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YOK 577.29
NPO®UNAKTUYECKOE AEMCTBUE KOMMNMEKCHbIX
COEAUHEHUN OKCUMETUNYPALMUNA HA NOAOCTPOE TOKCUYECKOE

NOBPEXAEHUE NEYEHU AKPUNTAMUOOM

fikynosa T.T., Kapumos A.0., XycHytamHosa H.10., Penuna 3.®., Banosa f.B., bairunbauHx C.C.
®BYH «Ydumckmin HUIN megmumHbl Tpyaa M 3Konormm yenoseka», Yéda, Poccun

B Hacmosauwee spemMsa aKpuaamuo u3eecmeH He MOsbKO KaK CUHmemu4veckuli mamepuar,
ucrione3zyemolli 8 MPOMbIWAEHHOCMU, HO U KOK KOHUepo2eHHOoe, Uumo- U 2eHOMOKCU4YHoe
coeduHeHue, Komopoe obpazyemca 8 npouecce, 8bI38aHHOM HazpesaHuem. OCHOB8HOe BHUMAHUE
8 UCCe008aHUAX in Vivo y0enanocb MOKCUYECKUM 3(hgekmam axkpuaamuda 8 8bICOKUX 003ax.
OOHAKO U38eCMHO, 4YmMO HEKoOmopble MOKcuYecKue 3¢pheKkmebl, B8bI38AHHbLIE AKPUAAMUOOM,
3anycKkaromcs, Ko20a ewe 0axce Hem npPosAsAeHUs KAUHUYECKUX MPU3HAKO8.

Lenv uccnedosaHus — CPasHUMENbHAA OUEHKA MpPUMEeHEeHUs KOMIMAEKCHbIX CoeOuHeHUl
OKCUMemMUypayuaa 8 omeem Ha MOKcu4eckoe 8o3oelicmeaue aKkpunamuod.

Mamepuan u memodsi. U3yyeHo npoghunakmuyeckoe oelicmeue KOMIMAEKCHbIX COeOUHeHul
OKcuMemuaypayuaa 68 omeem HA MOKcu4eckoe e8o30elicmaue HA rnevyeHb aKpunamuod.
AKpunamuod 8800unu eHympuxeanyo0oyHo 8 0oze 20 me/Ke maccel mesna, pacmeopsl coeduHeHul
(Ha oucmunnuposaHHoli eode) - e8Hympuxceanyoo4yHo 3a 1 4yac 0o mokcukaHma. [lposedeHo
uccned0o8aHuUe o U3MEHEHU MPAHCKPUMUUOHHOU GKMUBHOCMU 2eH08 OKUC/AUMEeNbHO20
cmpecca 8 nevyeHu Kpoic ¢ nomowibto lNLP-aHanu3a 6 peasnbHOM 8peMeHU.

Pe3yabmamel. Pe3ynbmamel uccnedosaHull MoKasanu, 4Ymo rnpoguaakmuyeckoe sgedeHue
KOMIMAEKCHbIX COeOUHeHUl OKCcuMemusaypauyuna OKaA3asa0 HEeoOHO3HAYHoe 8/nuAHUe  Ha
OKMUBHOCMb 2eHo8 8 MKaHu nevyeHu. AkmusHocms NQO u NFE2L2 oHu euwe 6onbuie nosvicusnu.
Ha akmusHocme SOD okaszanu nonoxcumesnsHoe Oelicmeue, CHU3U8 UX QKMusHocmeo. bosnee
ahheKMUBHbIMU OKA3AUCb KOMITAEKCHble coeduHeHus MI-1 u MrI-2, no cpasHeHuo ¢ MIr-10.
Knrouesblie cnoea: nodocmpas UHMOKCUKAYUSA, GKpuaamuo, rnpoguaaKkmuyeckoe rnpumeHeHue,
re4yeHb, eernamornpomeKkmopHoe delicmsue.
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PREVENTIVE EFFECT OF COMPLEX COMPOUNDS OF OXYMETHYLURACIL ON

SUBACCUTE TOXIC LIVER DAMAGE BY ACRYLAMIDE
Yakupova T.G., Karimov D.O., Khusnutdinova N.Yu., Repina E.F., Valova Ya.V., Baigildin S.S.
Ufa Research Institute of Occupational Health and Human Ecology, Ufa, Russia

Introduction. Currently, acrylamide is known not only as a synthetic material used in industry, but
also as a carcinogenic, cyto - and genotoxic compound that is formed in a process caused by
heating. The focus of in vivo studies has been on the toxic effects of acrylamide at high doses.
However, it is known that some of the toxic effects caused by acrylamide are triggered even when
there are no clinical signs yet.

The aim is comparative evaluation of the use of complex compounds of oxymethyluracil in
response to the toxic effects of acrylamide.

