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PO3BUTOK EHJJOTEHHOI IHTOKCUKAIIII YV II[YPIB 3A YMOB HITPUTHO-
TIOTIOHOBOTO TOKCUKO3Y IIC/I 3ACTOCYBAHHSA KAPBOJIAVIHY

P03BUTOK eHA0reHHOI iHTOKCUKaLii y WypiB 3a yMOB
HITPUTHO-TIOTIOHOBOIO TOKCUKO3Y MiC/sl 3aCTOCYBAHHSA
KapGonaiHy

M. . MInxaubkuii, B. 4. ®ipa, /1. C. ®ipa, /1. A. Boiiko

TepHoninbebKull HayioHasibHUl MeduyHull yHiBepcumem
imeHi 1. S. Nopbayescbko2o0 MO3 YkpaiHu

Pestome. Ha cb0200HI BCe bi/iblue yBaza HayKosyi-00-
C/IIOHUKU MPUOI/IIoMb MOEOHaHUM 1amo/io2isiM, WO MOXYmb
6ymu 3yMos/ieHi 0ieto OEKI/IbKOX MOKCUYHUX YUHHUKIB Ha opaa-
HI3M. 3ayikagsieHicms y 3'9CyBaHHI MexaHi3MiB Oi Ha op2aHi3m
HiImpumig ma Himpamisg 3yMog/ieHa ix WUpPOKUM BUKOpUCMAaH-
HSIM Y [POMUC/I0B0CM, Ci/IbCLKOMY 20crodapcmsi ma Meou-
YUHI. TIOMIOHOKYPIHHST € couia/lbHO-€KOHOMIYHUM siBUWEeM |
OOHI€Er0 3 BXX/TUBUX MPO6/1eM 0XOPOHU 300p08’sl B YKpaiHi ma 8
YCbOMY CBIimi, adxxe BOHO OCMYIrIHe YCiM | BIOMOBIOHO WUPOKO
rowupere. MNMomparn/isiHHA 00 Op2aHi3My eK302eHHUX MOKCU-
KaHMmIB CyrnpoBooXyembCsi PO3BUMKOM OKCUOamuUBHO20 Cmpe-
Cy ma HazpoMaoXKeHHsIM MOKCUYHUX POOYKMIB Y PI3HUX Op-
2aHax, ro2/1ubs1IeHHsIM eHOO2eHHO! IHMOoKcuKaujl, 07151 yCyHEHHS
SIKOT BUKOPUCMOBYOMb Cy4acHi eHmepocopbeHmu.

MeTa gocnifxeHHs1 — BcmaHoBUMU cmyriHb eHO02eH-
HOI' IHMOoKcuKayii' y wypis pi3Ho20 BIKy 3a yMOB HimpumHo-
MIOMIOHOBO20 MOKCUKO3Y MiC/Isi 3aCMOCYBaHHs eHmepo-
copbeHmy «Kap6onaiH».

Marepianu i metogu. ExcriepumeHmu rnposeoeHo Ha
6inux wypax-camysix pisHo20 BIKY, SIKi ypaxasiucb rnpomsi-
20M 45 OHiB mHomMoHOBUM OUMOM | 3@ 24 200 ma 72 200 00
KiHUs1 00C/1IOXeHHS1 ompuMyBsas/iu Hampito Himpum. OOHiU i3
2pyn msapuH Ha msii OMPYEHHST MOKCUKaHmamu B8B0OU/IU
eHmepocopbeHm «KapbonaliH» y 003i 400 Me/ke macu mina.
3 exkcriepumeHmy msapuH s8usodusiu Ha 30-U ma 45-U OHi
MI0MIOHOBOT IHMokKcukauii (ma nicsisi 24 ma 72 200 ompyeH-
Hs1 Hampito HIMpumMom,). Y Kposi 0oc/lioxysasau sMicm mem-
2emMoe/106iHy ma epumpoyumapHuli iHOeKC IHMoKcukayii, y
cuposamui Kposi — BMicm MOJ1eKY/1 CepeOHbOI Macu.

Pesynbratu. Joc/ioxeHHs sMicmy MemeaemMoe/106iHy 8
KpOBI WypIB, ypaxeHUX Hampito HIMpUMoM Ha MJ1i MMIOHO-
BOI iIHMOKCUKayjii, mokasasio rpoapecyroqe (1020 36i/1bUEHHS 8
YCIX BIKOBUX 2pyriax yrnpooosx ekcriepumeHmy. Halbinbw su-
paxkeHe 36i/IbLUEeHHST MPOHUKHOCMI epumpoyumapHux mMemo-
paH sioMiya/iu y cmameBoHEe3PI/IUX Wypis. B ocmaHHIU mep-
MiH ekcriepumeHmy daHuli nokasHuK niosuujuscsi Ha 55,6 %
Y yiel epyrnu meapuH. pakmuyHO Ha MakoMy X PiBHI 3Ha-
X00unuCh MOKA3HUKU Yy cmapux msapuH. EHmepocopbeHm
«Kapb6osaliH» egheKmuBHO BI/IUHYB Ha BMICI MemaemMoa/1o-
6iHy ma epumpoyumpaHuli IHOeKC IHMOKCUKayjl, 3HUXYH4U
Yi MoKasHUKU B8 OMPYEHUX MBaPUH, MOPIBHSIHO 3i wypamu,
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Development of endogenic intoxication
in rats under nitrite tobacco toxicosis
after carboline application

