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OUEHKA TOKCN4YECKOro BO3SAENCTBUS
rMAPO30AS1 HAHOYACTWUU CEPEBGPA,
CTABUAVNUZINPOBAHHBLIX NEKTUHOM, HA
OPrAHN3M KPbIC B NOCAOCTPOM SKCNEPVUMEHTE

Bacunekesu4 B. M.!, Muxaitnosa H. H.!, Kpupx T. 1.},
BoraaHos P. B.!, M'mneasckan K. C.2, Kpackosckuia A. H.2

'PecnybAVKaHCKOe YHUTapHOoe npeanpuaTme «Hay4YHO-NpakTUHeCKui UeHTP rurveHbI»,
r. MuHck, Pecnybanka Benapycb

2[ocyaapcTBeHHoe Hay4Hoe y4ypexkaeHue «VIHCTUTYT XMMUN HOBbIX MaTepuanos
HaunoHaneHOM akaaemumn HayKk Benapycun», r. MuHck, PecnybAnka Benapycb

Bseoenue. IIpnopUTeTHBIMM BUIAMKU HAHOMATEPUAJIOB C TOYKH 3PEHUS MEPCIIEKTUBHOCTU X MPUMEHEHUST B MEIULIMHE,
(apmaleBTUYECKOI 1 TUIIEBOM MTPOMBIIIICHHOCTH, B CEJTLCKOM XO3SIICTBE, TIPU MTPOU3BOJACTBE MOTPEOUTETLCKUX TOBA-
poB sBisitorcs HaHovyacTulbl (HY) cepedpa, obiamarorime aHTUMUKPOOHBIMU CBOMCTBAMU M BBICOKOI OMOJIOTMUYECKOI
aKTUBHOCTbIO. MHOroo6pasue croco6oB nojydeHuss HY ¢ pa3nnuyHbIMKM cTaOMIM3aTOpaMu MPUBOAUT K U3MEHEHUIO UX
(DUBMKO-XMMHUUYECKMX CBOMCTB, YTO CO3MAeT HOBbIE PUCKM JUIST YeJOBeKa M OKPYXKAIoIIeil Cpelbl, KOTOPbIe HE0OX0IUMO
YUUTBIBATh TIPU OTIEHKE Oe301TacHOCTH.

Ilenv uccaedosarus — N3y4UTh TOKCUUYECKOE AeiicTBUe TUApo3oisa HY cepedpa, cTaOMIM3UpOBaHHBIX MIEKTUHOM, B TIO/I-
OCTPOM BKCIIEPUMEHTE.

Mamepuanvr u memoows: uccaedosanus. OOGbEKTOM UCCAeI0BaHMS ABIsICS ruapo3onb HY cepedpa, cTabMIM3upoBaHHBIX
nektruHoM (13,0 £ 7,0 HM), KOTOpbIe CUHTE3UPOBAaHbI OEJTOPYCCKUMU YYEHBIMU C COOJIIOJEHUEM TIPUHIIUIIOB «3€JIEHOM
XUMUM». DKCIIEPUMEHTHI BBIMOJHEHBI Ha O€JIbIX KpbICaX MPU BHYTPYKETYI0YHOM BBeACHUU rMapo3oss B 1o3e 1000 mr/Kr
B 28-mHeBHOM 3KcriepuMeHTe. [10 OKOHYaHMIO OTBITA OTIPEEIISIN PSI MHTETPATBHBIX M OMOXMMHWUYECKUX TTOKa3aTesei,
XapaKTePU3YIOIINX COCTOSTHUSI OTAEIbHBIX CUCTEM U OPTaHOB.

