [Npobremu exkonoeaii i MeduyuHu. — 2016.
—T. 20, Ne 3-4. — C. 20-23.
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pecnipaTopHUX CMMMTOMIB, Hacamnepes y XBopux 3 6po-
HXO00B6CTPYKTUBHOIK naTonorieto. BiH fo3Bonsie BuU3Haum-
TV NIABULLEHHST PiBHA crneundiyHnx imyHornobyniHis E
(IgE) ogHO4acHO OO0 anepreHiB PisHUX rpyn, Takmx sk nu-
NKOBI, NMiCHABI, KNIWOBI anepreHun, anepreHn TBapWH,
TapakaHiB Towo. 3 pesynbTaty gocnimxeHHs He Oyne
BiJOMO, 10 SIKOro came arnepreHy BUSIBIEHO NiOBULLEHHS
PiBHS @HTUTIN, ane nNpu OTPUMaHHI HeraTMBHOrO pe3yrb-
TaTy MOXNUBI anepriyHi peakuii Ha HanWbinbL YacTi iHra-
NAuUinHi anepreHn 6yayTb BukmnodeHi. [ig yac aHanisy
nepeBipAeTbCA HasiBHICTb aTonii — ocobucToi abo cimen-
HOI CXUNbHOCTI A0 BUPOoOkM cneundivHnx IgE y Bignoeiab
Ha HopmarbHy Aito anepreHis. Yum Buwmmn piseHb IgE-
aHTUTIN, TOBTO CTYMiHb aTonii, TUM BULLMIA PU3NK PO3BUT-
Ky CMMATOMaTU4HOI aneprii.

MeTogvka € iHHOBaUiNHOW, I'PYHTYETLCS Ha iMyHO-
dntoopecueHTHOMY MeToAi, 3abe3nevye y 300 pasis Bu-
LY YYTNUBICTb, HiX iMyHOdepMmeHTHUI aHani3 (IPA) Ta €
OinbWw cneumdgiyHMM. [na giarHOCTUMKM anepriyHnx 3a-
XBOPIOBaHb 3a LUM METOAOM AOCHIMKYETbCA CMpoBaTka
KpoBi 6e3 remonidy Ta Xxinbo3y, 3aCTOCOBYETLCA aHarni3a-
Top Phadia 100 3 BWKOPUCTAHHAM TECT-CUCTEMMU
ImmunoCAP (Phadia AB).

Axwo pesynbTaT Nnpob TecTy Phadiatop BusBnsetsca
NO3UTMBHUM, HEOBOXiAHO BMKOHATW HACTYNHE AOCHIMKEH-
HS 3 MEeBHUMW rpynaMmu anepreHis (4OMaLUHin nun, Oo-
MaLLHi TBapWHK, NNICHABW, 3MakoBi Tpaeu, Oyp’aHu, sied-
HUA Ginok, Momnoko, puba, nweHuuda, cos Ta iH.). Ha
OCTaHHbOMY eTani, 3a HeobXigHOCTi, NPOBOAWTBLCA BU-
3HaYEHHS KOHKPETHUX anepreHiB y rpynax 3 no3vTMBHUM
pesynbTaTtoM. AKWo X pe3ynbtaTt npob TecTy Phadiatop
BUSIBNSIETLCA  HEraTMBHUM, BIPOTiHICTb  BMHUKHEHHS
anepriyHMx CMMNTOMIB abo 3axBOpPIOBAHHS € MiHiManb-
HOMO, MPaKkTU4HO [OpiBHIOIOYM Hynio. Lle o3Hadvae, wo
Npu4YMHa, fKa BWKNUKana anepronodibHi cumntomu y
XBOPOrO, HE € aneprieto, a omxe HeobXigHO NpoBecTn 06-
CTEXEHHS! iHLLIMX OpPraHiB i CMCTeM (TpPaBHOI, iIMYHHOI, eH-
OOKPVHHOI Ta iH.).

Tect Phadiatop € 6e3neyHnum gns nauieHTa i Moxe
npoBoouTUCb 6e3 obMexeHb — He3anexHo Big CTaHy
LWKipY, MeANKaMEHTO3HOro nikyBaHHS (y TOMY YMUCHi aH-
TUricTaMiHHUMK nNpenapaTtammn), akTMBHOCTi 3aXBOPOBaH-
HS, HAsIBHOCTI BariTHOCTI; BiH MOXe MpOBOOUTUCH SK Y
fiTeln, HaBiTb rpygHOro BiKy, Tak i y NiTHIX nogen.

Cnig Haragatu, Wo piBeHb 3aranbHoro IgE nigsuy-
eTbes nuwe y 50% ntogen, YyTnuBuX A0 iHransuinHmx
anepreHis.

Takum YMHOM, METOI HALIOro AoCcnigKeHHsA 6yno Bu-
3HaA4YMTU [iarHOCTMYHY 3HadyuwlicTe TecTy Phadiatop y
BCTAHOBIIEHHI MPUPOAM pecnipaToOpHUX CUMMNTOMIB Mpu
XOS3J1 B pamkax MinoTHOro A0CHiOKEHHS.

Marepianu Ta MeToaun gocnipKeHHs

Y pocnigxeHHs 6yno BkntoveHo 12 xBopux Ha XO3J
Il crapii (cepenHin Bik — 65,0+3,8 pokiB; 4onosikiB — 7,
XiHok — 5). OiarHo3 XO3J1 ycim xBopuM 6yrno Bepudiko-
BaHO noHag 5 pokiB ToMy, a 3a pesynbTatamMmu TpuBasnoro
OVHaMIYHOrO CMOCTEPEXEHHST 3a MauieHTaMu BiH He BU-
KnvMKaB CyMHiBY (yci xBopi Oynu akTuBHuMKM abo ekc-
KypusiMM 3 TpuBanicTio TIOTHOHONAnMiHHA noHag 10 pokis;
3a AaHNMU CMiPOMETPUYHOIO MOHITOPUHIY YCi XBOPI Manu
BMPaXeHy He3BOpOTHY abo 4acTKOBO 3BOPOTHY GpPOHXO-
0BCTPYKLiI0; Y KOQHOro XBOPOro He Byrno B aHamHesi Ha-
nagiB SAYXM SK OCHOBHOI KMiHIYHOI O3HAKU MOXIUBOI iH-
Lwoi 6poHX006CTPYKTMBHOT XBOPO6U — BA).
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dopmyntoBaHHa giarHo3y XO3J1 Ta 1oro cragii npo-
Boaunock 3rigHo 3 Hakaszom MOSB YkpaiHn Ne 555 Big
27.06.2013 p. [1].

Yci obcTexeHri xBopi 6y KOMMMAaEHTHUMKU Ta TpUBa-
nuin yac (6inbl SK MPOTArOM POKYy) MpUAManu nnaHoBy
Tepanito, WO BKMAKYana iHransuiiHum rioKoKOpTUKOCTE-
poig (IFKC) i B2-aroHicT Tpuanoi aii (kombiHoBaHWiA npe-
napat canbmeTtepon/cnyTukasoHy nponioHat (25/250
MKr) Nno 2 iHransauinHi 4o3u 2 pasu Ha foby), a Takox 3a
notpebot — B2-aroHicT kopoTkoi Aii canbbytamon (no 2
iHransuinHi 4O3x Ha NPUIoM).

Ha eTani BKIOYEHHS XBOPUX Y OOCTiAXEHHS (Ha Bi3n-
Ti 1) ycim npoBOAWNM OLiHKY KIiHIYHOI CMMMTOMATUKM,
gocnigxysanu CTyniHb BEHTUNSAUINHUX NOpYLIeHb, BCTa-
HOBMOBanNu piBHi eo3nMHoiniB KpoBi Ta 3aranbHoro IgE,
a TakoX BM3Ha4anu nokasHuk tecty Phadiatop. Yepes 6
Ta 12 micsauiB (BignoBigHoO Ha Bi3uTax 2 i 3) XxBOpMM Mo-
BTOPHO MPOBOAMMM KNiHIKO-PYHKLiOHANbHI AOCNIOKEHHS,
a TakoX BM3HaYanM CUPOBATKOBMI PiBEHb 3araribHOro
IgE Ta nokasHuk Tecty Phadiatop.

[MpoTaroM ycboro [OCRIAXEHHS XBOpi OoTpumyBanu
nnaHoBy Teparnito.

KniHiyHa cumnToMaTuKa ouiHIoBanach 3a BUPA3HICTIO
cumnTomie XO3J1 B Uinomy 3 BUKOPUCTaHHSAM TecTty oui-
Hkn XO3J1 (aHen. — COPD Assessment Test (CAT)) [4].
Cyma 6anie 3a CAT, meHwa 3a 10, TpakTyBanacb $K
«Mmana kinbkicte cumntomisa XO3J1», a Oinblwa 3a 10 — sk
«BenuKa KinbkicTb cumntomis XO3JT».

JocnimkeHHs BEHTUNAUIMHOT (OYHKUiT nereHb 3 BU-
3Ha4YeHHsIM piBHIB NOKa3HWUKIB (popcoBaHa XUTTEBA €M-
HicTb nereHb (PXKEJ), o6’'em copcoBaHoro BMAUXY 3a
nepwy cekyHgy (O®B¢) Ta ix cniBBigHOLEHHS
O®B4/DXKEIT) npoBoANNOCL METOAOM KOMIM IOTEPHOI Cni-
pomeTpii 3 BUMipIOBaHHAM NeTni «noTik-06’em» 3a gono-
moroto anapaty «Master Screen Body/Diff» («Jager»,
HimeuunHa). Yci nokasHukn ob64mcnioBanuchb y BigcoTkax
HanexHWX BEeNnuyuH, siki po3paxoByBanucb 3a Knudson
(1983). CnipomeTpis npoBoamnach BpaHLi HaTLLe.