P. H. Lykhatskyi, V. D. Fira, L. S. Fira, L. A. Boyko
I. Horbachevsky Ternopil National Medical University
e-mail: luhatsky@tdmu.edu.ua

Summary. Today, more and more attention of
researchers is paid to the combined pathologies that may
be due to the action of several toxic factors on the body.
Interest in elucidating the mechanisms of action of nitrites
and nitrates on the body is due to their widespread use
in industry, agriculture and medicine. Smoking is a socio-
economic phenomenon and one of the most important
health problems in Ukraine and around the world, as it
is accessible to all and therefore widespread. Intake of
exogenous toxicants is accompanied by the development
of oxidative stress and the accumulation of toxic products in
various organs, the deepening of endogenous intoxication,
to eliminate which modern enterosorbents are used.

The aim of the study — to determine the degree of
endogenous intoxication in rats of different ages under
conditions of nitrite-tobacco toxicosis after application of the
enterosorbent carboline.

Materials and Methods. The experiments were
performed on white male rats of different ages that were
exposed to tobacco smoke for 45 days and received
sodium nitrite 24 hours and 72 hours before the end of the
study. One of the groups of rats on the background of toxic
poisoning was administered enterosorbent carboline at a
dose of 400 mg/kg of body weight. Animals were removed
from the experiment on the 30th and 45th day of tobacco
intoxication (and after 24 and 72 hours of sodium nitrite
poisoning).

Results. A study of the content of MetHb in the blood
of rats affected by sodium nitrite on the background of
tobacco intoxication, showed a progressive increase in all
age groups during the experiment. The most pronounced
increase in the permeability of erythrocyte membranes
was observed in immature rats during the experiment. In
the last period of the experiment, this figure increased
by 55.6 % in this group of animals. The indicators in
senile animals were almost at the same level. The
enterosorbent carboline was effective in methemoglobin
and erythrocyte intoxication index, reducing these rates
in poisoned animals compared to rats that did not receive
it. In the experiment, after poisoning of rats of different
ages with sodium nitrite on the background of tobacco
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sKi 1020 HE ompuMyBasiu. B ekcriepuMeHmi nic/isi OmpyeHHs
mBapuH pI3HO20 BIKy HamMPpIito HIMPUMOM Ha M/l MHMIOHO-
BOI' IHMOKcuUKayjii' y cuposamuyi Kposi BIOMIYEHO MIOBUWEHHS
smicmy MCM o6ox ghpakyiti — CM, ma CM,. CmamegoHe3s-
pini wypu susisu/uCk 6i/IbW 4ymausuMU Wooo sBMicmy eHOo-
2EHHUX MOKCUHIB. [Tpomsi2oM ycb020 eKCriepuMeHmy 8 HUX
criocmepieascsi Halisuwuli sBMicm MOJIEKY/1 CepeoHbOoI Macu
8 cuposamuyji Kposi MopIisHSIHO 3i cmamesgospi/iuMu ma cma-
peuumu wypamu. 30-00608e 3acmocyBsaHHs1 kapbosalHy 8u-
AABU/IOCH €ChEKMUBHUM O/151 YCiX BIKOBUX Kame20pili mBapuH.
BUCHOBKWU. 3a yMOB8 HiMpUMHO-MIMIOHOBO20 MOK-
CUKO3Y B OpeaHi3aMi mBapuH Pi3HUX BIKOBUX 2pyrn rnoasiu-
6/110eMbCA eHO02eHHa IHMOKCUKayisl, Wo MposiB/siembCs
nioBUWEeHHsIM BMiCMYy Memaemoa/106iHy ma sidcomka rpo-
HUKHOCMI epumpoyumapHuUx MemM6paH, a makox 30i/b-
WEHHSIM BMiCmy MOJIEKY/T CepeOHbOoi Macu y cuposamuyi
KpoBi wypis npomsi2om 45 OHi8 iHMoKcuKayii mmomroHOBUM
ma 72-200UHHO20 YpaxKeHHs HImpito Himpumom. Halibinbw
yymausumu 00 Oii MOKCUKaHMIB BUSIBU/IUCL CMamesoHe3-
pini wypu. 3acmocosaHuli 3a 0aHUX yMOB EHMEepPocopbeHm

«KapbonaliH» 8ipo2iOHO 3HU3UB YCI NOKa3HUKU €HOO2EHHOI

IHMOoKcukayii' y wypis ycix 8ikosux apyn.

KntouoBi cnoBa: HaTpilo HITPWUT; TIOTHOHOBWIA AuM; Gini
Wwypw; kapbonaiiH; eHforeHHa iHTOKCHKaLis.