Pesyavmamutr. Ha mpoTsokeHny sKcniepuMeHTa mipu Bosaeiicteun HY cepedpa, cTabuam3npoBaHHBIX TIEKTUHOM, BHEIITHUE
MPU3HAKK UHTOKCUKAIIMU Y THUOEb JKUBOTHBIX OTCYTCTBOBAJIM, YTO HE MO3BOJIWIO PACCUUTATh KOB(DMULIMEHT KyMYyJISILIUK
U CBMICTEIbCTBYET 00 MX c1ab0il KyMyJSITUBHOW aKTMBHOCTU (comtacHo kiuaccudukammu JI. M. Mensens, 1964 r).
YCcTaHOBJIEHO yBeJIMYEHHE aKTUBHOCTH B CHIBOPOTKE KPOBU IIIyTaTHOHTpaHcdepas3bl W TIyTaTMOHPEMyKTa3bl Ha 36,4 1
50,6 % (p < 0,05) coorBeTcTBeHHO. KpoMe Toro, Habmonanock yBenuuenune Ha 17,5 % (p < 0,05) conepxkanus SH-rpymm,
obecrieunBalOIINX MHAKTUBALIMIO CBOOOIHBIX paguKanoB. Ha doHe pa3BUTHUS M3MEHEHHMI CO CTOPOHBI AHTMOKCUIAHTHOM
cucteMbl Habmomanuch oTkiaoHeHus (p < 0,05) psga mokasaTesieii MMMYHHOTO OTBETa: MOBBILIEHWE B 2,5 pa3a YpOBHS
cneurduyecKoro am3uca JeKOLIMTOB, BEJIMYMHbBI (haroluTapHOTO pe3epBa U pocT B 2,2 pa3a MHTEHCUBHOCTU BOCCTAHOB-
JICHUSI TpaHyJOLMTaMU HUTpOcUHero terpa3onusi B popmazan (HCT-tecT).

Buisoodwt. Tunposzonb HY cepedpa, cTabMIM3UPpOBaHHBIX IEKTUHOM, B IMTOAOCTPOM IKCIEPUMEHTE MTPU BHYTPUKETYTOUHOM
28-mHeBHOM BBeieHnH B 03¢ 1000 Mr/KT He 00J1amaeT KyMyJISITUBHBIMU CBOMCTBAMM Ha YpOBHE CMepTebHBIX 3P dEeKTOB,
HO OKa3bIBaeT OOIIETOKCUUECKOE NEHCTBUE ¢ MPEUMYIIECTBEHHBIMU U3MEHEHUSIMU CO CTOPOHBI TIIIOTATUOHOBOI aHTH-
OKCHUJIAHTHOM CUCTEMBbI U aKTUBALIMK (harolIMTapHOM U METa00TMIeCKON aKTUBHOCTHY TPaHy/I0IIMTapHO-MaKpoharaabHbIX
KJIE€TOK KPOBHU MOAOMBITHBIX JKUBOTHBIX.

KaioueBrie cioBa: HAaHOYACTHUIIBI cepeﬁpa, IIeKTHUH, MMOAOCTPaA TOKCUYHOCTH, TOKCHUKOJIOTHYECKHEe HCCJIEeI0BAHUA