TecT Ha 3BOpOTHICTb OpoHX006CTPYKLiT MpoBOAMBCSA 3
400 mkr canbbyTamony; npu UbOMY BM3Ha4YaBCH pPiBEHb
O®B; po Baouxy canbbytamony (y npe-gosi) Ta 4vepes
15-20 xBunuH nicns oro Bamxy (y noct-gosi).

3aranbHWin aHani3 KpoBi 3 BM3HAYeHHAM nenkouuTa-
pHOI dhopmynu npoBoamBcs BpaHUi HaTwle. KinbkicTb eo-
31HOpINiB BU3Havanachb sk y abcontoTHOMY (pedyepeHcHi
3HayeHHst — 0,00-0,56 '/n), Tak i y BigHocHOMY (pedepe-
HCHi 3Ha4yeHHs — 0,0-6,0%) nokasHukax.

KinbkicHui piBeHb 3aranbHoro IgE y cupoBaTui KpoBi
xBopux Ha XOSJ1 BusHayaBcA iMyHONIOOPECLEHTHUM
MeToAoM (pedepeHcHi 3HaveHHs — 0,0-113,0 MO/mn).

Tect Phadiatop BukoHyBaBcs 3a iMyHONOOPECLIEH-
THUM  METOAOM 3  BUKOPUCTAHHAM  TeCT-CUCTeMU
ImmunoCAP. Tpu pedepeHCHnX 3HavyeHHsax 0—
0,35 kOgA/n pesynbTaT BBaXKaBCsl HEraTUBHUM, MPU 3Ha-
YyeHHsx, suwmux 3a 0,35 kOgA/n, — NO3UTUBHUM.

CraTtnctuyHa obpobka oTprMaHux pesynbTaTiB BUKO-
HaHa 3a JOMNOMOro CTaHAapTHOro nakety yHkuin «MS
Exel».

Pe3ynbraTty Ta ix 06roBopeHHs

AHanis oTpumaHux pesynbTaTiB Nnokasas, L0 Ha MO-
MEHT BKITHOYEHHS XBOPUX Y AOCHIMKEHHS YCi BOHW Manu
[OCUTb BUCOKY BMPA3HICTb KIiHIYHOI CMMMNTOMAaTUKL (3a
CAT) Ta pocuTb BupaxeHy GpoHxianbHy obcTpykuito (3a
piBHeM O®B+; npu LbOMY y BCiX XBOPUX CMiBBIOHOLLEHHS
O®B1/PXKEI 6yno meHwwum 3a 0,7) (tabn. 1).
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Tabnuysi 1
CepelHi pigHi KniHiKo-ghyHKUiOHanbHUX ma s1iabopamopHUX rnokasHukig y obcmexeHuli xgopux Ha XO3/J1 Ha eiaul#n}:; 1
Ne 3/n [MokasHuku 3Ha4yeHHs NOKa3HWKIB
1. CAT, 6anu (M+m) 15,91+0,80
2. PiBeHb O®B4, % HanexHoi BenuynHm (M+m):
y npe-Aaosi 42,53+3,18
y NocT-A03i 45,30+2,80
3. PiBeHb e03nHOMINiB KpOBI:
abc. (Mtm) 0,39+0,08
% (Mzm) 5,63+1,13
4. IgE, MO/mn 273,5+101,2

MpuBepHyrno yeary Te, WO y XOAHOr0 XBOPOro Ha Bi-
3uTi 1 He Byno cymu 6aniB 3a CAT, meHwoi 3a 13; npu
LUbOMY Y OOHOrO 3 HUX MOKa3HUK CKNaB HaBiTb 24, y peLu-
TV X konueascs Big4 13 go 17. Takum 4mHOM, yCi XBOpI
Marnu «Benuky Kinbkicte cumntomia XO3JT», He3Baxatouun
Ha Te, Wo, 3gaBanocs 6, Ha Tni Tpueanoro npuiomy IFKC
Ta GpoHxoaunsaTaTopiB NOJOBXEHOI Aii BOHW MOBWHHI Oy-
N1 6 MaTn 3HaYHO MeHLLE NPOSIBIB 3aXBOPHOBAHHS.

OcTaHHe cBiguMTbL NPO Te, WO nikapcbki 3acobu, ski
peKoMeHRaYHTbCst Ha cborofHi xsopum Ha XOSBJ1 (3rigHO
SIK 3 HauioHanNbHUMK, Tak i 3 EBPONENCBLKUMN CTaHAapTa-
mu [1, 5]), Bce e He B 3MO3i YCYHYTW YCIO KIiHIYHY cUMI-
TOMaTUKy 3aXBOPHOBAHHS HaBITb Yy BUMNAAKY, KONU XBOPUIA
abComMTHO KOMMMAEHTHUI Ta MPUXUIbHUA OO MpU3Ha-
YeHoi nikapem Tepanii. BuHukatoTb niacraeu go Heobxia-
HOCTi 3'ACYBaHHA MPWYMH MPOMOHrauii NaTonoriyHoro
npoLecy 3 OKPECMEHHAM HOBWX MaTOreHeTUYHWUX NaHoK
dopmyBaHHa XOS3J1, a Takox 00 OBrpyHTYBaHHS HOBUX
nigxopiB o4O NMaHOBOI Teparii XBOpUx 3 po3pobKor y
MabyTHEOMY HOBMX rpyn eEeKTUBHUX MiKapCbKMX 3aco-
6iB. OgHMM 3 Takux HanpsiMiB Moxxe 6YTN BUSICHEHHS Mu-
TaHb CTOCOBHO BHECKY €03MHOMINbLHOIO 3ananeHHs
Ta/abo pecnipatopHoro aneprody (ceHcubinizauii Ao
HaMbINbL YacTuX iHransauiHWX anepreHiB) y natoreHes
XO3J1, a omxe | BINMBY LMX NpoLeciB Ha NneBHy HecTabi-
NbHICTb CTaHy NaujieHTiB.

LLlogo eosuHodinii kpoBi, HamMyn Gyno BCTaHOBIEHO,
o y neBHoi kateropii xBopmx Ha XO3J1 BoHa Moxe cno-
cTepiraTncb He nuwe y a3y 3aroCTpeHHs (Ha Lo BKa3sy-
€TbCA Yy niTepaTypHux Sxkepenax [1, 3]), a n y crabineHy
a3y naTonoriyHoro npowecy, npuyomy Ha ¢oHi TpuBa-
noro NpuMoMy NauieHTamy NNaHoBOI Tepanii, BKNoYaym
ITKC. Tak, y 4 i3 12 (33,3%) ob6cTexxeHnx Hamun nauieHTiB
Oyno BWSBMEHO NiABULLEHHS BiACOTKOBOrO PiBHHA €03U-
HODiNiB KPOBi, Y ABOX 3 HMX — LWe W nigBuULLEeHHss abco-
MNIOTHOT IX KinNbKocTi. lHAUBIigyanbHWMI aHani3 nokasas, LUO
Yy XBOpPUX 3 MiABULLEHUM MULLE BiCOTKOBUM pPiBHEM €O-
31MHOINIB KPOBI piBeHb 3aranbHoro IgE 6yB HopmanbHUM
(7,1 Ta 29,2 MO/mn), a nokasHuk Tecty Phadiatop — He-
raTMBHMM, B TOM Yac K Npu NiABULLEHHI i BiOCOTKOBOrO, i
abCconTHOro piBHA €03MHOMINIB KPOBI piBEHb 3ararnbHO-
ro IgE 6yB 3HayHO BuwMM 3a Hopmy (304,3 Ta
1039,3 MO/mn), a nokasHuk TecTy Phadiatop 6yB nosu-
TUBHUM.

LlikaBMM BMSIBUBCA TOWM hakT, LIO Y noganbLioMy (Ha
BiauTax 2 i 3) y o4HOro XBOpOro 3 no4yaTkoBO HopMarnb-
HUM piBHeM 3aranbHoro IgE Ta HeraTMBHMM TecToM
Phadiatop nokasHukn 3miHunuce (IgE  pgocar  piBHs
188,1 MO/mn Ha Bi3uTi 2 Ta 324,1 MO/Mn Ha Bi3uTi 3, a
TecT Phadiatop cTtaB no3vTMBHUM; HE BUKIIOYEHO, LLO Y
HbOrO BiAOYBCHA KOHTaKT 3 anepreHom), y Apyroro Xxsopo-
ro NoKasHUKM NUWKUIMCb 6e3 cyTTeBux 3miH. lMpu novat-
KOBO MiABUWLLEHOMY piBHi 3aransHoro IgE Ta no3uTnBHoMy
TecTi Phadiatop y nogansiwomy (Ha BisuTtax 2 i 3) y ogHo-
ro XBOPOro NMOKa3HUKW He 3MIHWMWCb, TOAI SIK Y OpYroro

XBOPOro npwu piBHi 3aransHoro IgE, Buwomy 3a Hopmy
mamke y 10 pasiB, Tect Phadiatop ctaB HeratuBHum
(HanbinbLL BipoOrigHO, Y HHOrO KOHTaKT 3 anepreHom npu-
NUHUBCSA).

Y XBOpUX 3 MOYATKOBO HOPMaribHUM PIiBHEM €03UHO-
hiniB KpoBi i y BiACOTKOBOMY, i y aBCOMOTHOMY 3HAYEHHI
(y 8 3 12 (66,6%) obcTexeHux) piBHi 3aransHoro IgE Ta
nokasHukn Tecty Phadiatop Takox 6ynu pisHuMmn. Y no-
noBuHu 3 Hux (4 3 8 (50%)) piBeHb 3aranbHoro IgE Bu-
ABMBCSA HOpMasnbHUMM, @ MNokasHuk Tecty Phadiatop 6yB
HeraTMBHMM. Y iHLIOT NOMOBUHW XBOPUX pe3ynbTaTy Oynu
HaCTYNHWMU: Y OAHOrO NauieHTa Npu HopMaribHOMY PiBHi
3aransHoro IgE (41,1 MO/mn) nokasHuk Tecty Phadiatop
OyB NO3UTUBHMM; Yy APYroro, HaBnaku, nNpu NiaBULLEHOMY
piBHi 3aranbHoro IgE (488,9 MO/Mn) nokasHuk TecTy
Phadiatop 6yB HeraTMBHUM; LWe y ABOX OCI0 i piBHI 3ara-
neHoro IgE 6ynu nigsuwennmn (426,8 ta 804,7 MO/mn),
i nokasHukn Tecty Phadiatop 6ynu nosmtnBHuMu.