BCTYN

CyyacHi TeMnn 3a6pyaHEHHA HaBKOJIULIHBLOTO
cepefoBuLLa NPU3BOAATL [0 3aroCTPeHHS Npobnemu
BNIMBY Ha OpraHi3m SIH0ANHN Pi3HUX TOKCUYHUX YUHHU-
KiB, LLLO BUKJ/IMKAE NOSBY paHille HeBiJOMUX XPOHIYHNX
3axBOPIOBaHb | NATOMOrNYHMX CTaHiB. IHAyKOBaHa eko-
NoriYHa NaTo/oris HanvacTille Po3BMBAETLCA Mif BNAW-
BOM KOHKPETHUX LUKIAVMBUX OJ1 OpraHiamy XiMivyHuX
3a6pyaHIOBaYiB — COMen BaXKNX MeTanis, NecTMUnais,
HITpaTHWUX CMoJsyK, MPOCTUX noniedipis, AeTepreHTIB
Ta iH. 3HaYHOO EKO/I0TIYHOK Ta MeANKO-6i0N0rYHO
npo6nemMot € Aist Ha opraHiaMm JI0AUHK Ta TBapUH
HeopraHiYHNX HITPOCMNO/YK, L0 CYyNnpPOBOAKYETLCA BU-
nagKamu HITPaTHO-HITPUTHUX iIHTOKCKKauin [1-3].

B ymoBax ekonoriyHoro 3abpygHeHHs 3Ha4YHy posib
BiirpatoThb i WKIANMBI 3BUYKM, 30KPEMA THOTIOHOKYPIH-
Hs1, 3/I0BXVBaHHS aIkoroniem 1a MeavkameHTO3HUMM
3acobamu [4, 5].

TIOTIOHOKYPIHHA — OAWH i3 HaNbiNbLL NOLWMPEHNX
BUAIB NMOOYTOBOI TOKCMKOMAHIT, HalnowunpeHiwa y
BCbOMY CBITi LWIKiAMBaA 3BUYKA. 3aNeXHICTb Bif Tto-
THOHY BHECEHO 0 MixXHapoaHoT knacucdikaw,ii xBopob.
3a [oCNifKEHHAMU BYEHUX, TIOTIOHOBUIA AUM — OyXe
OTpyiHAa PevyoBMHa, WO MICTUTb Y COBI KpiM HIKOTUHY,
6nu13bko 1000 0co6MBO OTPYIHMX TBEPAUX | ra3omno-
OiGHNX PeYOBUH.

Oc006m1BO HEGE3MEYHNM € TaK 3BaHE NacuBHE KypiH-
HS. Y ra3oBiii chpakuyii gyMy MiCTUTbCS GeH3MIPEH (CUIb-
HWIA KaHLIepOreH, L0 CPUYUHSE pak), HITPOreH Ta noro
OKMCK, OKCUAM KapOOoHy, LiaHICTUIA TigporeH, akposeiH,
rniyepon, CNMpTy, anbaerian | KETOHW, BYr/1eBOAHI, heHo-
JIV Ta iHWi. HaliBaX/mBILL1M KOMMOHEHTOM THOTHOHOBOIO
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intoxication in the serum, an increase in the content of
MMM of both fractions — MM, and MM,. Immature rats
were more sensitive to the content of endogenous toxins.
Throughout the experiment, they had the highest content
of medium weight molecules in the serum compared to
adult and senile rats. The 30-day use of carboline was
effective for all age groups.

Conclusions. Under conditions of nitrite-tobacco
toxicosis in animals of different ages deepens endogenous
intoxication, manifested by increased methemoglobin and
erythrocyte membrane permeability, as well as increased
content of medium weight molecules in the serum of rats
during 45 days of intoxication with tobacco poisoning.
Immature rats were the most sensitive to toxicants. The
enterosorbent carboline used under these conditions
probably reduced all indicators of endogenous intoxication
in rats of all ages.

Key words: sodium nitrite; tobacco smoke; white rat;
carboline; endogenous intoxication.

OVMY € HIKOTUH [6, 7]. TpnBane i yacte THOTHOHOKYPIHHS
3aBa€ 3HAYHOI LLIKOAM 300PO0B’I0 KYPLiB Ta OTOUYHUMX
X ntogen, siki He KypsiTb, | TBapyH. B abCONOTHO YNCTIi
arMocdhepi opraHiam NIAVHN, SKa KypUTb, 3a3Hae Takoro
TOKCMYHOTO BI/IMBY, HiGM BOHA 3HAXOAUTHLCSA B yMOBaX, A
3abpyaHEHHS B TUCAYI pasiB NepeBULLLYE Oyab-sKi HOPMMU.
AKTUBHe Ta NacuBHe KyPIHHA THOTIOHY MOXE BUK/MKa-
TV YTBOPEHHA aKTUBHUX (DOPM OKCUIreHy (Nepekuc rigpo-
reHy, enokcuau, HirporeHy okeug, (NO), ABOOKMC HITpo-
reny, nepokcuHiTput (ONOO-) [8, 9]. OcTaHHI aKTVBYOTb
MPOLECU BifIbHOPAANKASILHOTO OKUCHEHHSI B OpraHi3mi,
30KpeMa NepoKCcUAHOro okMcHeHHs ninigis (MOJ). Mposs
TOKCWYHOT Aji BiflbHOPaAMKa/TbHNX NPOAYKTIB NPU3BOAUTb
[0 CTPYKTYPHUX | MeTaboNiuHMX NopyLUeHb Y KNITUHAX
i3 MoAa/IbLLNM MOIMGIEHHSIM EHIOTEHHOT IHTOKCKKALIT,
PO3BUTKOM LMTOMITUYHMX MPOLECIB, SKi B KiHLEBOMY
pesynsrari MOXyTb BUK/IMKATU HEKPO3 TKaHuH [10, 11].