Bsenenne

B noc/iestue rojibl 60J1blIoe BHUMAHHE YIesIeTcs pas-
BHTHIO HAHOTEXHO/IOMM, HANpaBJeHHbIX Ha MOJTyYeHHe
MaTepHasioB, KoTopble (OPMHPYIOTCS HaHOYACTHLIAMMU
(HY) pasmepom ot 1077 10 1079 m[1]. Bicokast xumu-
yeckas M KaTaJuTHuecKast akTHBHoCTb HY, Hx crnoco6-
HOCTH TIPOHMKATL uepe3 GMOJOrHYecKHe Gapbepbl H
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HaKarjuBaTbCsl B OpraHu3Me OIpeJiesisieT HaJlniuue y
psima HY TokcuuecKuX CBOHCTB, YTO CO3NaeT HOBbIE
PHUCKHM JI7Is YesloBeKa U OKPY?Kalolllell Cpeibl, KOTOpble
HeoOXOIMMO YUUTBIBATH TIPH OlleHKe 6e30MacHOCTH
HAHOTEXHOJIOTHUECKOH MPOAYKLUMH U MX MPUMeHeHHH
[2]. Oco6oe onacenue BbI3bIBaeT HUcnosb3oBatne HY B
MeJIMIIMHE, CeIbCKOM X0351HCTBe, (hapMalleBTHIECKOH 1
TMHILEBOH MPOMBIIIJIEHHOCTH.
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Haubosee nepcrneKTUBHBIMU U PACIPOCTPAHEHHBI-
MH C TOYKH 3PEHUS TIPUKJIAJHOTO TPUMEHEHHS SABJIS-
toress HY cepebpa, KoTopble LIKPOKO HCIOJb3YIOTCS
NpH TPOU3BOJICTBE MOTPEOUTENBCKUX TOBAPOB, B TOM
yucae nap@ioMepHO-KOCMETHYECKONH MPOLyKIHH,
cpelcTB ObITOBOH XMMHM, JIAKOKPACOUHBIX MaTepua-
JioB 1 ap. [To naHHbIM JUTEpaTypbl, FOJ0BOE TPOU3BO-
aumoe KosnuectBo HY cepeGpa B Mupe cocTap/isiio B
2011 romy cBoiiie 500 T B nepecuete Ha cepebpo, a B
2015 romy morsio npesbicuts 1000 T, 4To cooTBeT-
cTByer nopsiaka 140 Mr/TOJl HA KAXKIOTO KUTEJIs]
Semsn [2].

Cospemennoe npoussozctso HY cepebpa Britoua-
eT pas/inuHble (PU3NUECKHE W XUMHUECKHE CIOCOOHI:
MeTOJ1 J1a3epHON abJISILMK UJIK 9J1eKTPOB3pbIBa MeTal-
JIMUECKON MHILIEeHH, (DOTOKATAJIMTHUECKHE METOJ, B
MPUCYTCTBHH MOJUBUHHJITUPPOJIHIOHA, BOCCTAHOBJIE -
HHe KOJIJIOWIHOTo cepebpa (Mof AeHCTBHEM aslbaerH-
JI0B), «OMOXHMHYECKOTO CHHTE3a», MoJydyaemMoe IMpH
BOCCTAHOBJIEHHH COJIH cepebpa KBEPLETHHOM B MPH-
CYTCTBHH JIMOKTHJICYIb(O-CYKIIMHATA HATPUS, U HEKO-
TOpbIE JIPyrHe MeHee pacrpocTpaHeHHble MeTojbl. [1o
JIAHHBIM TPAHCMHUCCHOHHOH 3JIEKTPOHHOH MHMKPOCKO-
nuu cuHteanposanuble HY cepeGpa nmetor pasmepsl,
Kak npasuso, ot 8—10 um 10 60—80 HM, oKpyrJyto,
perke TPEyroJbHYyIO UJIH TOJH3APHIECKYIO (hOpMY, UeT-
KHe KOHTYPbI, BBICOKYIO 9JI€KTPOHHYIO MJIOTHOCT. [1yis
COXpaHeHHs] CBOUX (PU3HKO-XHMHUeCKHX cBoiicts HY
cepebpa HeOOXOAMMO CTaOUIU3UPOBATh B HAaHOHAMNA-
30HE, UTO JIOCTHUTAETCS MCTOJNb30BAHUEM Pa3JIHUHBIX
CTaOUIIM3UPYIOLLHX 060JI04EK.

CorJiacHO pe3yJsibTaTaM MHOTOUMC/EHHBIX IKCTIEPH-
MEHTOB, MpeACTaBJIeHHbIX B auTepatype, HY cepebpa
MOryT 06/1aaTh TOKCHUECKUMHU 3(PdeKTaMu B OTHO-
LIEHUH KJIETOK 3YKApUOT B KYJbTYpe, BOJHBIX M
MOYBEHHbIX OPraHU3MOB, J1a00PATOPHBIX KUBOTHbIX
NpY HHTAJSALUOHHOM, SMHKYTAaHHOM W Te€popajbHOM
BBejleHUH [2].