Ha eTanax crnocTepexeHHs Yycix Bulle3asHayeHux 8
XBOpMX (Ha Bi3nTax 2 i 3) nokasHuku 3aranbHoro IgE Ta
TecTy Phadiatop He 3miHoBanuchb.

Cnig popgatu, wo kniHiyHa cumntomatuka XO3J y
06CTEXEHMX XBOPUX Yy AMHAMILi CNOCTEPEXEHHS (Ha Bi-
3auTax 2 i 3) sanuwanacb A4OCUTbL BUPa3HOK — Y BCIiX na-
uieHTiB cyma 6anis 3a CAT 3anuwanach suwoto 3a 10.

OTpuMaHi Hamu pe3ynbTaTtu, Xxo4a W Ha AOCUTb CKpO-
MHii BUGipLUi NauieHTiB, HABENMM HAC Ha Liny HU3KY HayKo-
BMX PO34YyMiB, 3 SIKUMU BBaXaemMo 3a HeobxigHe noginu-
TUCb.

1. 3a BMpa3sHICTIO KMiHIYHOT CUMNTOMAaTUKN Y XBOPOTrO
Ha XO3/ (3a gaHumu CAT) nikap He Moxe aHi nigTeep-
OUTW, aHi CNPOCTYBaTK HasBHICTb ¥ HbOrO pecrnipaTopHO-
ro aneprosy; ANS BUPILUEHHS LbOro NUTaHHA HeobXiaHe
NpoBeAeHHSA CreLjanbHOro AiarHoCTMYHOro nowyky. He
BMKIIOYEHO, WO NaLi€eHTU 3 BMpaXkeHOK OpoHXianbHO
0oOGCTpYKUi€ElD, BIACYTHICTIO KMiHIYHOI CMMNTOMAaTUKN pec-
nipaTopHOro anepro3y Ta HasABHICTIO NabopaTopHUX Noro
03HaK € XBOpUMM 3 OBepian-CMHAPOMOM.

2. MigByweHi piBHI eo3nHoiniB Ta 3aranbHoro IgE y
KpoBi xBoporo Ha XO3J1 He 3aBxan BigobpaxkalTb HasB-
HICTb pecnipaTopHOro aneprosy; Ui 3MiHM MOXyTb MaTtu
iHLIY NPUYUHY CUCTEMHOI anepriyHoi peakuii, Hanpuknag,
renbMiHTO3 KMLeYHuKa (Bigomo, wo IgE npuiimae yyactb
y oOpMyBaHHi 3aXMCHOro NPOTUreNbMIHTHOTO IMYHITETY).

3. HasBHicTb nabopaTopHUX O3HaK pecnipaTopHOro
aneprosy y xsoporo Ha XO3J1 (3a gaHumu Tecty Phadia-
top) BCe X Taku HamyacTie CynpOBOMAXYETbCHA NiOBu-
LLleHHsIM piBHS eo3unHoiINiB Ta/abo piBHA 3aranbHoro IgE
y KpoBi. BTim, cnig nam’atatu, Wo y NeBHOI YacTUHW na-
uieHTiB 3 nabopaTopHMMM O3HaKamMy pecnipaTopHOro
aneprosy sk piBeHb €03nHOMINIB KPOBi, TaK i piBeHb 3a-
ranbHoro IgE moxe 6yTn HopmanbHMM. OCTaHHE BKasye
Ha HasBHICTb Y XBOPOro pecnipaTopHOro aneprosy 3 npe-
BartOBaHHAM FOKanbHUX O3HAK Hag CUCTEMHUMW Ta He
BMKTIOYae HeobXigHOCTI NpoBeAeHHs noganblioro Aiar-
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HOCTUYHOrO MOLUYKY MPUYUHW pecnipaTopHOro aneprosy
(y TOoMy 4umcni 3 BM3HAYEeHHsM piBHIB anepreHcneundiy-
Hux IgE), a Takox obrpyHTOBYE BMGIp came iHransuinHoro
LNSAXY nogadi nikapcbKoro 3acoby 3aans yCyHeHHs BiA-
NOBigHNX NATOMNOrYHUX 3MiH.

5. MigBuLweHHs piBHSA 3aranbHoro IgE y kpoBi XBoporo
Ha XO3J1 6e3 nigTBepOXeHHS HasBHOCTI Y HbOr0 O3HaK
pecnipaTtopHoro aneprosy (3a gaHumm Tecty Phadiatop)
3BY)XXY€E paMKu NoAanbLIoro AiarHOCTUYHOrO NoLyky y 6ik
iHLIOT (He pecnipaTopHOI) NaTonorii.

6. Ockinbkn TecT Phadiatop € 6inbw 4yTnuBuMM Ta
cneundivyHMM ANs BUSABMEHHS pecnipaTopHOro aneproasy,
came BiH MOBMHEH SIKOMOra LUMpLUEe BUKOPUCTOBYBaTUCH
Ha eTani CKPUHIHIY nauieHTiB (y TOMy YMcri ¥ nawieHTiB 3
XO3J), a He piBeHb eo3MHOINIB KpoBi Ta/abo 3aranbHo-
ro IgE.

7. Bepyun po yBaru AaHi WoOA0 MOXIUBOI 3MiHU MO-
ka3HukiB TecTy Phadiatop y AuHamiui cnoctepexeHHs
XBOpUX, MOXHa AymaTtu, WO MpOsBM pecnipaTopHOro
aneprosy MOXyTb 3MiHIOBATUCb Y Yaci (He BUKIMIOYEHO, #
Y 3aneXHOCTi Big Nopu poky).

TakMM 4nHOM, yce BuLLe3a3HavyeHe 403BOMUIIO0 Ham
OiNTN BUCHOBKIB, LLO:

1. NnpoBedeHe MiNOTHe OOCHIAXEHHA NPOAEMOHCTPY-
Bano, wo TecTt Phadiatop € uiHHUM iHCTpymeHTOM Ans
[iarHOCTMKM pecnipaTopHOro aneprosy (pecnipaTopHoi
anepriyHoi ceHcunbinidauii) y xsopux Ha XOS3J1 Ta fo3Bo-
nsie PO3KPUTK NPUPOAY pecnipaTopHMX cumnTomis y 6a-
raTbOX 3 HUX;
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2. OTpMMaHi HaMmu pe3ynbTaTu NpMBEPTAKOTb YBary 4o
Heob6XiBHOCTi BinbL rMMBOKOro BUBYEHHS L€l npobnemu
Ta OOrpyHTOBYIOTb HeEOOXigHICTb npoBefeHHs Aochi-
[PKEHb i3 3any4eHHsAM 3Ha4HO BinbLUOi KiNbKOCTi XBOPUX.
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As of today, it is not completely known why there is a large number of eosinophils in the peripheral blood of some pa-
tients with chronic obstructive pulmonary disease (COPD) in the stable phase of the pathological process: it possibly evi-
dences of the mistaken diagnosis of COPD instead of bronchial asthma (BA), possible respiratory symptoms in these pa-
tients due not only to the action of air pollutants, and hypersensitivity to household, epidermal, mold allergens; perhaps
these are the cases of overlap syndrome. Recently, in order to address some of the issues mentioned above, new diag-
nostic possibilities have appeared, among them — the method of molecular allergy diagnosis Phadiatop, which allows to
determine the molecular structure of allergenic proteins, "guilty” of the body’s sensitization to certain allergens. If the
Phadiatop test sample results are positive, it is necessary to define a group of inhaled allergens, and then — the specific
allergens in groups with the positive result. The negative Phadiatop test result means that the allergic-like symptoms are
not caused by respiratory allergies, therefore, it is necessary to carry out studies of other organs and systems (digestive,
immune, endocrine, etc.). We conducted a pilot study in 12 patients (average age — 65.0 + 3.8 years, 7 men, and 5
women) with a long verified diagnosis (more than 5 years ago) of COPD stage III. Determining the level of eosinophil
and total IgE in the blood, as well as the study of the Phadiatop test were conducted in the dynamics on the background
of the planned treatment of patients — at their inclusion in the study, after 6 and 12 months. The results showed that
the presence of signs of respiratory allergosis in COPD patient (according to Phadiatop test) are most often accompanied
by increased levels of eosinophils and / or total IgE level in blood. However, in a certain proportion of patients with labo-
ratory evidence of respiratory allergosis these indicators can be normal. Increased total IgE levels in the blood of COPD
patient without the confirmed presence of signs of respiratory allergosis (according to the Phadiatop test) narrows the
scope for further diagnostic search in the direction of another (non-respiratory) disease. Taking into account the data
that the Phadiatop test results may change in the dynamics of patients’ follow-up, it can be assumed that the manifesta-
tions of respiratory allergosis may change over time. Since the Phadiatop test is more sensitive and specific for the de-
tection of symptoms of respiratory allergosis, it should be more widely used at the stages of screening and follow-up of
patients with COPD (instead of determining the level of blood eosinophils and / or total IgE).