MeToto gocnigxeHHA Oy/10 BCTAHOBUTK CTYNiHb
€HJ0reHHOI IHTOKCUKaL,iT y LWypiB pi3HOro BiKy 3a yMOB
HITPUTHO-TIOTHOHOBOIO TOKCUKO3Y MiC/S 3aCTOCYBaHHSA
eHTepocopbeHTy «KapbonaiiH».

MATEPIANN | METOAU

EkcnepvMeHTasIbHy YaCcTUHY PO60TH BUKOHAHO Ha
BiNuX LLypax-caMuAX PiI3HOrO BiKY, AKUX YTPUMYBaUN Ha
CTaHOAapTHOMY paLioHi BiBapto TepHOMiNbCbKOro Havli-
OH&aJ/TLHOr0 MefMYHOro yHiBepcuTeTy imeHi |. A. Fopba-
yeBcbkoro MO3 YkpaiHu. LLLypiB noAinam Ha Tpu BiKOBI
rpynu: ctateBoHe3pini (3-MicA4HOro BiKy), CTaTeBO3pini
(12-micayHoro Biky) Ta cTapi (18-micauyHoro Biky). PaH-
[0oMi3aLito TBapyH NPOBOAW/IN, BPaxoByUn Macy Tifna.
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LypiB noainuav Ha Tpw BIKOBI KaTeropii: nepLia
— cTareBoHe3pini 3 Macoto Tina 60-80 r, gpyra — cTa-
TeBO3piNi 3 macoto Tina 180-200 r, TpeTs — cTapi Wwypu
3 macoto Tina 300-320 r. KoxHa BikoBa rpyna ckna-
fanacs i3 gBox nigrpyn — iHTakTHUI KOHTPO/b Ta Ao-
cnigHa rpyna. lWypwv gocnigHux rpyn npoTtarom 45 aHis
nigaasasincb BN/IMBOBI THOTHOHOBOTO AMMY. JocAigHNX
TBapWH noginunu e Ha 8 rpyn. Bom i3 H1X 3a 24 rof,
[0 3aKiHYeHHS eKCrepuMeHTY BBOAMW/IN HATPIKO HITPUT
y [o3i 45 mr/kr macu Tina, we ABOM — HaTpilo HITpUT
BBOAMW/M 3a 72 rof, Ao eBTaHasil. [HwWum 4-m rpynam
nicnsi ypaxeHHs1 060ma TOKCUKaHTamMu iHTparacTpasib-
HO BBOAMIM eHTepocopbeHT «KapbonaiH» y A03i
400 mr/kr macu Tina npotarom 30 gHiB (MouvHaoum 3 15
[OHSA IHTOKCKKaL,T TIOTHOHOBUM AVMOM i LLOAHSA [0 KiHUA
ekcnepumMeHTy) [12]. Mogenb 3a/1eXHOCTi Bif, XPOHIYHOT
Jil TIOTIOHOBOTO UMY CTBOPHOBaUIM 38 LOMOMOrOH0 rep-
MEeTUYHOT Kamepu 06’emom 30-TuW NITPIB, LLLO A03BONI0
00KyproBaTV TBAPVIH Y BiNbHili NoBeAiHLi. THOTHOHOBUIA
OVM, WO YTBOPKOBaBCA Bif rOpPiHHA 6 Lumrapok «Mpu-
Ma cpibHa (CUHS)» (3 BMicToM 0,6 Mr HIKOTUHY Ta 8 Mr
CMOJIM), Yepes 0TBOPU Y Kamepi NogasaBCcs BCepeanHy
Hel. Y kamepi 0fHOYaCHO 3HaxoAmnnochb 6 TBapUH Npo-
TATOM 6 XB. TBapPWHN KOHTPOSILHOI FPynu TakoXx 3Ha-
XOAWNNCH NPOTAroM 6 XB Y repMeTUYHIN Kamepi, ane He
nignsaranu aii TroTioHoBoro anmy [13]. Yepes 30 Ta 45
[i0 Bif noyaTtKy ypakeHHsi TBapuH TIOTHOHOBUM AMMOM
X BUBOLM/IN 3 €KCNEePUMEHTY LUIAXOM eBTaHasil nif,
TiONEHTa/I0BUM HapKO30M.

Mpun npoBefeHHi AocNifKeHb KOPUCTYBaUTUCH 3a-
ra/IbHUMM NPUHLMNAMY eKCEPUMEHTIB Ha TBapuHax,
Y3roKEHUMU 3 MOSTOKEHHSAMMN EBPONENCHKOT KOHBEHLT
MPO 3aXUCT XpeBETHNX TBAPVH, L0 BUKOPUCTOBYHOTLCA
ONA eKcnepyMeHTasIbHUX Ta IHLWWX HAyKOBWX Linein
[14].

[nsa gocnimkeHHs 6pann KpoB Ta CUPOBATKY KPOBI.
Y KpoBi BU3Ha4YanM BMICT MeTremorno6idy (MetHb) B
peakuii 3 aLeToHuUiaHrigpuHom [15] Ta eputpouumTap-
HWi iHaekc iHTokcmkaui (Ell) B peakuii 3 METUIEHOBOID
CUHbKOMW [15], y cupoBaTtui KpoBi — BMICT MOJIEKYN
cepefHboi macy (MCM) asox dopakuiii (CM, Ta CM,)
LLSIAXOM OCayKeHHS NPOTEIHIB 3a [LONOMOro TPUX/I0p-
ouToBoi kucnotu (TXO) [16,17].

