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Bctynnenune. Kap6oHunuposaHue OenkoB npepn-
cTaBnsieT cobon HeobpaTUMBIM NPOLLECC OKUCINTENb-
HOro NoBpexaeHns 6enkoB, KOTOPbIM YacTO NPUBOAMUT
K notepe nx GyHkumin. JaHHbI nokasaTtesb LWMPOKO UC-
Nonb3yeTcs A1 OLLEHKN TSXXECTU OKUCUTENbHOMO MNo-
BPEXAEHUS KNEeTOK U TKaHe Npu passiMyHOi naTtosno-
rvm [5]. I3BECTHO, 4TO yMEPEHHO KapOOHUINPOBAHHbIE
6enkun pacuennsioTcs nog AelicTBMEM NPOTEOCOMaslb-
HOW cucTeMbl. B TO e Bpems, 3HaUYNTESNIbHO KapOoHU-
JNIMPOBaHHbIE 6EKM UMEIOT TEHAEHLMIO K 06pa30BaHMIo
arperaTtoB C BbICOKOW MOJIEKYNSPHON MacCoM, KOTOPbIe
YCTOM4MBBI K Aerpagaumm 1 crnocobHbl HakanaMBaTbCs
B knetkax [5]. OpgHako, B nMocnegHue rofbl Hakonu-
NINCb [AHHblIE O PO KapOOHUINMPOBAHHbLIX OENKOB B
0onocpenoBaHMN BANSHUSA akTUBHbIX HOPM KUCAOPO-
na (APK) Ha meTabonumyeckune npoueccol [9]. Tem He
MeHee, BKIa[, OKUCAUTENbHOW mMoaudukauum oen-
KOB B MaToreHe3 pasnnyHbix 3ab0neBaHnii NoaNexmT
YTOYHEHMIO. VI3BECTHO, 4YTO AAUTENbHOE NepopanbHoe
ynoTtpebrieHme NuLLeBon 4oOaBKK KapparvHaH rnpuBo-
OVT K pa3BuTuio ractpoaHtepokonuta [1,6,8]. OgHako,
MexaHn3M pa3BUTUS OAHHOM NaTONOrMn U3y4eH Heao-
CTaTO4YHO, BO3MOXHO OOHUM U3 KITIOYEBbIX €r0 3BEHLEB
aBnaeTcsa o6pas3oBaHne KapOOHUIMPOBAHHbIX OESKOB.

Llenblo nccnepoBaHusa SBMSNIOCH U3YYEHME ak-
TUBHOCTM MNPOLLECCOB OKUCIUTENBHON Moandukaumm
6enkos (OMB) u curHanbHomn
ponn KapboHMNNPOBaHHbIX 6en-
KOB Mpv ANIUTENIbHOM Nepopasib-
HOM ynoTpebneHun nuLeBol
nob6aBKu KapparmHaH.
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HOYHbIX XVBOTHbIX, MCMOJIb3YEMbIX AJ11 SKCNEPUMEH-
TanbHbIX U APYryX Hay4HbIX Lenen» (Ctpacbypr, 1986).
CornacHo ycnoBusiM 3KCMNEPUMEHTA, XUBOTHbIE OblIn
pasgeneHbl Ha Tpu rpynnbl. MepBas rpynna BkaoYana
10 ocobelii, ynotpebnsasinx 1% pacTBop kapparmHaHa
nepopasnbHO B TeyeHne 2 Hepenb. BTopasa rpynna co-
ctosna n3 10 XMBOTHbIX, NpuHUMaBLMX 1% pacTBop
nuueBoi nobaBkn KapparvHaH B TeyeHue 4 Henesb.
TpeTbs rpynna (KOHTPObHas) COCTosNA U3 MHTAKTHbIX
NabopaTopHbIX XMBOTHbIX. YNoTpebneHne kapparmHa-
Ha NMPUBOAUIO K PA3BUTUIO XPOHNYECKOrO raCTPOSHTE-
pokonuTta, NoATBEPXAEHHOro Mopdonornyeckn [4].
Mpoayktel OMB onpepensnu no metony E.E. ly6u-
HMHOWM N coaBT. [2], KOTOPbLIN NpeaycMmaTpuBan peru-
cTpauunio 2,4-ANHNTPOPEHNNTMAPA30HOB OCHOBHOMO
M HENTPA/ILHOIO XapakTepa B CbIBOPOTKE KPOBU. YPO-
BEHb 3HAOTENMHa-1 B romMoreHate TOHKOro Kuilieu-
HMKa onpeaensnnm NUMMYyHODEPMEHTHbIM MEeTOAOM
C nomoubio Habopa peakTMBOoB dupMbl Amersham
(BenukobputaHna). Ona npuroTOBAEHUSI rOMOreHa-
Ta PpparMeHTbl TOHKOIO KMLLIEYHUKA B 3aMOPOXEHHOM
BUE U3MENbYanu 40 NopoLLIKOOOPa3HOro COCTOSHUS.
[omoreHat rotosunm B 0,25 M Tpuc-HCI, copepxatiem
0,32 M caxaposbl. fomoreHat ueHTpudyrnposanm u
MCNONb30BaNM CynepHaTaHT AN UCCNea0BaHus.
CraTtuctumyeckyio 06paboTky AaHHbIX MPOBOAVAN C
nomoLwubto nporpammel GraphPad Prism 5.
PesynbraThl MUCCNIeQ0BaHNA N NX 0GCyXAaeHne.
B pesynsrate npoBeAEeHHOr0 NCCNef0BaHNS YCTAHOB-
JIEHO [OCTOBEPHOE NoBbilweHne npoayktoB OMB B Cbi-
BOPOTKE KPOBU XMBOTHbIX, YNOTPEONABLUNX MULLEBYIO
nobaBky kapparvHaH. bonee BblipaxeHHOE NOoBbILLIEHNE
YPOBHSI KapOOoHUNMPOBaHHbLIX 6enkoB Habnaanoch