Key words: chronic obstructive pulmonary disease, inhaled allergens

Numerous pulmonologists have long ago admitted the
fact that in some patients with chronic obstructive pulmo-
nary disease (COPD) during infectious exacerbation, the
signs of eosinophilic inflammation are increased, and its
marker appears in the peripheral blood, namely, the ele-
vated levels of eosinophils. It is not known, why these
changes actually occur and why in these particular pa-
tients. As for the stable phase of COPD, even more
questions arise: are there COPD patients with increased
levels of eosinophils? If the answer is “yes”, what rate of
increase is the most characteristic for them? Is this not
the case of wrongly diagnosed COPD instead of bron-
chial asthma (BA)? Are the respiratory symptoms in pa-
tients with COPD due to not only influence of air pollut-
ants (tobacco smoke, industrial factors), but also to
household hypersensitivity, epidermal and mold allergens
(that is, maybe it is the overlap syndrome?), etc.

Recently, in order to address some of the issues
mentioned above, new diagnostic possibilities have ap-
peared. One such possibility is the use of molecular
method of allergy diagnosis, namely the Phadiatop test, -
the new level of verification of allergic diseases [2, 5, 6].
This method allows us to determine the molecular struc-

ture of allergenic proteins, “guilty” of the body’s sensitiza-
tion to certain allergens.

The Phadiatop test is developed by Pharmacia Diag-
nostics. This is the comprehensive screening study, by
means of which one can determine predisposition of al-
lergic reaction to key inhaled allergens and thus clarify
the nature of eosinophilic inflammation and confirm (or
rule out) the signs of the allergic nature of respiratory
symptoms, especially in patients with broncho-obstructive
pathology. It allows us to determine the increase of spe-
cific immunoglobulin E (IgE) to both allergens of different
groups, such as pollen, mold, mites, animal allergens,
cockroaches and others. From the results of the study it
will not be known, to which allergen the antibodies in-
crease was found, but in the negative result, the possible
allergic reactions to most frequently inhaled will be ex-
cluded. The analysis verifies the presence of atopy -
personal or family predisposition to production of specific
IgE in response to allergens’ normal action. The higher
the level of IgE-antibodies is, i.e. the degree of atopy, the
higher the risk of symptomatic allergy is.

This method is innovative, based on immunofluores-
cence technique, and it provides 300 times more sensi-

" To cite this English version: Pertseva T.O., Konopkina L.1., Botvinikova L.A. New diagnostic possibilities for determining the nature of respira-
tory symptoms in patients with chronic obstructive pulmonary disease // Problemy ekologii ta medytsyny.- 2016. - Vol 20, Ne 3-4. - P. 24-27.
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tiveness than enzyme multiplied immunoassay (ELISA)
and is more specific. For the diagnosis of allergic dis-
eases, the serum is studied via this method without
hemolysis and chyle, Phadia 100 analyzer is applied us-
ing ImmunoCAR test system (Phadia AB).

If the result of the Phadiatop test samples turns posi-
tive, it is necessary to conduct the following studies with
certain groups of allergens (house dust, pets, mold,
grass, weeds, egg white, milk, fish, wheat, soybeans,
etc.). At the last stage, if necessary, it is needed to de-
termine specific allergens in groups with the positive re-
sult. If the result of the Phadiatop test samples is nega-
tive, the likelihood of allergic symptoms or disease is
minimal, amounting to almost zero. This means that the
reason that caused symptoms similar to allergic in patient
is not allergy, and therefore one should conduct the study
of other organs and systems (digestive, immune, endo-
crine, etc.).

The Phadiatop test is safe for patients and can be
carried out without restrictions - regardless of skin condi-
tion, medication (including antihistamines), disease activ-
ity, the presence of pregnancy; it can be conducted in
children, even infants, as well as in elderly people.

It should be recalled that the level of total IgE is in-
creased only in 50% of people sensitive to inhaled aller-
gens.

Thus, the aim of our research was to determine the
diagnostic significance of the Phadiatop test in order to
establish the nature of respiratory symptoms in COPD
within the framework of pilot study.

Materials and methods

The study included 12 patients with COPD of stage I
(average age - 65.0 + 3.8 years, 7 men, 5 women). The
diagnosis of COPD in all patients had been verified more
than 5 years ago, and according to the results of long-
term follow-up of patients it is not in doubt (all patients
were active or former smokers with duration of smoking
habit for over 10 years; according to spirometric monitor-
ing, all patients had pronounced irreversible or partially
reversible bronchial obstruction, no patient had history of
asthma attacks as the main clinical sign of another pos-
sible broncho-obstructive disease — bronchial asthma).

The formulation of the diagnosis of COPD and its
stage was performed according to the order of Ministry of
Public Health of Ukraine No. 555 as of 27.06.2013 [1].

All examined patients were compliant and received
the long-term routine therapy (over one year) that in-
cluded inhaled corticosteroids (ICC) and long-acting -
agonist (combined salmeterol / fluticasone propionate
(25/250 mcg) in 2 inhaled doses 2 times per day), and if
necessary - short-acting Bz-agonist salbutamol (in 2 in-
haled doses per administering).

At the stage of patients’ inclusion in the study (at visit
1) all patients underwent the assessment of clinical
symptoms; the degree of ventilation disorders, the level
of blood eosinophils and total IgE, and the Phadiatop test
index were determined. After 6 and 12 months (at visits 2
and 3) clinical and functional studies were re-conducted,
serum total IgE and the Phadiatop test parameters were
determined.

Throughout the study, patients received routine ther-
apy.
Clinical symptoms were assessed for severity of
COPD symptoms in general, using the COPD test score
(COPD Assessment Test (CAT)) [4]. Total points for
CAT, less than 10, were considered as “a small number
of COPD symptoms,” and more than 10 — as “a large
number of COPD symptoms”.

The study of ventilatory lung function with determining
the level of parameters (forced vital capacity (FVC),
forced expiratory volume in the first second (FEV4), and
their ratio - FEV1 / FVC) was conducted by means of the
computer spirometry with measurement of the loop “flow-
volume” using the apparatus «Master Screen Body/Diff»
(«Jager», Germany). All figures were calculated as a
percentage of appropriate values calculated by Knudson
(1983). Spirometry was performed in the morning on an
empty stomach.

Bronchial reversibility test was conducted with 400
mcg salbutamol; thus the level of FEV¢ to inhalation of
salbutamol (in pre-dose) and 15-20 minutes after inhala-
tion (post-dose) was determined.

Clinical blood analysis with leukocyte count was con-
ducted in the morning on an empty stomach. Number of
eosinophils was defined as the absolute (referential val-
ues - 0.00-0.56 g/l) and relative (the referential value -
0.0-6.0%) indices.

Quantitative level of total IgE in serum of patients with
COPD was determined by immunofluorescence method
(referential values — 0.0-113.0 1U/ml).

The Phadiatop test was performed by immunofluo-
rescence method using the ImmunoCAR test kits. In ref-
erential values 0-0.35 kU/l the result was considered
negative, in values higher than 0.35 kU/I - positive.

Statistical analysis of the results was performed with
the standard package of functions of «MS Excel».

Results and discussion

Analysis of the results showed that at the time of pa-
tients’ inclusion in the study, all of them had relatively
high severity of clinical symptoms (according to CAT) as
well as rather manifested bronchial obstruction (by FEV4
level; in all patients FEV4 / FVC ratio was lower than 0.7)
(Table 1).

Table 1

Average levels of clinical, functional and laboratory parameters in examined patients with COPD at visit 1

No. Parameters Parameter values
1. CAT, points (Mtm) 15.91+0.80
2. FEV, level, % of proper value (M + m):

- In pre-dose 42.53+3.18

- In post-dose 45.30+2.80
3. The level of blood eosinophils:

- Abs. (M £ m) 0.39+0.08

- % (M £ m) 5.63+1.13
4. IgE, IU / ml 273.5+101.2

The attention has been drawn to the fact that no pa-
tient at visit 1 had total CAT points, less than 13; in one
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patient, this figure amounted to 24; in the rest, it ranged
from 13 to 17. Thus, all patients had “a large number of
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COPD symptoms” despite the fact that, apparently,
against the long-term use of ICC and bronchodilators of
prolonged action they would have to manifest signifi-
cantly less symptoms of the disease.

The latter suggests that drugs that are recommended
today for patients with COPD (according to both national
and European standards [1, 5]), are still unable to resolve
all the clinical symptoms of the disease even when pa-
tients are absolutely compliant and committed to the
therapy prescribed by the doctor. There are grounds for
the need to ascertain the reasons for the pathological
process prolongation with outlining new pathogenetic
links of COPD formation, as well as for justification of
new approaches to the planned treatment of patients with
future development of new groups of effective drugs. One
of these areas can be clarification of issues related to the
contribution of eosinophilic inflammation and / or respira-
tory allergies (most frequent sensitization to inhaled al-
lergens) in the pathogenesis of COPD, and therefore the
impact of these processes on the certain instability of pa-
tients’ condition.

Regarding blood eosinophilia, we have found that in
some patients with COPD, it can be observed not only in
the acute phase (which is indicated in the literature [1,
3]), but in the stable phase of the pathological process,
and against the backdrop of long-term use of planned
treatment, including ICC. Thus, in 4 out of 12 (33.3%)
observed patients, the increased percentage of blood
eosinophils was revealed, in two of them - also the in-
crease of their absolute amount. Individual analysis
showed that patients with only percentage elevated lev-
els of eosinophils, the blood levels of total IgE was nor-
mal (7.1 and 29.2 IU/ml), and the index of Phadiatop test
was negative, whereas in higher both percentage and
absolute eosinophil blood levels, total IgE was signifi-
cantly higher than norm (304.3 and 1039.3 1U/ml), and
the rate of the Phadiatop test was positive.

Interesting was the fact that during the subsequent
visits (2 and 3) in one patient with initially normal level of
total IgE and negative Phadiatop test result, the parame-
ters have changed (IgE reached the level of 188.1 |U/ml
at visit 2 and 324.1 1U/ml at visit 3 and the Phadiatop test
turned positive, it is possible that he contacted with the
allergen); in another patient, the figures remained without
significant changes. In initially elevated total IgE and
positive test Phadiatop (during the subsequent visits 2
and 3) in one patient the parameters did not change,
while in another patient with levels of total IgE, higher
than norm by almost 10 times, the Phadiatop test turned
negative (most probably, he withdrew from the contact
with the allergen).