O6pobka CTaTUCTUYHUX LaHUX BUMKOHYBasacb
3a [0NOMOrot naketa nporpamHoro 3abesneyeHHs
SPSS-22 [18]. OTpuMaHi 3Ha4eHHA mManau napame-
TPUYHWIA PO3MNOAIN, TOMY PI3HMLA MK rpynamun 6yna
npoaHasizoBaHa BignoBigHO A0 t-kpuTepito CTbloaeH-
Ta Ta HenapameTpuyHOro KpuTepito BinkokcoHa ans
3B’A3aHNX BMOIPOK. Pi3HMUA 3HAYEHb IMOBIPHOCTI 6yna
p=0,95 (piBEHb 3HAUMMOCTI ). PO36IKHOCTI BBaXKaIMCA
BiporigHumMmuy npu p<0,05.

PE3Y/ILTATU 1 OBFOBOPEHHSA

Bigomo, o THOTHHOKYPIHHA € OAHMM i3 HalibiNbLL
NOLUIMPEHUX [Kepen HaAXOMKEHHSA KapOboHYy MOHO-
okcuay (CO) B opraHiam noguHu. MNpu NigsuLLeHnx
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KOHLeHTpauisix ek3oreHHnn CO 3B'A3YeTbCHA 3 remo-
BMICHUMW NpoOTeiHaMu: reMors1I06iHOM, MIOr/1I06iHOM,
LMTOXPOMaMM, L0 BUK/VKAE KUCHEBE rOMN04yBaHHS
TKaHWH 3a paxyHOK MOPYLUEHHS K TPAHCNOPTY KUCHIO,
Tak i TKAHWMHHOTO AuXaHHsA [19].

HiTpaToBMIiCHI CNOMYKW, K CUJIbHI OKUCHUKW,
NPOSIBNAIOTL BINJIMB HA reMarosiorivyHi NoKa3Huku, ne-
peBoasAuN ABOBANIEHTHUI (pEPYM remy B TpUBASIEHT-
HWIA, Ta YTBOPHOKOYN NPY LbOMY NaTosorivyHy oopmy
remorno6iHy — metremornio6iH (MetHb) um remirno6iH,
AKNIA HECNPOMOXXHUIA 3BOPOTHO NPUELHYBATN OKCUTEH,
L0 B MOAA/bLLIOMY BUK/IMKAE TIMOKCIit0, i € OCHOBHUM
MapKepoM CTYNeHsi BUPAXKEHHS IHTOKCUKaLIl HiTpo-
reHoBMiCHUMU cnonykamu [20].

BcTaHoOB/MEHO, WO NOTPanasHHA A0 OpraHiamy
HaTpilo HITPUTY CYNpOBOLKYBasIOCA PO3BUTKOM re-
MIYHOT riNOKCIi, Ha WO BKalyBas10 NiABULLEHHS BMICTY
MeTremor/s106iHy B KPOBI LLYypiB Nicns ypaxeHHs. Mpo-
Lec yTBOPEHHS METremMors106iHy B OpraHiami HOCUTb
BifIbHOpaAVKasibHWi xapakTep [21].

JocnipxeHHs BmicTy MetHb y KpoBi LwypiB, ypaxe-
HUX HaTPIO HITPUTOM Ha T/i TIOTHOHOBOI iIHTOKCUKaLi,
nokasano oro 36i/bLUEeHHS B YCIX BIKOBMX rpynax
YNPOAOBX eKcnepuMeHTy. icnsa ypaxeHHsi oboma
TOKCMKaHTaMM1 HanuvyTAMBILLUMW BUSBUIUCH CTaTEBO-
He3pifi Wypwn, y SKNX AaHNA NOKa3HUK Pi3KO 3pocTas i
[0 KiHUS eKcnepuMeHTy 6yB HanBuwmum —y 3,3 pasa
NMOPIBHAHO 3 KOHTPONbHUMW TBapuHamu (puc. 1).

Micnsa 3acTocyBaHHA KapbonaiHy BmicT MetHb
Yy KPOBi CTaTeBOHE3PINNX TBAPUH Y OCTaHHIA TepMiH
OOC/IMKEHHST 3HM3UBCA Ha 76 % LLOA0 NoKasHMKa B
YpaXKeHUX LLypiB. AHa/TOrYHNIA BN/MB Ha NpoLec MeT-
reMorn06iHOyTBOPEHHS NPOSBMB KapbonaiiH y rpynax
CTaTEBO3PINIMX Ta CTapuUX LLYpIB.

[nsa ouiHk1 oyHKLUiIOHaNBLHOIO CTaHy uutoniaasmMa-
TUYHMX MEMOPaH epUTPOLMTIB BaXK/IMBE 3HAYEHHSI Mae
BM3HAYEHHS BifcOTKa Ti NPOHMKHOCTI, OCKISIbKN BUCOKWIA
oro piBeHb BKasye Ha gerpagauito raigepodgocdorni-
nigis 6ininigHoro Wwapy Mmemoépaxu, Lo Np1M3BoAnTb A0
NiABULLEHHA iHAEeKCY cPepuyHOCTi epuTpoLmTapHoT
KNITUHW, 3MEHLUEHHS €N1aCTUYHOCTI, 361/1bLLIEHHS OCMO-
TUYHOT KPUXKOCTI Ta chparmeHTaLii camoi MembpaHu.
YHacniaoK uporo BigdyBaeTbCA po3nag pyHKUIT npo-
HWKHOCTI K/TITUHHOT MeM6paHm [10 Pi3HUX pevyoByH [16].