OCHOBHBIM MeXaHH3MOM TOKCHYECKOIO JIEHCTBMS
HY cepebpa in vivo siBasieTcst [03WPOBAHHOE BHICBO-
GOXIEHHE HMH LIMTOTOKCHYHBIX MOHOB cepebpa (Agt)
10/l BO3/ICHCTBHEM MPOLYLIUPYEMbIX MOHOHYKJI€aPHbI-
MH KJIETKAMH 9HJ0I€HHbIX OKUCUTEEH (CyNepOKCHL-
AHHOH, MePEKUCH, MEPOKCH-HUTPHUT, THIOXJIOPUT-HOH
M Jp.) B COOTBETCTBYIOLIMX OpraHax-MHIIeHsX, a
TaKXKe peakiyst KJIeToK Ha moBepxHocTh camux HY [3,
4. JlanbHeiiliee HapyllieHHe PYHKIMK MUTOXOHAPHI H
cuctembl cuHTe3a ATD KJIeTKH HHULIMHPYIOT 06pa3o-
BaHHe CBOOOJIHBIX PaJIMKaJOB H BTOPUUHBIX POLyKTOB
peakUuil OKHCJUTENBHOTO cTpecca. VsBectHo, uToO

MOHbI cepebpa MpOsIBJISIIOT BLICOKOE CPOJCTBO K CePo-
cofiepaKalluM GesiKaM U K THOJIbHOH rpyrrne 6uomoJie-
KyJl B MedeHd W Jpyrux opranax [3, 5]. [lpu stom
reveHb, MOYKH U CeJie3eHKa SIBJISIOTCS OCHOBHBIMH
opranamu Hakoruienuss HY cepeGpa, uTo MoxkeT
BbI3bIBATh U3MEHEHHsT UX (DYHKIIUI, B TOM YHCJIE CHH-
Te3a (pepMeHTOB.

BesiopyccKUMH yueHBIMH ¢ COGJIOEHHEM TIPUHIIU -
TOB «3eJIeHOI» XMUH BIIepBble CHHTE3UPOBAH THIPO-
3osb HY cepe6pa, cTaGUIM3HPOBAHHBIX MEKTHHOM,
KOTOPBIH sIBJISIETCST TIPUPOAHLIM TI0JIMCAXapUIOM H
o6ecreurBaeT yCTOHUMBOCTb KOJUIOMIHON CHCTEMBI.
[Ipn 3TOM CpenHHil AMaMeTp YaCTHIL HAHOKOMITO3HTA
neKTHH-cepe6po coctaryser (13 + 7) HM; KOHIleH-
tpauust HY cepe6pa B CHHTE3MPOBAHHOM THAPO30JIE
coctapaser 1,65 Mmosn/n [6—8].

B panee mpoBeieHHBIX HCC/IENOBAHHSIX YCTAHOBIIE -
HO, 4TO MO TapaMeTpaM OCTPOE TOKCHYHOCTH MpH
BHYTPHKEJYIOUYHOM M HHTaJISIIMOHHOM TYTSX MOCTY-
MJIEHUs] B OPTaHHU3M THAPO30J1b HAHOKOMIIO3UTA TeK-
THH-Cepe6po OTHOCHTCS K MAJI0OMACHBIM BellleCTBaM
(4 wnacc onactoctn no 'OCT 12.1.007-76) u VI
Knaccy 1o knaccugukanun Opranusaiyi 5KoHOMHYe -
ckoro cotpyaHuuectsa v passutus (OECD) npu BHy-
TPUOPIOLIMHHOM criocobe BBeaeHus [6].

Lleav uccaedosanuss — N3yUUTh TOKCHUECKOE JEH -
crBue HY cepebpa, crabuansnpoBaHHbIX MEKTHHOM, B
MOJI0CTPOM IKCMEPUMEHTE MPH I030MOHOTOHHOM BHY-
TPHXKEJYIOUHOM BBEJEHHH O€JbIM KPbICaM.