In patients with initially normal levels of eosinophils
both in percentage and in absolute terms (in 8 out of 12
(66.6%) observed patients) the levels of total IgE and the
Phadiatop test results were different. In half of them (4
out of 8 (50%)) the total serum IgE was normal, and the
Phadiatop test was negative. In the other half of patients,
the results were as follows: in one patient with normal
levels of total IgE (41.1 1U/ml) the Phadiatop test was
positive; in another one, on the contrary, with increased
levels of total IgE (488.9 1U/ml), the Phadiatop test was
negative; in two persons, total IgE levels were elevated
(426.8 and 804.7 1U/ml) and the Phadiatop test indicators
were positive.

At the stages of observation of all 8 patients, men-
tioned above (at visits 2 and 3) the Phadiatop test results
and total IgE did not change.
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It should be added that clinical symptoms in exam-
ined COPD patients in the dynamics of observation (at
visits 2 and 3) remained quite distinct — in all patients the
CAT total score remained higher than 10.

The obtained results, although in the rather modest
sample group of patients, have provided us with a num-
ber of scientific thoughts, which we consider as neces-
sary to be shared.

1. According to the severity of clinical symptoms in
patients with COPD (by CAT) the doctor can neither con-
firm nor deny the presence of respiratory allergies. In or-
der to address this issue, it is necessary to conduct spe-
cial diagnostic search. It is possible that patients with se-
vere bronchial obstruction, absence of clinical symptoms
of respiratory allergies and presence of its laboratory
signs have the overlap syndrome.

2. Increased levels of eosinophils and total IgE in the
blood of patients with COPD do not always reflect the
presence of respiratory allergies. These changes may
have another cause of systemic allergic reactions, such
as intestinal helminthiasis (it is known as IgE is involved
in the formation of protective antihelminth immunity).

3. The presence of laboratory signs of respiratory al-
lergies in COPD patient (according to the Phadiatop test)
is still most often accompanied by increased levels of
eosinophils and / or total IgE levels in the blood. How-
ever, one should remember that in some patients with
laboratory signs of respiratory allergies both blood levels
of eosinophils and levels of total IgE may be normal. The
latter indicates the presence of respiratory allergies in
patients with the prevalence of local characteristics over
the systemic ones and does not preclude the need for
further diagnostic search of causes of respiratory aller-
gies (including the determination of allergen-specific IgE
levels), and justifies the choice of inhaled route of admin-
istering drug to eliminate relevant pathological changes.

5. Increased total IgE in the blood of patients with
COPD without confirmation of signs of respiratory aller-
gies (according to the Phadiatop test) narrows the scope
for further diagnostic search toward another (non-
respiratory) disease.

6. Since Phadiatop test is more sensitive and specific
for detection of respiratory allergies, it should be used as
widely as possible at the stage of screening patients (in-
cluding patients with COPD), instead of determining the
level of eosinophils blood and / or total IgE.

7. Taking into account the data on the possible
changes of the Phadiatop test result in the dynamics of
patients’ observation, it can be assumed that the mani-
festations of respiratory allergies can vary in time (possi-
bly depending on the season).

Thus, all of the above allowed us to conclude that:

1) the conducted pilot study demonstrated that the
Phadiatop test is a valuable tool for the diagnosis of res-
piratory allergies (allergic respiratory sensitization) in pa-
tients with COPD and can reveal the nature of respiratory
symptoms in many of them;

2) our results draw attention to the need for better un-
derstanding of the problem and further research involving
a greater number of patients.
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THE REPRODUCTIVE INFLUENCE OF LAPROL-604 ON WISTAR RATS"

Popova T.M.
Kharkiv Medical Academy of Postgraduate Education

Y crarri npeacrasnieHi pe3ysibTatv JOTIKEHb BBy J1anpona-604 Ha rpeHaTasbHmi 1a paHHivi MoCTHaTa/IbHui po3-
BUTOK LYpIB JIiHIi" BicTap. Bucoki o6csiryt BUPOOHULTBA | LUIMPOKE 3aCTOCYBAHHS [MOBEDXHEBO-AKTUBHUX PEYOBUH BUK/IN-
Kasio CTypOOBaHICTb €KOJIOriB 3 rno4atky 1960-x poKiB. [TOBEDXHEBO-aKTUBHI PEYOBUHY BUKOPHUCTOBYIOTECS B MPOMUC/IO-
BOCT/ | Cl/IbCbKOMY rOCII04apCTBI, a TaKOoX MPEACTAB/EHI B MPOAYKUIT 47151 TOBYTOBOIro rpU3HaYeHHS Ta 0COOUCTOI rifieHM.
[IpUCyTHICTE IOBEPXHEBO-GKTUBHUX PEYOBUH | MPOAYKTIB iX pO3r1aay B HaBKO/IMLLIHEOMY CEDELOBULLY MOXE BUK/TMKATH
HeratusHmi BrymB Ha 6ioTy [13]. TOKcnyHa [isl TOBEDXHEBO-GKTUBHUX PEYOBUH HA XUBI OpraHi3mMu orybikoBaHa y Ha-
YKOBIV siiTepatypu. Biaomi AaHI 3 OKpEMUX AOCTTIKEHD BIIMBY IMOBEPXHEBO-GKTUBHNX PEYOBUH Ha DEMPOLYKTUBHY QyH-
KUmto TBaPUH. Lle noTpibHo Matv HA yBa3i, 106 YHUKHYTU BIAAANIEHNX HEraTUBHUX HAC/IIAKIB HA MAUOYTHI MOKOJIIHS Jio-
AeN Ta HABKOJTUILIHE CEPEAOBULLE, BariTHICTb - LI€ OAUH 3 HAVBAX/TUBILLMX BIO/IOMYHNX TEPIOAIB XUTTS JIOAUHN [ TBAPUH.
EMGPIOH | /1 MarOTe HE3PITINI reMaToeHLeDanidHuy 6apep, NeYiHKoBY AETOKCUKALIKO, METABO/I3M | Ti/IbKU DyAUMEH-
TapHi MexaHizmu periapadiic AHK [17]. Takum 4ynHOM, eM6pPioH | /iig GlfibLy ypaz/inel, HK A0poc/ii 4O HECTPUSTIIMBOIO
Br/mMBY KCEHOBIOTUKIB, TaKux SIK IOBEPXHEBO-AKTUBHI PEYOBUHY. [JOCTIIKEHHS MPOBEAEHO 3 METO MOr/IMO/IEHHS PO3Y-
MIHHS HEraTUBHUX PENPOAYKTUBHMX eQEKTIB Jlariposty- 604 rijf Yac eMOpioHaIbHOro, QETasIbHOro | PaHHbOro rnOCTHATa-
JIbHOIO PO3BUTKY. BaritHum jypam (3 rpymv 1o 25 1eapuH y KoxHiv) Beogwm Jlanpon-604 y gosi 0,125 1,257 12,5
MI/Kr oauH pas Ha Ao6y 3a [JOrOMOro LL/IYHKOBOIO 30HAY 3 APYroro 40 ABaAUSTOrO 4HSA BaritHOCTI. KOHTDO/IbHOWO
rpyroto 6y 25 BaritHux Lypis, SKi nepebyBamm Ha CTaHAapPTHOMY pPaufoHl BiBapito 6e3 BBeAeHHS Jlanposy-604. B ro-
CTHATA/IbHUI 1IEDIOA KITIbKICTb XUBUX LY DST IAPAXOBYBA/M, BaXu/m, iX CTaH OOCTEXYBa/M. Bifj CaMOK, 1O OTpUMYBaIIN
Jlanpon-604 y 403/ 12,5 Mr/Kr/800y HapOAUTHBHI LYypSTa, SIKI TOMED/IM POTIIrOM NepLUMX 48 roquH ric/isi HapoaKeHHs.
brmzbko 50% wypsrT, i3 rpyrv, skivd BBogwm Jlanpon-604 1,25 mr/kir/806y, rnomep/m npotsrom nepwmx 10 grHis micis
HapomKerHs. THWI 50% TBapyuH Bwxwin [ JOCAITIN CTATEBOI 3PITIOCT, a/ie BOHU MaJ/ 3HaYHE YITOBIIbHEHHS 3POCTaHHS
78 pO3BUTKY. LLlypsiTa, 1O BIKM/IM ME/TM 3HAYHO OIfIbLL BUCOKY Bary MeYiHku B IOPIBHSIHHI 3 KOHTPO/IbHUMU TBaPUHAMH.
BuxuBaHHS LyPAT B IOCTHATA/IbHUA IEDIOA 6Y/10 A0303a7EXHUM. TaK, Ginibie 80% LypsaT, Mat SKUX OTDUMYBAE/IN
0,125 mr/kr/go6y Jlarposy-604, Hapoanmmcs XuBUMH, 3a/IMLLAITUCS aKTUBHUMU MIPOTSIIOM IOCTHATa/IbHOI XUTTS [ 4OCAr-
J CTATeBOI 3PINIOCTI. Pe3y/ibTati OC/IIIKEHHS TOKA38/M, Lo Bri/mB J1ariposiy-604 Ha BariTHuX LypIiB 3YMOBUB 3HMKEH-
HS$1 [IOCTHATA/IbHOIO BIKMBAHHSI HOBOHAPOIIKEHNX, YIT0BIIbHEHE 3DOCTAHHS Ta PO3BUTOK LUYPST, LUO BIKWIN.

KnrouoBi cnoBa: Jlanpon-604, nonionu, nOBepxHeBO-akTUBHa pevyoBMHA, MOOENIOBaHHS, LLYypW, penpoayKTMBHa
TOKCWYHICTb, HEraTVBHWI BNAMB Ha BHYTPILLUHLOYTPOOHUI PO3BUTOK, MOCTHATaNbHUA AEHb.