Material and methods. The preventive effect of complex compounds of oxymethyluracil in
response to the toxic effect of acrylamide on the liver was studied. The introduction of acrylamide
was carried out intragastrically at a dose of 20 mg/kg of body weight, solutions of the compounds
(in distilled water) - intragastrically 1 hour before the toxicant. A study was carried out on changes
in the transcriptional activity of oxidative stress genes in the liver of rats using real-time PCR
analysis.

Results. The results of the studies showed that the prophylactic administration of complex
compounds of oxymethyluracil had an ambiguous effect on the activity of genes in the liver tissue.
They further increased the activity of NQO and NFE2L2. SOD activity was positively affected by
reducing their activity. Complex compounds MG-1 and MG-2 turned out to be more effective than
MG-10.
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B HacTosiwee Bpema akpunamupg (AA) (puc. 1) M3BECTEH He TONbKO KaK CUMHTETUYECKUM
MaTepuras, UCNoJib3yeMbli B MPOMbILLIIEHHOCTU, HO U KaK KaHLLePOreHHoe, LMTO- U FeHOTOKCUYHOE
coeanHeHue, KoTopoe obpasyeTca B NpoLecce, BbI3BaHHOM HarpeBaHuem [1].
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Puc.1. CtpykTypHaa ¢popmyna akpunamuaa

Fig. 1. Acrylamide structure formula

HeMpoTOKCUYHOCTb, FEHOTOKCMYHOCTb, KAaHLEPOreHHOCTb M PenpoAyKTMBHAA TOKCUYHOCTb
AA B BbICOKMX A03ax AaBHO u3ydeHa [2, 3]. Tokcuyeckme 3ddekTbl AA o06ycnoBneHbl
obpa3oBaHMEM TEHOTOKCUYECKMX MeTabonnToB, OKUCAUTE/NIbHbIM CTPECCOM, HapyleHUem
pacnpocTpaHeHUA HEPBHbIX CUTHANOB, YAbTPACTPYKTYPHbIMU U TMCTONOTMYECKMMN AedeKTamn B
LEeHTpPasbHOM HepBHOM cucTeme [4, 5]. BcacbiBaHne AA NPOUCXOAUT Yepes NULLEBAPUTENbHYIO U
ObIXaTeNbHYO CUCTEMbI, @ TaKXKe Yyepe3 KOXKHble NOKPOoBbl. O4HMM M3 OCHOBHbIX MCTOYHUKOB AA
ABnAeTcA nuwa. bonbwmre KoHueHTpaumMm AA MOXKHO HAWTM B MOMYAAPHbIX NPOAYKTaX MNUTAHUA,
TaKUX KaK Kode, xneb nnm kaptodenn. CpegHee exkegHeBHoe notpebneHne AA coctasnsiet ot 0,3
10 2,0 MKr/Kr maccbl Tena [6-8].

AKpunamuza pacTBOpAEeTCs B aUETOHe, 3TaHoNe, BoAe, B OeH30/se Mano pPacTBOPUM.
flBnAeTcA TOKCMYHbIM, cnocobeH MoparkaTb HEPBHYK CUCTEMY, MOYKM U MeyYeHb, pasgparkaTb
cnmsuctble 060104KM. MpK BHYTPUMKENYAOYHOM BBeAEeHMM f03a 149 mr/Kr maccbl Tena aBasetca
cpeaHecMepTeNIbHOM AN KpbiC.

BabixaHne AA cBf3aHO C NPo¢decCcMOHaNbHbIM BO34ENCTBMEM, TaK KaK Ha CEroAHAWHUN
OeHb OH WCnosb3yeTca AnA NpPoOM3BOACTBA MOAMAKPUAAMUAHOTO MOJIMMEPA, KOTOPbIA MNo-
NPEeXXHEeMy LWMPOKO MPUMEHAETCA B KayecTBe Koary/asHTa Mpu OYMCTKe BOApbl; Ao0HaBoK npwu
npousBoacTBe Hymarn; TaMnoHa*KHOro MaTepuana aas NAOTUH, TYHHeNEen U APYrux NoA3eMHbIX
CTPOMTENbHbIX KOHCTPYKLMN; B KavecTBe renei ana anektpopopesa [9-11].

Lenb vccnenoBaHWsa — CpaBHUTENbHAA OLLEHKA MPUMEHEHUA KOMMIEKCHbIX COeAUHEHN
OKCUMMETUNYpaLMaa B OTBET HA TOKCUMYECKOE BO3AENCTBME aKpuiammnaa.