MaTepI/IaJIbI M METOAbI UCCJICA0OBAHUA

Hccenenoanue npoBeieHoO Ha ayTOPeIHbIX Kpbicax (1o
10 ocobeii B rpynre) ¢ cobutofeHneM o6LIeNnpU3HaH-
HbIX IPUHLMIIOB T'YMAHHOTO OTHOLLIEHHS] K OAOMNBITHLIM
MO3BOHOUHBIM KUBOTHbIM (Xesibcunkd, 1986 r.).
JKHBOTHBIM OMBITHON IPYNIbl BHYTPHAKEJYLOUHO BBO-
qun HY cepebpa, crabunuaupoBaHHble MEKTHHOM,
Ha npotsbkeHun 28 nneit B no3e 1000 Mr/Kr/neHb
cornacio pexkomenpaiuit OECD (Test No. 407:
Repeated Dose 28-day Oral Toxicity Study in
Rodents). KourposibHble »KMBOTHBIE MOJydas TeK-
THH. YCJIOBHS COllep2KaHUs], TUTAHHUSI, YXO/L 3a KUBOT-
HBIMM COOTBETCTBOBaJIM TpeGoBaHUsIM CaHHUTapHbIX
npasua HopMm 2.1.2.12-18-2006 «VYerpotictBo, 060-
pyJloBaHHe H COLEpKaHHEe SKCIEePUMEHTalbHO-OHO-
JIOTHUECKHUX KJIMHUK (BUBapueB)» [9].

B nonocrpom onbite BEIGOP MoKazartesiel, 0Tpaxkato-
1Mx 0ocoGeHHOCTH ToKcHueckoro efictBust HY cepe-
6pa, OCHOBBIBAJICS HA HMEIOLIMXCS CBEJIEHHUSAX O MeXa-
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HU3Me uX OuoJiornueckoro aeicteus [3—>5]. Ha npo-
TSKEHUH 9KCMEPUMEHTa YUYHUTHIBAJIM BHEIIHHE MpPH-
3HAKK MHTOKCHKALIUK U TUOeJb KUBOTHBIX. 110 OKOH-
YaHUK OMbITa ONpeessii psif (U3H0JOTHIECKHX
MOBeJIeHYECKUX peakui (cnocoOHOCTb CyMMHPOBATD
noanoporosbie umnyJbebl (CIIIT), opuentrpoBouHble
peaKU|H, ABUraTe/IbHyt0 KOOPAMHALIMIO, SMOLUMOHAJb-
HYI0O PEaKTHBHOCTb, HOPKOBbIH pedieKc); remMatoJio-
TMYeCKHUX ToKazaTesiell (coiepKanue B nepudepuue-
CKOI KPOBH IeMOTJIOOMHA, SPUTPOLIUTOB, JEHKOLUTOB,
TPOMOOLIUTOB, FeMATOKPHUT); OHOXMMHYECKHUX (conep-
JKaHHe OOLIMX JIMMHIOB U Oesika, MOYEBHHBI B ChIBO-
pOTKe KPOBH, aKTUBHOCTb aJlaHHHAMMHOTpaHC(epasbl
(AJIT) u acnapratamutorpancdepasbl (ACT) B cbiBo-
pOTKE KPOBM, aKTHBHOCTb IJyTaTHOHTpaHchepasbl
(I'T) u rayratnonpenykrassl (I'P), copepkanue
rayTaTnoHgocdar-6-neruaporenassl (I'G/1IN) B romo-
reHaTax fneyeHH, a TakKe CoiepKaHue XapaKTepHuayro-
IHMX (PYHKIHOHAJIBHOE COCTOSIHHE TeYeHH Cyrep-
okeuaauemyTasbl (COJL), ryTaTHOHBOCCTAHOBJICHHO -
ro (I'T-SH) u SH-rpynn B remosin3aTe KpOBH ); UMMY -
HOJIOTHUECKHX (COfeprKaHhe B CBIBOPOTKE KPOBH LIMP-
KyJupytolnx uMmyHokommiaekcos (LIMK), mzounma,
BeJIMUMHA (ParoLUTapHOro pesepBa, OGaKTepHULUAHAS
akTHBHOCTb chiBOpoTKH KpoBu (BACK), Tect cron-
TAHHOTO BOCCTAHOBJIEHHSI HUTPO-CHHETO TETPA3OJIUS B
¢dopmazan (HCT-tect) u HCT-Tect rpany/iouutoB
kpoBu (PCHCT-rect) npu ux crumyasuuu HY cepe-
Opa, cTabGUIM3MPOBAHHBIX MEKTUHOM), MoKasaTeJsek
AHTHOKCUJAHTHOH M MMMYHHOH CHCTEM OpraHu3Mma.
DYHKIHIO TTIOYEK OMpeeJIsiv MO T0Ka3aTesIM CyTOoU-