[JouinbHum 6yno focnignTu BigCOTOK MPOHUKHOCTI
epuTpouMTapHMX MembpaH y LiypiB 3a YMOB OfHO-
YacHOro X OTPYEHHS HATPID HITPUTOM Ta THOTHOHOBUM
OVMOM.,

Mu pgocnigunun Ell y TOKCMKOBaHWX AMMOM LLYypIiB
nicna NoTpanIgsHHA 40 OpraHiaMy HaTpito HITPUTY Ta 3a-
CTocyBaHHs1 eHTepocopbeHTa «KapbonaiH» (Tabn.l1).

Y TepmiHi 30-Ta fob6a ypaxeHHsa T ta 72 rof
OTPY€EHHS1 HH NPOHMKHICTb epuTpoLMTapHOT MeMOpaHu
y cTateBOHe3pi/IvX WypiB nigsuwmiack Ha 31,6 %, y
KiHLj ekcnepumeHTy — Ha 55,6 % nepesullyBana pi-
BEHb KOHTPOJIbHUX TBAPWH. Y CTATEBO3PI/INX LLYPIB Lei
noKasHWK nepesuLLyBaB Hopmy Ha 38,0 % y KiHLeBWi
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Puc. 1. BmicT meTremornio6iHy B KpOBi TBapuH, ypaKeHUX HaTtpito HiTputom (HH) Ha Tni ToTioHOBOI iHTOKcmKauii (TA) Ta nicns 3acTocyBaHHS Kap-

6onaiiry (K), %.

MpumiTka. TyT i HA HACTYMHUX PUCYHKaX: * — BIPOTiAHI 3MiHW MiX NOKa3HWKaMV iHTaKTHUX Ta YpaKeHX TOKCUKaHTamy TBapuH; ** — BiporifgHi 3MiHW
MiXX NOKa3HUKaMW ypakeHUX TBAPUH Ta TBapMHaMu, Aki Ha TNi IHTOKCMKaLl oTpMMyBasn kKapbonaiiH.

Ta6nuua 1. EputpounTapHuii iHOEKC iIHTOKCUKALT (%) Y KPOBI LLYPIB PI3HOIO BiKY, YpaXKeHUX HaTPIt0 HITPUTOM Ha TNi THOTHO-
HOBOI iIHTOKCMKaLT, Ta Micns 3acTocyBaHHA kapbonaviHy (M+m, n=162)

TepMiH gocnigkeHHs, fobalrog, — Tpyna Aocniatix L.U'YpIB -
cTaTteBOHe3piNi cTareBo3pisi cTapi
KOHTpONbHI Wwypu 20,83+3,09 17,29+2,29 32,91+2,36
30 006.TA+24 rog HH 55,21+2,34* 44,46+3,96* 49,49+4 52*
30 po6. TA+24 rog HH +kap6onaiiH 42,75+2 67** 37,29+3,57 40,12+1,67
30 po6. TA+72 rog HH 52,46+2,81* 46,33+2,18* 56,46+1,89*
30 po6. TA+72 rog HH +kap6onaiiH 36,42+2,25** 33,75+3,21** 39,08+1,97**
45 po6. TA+24 rog HH 66,67+2,08* 52,16+0,70* 86,24+0,70*
45 n06. TA+24 rog HH +kap6onaiiv 47,50+1,84%* 45,83+2,12%* 67,92+1,84**
45 po6. TA+72 rog HH 76,46+2,38* 55,27+2,41* 87,05+3,55*
45 pno6. TA+72 rog HH +kap6onaiiH 42,08+1,50** 40,08+2,99** 47,08+3,38**

Mpumitka. TyT i B HACTYNHUX TabAMLAX: * — BIPOriAHI 3MiHM MiX NOKa3HMKaMM IHTaKTHUX Ta ypaKeHUX TOKCUKaHTamm TBapyH; ** — BiporigHi 3MiHn
MiXX NOKa3HUKaMV ypakeHUX TBAPUH Ta TBapMHaMMU, siKi Ha TAi IHTOKCMKauil OTpMMyBasin Kap6onaiiH.

TEPMiH eKCnepuMeHTy, B cTapux — Ha 54,1 %. OTxe,
HanobiNbLl BUPaKEHe 36i/bLUEHHST MPOHUKHOCTI epu-
TpouMTapHUX MeMOBpaH BigMiYaN y CTaTeBOHE3PISINX
LLYPIB YNPOAOBX eKCnepuMeHTy. MpakTUyHO Ha Takomy
X PiBHI 3HAX0AUNNCh NOKA3HMKN Yy CTapuXx TBApUH.