Martepuanbl U metoapl. MccnegoBaHne NPoOBOAMAOCH HA CamKax benbix 6ecnopogHbix
Kpbic maccoit 180-200 r. MuTaHne n Boay NabopaTOPHbIE KUBOTHbIE MOJIy4a/IM B pPEXUME
HeorpaHMYeHHOro goctyna. MeToaom c/iy4aiHom BbIODOPKMU MX pas3aennin Ha rpynnbl No 6 ocoben
B KaXK[40M M COAEPKaNn B KNeTKax. B akcnepmmeHTe 6b1010 5 nccnegyembix rpynn, COOTBETCTBEHHO,
30 *KMBOTHbIX. MepBble ABe rpynnbl 6bIAN rPYNNamMmM OTPULATENIbHOTO KOHTPOAA (MHTaKTHaA) u
NONIOXKUTENbHOTO KOHTPO/SA (BBEAEHME TONbKO akpunamuga). Tpu nocnegytowme rpynnbl (Mr-1,
Ml-2 n MT-10) 6bian rpynnamu, KOTOPbIM C LEbio NPOPUNAKTUKN BBOAUANCL KOMMJIEKCHbIE
COeAMHEHUAMMU OKCUMeTUAypauuna (5-ruapoKcu-6-meTnaypaunn) ¢ ackopbmHoBOM KMCNOTOM, C
CYKLMHATOM HaTpUA M C aueTUALUUCTEMHOM COOTBETCTBEHHO.

[aHHble coegmMHeHna bblan cnHTe3npoBaHbl B Ydumckom UHctutyte xumum YOULL PAH. C
LeNblo NOAy4YeHMAa MpoduaaKTMYecKoro sddeKkTa TOKCUYECKUX MOBPEKOEHUA KOMMJIEKCHbIE
coegmHeHusn (pas3baBieHHble ANCTUNNINPOBAHHOM BOAOM) BBOAUAM KPbICAaM BHYTPUMKENYA04YHO 33
1 yac go sBeaeHua 0,2 % BogHOro pacTBopa akpmMnammaa (MCNoNb30BaIM B KAYECTBE TOKCUKAHTA):
Mr-1n MT-2 — 0,5 % pacteop B go3e 50 mr/kr maccol Tena; Mr-10 — 5 % pacteop B Ao3e 500 mr/kr
maccbl Tena.
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Yepes 1 yac nocne BBEAEHUA CMHTE3MPOBAHHbLIX KOMMIEKCHbIX COEAMHEHUN aKpUNamMung
BBoAuAN B go3e 20 mr/Kr maccbl Tena. MNpu M3yyeHUM NOAOCTPOro AENCTBMA aKkpunamuaa
NPUMEHSAIOT 03y TOKCMKaHTa, pasHyto 1/10 DL50 (DL50 akpunamuaa pasHa 200 mr/kr). Mo
AAHHOWM CXxeme 3KCNepMMEHT NPOBOAUAN B TedeHme 28 Yacos.

Mpu coaep’KaHUM KMBOTHbLIX COBNOAANCA MEKAYHAPOAHbIA NPUHUUN XEeNbCUHKCKOM
AeKnapaumm 0 ryMaHHOM 06palLEHUN C KUBOTHbIMWU. KMBOTHbIE BbIBOAUAUCL M3 SKCNEPUMEHTA
nyTem 3SBTAHA3WMPOBAHMA NPU MOMOLIM YINIEKMUCNOrO rasa M B MNOCAeaylowem noaBepraanch
AeKanurauumu.

Ona onpepeneHns TPAHCKPUNUMOHHOM AKTUMBHOCTM TEHOB HebOoNbLUMEe KYCOYKU nevyeHu
3aMOpPaKMBaIUCb B KUAKOM a30Te M 3aauMBanucb peaktmBom Extract RNA (3AO «EBporen»,
Poccun) c uenbto ganbHelwero BblaeneHuns u3 Hero monekyn PHK. BoigeneHme PHK nposoannoch
cornacHo TpeboBaHMAM, OMWUCAHHbIM B MpoTokone. C MmaTpuubl BblAeNeHHON TOTaNbHOM
(cymmapHoit) PHK npoussogunaca cuHtes KOAHK npu ncnonbsosaHnu Habopa peaktnsos MMLV RT
kit 1 npaimepos onuro(dT)15 (3AO0 «EBporen», Poccus). MU3ameHeHMe 3Kcnpeccum mnlydyaembix
reHOB B HOPME M MPU TOKCMYECKON MHTOKCUKALMK aKpuIaMuaom nposogunocb metogom MUP B
peMme peanbHOro BpemeHM Ha amnaudukatope Rotor-Gene Q («Qiagen», lepmanHus).
TpaHCKPMNUMOHHYO aKTMBHOCTb MPHK cTaHgapTu3MpoBann OTHOCUTENbHO 3KCMPECCMOHHOWM
aKTUBHOCTU reHa GAPDH — reH 6esika «4OMaLLHEro Xo3ancrea».

lNony4yeHHble B xo4e NpoOBeAeHUA UCCNef0BaHMA pe3ybTaTbl NOACYMTLIBAAN C MOMOLLBIO
H-kputepua Kpackena—-Yonnuca gna nonapHoro cpasHeHua rpynn. CTaTUCTUYECKU 3HAYMMbIMU
CYUTaNM pesynbTtaTtbl, Npy KoTopbix p < 0,05. M3meHeHMe TPAHCKPUNLMOHHON aKTUBHOCTU FEeHOB
Bblpaxanu B Buae Me [Q1;Q3], rae Me — meguaHa, Ql — 1-i1 kBapTUAb, Q3 — 3-11 KBAPTUb.