HOro JIMype3a, cosepxKaHus Oesika, MOUEBHHbBI U XJIO-
PHIOB B MOYe.

[TosyueHnble peaybTaThl MCCIEI0BAHHUI MOBepra-
JIUCh CTATUCTHUECKOH 006paboTKe OOLIENPUHATHIMU
MeTOJIAMH CTaTHUCTHYECKOIO aHaJM3a C HCIO0Jb30Ba-
nue nporpammbl  STATISTICA Bepcus  7.0.
MexKrpynnoBble pas/inuusi CuuTajd 3HAYUMbBIMM TIPH
yposHe BepositHoctH p < 0,05 (ro kpurepuio U —
Manna-Yuthn).

PCSyJIbTaTI)I HCCJIEeJ0BAHUA N UX oﬁcy)Kzle}me

Ha nporskennn skcriepumenta npu Boaneiicteun HY
cepebpa, CTaOWUIM3UPOBAHHBIX MEKTHHOM, BHELLHHE
NPHU3HAKH MHTOKCHUKALMH M THMOe/Ib »KMBOTHBIX OTCYT-
CTBOBAJIM, YTO He MO3BOJIUJIO PACCUMTATH KOIPMHUIHEHT
KYMYJISILIMHA M CBUAETEJBLCTBYET O CJ1a00H KyMyJ/IATHBHON
aKTUBHOCTH ruaposots HY cepebpa ¢ nekTuHOM
(cornacHo knaccudukaumn J1. V. Mengens, 1964 .
[10]). OnHako o HANMUYUKM TAKOTO TOKCHUECKOTO JIeH-
creust HY cepebpa, Kak mposiBjieHne (GpyHKIMOHAb-
HOW KyMyJISILIMH, CBHIETEJbCTBYIOT U3MEHEHHs psijia
M3ydaeMbIX oKasareJsei, BbIsiBJI€HHbIE TP CTATHCTH-
yeckoil 00paboTKe (hU3UONOTHUECKHX, OMOXUMHYE-
CKHX, TeMaToJIOrHUeCKUX U HMMYHOJIOTHUECKHX TTOKa-
3aTesiell COCTOsIHUS OeJbIX KpbIC (Tabamua).

Tak, co cTOpOHbI 10BeAECHYECKUX peaKLUil, B TecTe
«OTKpBITOE [10J1e», YCTAHOBJIEH CIaj YacTOTbl Jei-
CTBHUH, TpeOyIolMX (PU3HUECKUX YCUIHH B BHIE TEH-
JICHLMH CHUXKEHHsSI B 2 paza HOPKOBOro peduiekca u
CTATHCTHUECKH 3HAUMMOMH FOPU3OHTAILHON AKTUBHOCTH

Tanuua

®usnosoruyeckne, 6MOXUMUUECKHUE, FEMATOJOTMUECKMEe U MMMYHOJIOTHUECKHE MOKa3aTelu
COCTOSIHUS OeJIbIX KPbIC NPU U3YUYE€HUH MOJOCTPOI TOKCUUHOCTH FMAPO30Js1 HAHOYACTHL, cepebdpa,
cTaOUIM3UPOBaHHbIX nekTuHom, Me (P25; P75)