Introduction are sources of polyols for living organisms. With regard of
Population exposure to toxic environmental emicals is lack of toxicokinetic data, it is known that women may be
ubiquitous and adverse health outcomes associated with exposed to lipophilic chemicals from various sources in-
exposure to such chemicals as surfactants are prevalent cluding air, water, food, occupational and household en-
and on the rise [17; 24]. vironments. Surfactants can also be transferred from the
Surfactants have widely used all over world. A large pregnant woman to the developing fetus through the pla-
number of surfactants containing wastewater are dis- centa. The most sensitive time of exposure to surfactants
charged into the environment, resulting in harming during critical periods of development, such as during fe-
aquatic life, polluting the water and endangering human tal development [21]. o
health [12;16;26]. Laprol-604 is found among non-ionic group of surfac-
Wildlife and humans are exposed to surfactants in tants, including Laproxide-303, methycellosolve, methyl-
several different ways. Air, water, soil, sediment and food carbitol et cetera [27]. Laprol-604 is a synthetic complex

" To cite this English version: Popova T.M. The reproductive influence of laprol-604 on wistar rats // Problemy ekologii ta medytsyny.- 2016. -
Vol 20, Ne 3-4. - P. 28-32
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organic mixture of polyoxypropylene polyols. During La-
prol-604 production a xylitol basis is used as the starting
point for anionic polymerization propylene oxide. Laprol-
604 has been produced industrially for several decades
for use primarily as ingredients of manufacturing epoxide
resin, enamels, varnishes, plastic, fiber, glues, emulsifiers
et cetera [28].

The potentially toxic effects of surfactants are pres-
ently being studied with increasing intensity [25]. The
relevance of this topic is also clearly reflected by the
number of publications that have appeared in recent
years [1;2;18]. This increasing interest is the result of re-
ports of toxic effects of different groups of surfactants in
connection with the ubiquitous detection of these sub-
stances in the environment and in sundry matrices, bod-
ies of water, wild animals, human blood, and breast milk
samples, all of which have come to the attention of the
public [9;11;15].

Nonionic surfactants have been most intensively stud-
ied from a toxicological standpoint [14;19;20;27]. Multiple
reports, in a variety of animal models, paint a concerning
picture of the potential for surfactants to contribute to
negative health effects, including developmental toxicity
[4;7;10], immunological suppression [3], in neonatal mor-
tality [8]. Although the toxicity of Laprol-604 has been
studied and the findings showed that Laprol-604 was
moderately toxic, however the influence of Laprol-604 on
reproductive system is still unknown.

Survival of the newborn rats, their body weight as well
as their liver status have been examined with the goal of
researching the reproductive and developmental toxici-
ties of Laprol-604.

Materials and methods

Laprol-604 was provided from Science and Produc-
tion Joint Stock Company "Sintez PAV" (Shebekino,
Russian). Laprol-604 was reported to be 96% pure by the
supplier. For all studies, Laprol-604 was diluted in deion-
ized water and prepared fresh daily.

According to biologic characteristic of Wistar rat, the
placenta is considerably more porous. This property may
increase the chance of fetal exposure to an administered
test material

One hundred pregnant Wistar rats (body weight,
1800+J20 g at study start) bred within a 4-h period in the
afternoon and overnight. Those animals with spermato-
zoa in a vaginal smear were considered to be at gesta-
tion day (GD) 0. They were randomly divided into four
groups (25 animals in each group). Laprol-604 was ad-
ministered to pregnant dams once daily by gavage at
doses of 0,125; 1,25 and 12,5 mg/kg, respectively is the
1-st; 2-nd and 3-rd group from GD 2 until GD 21. The 4-
th group (controls) consisted of 25 intact animals without
Laprol-604 administration. The pregnant dams were kept
individually in polypropylene cages with heat-treated pine
shavings for bedding and tap water ad libitum. Pelleted
diets were presented to the rats in wide mouthed jars
with lids. Animal facilities were controlled for temperature
(20-22°C) and relative humidity (50-60%) and kept under
a 12-hr light/ 12-hr dark cycle.

All the procedures were performed in the Kharkiv
Medical Academy Postgraduate Education, according to
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Ukrainian and International guidelines for the use of ani-
mals in research [5; 6].

Pregnant rats and their pups routinely monitored dur-
ing study as an assessment of their general health and to
effect of Laprol-604 administration.

Pregnant rats were twice daily clinical observed. They
have been weighed on the 0, 6, 9, 12, 15, 18, 20-th days
of gestation. Pregnant rats have been monitored at
hourly intervals, during the 22 GD and later. Time of par-
turition for each animal, number of live pups and their
conditions have been examined. All of live pups were
daily counted and tabulated, and they have been
weighed on 0, 2, 3, 7, 10, 13, 16, 19, 22, 28 and 35-th
postnatal day (PD). The loss of neonates was within 2nd
and 3rd groups. The surviving newborns were distributed
randomly to lactating rats into the same group with a litter
size of less than 8.

All young rats were weaned on 22-th PD and sepa-
rated by gender.

Statistical analysis of the data was performed using
GraphPad Prism 5. Student’s t test was used to detect
differences between independent groups of normally dis-
tributed variables; difference between groups was con-
sidered statistically significant at p<0.05.

Results

Laprol-604 showed dosage dependent developmental
toxicity when the pregnant rats were exposed. It led to
reduced statistically significant litter size in the 3-rd group
(5,4840,21), 2-nd (7,074£0,15) and 1-rst (8,20+012)
groups compared with controls (9,31+0,23) (p<0.01). La-
prol-604 administration decreased of body weight of rat
newborns and diminished the number of live pups and
the viability of the progeny during the first ten days after
birth. All live pups have been born by rats of 3-rd group
was daily exposed to Laprol-604 12,5 mg/kg were pallid,
inactive, became moribund and died within the first 48
hours after birth (Fig. 1). Approximately 50% of the pups
of mother animals (2nd group) were daily administrated
1,25 mg/kg died during the first 10 days after birth.

Influence of prenatal exposure to Laprol-604 on post-
natal survival in rats. Each data point represented by av-
erage of 9-12 pups. The 3-rd group (dose of 12,5 mg/kg)
was varied significantly from 2-nd (dose of 1,25 mg/kg),
1-rst groups (dose of 0,125 mg/kg) and controls
(p<0.001), whereas the 1-rst group was not significantly
different from the controls.

Other 50% of these animals survived and reached
puberty. However, offspring that survived showed delays
in growth and opening of the eyes. The pups opened
their eyes beginning on 14 postnatal day.

Survival improved with lower Laprol-604 exposure
and over 80% pups of 1st group have been born alive,
stayed active for postnatal life and reached puberty.

The progeny of rats of 4-th group (animals was not
exposed by Laprol-604) showed their viability and all con-
trol pups survived for the duration of the study. In addi-
tion, the mortality was not different between pups of 1st
and control groups for the duration of the study.
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mals of the 2nd and 3rd groups. The surviving rat pups of
these groups were lagging behind in postnatal growth
and development. Body weights of pups in the 12,5
mg/kg dosage 3rd group significantly stunted behind con-

Fig. 1. Postnatal survival rat pups
Altered fertility parameters were found among ani-

trol pups. This process has persisted after weaning (Ta-

ble 1).

No signs of maternal toxicity were observed in the

animals at exposures to 0,125 mg/kg dosage (first
group). However, there was a tendency, the body weight
of the progeny was lower and liver weight was higher
then controls.

Table 1
The effects of prenatal exposure to Laprol-604 on body weight of neonatal rat pups (M+m)

Groups of animals
First grou Second grou Third grou
Postnatal day Control group 0_125%19/59 125 mg/kgp 12.5 gg/kg
Body weight, g
0 5.8+0.1 5.4%0.1 4.9+0.1* 4.7+0.1*
2 7.2+0.1 6.8+0.2 5.9+0.1* 4.9+0.1*
3 8.4+0.2 7.8+0.3 6.5+0.2* —
7 14.8+0.4 14.1+0.5 10.6+0.2* -
10 20.8+0.4 19.2+0.8 16.9+0.4* —
13 23.3+0.8 22.2+0.4 18.8+0.4* —
16 32.610.8 31.3+0.7 23.5+0.1* —
19 39.2+0.9 38.6+0.9 30.1+0.7* -
22 51.0+1.2 49.2+1.4 38.1+1.2* —
28 78.612.4 76.412.2 68.6+1.4* —
35 129.7+4.2 128.2+4.6 106.7+2.2* —
Note. * Significant differences (p < 0.01) from control values.
Table 2

The effects of prenatal exposure to Laprol-604 on liver weight of neonatal rat pups (M+m)

Groups of animals

First grou Second grou Third grou
Postnatal day Control group 0.1259mgllfg 125 mg/kgp 12.5 rgg/kg
Liver weight, g

0 0.31+0.01 0.33£0.02 0.36+0.01 0.40+0.01*

2 0.36+0.01 0.34+0.01 0.37+0.01 0.39+0.02

7 0.49+0.02 0.48+0.03 0.51+0.02 —

13 0.92+0.06 0.89+0.03 0.96+0.02 -

22 1.89+0.13 1.93+0.03 2.14£0.05 -

28 3.75+0.13 3.98+0.25 3.99+0.11 —

35 5.97+0.31 6.03+0.06 6.55+0.13 -

Note. * Significant differences (p < 0.05) from control values.

Liver weights of the Laprol-604 -exposed pups, ex-

cept 3-rd group, did not differ from controls appreciably. It

should be noted, while body weight was deficit, the rela-
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tive liver weight of all Laprol-604 dosage groups was sig-
nificantly increased.

According to litter size, all Laprol-604 dose groups
were significantly different from controls.