Ta6nuua.

YpoBeHb KapOOHUIMPOBAHHbIX OEJIKOB B CbIBOPOTKMN KPOBU U
3HpoTeNnnHa-1 B roMmoreHaTe TOHKOro KULle4yHuKa s1labopaTopHbIX

XNBOTHbIX (M£m)

AoBaHua. B akcnepumeHTe
Obn ncnonb3oBaHbl 30 KpbIC
nonynsuum, KOTopble coaepxa-
NINCb B CTAHOAPTHbIX YCIOBUSAX
BuBapus. CopepxaHne XMBOT-

HbIX N MaHUNynauMn Hag HUMU
npoBoauvsin B COOTBETCTBUN C

MOJIOXEHNAMM EBponerickon
KOHBeHuun «O 3awmTe nos3Bo-

[ByxHepenoHoe | YeTolpexHenenbHoe
KoHTponbHas | nepopanbHoe nepopasnbHoe
MokasaTenb rpynna ynotpebnexue ynotpebnexHne
KapparmHaHa KapparvHaHa
n=10 n=10 n=10
KapboHunmpoBaHHble 6esiku, 0.21+0,002 0,81+0,04 0,62+0,04
MKMOJb/N p<0,0001 p<0,0001
4,17+0,31 6,72+0,07
OHpoTenuH-1, nkr/r 6enka 2,34%0,27 <0,001 0<0,001
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npw OBYXHEAENbHOM ynoTpebneHnn nuuieson nobas-
KM KapparvHaH (NpakTuyeckn YeTblpexkpaTHoe yBenun-
YeHVe, NO CPaBHEHMIO C KOHTPOJIbHOW rpynnown), B TO
BPEMS Kak YeTblpexHenenbHoe yrnoTpebneHre kappa-
rMHaHa NpuBoansa K TPOEKPATHOMY YBESIMYEHMIO KOH-
ueHTpaumm npoayktos OMB (Tabn.).

MN3BecTHO, 4TO KapOOHUIMPOBaHHbIE Benkn obpa-
3YI0TCS NOoL4 AeNCTBMEM aKTUBHbIX GOPM Kucnopoaa v
NPOAYKTOB MEPEKMCHOro okmucnenus amnugos (MOJT)
[7]. B Hawwux 6Gonee paHHUX paboTax yCTaHOBNEHa
akTmBauusa npoueccoB [MOJ1 npu XpoHMYECKOM Kap-
parnHaH-nHAYyUMPOBaHHOM racTpoaHTepokonute [3].
Takum 006pa3om, HakonneHue npoayktoB OMB npu
npUeMe XMBOTHbIMU KapparvHaHa MoxeT ObiTb 00y-
cnosneHo aktueaumeit NOJI, a Takke HENOCPEOCTBEH-
HbIM CTUMYNMPYIOLUM BANSIHWEM KapparnmHaHa Ha re-
Hepauuio ADK.

B TO xe Bpems, HeKOTOpble aBTOPbI yKa3blBaOT Ha
ponb NpoueccoB kapOoHMNMPOBaHUA GeNkoB B nepe-
[a4e CUrHaNoB OT akTUBHbIX GopM kucnopoaa [9]. Pe-
3ynbtathl Wong C.M. et al. BEMOHCTPUPYIOT, YTO SHAO-
TenvH-1 MoxeT nHayumpoBath npoueccel OMB.