H3yuyaemblii nokasareiib |

KonTposibsHas rpynmna

OnbITHasA rpynna

Duszuonocuyeckue nokazamenu

CIIIT, Bonsr 1,60 (1,45-1,85) 1,75 (1,65-1,80)
HopxoBslit peduiexkc, y. e. 1,0 (0-4,0) 0,5 (0-1,0)
OpusuHr, y. €. 1,0 (0-2,0) 1,0 (1,0-2,0)
BeprukanpHas croiika, y. €. 1,50 (1,0-3,0) 3,0 (2,0-3,0)
T'opusoHTanbHast aKTUBHOCT, Y. €. 11,0 (7,0-16,0) 7,0 (4,0-8,0)*

Ommocumenviivie KO3 Puyuermvl Maccvl 6HYMPeHHUX 0P2anos, ke /ke

Teuyenn 30,29 (28,96-32,88) 29,56 (28,90-35,90)
IMouku 6,76 (6,13-7,06) 7,04 (6,81-8,09)
Cene3enka 4,35 (4,12-4,89) 4,44 (4,16-6,19)
Cepane 3,36 (2,83-3,53) 3,34 (3,26-3,84)
Jlerkue 7,38 (6,31-8,24) 7,46 (6,95-8,64)
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H3yuyaemblii nokasareinb

KonrtpoasHas rpynna |

OnbITHas rpynna

Temamonocuueckue nokazamenu nepugepuyecroi Kposu

Spurpormte, 1012/

7,71 (7,50-7,90)

8,07 (7,75-8,67)

T'emornoOuH, 1/1

155,5 (148,0-161,0)

151,5 (142,0-152,0)

I'emaroxput

0,42 (0,41-0,43)

0,43 (0,42-0,45)

Jleitxonmtsr, 109/

14,96 (12,67-17,40)

15,19 (13,76-29,80)

Tpom6Gouutsl, 10%/1

743,0 (630,0~796,0)

773,5 (375,0-918,0)

Heitrpodunsr, 10%/1

3,02 (2,48-3,99)

3,70 (3,54-4,27)

Jlumorute, 10%/1

14,56 (12,99-17,70)

14,14 (11,74-15,79)

MowsorwuTsl, 10/

0,88 (0,64-1,38)

1,09 (0,95-1,41)

Doszunoduisl, 10%/1

0,64 (0,48-0,77)

0,65 (0,55-0,90)

Bazodumsl, 10%/n

0,19 (0,15-0,34)

0,21 (0,20-0,27)

buoxumuueckue noxazameinu Kpoeu

Conepxanue Oemnka, /1

65,30 (63,40-68,14)

66,19 (62,50-67,20)

CozepixaHue JUMUIOB, /1

3,05 (2,78-3,14)

3,14 (2,78-3,31)

AxtuBHOCTH AJIT, MKMoJb/n

0,01 (0,01-0,015)

0,01 (0,005-0,015)

AxtuBHOCTh ACT, MKMoOJIb/1T

0,04 (0,04-0,045)

0,045 (0,04-0,05)

MKMons/n (MKMoss/THB MuH)

AKTHUBHOCTH TIIIOTAaTUOHAPEAYKTAa3bl,

3,18 (2,79-3,31)

4,34 (4,18-4,29)*

Axtuaocts I'T, MkMonb/n (MkMons/THB MuH)

0,77 (0,7-0,88)

1,16 (1,02-1,13)*

Konnenrparus SH-rpynmn, MkMons/i

82,57 (69,27-90,43)

70,59 (50,0-88,22)*

Konnenrpanus I'T- SH,MkMonb/n

11,64 (9,77-12,75)

9,95 (7,43-12,44)

AxtuHOoCTh [' DT, Mxmorns HAJIOH/Mun © THb

80,9 (70,0-85,75)

75,03 (74,04-101)

Konnentparust COJl, Mr/mi

28,52 (26,66-32,88)

32,67 (30,38-34,64)

KoHneHTpanus MoueBHHBL, MMOJIB/I

5,62 (4,71-6,33)

5,76 (5,32-6,04)