The teratogenic effects such as skeletal abnormali-
ties, craniofacial malformation (cleft palate), cardiac de-
fects (ventricular septal defects, enlargement of the right
atrium), and delayed ossification (sternebrae, phalanges)
were not detected, during examination of rat pups. Re-
duced litter size, fetal losses were observed. These ad-
verse outcomes were dose-dependent.

Discussion

This study coupled with increased exposure to daily
use of surfactants. The importance of identifying and
characterizing the reproductive risks of Laprol-604 in-
tended for using by reproductive age population. These
risks broadly divided into two categories, reproductive
risks and developmental risks. The reproductive risks are
related to impact on processes like fertility (male and fe-
male), giving birth and lactation. The developmental risks
are related to the fetus and include mortality, alteration in
growth and functional deficits.

On the one hand, the teratogenic effects were not
detected in pups of pregnant rats exposed to Laprol-604,
during gestation, on the other hand, the litter size was
reduced in the all Laprol-604 administration group. Fur-
thermore, a full neonatal mortality was observed in 3-rd
group (with dosages 12,5 mg/kg) and a significant neo-
natal mortality was found in the offspring of rats treated
with dosages 1,25 mg/kg.

These findings are consistent with the results of other
studies of non-ionic surfactants employing a different
dose-regimen of surfactant [23; 27]. The mortality of the
new-born rats appeared to be related directly to dose-
dependent administration. Indeed, although rats from all
dosage groups were born alive, neonates exposed to the
high dosages of Laprol-604 (12,5 mg/kg,) survived for
two days.

Survival rate was better in the first and second groups
(lower dosage groups), and the first 5-7 days of postna-
tal life were critical to the long-term survival of the neona-
tal rats.

The pathophysiological mechanisms underlying La-
prol-604 -induced neonatal mortality are largely unknown
at present. However, among the available data, [22] re-
ported a similar pattern of neonatal death that was ex-
plained by numerous structural metabolic disorders, as
well as possibility to condition remote consequences.

The profile of neonatal mortality induced by Laprol-
604 can be explained of the developmental toxicity of
Laproxide L-303, polyols P373-2-20 that triggered pro-
found impairment of structural metabolic processes in
endocrine system on all the levels of its structural func-
tional organization: hypothalamus — hypophysis — adrenal
and other glands of internal secretion, which can mani-
fest in dysfunction of all kinds of metabolic exchange and
energy.

In subchronic studies with adult rat and mice, liver
enlargement and hepatic toxicity were associated with
non-ionic surfactants exposure [23; 27]. Where as signifi-
cant increases of relative liver weight were detected in rat
pups. These findings suggest that the developing liver is
another potential target for Laprol-604 action.
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Conclusion

Although the results were limited to the first few days
of life, several points can be made concerning the body
burden of Laprol-604 in the neonatal rats:

1. Laprol-604 administration reduced litter size in the
3-rd group (5,48+0,21), 2-nd (7,07+0,15) and 1-rst
(8,20+012) groups compared with controls 9,31+0,23)
(p<0.01).

2. Laprol-604 administration decreased postnatal sur-
vival.

3. Laprol-604 administration decreased of body
weight of rat newborns and diminished the number of live
pups and the viability of the progeny during the first ten
days after birth, delayed developmental progress.

4. The relative liver weight of all Laprol-604 dosage
groups was significantly increased.
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Summary

This article introduces the results of research the Laprol-604-induced effects on the prenatal and early postnatal devel-
opment of the Wistar rats. The high production volumes and widespread use of surfactants have been an environmental
concern since the early 1960s. Surfactants are used in industry and agriculture and are also found in household and per-
sonal care products. The presence of surfactants and their biodegradation products in different environmental compart-
ments can invoke a negative effect on the biota [13]. The toxicity of surfactants to living organisms has been summa-
rized in the scientific literature. Nevertheless, some information is still lacking in relation to the reproductive effects need
to be understood in order to avoid unexpected adverse effects on future generations of people and the environment.
Reproduction is a critical biological process of human and animal populations. It is known the embryo and fetus have
immature blood-brain barrier, hepatic detoxifying, metabolizing properties and only rudimentary DNA repair mechanisms
[17]. Therefore, the embryo and fetus are more vulnerable than adults to the adverse effects of xenobiotics such as sur-
factant exposures. This study has been performed to increase the understanding of the adverse reproductive effects as-
sociated with Laprol-604 animals exposed during embryonic, fetal, and early postnatal development. Pregnant Wistar
rats were administered 0,125; 1,25 and 12,5 mg/kg Laprol-604 once daily by gavage from the second gestation day
(GD) to the twenty first GD. Controls consisted of 25 intact pregnant Wistar rats without Laprol-604 administration. Time
of parturition for each animal, number of live pups and their conditions have been examined. All of live pups were daily
counted, tabulated and they have been weighed several times during postnatal period. All live pups have been born by
rats exposed to Laprol-604 12,5 mg/kg were pallid, inactive and died within the first 48 hours after birth. Approximately
50% of the pups of pregnant rats administrated 1,25 mg/kg died during the first 10 days after birth. Other 50% of these
animals survived and reached puberty, but they had significant growth retardation. The surviving young rats had signifi-
cantly higher liver weight compared to the control animals. Survival has been improved by lower dosage Laprol-604 ad-
ministration and over 80% pups exposed to 0,125 mg/kg Laprol-604 have been born alive, stayed active for postnatal
life and reached puberty. The results of study indicated that exposure of Laprol-604 to the pregnant rats caused de-
creasing postnatal survival of neonates, stunted growth in the surviving rat pups.

Key words: Laprol- 604, polyols, surfactant, modeling, rats, reproductive toxicity, developmental toxicity, gestation day,
postnatal day
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HEOﬁAeMK €KOAOTii Ta MCECAHIIHNHH

IHPOPMALUIA ANnA ABTOPIB

3 METOK AOTPUMaHHS MDXHapOAHWUX MPaBui OPOPMIIEHHS, aBTOpaM PEKOMEHAYETLCS 03HaNoOMUTUCS 3 “EanHMMKM Bumoramu ao
PykonuciB ans biomeanuHux XypHanis” Ha www.icmje.org.

Y aKOCTi HeBiA’€MHOI YacTMHM npouecy nybnikauii, aBTopW, peueH3eHTM i pedaKTopu MOBWMHHI NOBIAOMUTM MpO Byab-siKi
KOHMNIKTK HTepeciB i HagaT AeTanbHy iHpopMauito, nignucaswmn gopmy 3aseu npo Cnyxbosy ETuky Ta Hagicnaswm ii Ha agpecy
penakuii xxypHany. ABTOpM pyKoOnuciB 3060B'3aHi NOBa)kaTu NpaBoO NPMBATHOCTI MauieHTa. Mepea noYaTKOM AOCNIAKEHHS NaLieHT no-
BMHEH 3aMoBHWUTK i po3nucaTncs y dopmi 3assu npo IHdopMoBaHy 3rogy. [lo cTaTTi A0AAETLCS akT €KCNEepTHOI KOMICii Npo BiACYTHICTb
KOHiaeHUiNHOI iHdopMalil Ta HanpaBfieHHs YCTaHOBW. B HanpaBneHHi 3acBiAuvyeTbCs, WO >XOAHA YacTWHa pyKonucy He 6yna
ony6nikoBaHa i He NpUiiHATa A0 APYKY iHWUMMM BULAHHAMMU.

CratTi nybnikyloTbCs  YKPAIHCbKOK, pPOCIiCbKOlo abo aHrniicbkolo MoBaMW. ABTOPCbKMM OpPUriHAN MOAAETbCS Y [ABOX
NPUMIPHMKaX, WO CKIafarTbCsl i3 OCHOBHOrO TekcTy (ctattss — 15 cropiHok, ornsg — 20 CTOpiHOK, KOpPOTKE MOBIAOMEHHS — 7
CTOpIHOK); cnucky nitepatypu (ctaTTti — ao 20, ornsiam — Ao 50, KOpoTKi NoBigoMneHHs — Ao 15 mkepen); Tabnuup; intocTpauin (He
6inble 4); Ha3B PUCYHKIB; aHOTaLi YKpaiHCbKOI, POCIMCHKOI Ta aHrniiCbko MoBaMM (OpiEHTOBHO 250 cniB), WO MOBUHHI MiCTUTU
06r'pyHTYBaHHA MeTW, MaTepianis Ta MeToAiB, pe3ynbTaTh AOCIMKEHHS.