[Mpy nccnenosaHm ypoBHA 3HAOTENNHA-1 B TOMO-
reHare TOHKOro KMLIEeYHMKa XMBOTHbLIX NEepBO 1N BTO-
POV rpynn yCTAHOBMIEHO MOBbILLIEHME KOHLLEHTPaLUmn
[AHHOrO COCYOOCYXMBAKOLWEro nentuaa, COOTBET-
cTBeHHO, B 1,8 1 2,9 pas (Tabn.).

Takum 06pa3oM, Mbl NPEANONIOKWUAN, YTO 3HOO-
TenuH-1 MOXEeT BHOCUTb Bkag, B KapOOHMIMpPOBaHME

6enkoB Npu kapparnHaH-nHAYLMPOBAHHOM FraCTPO3H-
TEPOKOUTE.

OaHUM 13 noTeHuuanbHbIX OenKoB-MULLEHEN 9H-
[OTENVH-3aBUCUMOro KapboHUINPOBAHUSA MOXET Clly-
XWTb aHHekcuH A1 [9]. MprHMMas BO BHUMaHME BOBE-
YEHHOCTb aHHekcuHa A1 B nNpouecchbl MHIMOGMpPoBaHUS
nponudepaLnm KNeTok, ero MHaKTMBaLns NnyTem aH40-
TENVH-UHAYLMPOBAHHOIO KapOOHUIMPOBAHUS MOXET
NPMBOANTL K aKTuBauMm NpPOLECCOB npoandepaumn.
MooobHoe npeanonoXxeHue noaTBepXaaeTcss OOHa-
PYXeHHbIM yBennyeHnem akcnpeccum Ki-67 B aHTEpO-
LUMTax XUBOTHbIX C KapparvHaH-MHOYLMPOBAHHOM ra-
CTPOSHTEPOKONNTOM [6], 4TO yKa3bIBaEeT Ha akTUBALNIO
npoueccoB npoangepaumn.

BbiBOAbI

1. OnvTenbHbIn NepopanbHbIi NPUEM NULLEBON O0-
6aBkM KapparnHaH NPUBOAUT K aKTUBALMN KapOOHUIN-
poBaHus 6enkoB. MNpu 3TOM OAHMM N3 NOTEHLMANBHBIX
MHAYKTOpOB NpoueccoB OMB MoXeT cnyXuTb aHO0Te-
nnH-1.

2. JHOoTenvH-3aBUCUMOE  KapOOoHMIMpPOoBaHME
0eNikOB MOXET CTMMYIMPOBATb Mpouecchl nponunde-
paumn, OencTBys ONocpenoBaHHO Yepes3 aHHeKCUH A1,

MepcnekTuBbl panbHEAWNX WUCCef0BaHUMN.
MonyyeHHble [OaHHble O0OOCHOBLIBAIOT MEPCMNEKTMBY
LanbHEeNLWmnX nccnegoBaHn, HanpaefE€HHbIX Ha W3-
yyeHre 0COBeHHOCTEN NaToreHe3a kapparvHaH-nHay-
LIMPOBAHHOIO BOCMNaNeHns, B YaCTHOCTU, OonpeaeneHns
YPOBHS aHHeKCcuHa A1.
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BMJIB TPUBAJIOIO NMEPOPAJIbHOIO BXXUBAHHS1 XAP4YOBOI JOBABKU KAPAFEHAH HA PIBEHb
KAPBOHIJIbOBAHUX BIJIKIB Y CUPOBATLI KPOBI LLLYPIB

TkaueHko A. C., MapTuHoBa C. M., BacunbeBal. M.,

TkayeHko M. O.

Pesiome. B ekcnepuMeHTi BUBYEHO BM/IMB TPUBANOro NePOpPanbHOro BXMBAHHS XapyoBoi 00aBK/ kapareHaH
Ha CTaH NpPoLECiB OKMCHOI MoaudikaLii BinkiB i piBeHb eHaoTeNiHy-1 y roMoreHaTi TOHKOro KMLLIEYHUKA TBAPVH.
BcTaHoBnEHO, WO NMPUNOM KapareHaHy CynpOBOOXKYETbCS akTMBALED KapOOHWIIIOBAHHSA BinkiB i 36iNbLLIEHHAM
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BMICTy eHpoTeniHy-1. BucyHyTo npunylwieHHs, Wwo eHpoTeniH-1 mMoxe 6patm yyacTb y npouecax OKUCHOI
Moaudikauii 6inkiB. 3okpema, akTuBHa nposidepalis EHTEPOUUTIB NPU TPUBAIOMY BXWBAHHI KapareHaHy Moxe
OyTn 0O0yMOBNEHA EHOOTENIH-3aNEXHOI0 iHaKTUBALIEID aHHEKCUHY AT,