Pe3ynbTatbl. B Tabaunuax 1 n 2 npmBeaeHbl 3HaYE€HMA, ONMCAaHNE KOTOPbIX NpeacTaBAeHO
noA PUCyHKamMm.
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Tabauua 1
CpaBHeHMe meguaH KpaTHOCTU aKenpeccun reHos SOD1, NQO1 n NFE2L2 ¢ nomoLwybio
Kputepua Kpackena-Yonnuca gna HesaBUCUMbIX BbI6OPOK

SOD1 -0,1 0,66 -2,16 -1,77 0,79 12,55 0,019*

NQO1 0,2 0,17 2,01 2,12 0,92 12,09 0,017*

NFE2L2 Qo 0,22 2,07 2,89 2,77 17,75 0,001*

Tabaunua 2
CTaTUCcTMUEeCcKas 3HaUMMOCTb Pa3IMunii mexxay CpaBHUBaeMbIMM rpynnamum npu
NonapHOM CpaBHEHUU

Table 2
Statistical significance of differences between the compared groups in pairwise
comparison

0,512 1,000 0,844
0,123 0,022* 0,018*
0,036* 0,010* 0,003*
0,600 0,309 0,017*
0,028* 0,022* 0,011*
0,006* 0,010* 0,001*
0,896 0,309 0,010*
0,577 0,768 0,533
0,039* 0,201 0,974
0,009* 0,115 0,555

MpumedaHue: * - LOCTOBEPHOCTb CTaTUCTUYECKOM 3HaYMMOCTK npu p<0,05
Note: * - reliability of statistical significance at p<0.05
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Ha pucyHKe 2 npeacTaB/ieHa TPAHCKPUNLMOHHAA aKTMBHOCTb reHa SOD npu BO34encTBUM

akpunamumga.
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Puc. 2. 3kcnpeccua reHa SOD B neyeHWM KpbiC NpU NOAOCTPOM BO3AENCTBUM aKpuaamumga U
NPOPUNAKTUYECKOM BBEAEHNUN KOMMNAEKCHBIX COeANHEHNI OKCMMETUYpaLLMAa

Fig. 2. SOD gene expression in rat liver during subacute exposure to acrylamide and prophylactic
administration of hydroxymethyluracil complex compounds

dKkcnpeccnua reHa SOD B npoBeAeHHOM 3KCMEPUMEHTE A[OCTUIIA CTaTUCTUYECKOM
3Haunmmoctn (p=0,019; k=12,55). MMHMUMaNbHOE 3HaYeHMe AaHHOro reHa bbiio B rpynne Mr-1 (-
2,16 [-5,08; 0,47]), a makcumanbHoe — B rpynne MI-10 (0,79 [-0,98; 3,61]). Mpu nonapHbIX
CPaBHEHMAX CTATUCTUYECKAss 3HAYMMOCTb Obla AOCTUrHYTA NpPW CpaBHeHWM rpynnbl MI-2 ¢
WHTAKTHOM rpynnown, rpynnoi noaoXuTenbHoro KoHTpons u rpynnon Mr-10 (p=0,036; p=0,006 u
p=0,009 cooTBeTCTBEHHO). MIHTepecHble pe3ynbTaTbl ObIAN MOMYYEHbI U NPU CPAaBHEHWUW FPYNMbl
MTI-1 ¢ rpynnamm nosiokutesibHoro KoHTposaa (p=0,028) n Mr-10 (p=0,039).
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Puc. 3. Ikcnpeccua reHa NQO B nmeyeHM KpbIC NpW NOAOCTPOM BO3AENCTBUM aKpunamuga wu
NpodnNaKTUYECKOM BBEAEHMUM KOMMNIEKCHbIX COEAUHEHNI OKCUMETUYpaLuna

Fig. 3. NQO gene expression in rat liver under subacute exposure to acrylamide and prophylactic
administration of hydroxymethyluracil complex compounds