Ha nepLwii cTopiHui 3a3HavatoTbes: wudp YOK; npi3suvwa aBTopiB, iHillianu, HayKOBi CTyneHi Ta 3BaHHS; Ha3Ba CTaTTi; yCTaHO-
BW, A€ NpauloloTb aBTopK, MICTO; KIo4oBI cnosa — Big 5 o 10 cni abo cnoBocnosnyyeHb, WO pPO3KpUBaKOTb 3MICT cTaTTi. Hasea crtaTTi
POCiNCbKO, YKPAIHCbKOIO Ta aHrifcbKolo MOBaMM MOBWMHHA ByTW CTUC/ION | He nepesuwlyBaT 120 cumBoniB. MMia3aronoBoK € Mpuii-
HATHUM. TEKCT CTaTTi NOBUHEH 6YTW CTPYKTYPOBaHMIA HACTYMHWM YMHOM: BCTYrN, MeTa, MaTepian i MeToau, pesy/bTaTv Ta BUCHOBOK. Ha
OCTaHHIN CTOpiHLi TEKCTy BRacHOpY4Hi Mianvcu BCiX aBTOpIiB: Mpi3BuLle, iM'S Ta no-6aTbkoBi, NMOWTOBa agpeca, HoMepu TenedoHiB
(cny60Bui, OOMaLUHIN), 33 AKMMM peaakuis byae KOHTAKTyBaTW i3 aBTopamu. Mogatoun CTaTTio A0 pedakuii, aBTopu TUM CaMuUM
NiATBEPAXXYIOTb OpUriHanbHICTb poboTu. Lle o3Hayae, Wo aBTOpChbKi NpaBa abo 6yab-sKi iHWI NpaBa BNacHOCTI TPETiX ocib He nopyLuy-
10TbCs. MianMcamm aBTOpM 3acBifuyytoThb, LU0 XOAHA YacTUHA pykonucy He 6yna ony6nikoBaHa i He MpuiiHATa 4O APYKY iHWMMKU BUAAH-
HAMW. TEKCT APYKYETLCS WPNGhTOM He MeHwe 2,8 MM Ha 6inoMy nanepi yepes ABa iHTepBanu, Ha apkywwax dopmaty A4 (210x297 mm),
nons 3 ycix 6okis no 20 MM. KpimM ABOX po3apykoBaHMX Konii, MaTepian NoTpibHO HaAaT Ha KOMMaKT-AWCKY, TEKCT CTaTTi NOBUHEH bBy-
Tn y dopmati Microsoft Word. JTaTUHCbKiI TEpMiHW, iHLIOMOBHI CfloBa MOBWMHHI 6YTWM HaapykoBaHi KypcuBoM. TinbKW 3aranbHOBXMBaHI
CKOPOYEHHSI MOXYTb MOAaBaTUCS 6e3 NOsICHEHHS!. CKOPOUEHHS Y Ha3Bi CTaTTi HE € MPUNHATHUMU. BCi BENIMYMHM NPUBOASTLCS B OAWMHU-
usx CI, ogHak fONYCTUMMMM € W iHWI 3aranbHOBXMBaHI MO3HaYeHHs Ta oauHWUi BuMiptoBaHHs (I, min., h, C, Da, cal). Inoctpauii (pu-
cyHkK, doTorpadii) NoBMHHI 6yTM NpOHyMepoBaHi. Ha3By pUCYHKIB NMOBUHHI 6YTU HaApyKOBaHiI HA OKPEMil CTOpiHLi. MantoHKM MOBUHHI
6yTM BWMKOHaHi 3 BMKOPWUCTaHHSM IHCTPYMEHTIB, AOCTYMHMX Yy TEKCTOBUX peaaktopax abo B Excel. ®otorpadii noBuHHI 6yTn
BMCOKOSIKICHUMM. Tabnumui po3MillyoTbCs Ha OKPEMMX apKyluax, HyMepYKTbCS MOCiA0BHO, KOXHA CTOpPIHKA CYNpPOBOAXKYETbCS KOPOT-
KUM 3arofloBKOM. PUCYHKM € AOMOBHEHHAM A0 TEKCTy CTaTTi i He MOBWHHI NOBTOPOBATK iHdOpMauii, nogaHoi y pykonuci. Ha 3BopoTi
PUCYHKIB OniBUEM CTaBNATb iXHi NOpPSAKOBI HOMEpW, 3a3HayaloTb Mpi3BMLLE MEpLoro aBTopa, CKOPOYeHy Ha3By cTaTTi. Cnmncok
niTepaTtypu oOpPMIIIOETECA Ha OKPeMMX CTOpiHKax 6e3 ckopoueHb. ABTOPM MoAdaloTbCst 3a abeTkolo, CroyvaTKy AXepena Kupunuuero,
noTiM natuHuueto. MocunaHHs y TekCTi No3HavaloTbCs undpamm y [kBagpaTHUX] Ayxxkax. Mopsiaok odpopMaeHHs Cnvcky nitepaTtypu:
ansi MoHorpadiii — Mpi3suLLe, iHiLianu. Hassa kHWrv. Micue BMAAHHS: BUAABHWUUTBO, PiK BUAAHHS. KinbKiCTb CTOPIHOK; Ans XypHanis —
Mpi3BuLe, iHiliann. Ha3sa craTtTi. Ha3Ba xxypHany. ToM, HoMep. PiK: CTOPIHKK, Ha IKUX BMILLEHO CTaTTIO.

OpaHoYacHo, aBTOpPU HafaloTb MOBHWUIA Mepeknad TeKCTY, NiAPUCYHOUHUX MiANMCIB i TabnnMuHKMX MaTepianiB aHrNiNCbKOI MOBOIO.
Y nepeniky BMKOPWUCTaHOI NiTepaTypy NMOCUNaHHS, HaBeAeHi KUpUMLE, TPaHCNITePYOTbCS i3 3acTocyBaHHSAM nporpamu “Trans 1.02”
abo noaibHWx nporpam.

Yci pykonucy XypHany peLeH30BaHi HesanexHuMn ekcneptamu. MNpoueaypa peleH3yBaHHSA BKIOYAE NepeBipKy CTaTTi NpoTs-
roM ABOX TWXKHIB ABOMaA CreLianictamMmu, NPU3HaYeHnMM peaakLifiHolo pasoro. PyKONWC i3 peueHsielo HaACUNaETbCsl aBTopyY ANst BHECEH-
HS1 KOPEKTMB nepes OCTaTOYHUM NOAAHHAM CTaTTi A0 peaakuii XXypHany.

Micna ny6nikavii cTaTTi aBTOpPM NepeaatoTb aBTOPCHKI NpaBa pefakuii )XypHany. Peaakuia 3anvwae 3a coboto npaso 3MiHIOBATH i
BUMPaBNSATU PyKOMMWC, OAHAK BHECEHI KOPEKTUBM He MOBWHHI 3MiHIOBATW 3aranbHOro 3MiCTy Ta HayKOBOrO 3HaYeHHS CTaTTi.

3anyyaoun [0 AOCTMKEHHS MAUiEHTiB, aBTOPW HECYTb BiAMOBIAANbHICTb 3@ BUKOHAHHS €TUYHMX CTaHAapTiB [enbCiHKCbKOT
naeknapauii 1975 i3 nonpaskamu 2005 poky. PyKOMUC MOBMHEH MICTUTW HACTYNHUIA MYHKT: “Mu 3asBASEMO, WO N Yac AOCNImKEHHS
npaBa nauieHTiB 6ynun BpaxoBaHi Y BiANOBIAHOCTI A0 BMMOr [€/bCiHKCbKOI KOHBEHUIi”. Mpu BUHUKHEHHI CYMHIBIB LOAO BiAMOBIAHOCTI
pykonucy Ao BUMOr [enbCiHKCbKOI Aeknapauii, asTopn 6yayTb 3060B’A3aHi BIiA3BITYBAaTUCA MPO CyMHIBHI acneKkTn AOCHIOXEHHS i
06r'pyHTyBaTU MiacTaBn CBOro NiaxoAy.

SAKWO AOCNIAXKEHHS! BUKOHYETLCA 6€3 3anyyeHHsl N1abopaTopHUX TBapWH, PYKOMWUC MOBUHEH MICTUTM HacTyMHUM MyHKT: “Mwu
3asB/IIEMO, WO MW He MPOBOAMMO AOC/iMKEHb Ha TBapwHax”. JocnifXeHHsl, siki NPOBOAATLCS Ha TBAapWHAX, MOBMHHI BiabyBaTucs y
BiAMNOBIAHOCTI i3 BCTAHOBIEHUMW IHCTUTYLIIOHASIbBHUMM HOPMaMM BMKOPUCTaHHS nabopaTopHuX TBapuH. HaykoBUI MOBWHHI KepyBaTUCS
NPUHUMNAMN MYMaHHOIO CTaBMEHHS A0 TBapWH, WO BMKOPUCTOBYIOTbCSA B Aocnifax. HeobxigHo nogaTtv HacTynHy iHdopMauiio: Bua TBa-
PWH, FTEHETUYHUI CTaTyC: AiHis (3rigHO NPaBWA CTAHAAPTHOIO MO3HAYeHHs MiHIN NabopaTopHUX TBapWH); KaTeropis nabopaTopHUX TBa-
pVH abo ix MiKpobionoriyHuiA cTaTyc; Maca Ta BiK TBApWH Ha MOYaTKy EKCNEPUMEHTY; KapaHTWH abo TpMBanicTb nepiody akniMaTu3adii
nif Yac nepeBe3eHHsl TBApUH Ha BENWKi BiACTaHi; YTPUMaHHS TBApWH Mif Yac eKCcrepuMeHTy (napaMeTpu MikpoknimaTty, TemnepaTypa,
BOMOriCTb, 06'€M MOBITPS, CBITNOBUIN PEXUM, TUM KNITKW, TUM MiACTUAKK). ABTOPY MOBMHHI NiATBEPAUTYM BiAMNOBIAHICTb HOPMATMBaM YT-
pUMaHHs Ta roAyBaHHsI TBapuH (EBpOMeNcbka KOHBEHLIS MO 3aXMCTy Xpe6TOBUX TBApUH, LLO BUKOPUCTOBYIOTLCS 3 eKCNiepUMEHTaNIbHOK
abo iHwoto Metoto. — Ctpacbypr, 1986), HasiBHICTb cepTudikaTy SKOCTi, @ TaKOX MOBIAOMUTM [Hkepeno HabyTTs TBapuH. HeobxigHo
onucaTy BCi MpoLeaypu, AKi BUKOHYIOTbCS Ha TBapwHi, [03M Npenaparis, WO BBOAWINCA, XipyprivyHi BTpyYaHHs Ta iHWi Aii, @ Takox
BiAMITUTN BUKOPUCTaHHSA NMPU LbOMY METOAIB aHecTesii (auB. iHdopmMauito npo MNpasa JlioanHu | TBapuHm).

Lli npaBuna nowwmpiooTbCs Ha BCi BUAW PYKOMUCIB, Y TOMY YMCNi CTaTTi, KOPOTKi AOMOBIAi, KOMEHTapi A0 KNiHiYHUX BUNpo6y-
BaHb. Pykonucu, siki He BigMnoBiaaloTb UMM BUMOraM, 6yayTb NOBEPHEHI aBTOpaM Asisl KOpeKLUii.
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