EdhekTMBHICTb 3acToCcyBaHHA kapbosaliHy npo-
sIBUNacb y CTaTeBOHE3PINNX LLYPiB Ha YCiX TepMiHax
pocnimxkeHHs. MNPoHMKHICTb epuTpoLuTapHOT MeMbpa-
HI 3MEHLLIyBasiacb Ta BiporigHo BigpisHsanace (p<0,05)
Bil AaHOr0 MOKa3HVKa B YpakeHUX TBapuH. Y ctarte-
BO3pI/INX Ta CTapux TBapwWH BiporigHe 3HWxeHHA Ell
BiAMiYanocb nicnsa 72-rogMHHOr0 OTPYEHHSA HATpIto
HITPpUTOM Ha T/1i 30-4eHHOT TITIOHOBOT IHTOKCUKALLT i
00 KIHLS eKCepUMEHTY.

3 niTepatypwu BigOMO, LLLO BUPaXEHI po3naan MeTa-
60/1i3My, HAKOMUYEHHS HEA0OKUCHEHUX TOKCUYHMX NPO-
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[YKTiB Ta IHTEHCUiKaLis BilbHOPaAMKa IbHNX peakLiit
Npu3BOAATL A0 akTMBaLil MeMbpaHoAeCTPYKTUBHUX
NpoLEecCiB, 3pOCTaHHA EHA0TOKCUKO3Y Ta BUHUKHEHHS
noniopraHHoOi HegocTaTHocTi [21, 22].

B ekcnepuMeHTi Nicnis OTPYEHHS LLYPIB Pi3HOro
Biky HH Ha Tni TIOTIOHOBOI IHTOKCMKaLIT Yy cupoBaTLi
KPOBI BigMiyeHO nigBuLLeHHsA BMicTy MCM hpakuii
254 (3 nepeBaxaHHAM NaHLIroBMX aMiHOKUC/IOT;
CM,) (Tabn. 2).

[0 KiHUA JocCnifpkeHHA BMICT AaHOro rnokasHuka
NiABULLMBCA y CUPOBATLi KPOBI CTaTEBOHE3PINIMX LLYPIB
y 4 pa3un, B CTareBo3pinx Ta ctapeumx y 3,2 1a 3,5
pa3sa BiAnoBigHO.

Mpu gocnigpkeHHi BMicTy CM, e(beKTMBvaVl BM/IB
nposiBMB eHTepocopbeHT «KapbonaiiH». Voro Bee-
[EHHA B YPaXXeHW OpraHiam nNpr3Beso A0 3HWKEHHS
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Ta6nuusa 2. BmicT chpakuii CM, y cupoBartLi KpoBi (YM. 0f./n) LLypiB Pi3HOTO BiKy, yPaXKeHUX HaTPito HITPUTOM Ha T/ THOTHO-
HOBOI iHTOKCMKaL,i, Ta micns 3actocyBaHHsA kapbonaiiHy (M+m, n=6)

TepMiH gocnigpkeHHs, foba/rog, — Tpyna Aocniatin UJ'yPIB. -

cTareBoOHEe3piNi cTareBo3pifi cTapi
KOHTpOnbHI Lypun 14,00+1,15 11,00+0,85 13,66+0,61
30 006. TA+24 rog HH 41,67+0,61* 33,33+0,99* 39,33+0,99*
30 po6. TA+24 ron HH +kap6onaiiH 26,00+0,51** 23,33+0,84* 21,33+1,11**
30 go6. TA+72 rog HH 46,67+0,66* 35,33+0,99* 42,33+0,95*
30 po6. TA+72 rog HH +kap6onaiiH 20,67+0,66** 19,67+0,95** 22,67+1,33**
45 po6. TA+24 rog HH 47,00+0,85* 35,33+0,95* 43,33+1,20*
45 po6. TA+24 rog HH +kap6onaiH 23,33+0,66** 21,33+0,99** 21,67+0,92**
45 po6. TA+72 rog HH 55,33+0,66* 35,00+1,34* 47,33+0,84*
45 po6. TA+72 rog HH +kap6onaiH 21,33+1,22* 14,67+0,99** 18,33+0,61**

[aHOoro NokasHvka y CMpoBarTL,i KpoBi CTaTEBOHE3PINNX
Ta cTapeuux wypiB y 2,6 pasa, B cTaTeBo3pivx y 2,4
pasa MopiBHAHO i3 BiANOBIAHWMY TpynaMu ypaxkKeHnX
LypiB (B OCTaHHiIi TEPMIH AOCAIAKEHHS).

Uepes 15 fai6 3acTocyBaHHsS KapbonaliHy BMICT
¢hpakuii CM, y crpoBartui KpoBi LLypiB YCiX BIKOBMX
rpyn BiporigHo (p<0,05) 3H13unBcs y TepMmiHi 30-Ta goba
iHTOKCUKauji T, Ta 72 rog, 3 MOMEHTY NoTpan/isiHHA B
ypaxeHuii opraHiam HH i BusiBuBCA y 2,6 pasa HMK4Mm
y CTaTeBOHEe3piNnx Ta CcTapux LLYpiB LWOAO TBapUH
KOHTPOJIbHOT rpynu, y 2,4 pa3a — B CTaTEBO3PI/INX.

30-1060Be 3acTOCyBaHHSA KapbonaliHy aHa1orivyHo
BUSBWIOCH €(PeKTVBHMM ON151 YCiX BIKOBUX KaTeropii
TBapVH.