TpaHCKPMNLUMOHHAA akTMBHOCTb reHa NQO (puc. 3) Nnokasana CTaTUCTUYECKYH 3HAYMMOCTb
(p=0,003; k=12,09). MuHMManbHOe ero 3HayeHWe Habnw[aN0Cb B rpynne MONOXKUTENbHOIO
KoHTpons (0,17 [-0,46; 0,7]), Toraa Kak mMakcumasnbHoe, paBHoe 2,12 [1,3; 2,92], 6bino B rpynne
Mrl-2. O4yeHb WHTEpPecHble pPe3ynbTaTbl OblIM MOAYYEHbl MPUM MOMNAPHbIX CpaBHEHUAX. Tak,
CpaBHEHME KaK MHTAKTHOM rpynnbl, Tak U rpynnbl 6e3 ne4yeHna nokasanm CTaTUCTUYECKM 3HaYNUMble
pPasnMunAa Npu cpaBHEHUM ux c rpynnamm Mr-1 (p=0,022 B oboux cnydasx) n Mr-2 (p=0,010 B
oboux cnyyasx).
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Puc. 4. Skcnpeccust reHa NFE2L2 B meyeHu Kpbic Npu NoAOCTPOM BO3AEWCTBUM aKpuaamuaa w
NPOPUNAKTUYECKOM BBEAEHUN KOMMNAEKCHbIX COeANHEHNIN OKCMMETMYpaLmMaa

Fig. 4. Expression of the NFE2L2 gene in rat liver during subacute exposure to acrylamide and
prophylactic administration of hydroxymethyluracil complex compounds

Ha pucyHKke 4 npeactaBneHa TpaHcKpunuua reHa NFE2L2. JKcnpecCMOHHaa aKTUBHOCTb
3TOro reHa nNpu NPOBEAEHUU [AHHOTO 3KCMEPUMEHTA L0CTUIIA CTAaTUCTUYECKOM 3HAUYMMOCTM
(p=0,001; k=17,75). MakcMmanbHoe 3Ha4YeHne M3y4aemoro reHa 6bin1o B rpynne Mr-2 (2,89 [2,61;
3,3]) n cHuxkanocb Ao 3HaveHua 0,22 [-0,25; 0,52] B rpynne nNONOXKUTENbHOrO KOHTpoaA. MNpwu
NonapHbIX CPAaBHEHUAX CTaTUCTUYECKAna 3HAYMMOCTb Oblla NonyyYyeHa NpU CPABHEHUU MHTAKTHOM
rPynnbl WU rPynnbl NONOXUTENBHOIO KOHTPO/IA CO BCEMU TPEMA SKCNEPUMEHTANBbHBIMM TPYNNaMK:
rpynna oTpuuatenbHoro KoHtponsa ¢ Mr-1 (p=0,018), Mr-2 (p=0,003) n Mr-10 (p=0,017); rpynna
NONOMKUTENbHOTO KOHTPOAA ¢ MI-1 (p=0,011), Mr-2 (p=0,001) u MI-10 (p=0,010).

Ob6cyxpaeHune. MpodunakTnyeckoe BBEAEHUE KOMMJIEKCHbIX coeANHEHNM
OKCUMETUAYpaLMaa OKa3ano HeoA4HO3HAYHOe BAMAHUE Ha aKTUBHOCTb FEHOB B TKAHW MEYEHMW.
AkTnBHoctb NQO wn NFE2L2 oHuW euwe 6onblwe nosBbicuan. Ha aktuBHocTb SOD oKasanu
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NONOXUTENbHOE AEWCTBME, CHU3MB MX aAKTUBHOCTb. bonee 3PPeKTUBHbIMM  OKazanUCb
KOMNAEKCHble coeanHeHna MI-1 n MI'-2, no cpasHeHuto ¢ MT-10.

MNoHmkeHne 3Kkcnpeccun reHa SOD cBuOeTenbCTByeT O pPasBUTMM B KJeTKaX
OKUC/INTENbHOIO CTpecca noj, BO34eNCTBMEM aKpuaamMuAa, YTO TaKXKe COriacyetca C AaHHbIMU
Apyrnx aBTopoBs [12-15] 1 no3BoAsAET paccmMaTpmBaTb YPOBEHb SKCMPECCUM 3TOTO reHa B KayecTse
BO3MOXHOFO AMArHOCTUYECKOTO MapKepa, OTPaXaloLWero CcTeneHb MNOBPEXAEHUA NeyvYeHn
Pa3NIMYHbIMKU TOKCUKaHTamMn [16-18]. Akpunamug, nocTynarowmn ¢ nuuien, metabonmnsmpyerca B
neyeHn umtoxpomom P450 [19]. buotpaHchopmauma w  saammuHauma AA npuBogAT K
06pas3oBaHMIO TOKCMYHOro ravumpgamumaa (FA). Kak AA, Tak u FA moryT ObiTb BOB/IeYEHbI B
PeakuMlo CUensieHMa C BOCCTAaHOB/IEHHbIM rayTatMoHom (GSH), o6pasytouwyto KoHbtoraTbl
rNyTaTMOHa, KOTopble BbIBOAATCA ¢ mo4von [20]. BuotpaHchopmauma AA NpnBOAUT K HapyLLEHWUIO
OKUCANUTENbHO-BOCCTaHOBUTENbHOrO H6anaHca. MHOrouncneHHble UCCNeA0BaHNA A0Ka3anu, 4To AA
n TA OKasbiBalOT 3HAYUTENIbHOE BAMAHME Ha ¢usMonormdyeckme GyHKUUKM, BK/IKOYanA
pacnpocTpaHeHMe CUrHANoB B nepudepuvecknx Hepsax, GepMeHTaTUBHYIO U TFOPMOHANbHYIO
perynaumio, GYHKLMW MblWL, pasmHoXKeHue u T.4. [21]. Kpome Toro, AA n A npoasnaT
HEeMPOTOKCUYECKME, FTEHOTOKCUYECKME U KaHLLeporeHHble cBoMcTa [22].