Knio4yoBi cnoBa: racTpoeHTepOoKONiT, KapareHaH, kKapboHWNbOBaHi 6inku, eHaoTeniH-1, Wwypu.
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BJIMSSHUE OJIUTEJIbHOIO NMEPOPAJIbHOIO YNOTPEBJIEHUS MULLEBON OOBABKU KAPPATMHAH
HA YPOBEHb KAPBOHUJIMPOBAHHbIX BEJIKOB B CbIBOPOTKE KPOBU KPbIC

TkaueHko A. C., MapTtbiHoBa C. H., BacunbeBa U. M.,

TkadeHko M. A.

Pesiome. B akcneprMeHTe M3y4yeHo BAUSHUE OJIUTENIbHOMO NnepopasnbHOro yrnotpebneHns nuuesoin nobas-
K1 KapparvHaH Ha COCTOSIHME MPOLLECCOB OKUCNTENbHOM MoanduKaumm 6enkoB 1 ypoBeHb aHAOTENMHA-1 B ro-
MOreHaTe TOHKOIro KMLWEYHNKA XXMBOTHbIX. YCTAHOBJIEHO, YTO NPMEM KapparmHaHa COnpoBOXAAETCS aKTUBaLNEN
KapboHMIMpoBaHUS 6ENKOB N yBENMYEHNEM COAEPXKAHUSA SHAOTENMHA- 1. BblABUHYTO NpeanonoxeHmne, 4To aHO0-
TenuH-1 MOXET NPUHUMAaTb y4acTue B NpoLeccax OKUCIUTENbHON Moaudukaumm 6enkos. B yacTHOCTU, akTMBHas
nponvdepauurs 3HTEPOLIMTOB NPU ANUTENbHOM YNoTpebneHnn kapparmHaHa MoXeT OblTb 00yc/ioBieHa aHO0Te-
JINH-3aBUCUMOW MHaKTUBaLMen aHHekcmnHa Al.

KnioueBble crioBa: racCTpo3HTEPOKOJINT, KapparnHaH, KapOoHUNNPOBaHHbIE 6enkn, SHO0TENNH-1, KPbIChI.
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EFFECTS OF LONG-TERM ORAL CARRAGEENAN CONSUMPTION ON BLOOD SERUM CARBONYLATED
PROTEINS LEVELS IN RATS

Tkachenko A. S., Martynova S. M., Vasylieva |. M., Tkachenko M. A.

Abstract. Protein carbonylation is an irreversible oxidative protein damage that results in loss of their functions.
This parameter has been widely used to assess the severity of oxidative damage to cells and tissues in different kinds
of pathological processes. It has been known that moderately carbonylated proteins are cleaved by the proteasomal
system. At the same time significantly carbonylated proteins tend to form stable high-molecular-weight aggregates
that can be accumulated in cells. However, it has been reported that carbonylated proteins take part in reactive
oxygen species signaling. Therefore, the contribution of protein oxidative modification to pathogenesis of various
diseases is yet to be elucidated. The food additive carrageenan has drawn our attention. It has been known that the
long-term oral consumption of carrageenan leads to the development of chronic gastroenterocolitis.

The aim of the research was to study the rate of protein oxidative modification and the signaling role of
carbonylated proteins in long-term oral consumption of the food additive carrageenan.

The Wistar rats were used for the experiment. They were subdivided into three groups. The animals from the first
group orally consumed carrageenan during two weeks. The rats from the second group consumed carrageenan
during four weeks. The third group consisted of intact animals. Carbonylated protein levels were measured
spectrophotometrically in blood serum. Endothelin-1 levels in the intestinal homogenate were determined by ELISA.

The oral consumption of carrageenan was associated with an increase in both carbonylated proteins and
endothelin-1 concentrations. The activation of protein oxidative modification may be due to overproduction of
reactive oxygen species and products of lipid peroxidation.

We suggest that endothelin-1 may be involved in the process of protein oxidative modification. In particular, active
proliferation of enterocytes in long-term consumption of carrageenan may be caused by endothelin-dependent
inactivation of annexin A1, which participates in regulation of cell proliferation.

Keywords: gastroenterocolitis, carrageenan, carbonylated proteins, endothelin-1, rats.
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