BigmiueHo nporpecytoye nigBuLLEHHA BMICTY dhpak-
uii CM, (nepeBaxaroTb apomMaTnyHi amiHOKMUC/0TK)
YNPOAOBX eKCNEPUMEHTY B CUPOBATL,i KPOBI LLLYPIB YCiX
BIKOBMX rpyn. HanbinbLw 4yTanBnumy BUSIBUANCH CTaTte-
BOHE3pIiNi TBAPUHW, Y CMPOBATL KPOBI SIKUX AaHwuii no-
KasHvK nigsuLLmeca y 2,8 pasa (puc. 2), y ctateBo3pinmx
y 2 pasu Ta 'y cTapeumx B 2,3 pasa y KiHLj AOCAiMKEHHS.

K BUAHO 3 pUCYHKa 2, A0 BipOriAHOI0 3HWXEHHS
(p<0,05) BmicTy CM, y cupoBaTLi KpoBi CTaTeBOHE3PI-

% B KOHTPOJIBHI

24HH+45T]]

m24HH+30T]]

| |

250 24HH+45T]I+K
300

250

24HH+30TI+K
B 72HH+45T]]

JIMX LWYypiB YNPOAOBX YCbOro eKCNeprMeHTy Npu3Beno
3aCcTOCyBaHHSA KapbonanHy. AHaI0rYHUIA BNAB MPo-
ABVB €HTepOCOPOEHT B OpraHi3mMi TBapuH ABOX iHLIMX
BIKOBMX pym.

BcTaHoBNEHO, LLIO Y CMPOBATLL KPOBi CTATEBOHE3PI/NX
LypiB BigMidyasiocb HaibinbLle HarpomagkeHHs MCM
000X (hpakLuili (3 NnepeBaxxaHHsIM NAHLIKOroBKX Ta apoMa-
TUYHUX @MiHOKMCIIOT), Lo CBiAYUTb MPO INIMOOKY IHTOKCY-
KaLlito TBapuH JaHoT BiKOBOI rpyni. QUeBMAHO, YPaXKEHHS
LLIypiB 060Ma TOKCHKaHTaMu NOB'A3aHe 3 TOKCUYHOHO AiEt0
He TiNIbKX HaTPItO HITPUTY, ane i TITIOHOBUM AUMOM, BMICT
HITPATIB Y IKOMY KOPESOE 3 yTBOPEHHAM HecneLmdiuHmnX
NeToUnX HiTpo3amiHiB (Hanpukiag N-HITpo3oAiMeTiIamiH,
N-HITPO30-AieTNaMIH i T. 4.), SKi MOXYTb NPOSIB/IATIA KaH-
LiepOoreHHWin BN/IMB Ha opranism [3, 23].

OTXe, oTpuMaHi pe3ynbTatu NigTBEPAXYHTb
COpO6TMBHI BacTUBOCTI KapbonaliHy, LWo [A03BO/UTb
3anpornoHyBaTtun ioro BUKOPUCTaHHA AN15 3HUWKEHHSA
CTYNEHs1 eHAOreHHOI iHTOKCMKaUiT sK Yy KypuiB, Tak i
nicna IHTOKCUKALIT opraHiaMy eK30reHHUMMW HiTpaTo-
BMICHMMW CNo/yKamu.

HeobxigHo Big3HauMTK, WO KapbonaiH copbye
Oesiki TpoayKTu 06MiHY pPevyoBMH B OpraHiami, B TOMy

® 72HH+30T/]
B 72HH+45T/+K

® 72HH+30TI+K
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Puc. 2. BmicT CM, y crpoBaTLLi KpoBi CTATEBOHE3PINMX LLLYPIB, YPAKEHUX HATPI0 HITPUTOM Ha T/i 45-4060B0i TIOTHOHOBOT IHTOKCKKAaLT, Ta nicns

3acTocyBaHHs kap6onaiiy, %.
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YnCi HAAMLLOK XOBYHUX KUCAOT, Ginipy6iHy, ceyo-
BVHW, XO/1eCTepOs1y Ta NinigHNX KOMMN/IEKCIB, a TakoX
MeTaboniTW, BifgnoBifasibHi 38 PO3BUTOK €HA0NEHHOro
ToKcuKo3y [12]. Woao dhapmakokiHeTU4HUX 0cobnu-
BOCTeM npenapary, To KapbonaliH He PO3LLENn/IETLCA
Ta He BCMOKTYETLCHA B LUYHKOBO-KMLIKOBOMY TPaKTI,
TOMY BUAINSAETLCS B HE3MIHEHOMY BUrAsal. OueBnaHo,
Taki 1oro BNacTMBOCTI 3yMOBUAV BUPaXKEHWI BM/IUB HA
BMicT MCM 3a gaHoi naTonorii.

BNCHOBKU/

3a YMOB HITPUTHO-TIOTKOHOBOTO TOKCUKO3Y B Op-
raHiami TBapuH Pi3HUX BIKOBUX rpyn NormbnoeTbes
eHA0reHHa iIHTOKCUKaLlis, Lo NPoABAETLCA NiABULLEH-
HAAM BMICTY MeTreMor/106iHy Ta BiCcOTKa NMPOHUKHOCTI
epuUTPOLUTAPHNX MeEMOpaH, SiKi HanbITbLL BUPaXKEHI Y
KPOBI CTaTeBOHE3PINMX LWYPIB Y KiHLi eKCnepumMeHTy.
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