3aknoueHue. Akpunammg, B aose 20 Mr/Kr maccbl TeNa }KUBOTHbIX B YCN0BUAX NOAOCTPOro
3KCMEPUMEHTA OKa3blBaeT TOKCUYECKOEe AEMNCTBME HA OPraHM3Mm, Bblparkatolleeca B M3IMEHEHUU
reHeTUYeCKMUxX NoKasaTtenen.

Hanbonee adpdekTnBHLbIM B HOpManm3aummn GyHKLUM NeYeHn npu noaocTPOM BO3AeNCTBUN
aKpunammaa sBASETCA KOMNAEKCHOe coegMHEHNE OKCUMETUYpaLMIa C aCKOpOUHOBOM KMCNOTOM
(npenapat Mrl-1) M KOMNIEKCHOE COEAMHEHME OKCUMETWAypauuna ¢ aueTUILUMCTEMHOM
(npenapat Mr-10).

BospgeiicTBMe akpuiammga CnocobCTByeT MOBLIWEHMIO B TKAaHM MEYEHW 3KCnpeccuum
OCHOBHbIX F€HOB AETOKCMKALIMMN U 3aLUNTbI KNETKM OT NOBPEXKAEHUN.

CNUCOK nuTepartypbl:

1. Tanumosa P.P., Kygoapos 3.P., bakmpos A.b., Kapumosa J1.K., Baneesa 3.T. CoctofAHue
340poBbA PaboOTHMKOB NPOM3BOACTBA BYTMNOBOrO KayydyKa No pesynbTaTam nepuogmyeckoro
MeANLMHCKOro ocmoTpa. MeauumHa Tpyaa v aKkosiorua yenoseka. 2022; 2 (30): 75-83.

2. RongH., GaoB., Zhao Y., Sun S., Yang Z., Wang Y.Advanced lignin-acrylamide water treatment
agent by pulp and paper industrial sludge: synthesis, properties and application. Journal of
Environmental Sciences. 2013; 25(12): 2367-77.

3. Arisseto. Toledo Estimativa preliminar da ingestdo de acrilamida no Brasil. Revista Brasileira
de Toxicologia. 2008; 21 (1):6.

4. Tareke E., Rydberg P., Karlsson P., Eriksson S., Tornqvist M. Analysis of acryla-mide, a
carcinogen formed in heated foodstuffs. Journal of Agricultural and Food Chemistry. 2002;
50(17): 4998-5006.

5. Kumar J.,, Das S., Teoh S. Dietary Acrylamide and the Risks of Developing Cancer: Facts to
Ponder. Frontiers in Nutrition. 2018; 28 (5): 14.



IKCIEPUMEHTA/IbHBIE UCC/TIEAOBAHUA 174

10.

11.

12.

13.

14.

15.

16.

17.

18.

Cantrell M.S., McDougal O.M. Biomedical rationale for acrylamide regulation and methods of
detection. Comprehensive Reviews in Food Science and Food Safety. 2021; 20(2): 2176-
2205.

Dortaj H., Yadegari M., Abad M., Sarcheshmeh A., Anvari M. Stereological method for
assessing the effect of vitamin C administration on the reduction of acrylamide-induced
neurotoxicity. Basic and Clinical Neuroscience. 2018; 9(1): 27-33.

Ghorbel 1., Elwej A., Chaabene M., Boudawara O., Marrakchi R., Jamoussi K. Effects of
acrylamide graded doses on metallothioneins | and Il induction and DNA fragmentation:
biochemical and histomorphological changes in the liver of adult rats. Toxicology and
Industrial Health. 2017; 33(8): 611-22.

Gedik S., Erdemli M.E., Gul M., Yigitcan B., Gozukara B. H., Aksungur Z. Hepatoprotective
effects of crocin on biochemical and histopathological altera-tions following acrylamide-
induced liver injury in Wistar rats. Biomedicine and Pharmacotherapy. 2017; 95: 764-770.

Kim S.M., Baek J.M., Lim S.M., Kim J.Y., Kim J., Choi |. Modified lip-oproteins by acrylamide
showed more atherogenic properties and exposure of acrylamide induces acute
hyperlipidemia and fatty liver changes in zebrafish. Cardiovascular Toxicology. 2015; 15(4):
300-8.

Kim K.H., Park B., Rhee D.K., Pyo S. Acrylamide induces senescence in mac-rophages through
a process involving ATF3, ROS, p38/JNK, and a telomerase-independent pathway. Chemical
Research in Toxicology. 2015; 28(1): 71-86.

Yener Y., Sur E., Telatar T., Oznurlu Y. The effect of acrylamide on alpha-naphthyl acetate
esterase enzyme in blood circulating lymphocytes and gut associ-ated lymphoid tissues in rats.
Experimental and Toxicologic Pathology. 2013; 65(1-2):143 — 149.

Hagmar L., Tornqvist M., Nordander C., Rosen Il., Bruze M,. Kautiainen A. Health effects of
occupational exposure to acrylamide using hemoglobin adducts as biomarkers of internal
dose. Scandinavian Journal of Work, Environment & Health. 2001; 27(4): 219-26.

Liu Z.M., Tse L.A., Ho S.C.,, Wu S., Chen B., Chan D. Dietary acrylamide exposure was
associated with increased cancer mortality in Chinese elderly men and women: a 11-year
prospective study of Mr. and Ms. OS Hong Kong. Journal of Cancer Research and Clinical
Oncology. 2017; 143(11): 2317-26.

Lujan-Barroso L., Gonzalez C.A., Slimani N., Obon-Santacana M., Ferrari P., Freisling H. Dietary
intake of acrylamide and esophageal cancer risk in the European Prospective Investigation
into Cancer and Nutrition cohort. Cancer Causes & Control. 2014; 25(5): 639-46.

Lipunova N., Schouten L.J., van den Brandt P.A.,. Hogervorst J.G. A prospective cohort study
on dietary acrylamide intake and the risk for cutaneous malignant melanoma. European
Journal of Cancer Prevention. 2016; 26(6): 528—31.

Matoso V., Bargi-Souza P., Ivanski F., Romano M. A., Romano R. M. Acrylamide: A review
about its toxic effects in the light of Developmental Origin of Health and Disease (DOHaD)
concept. Food chemistry. 2019; 283: 422-430.

Lin C.Y., Lin LY., Chen Y.C.,, Wen L.L,, Chien K.L., Sung F.C., Su T.C. Association between
measurements of thyroid function and the acrylamide metabolite N-Acetyl-S-(propionamide)-
cysteine in adolescents and young adults. Environmental Research. 2015; 136: 246-252.



IKCIEPUMEHTA/IbHBIE UCC/TIEAOBAHUA 175

19.

Hamdy S., Bakeer H., Eskander E., Sayed. Effect of acrylamide on some hormones and
endocrine tissues in male rats. Human & Experimental Toxicology. 2012; 31 (5): 483-491.

20. Pelucchi C., Bosetti C., Galeone C., La Vecchia C Dietary acrylamide and cancer risk: An

21.

updated meta-analysis. International Journal of Cancer. 2015; 136(12): 2912-2922.

Graff R.E., Cho E., Preston M.A., Sanchez A., Mucci L.A., Wilson K.M. Dietary acrylamide intake
and risk of renal cell carcinoma in two large prospective co-horts. Cancer Epidemiology
Biomarkers & Prevention. 2018; 27(8): 979-982.

References:

1.

10.

Galimova R.R., Kudoyarov E.R., Bakirov A.B., Karimova L.K., Valeeva E.T. Sostoyanie zdorov'ya
rabotnikov proizvodstva butilovogo kauchuka po resultatam periodicheskogo meditsinskogo
osmotra. [Health status of butyl rubber production workers according to the results of
periodic medical examination]. Meditsina truda | ecologiya cheloveka. [Occupational medicine
and human ecology]. 2022; 2 (30): 75-83.

Rong H., Gao B., Zhao Y., Sun S., Yang Z., Wang Y.Advanced lignin-acrylamide water treatment
agent by pulp and paper industrial sludge: synthesis, properties and application. Journal of
Environmental Sciences. 2013; 25(12): 2367-77.

Arisseto. Toledo Estimativa preliminar da ingestao de acrilamida no Brasil. Revista Brasileira
de Toxicologia. 2008; 21 (1):6.

Tareke E., Rydberg P., Karlsson P., Eriksson S., Tornqvist M. Analysis of acryla-mide, a
carcinogen formed in heated foodstuffs. Journal of Agricultural and Food Chemistry. 2002;
50(17): 4998-5006.

Kumar J., Das S., Teoh S. Dietary Acrylamide and the Risks of Developing Cancer: Facts to
Ponder. Frontiers in Nutrition. 2018; 28 (5): 14.

Cantrell M.S., McDougal O.M. Biomedical rationale for acrylamide regulation and methods of
detection. Comprehensive Reviews in Food Science and Food Safety. 2021; 20(2): 2176-
2205.

Dortaj H., Yadegari M., Abad M., Sarcheshmeh A., Anvari M. Stereological method for
assessing the effect of vitamin C administration on the reduction of acrylamide-induced
neurotoxicity. Basic and Clinical Neuroscience. 2018; 9(1): 27-33.

Ghorbel 1., Elwej A., Chaabene M., Boudawara O., Marrakchi R., Jamoussi K. Effects of
acrylamide graded doses on metallothioneins | and Il induction and DNA fragmentation:
biochemical and histomorphological changes in the liver of adult rats. Toxicology and
Industrial Health. 2017; 33(8): 611-22.

Gedik S., Erdemli M.E., Gul M., Yigitcan B., Gozukara B. H., Aksungur Z. Hepatoprotective
effects of crocin on biochemical and histopathological altera-tions following acrylamide-
induced liver injury in Wistar rats. Biomedicine and Pharmacotherapy. 2017; 95: 764-770.

Kim S.M., Baek J.M., Lim S.M., Kim J.Y., Kim J., Choi |. Modified lip-oproteins by acrylamide
showed more atherogenic properties and exposure of acrylamide induces acute
hyperlipidemia and fatty liver changes in zebrafish. Cardiovascular Toxicology. 2015; 15(4):
300-8.



IKCIEPUMEHTA/IbHBIE UCC/TIEAOBAHUA 176

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Kim K.H., Park B., Rhee D.K., Pyo S. Acrylamide induces senescence in mac-rophages through
a process involving ATF3, ROS, p38/JNK, and a telomerase-independent pathway. Chemical
Research in Toxicology. 2015; 28(1): 71-86.

Yener Y., Sur E., Telatar T., Oznurlu Y. The effect of acrylamide on alpha-naphthyl acetate
esterase enzyme in blood circulating lymphocytes and gut associ-ated lymphoid tissues in rats.
Experimental and Toxicologic Pathology. 2013; 65(1-2):143 — 149.

Hagmar L., Torngvist M., Nordander C., Rosen I., Bruze M,. Kautiainen A. Health effects of
occupational exposure to acrylamide using hemoglobin adducts as biomarkers of internal
dose. Scandinavian Journal of Work, Environment & Health. 2001; 27(4): 219-26.

Liu Z.M., Tse L.A., Ho S.C., Wu S., Chen B., Chan D. Dietary acrylamide exposure was associated
with increased cancer mortality in Chinese elderly men and women: a 11-year prospective
study of Mr. and Ms. OS Hong Kong. Journal of Cancer Research and Clinical Oncology. 2017,
143(11): 2317-26.

Lujan-Barroso L., Gonzalez C.A., Slimani N., Obon-Santacana M., Ferrari P., Freisling H. Dietary
intake of acrylamide and esophageal cancer risk in the European Prospective Investigation
into Cancer and Nutrition cohort. Cancer Causes & Control. 2014; 25(5): 639-46.

Lipunova N., Schouten L.J., van den Brandt P.A.,. Hogervorst J.G. A prospective cohort study
on dietary acrylamide intake and the risk for cutaneous malignant melanoma. European
Journal of Cancer Prevention. 2016; 26(6): 528-31.

Matoso V., Bargi-Souza P., Ilvanski F., Romano M. A,, Romano R. M. Acrylamide: A review
about its toxic effects in the light of Developmental Origin of Health and Disease (DOHaD)
concept. Food chemistry. 2019; 283: 422-430.

Lin C.Y,, Lin LY., Chen Y.C.,, Wen L.L, Chien K.L.,, Sung F.C., Su T.C. Association between
measurements of thyroid function and the acrylamide metabolite N-Acetyl-S-(propionamide)-
cysteine in adolescents and young adults. Environmental Research. 2015; 136: 246-252.
Hamdy S., Bakeer H., Eskander E., Sayed. Effect of acrylamide on some hormones and
endocrine tissues in male rats. Human & Experimental Toxicology. 2012; 31 (5): 483-491.
Pelucchi C., Bosetti C., Galeone C., La Vecchia C Dietary acrylamide and cancer risk: An
updated meta-analysis. International Journal of Cancer. 2015; 136(12): 2912-2922.

Graff R.E., Cho E., Preston M.A., Sanchez A., Mucci L.A., Wilson K.M. Dietary acrylamide intake
and risk of renal cell carcinoma in two large prospective co-horts. Cancer Epidemiology
Biomarkers & Prevention. 2018; 27(8): 979-982.

Mocrynuna/Received: 06.12.2022
MpuHaTa B neyatb/Accepted: 04.04.2023