HMMyHOJZOZu’i@CKue noxkasamenu

VK, y. e. 57,0 (54,0-57,0) 60,0 (56,0-62,50)
Tmsounm, % 62,50 (53,80-64,60) 62,10 (57,55-62,85)
BACK, % 19,50 (18,40-26,95) 19,10 (17,80-26,40)

Bennunna ¢aronurapHoro pesepsa, %

25,90 (22,30-61,90)

65,70 (56,15-103,30)*

Peaknust cierduueckoro nelikonusuca, %

7,35 (6,62-10,38)

18,40 (8,66-20,15)*

HCT-tect:
CIHOHTaHHBIN yp.:

— K KOHTp. 1p., %
3H-CTUMYIHUD. YP.:

— K KOHTp. 1p., %

— MHJIEKC CTUM., e]I.

19,0 (14,30-25,40)

51,50 (41,30-76,80)
1,23 (1,19-1,49)

7,70 (4,25-25,55)*

113,30 (95,05-121,70)*
1,95 (1,51-2,01)

PCHCT-tect:
— OTH. YPOBEHB, %
— MHJCKC CTUMYIL., €]I.

24,20 (18,20-34,50)
1,01 (0,96-1,13)

24,70 (15,25-27,25)*
1,11 (1,02-1,17)

Tloxazamenu ¢1yHK74uOHaﬂbHOZO COCMOAHUA NOYeK

Juypes, 1-3/cyT.

4,0 (3,75-4,25)

4,20 (4,04,35)

pH moun

6,75 (6,53-6,97)

6,29 (6,11-6,47)

Benok, r/n

0,1 (0,1-0,3)

0,1 (0,1-0,2)

MoueBuna, MMOJIB/JI

195,1 (189,3-200,9)

200,5 (195,0-220,5)

XI0pUIBI, MMOJB/JT

9,19 (9,0-9,41)

10,15 (10,0-11,13)

Ilpumeuarnue. *Cmamucmuuecku 3navumoie pazauqus ¢ konmponem no kpumepuro U npu p < 0,05.
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Ha 36,4 % na oHe OTCYTCTBHS H3MEHEHHS CYyMMALIU -
OHHO-TTOPOrOBOT0 MOKAa3aTessl.

[Tonoctpoe BBenenne HY cepebpa, moauduimpo-
BAHHBIX MEKTHHOM, He TPHUBOAMUJIO K H3MEHEHHUSIM
nokasateJsieii nepudepuueckoil KpoBu 1 ee hopMyJibl,
a TaKKe OTHOCUTEJbHBIX KO3((ULMEHTOB Macc BHY-
TPEHHUX OPraHoB.

[1pu aHannse GHOXMMHUYECKHX MoOKasaTtesel o0Ha-
py2KeHbl HanboJiee BblpaKeHHble H3MEHEHHsT CO CTO-
POHBI TJIyTaTHOHONOCPEIOBAHHOH aHTHOKCHAAHTHOH
cucteMbl. Tak, MPOU30LLIIO yBeJMYeHHE aKTHBHOCTH B
ceiBopoTke Kposk I'T u I'P na 36,4 % 1 50,6 % (p <
0,05) COOTBETCTBEHHO, KOTOPbIE SIBJSIOTCS B3aHMO-
CBSI3aHHBIMU (hepMEHTaMHM, BJUSIONIUMH Ha YPOBEHb
raoraTioHa. He6ogbiine KosebGanusi ypoBHel cooT-
Howenust aktuBHocTd I'T u I'P B onbiTHON rpynne
(0,27) no cpaBHenuio ¢ KoHTpoJbHO (0,24 ) ykazbiBa-
IOT Ha aJleKBaTHOE (DYHKLMOHUPOBAHHE JIAHHOTO 3BEHA
TJIyTaTHOHOMOCPEIOBAHHON 3allUThl KJaeTKH. Kpowme
TorO, Hab/IoaI0Ch yBeruenne Ha 17,5 % (p < 0,05)
conep:kanust SH-rpynn, oGecrneunBarolmx HHAKTHBA-
110 CBOOOHBIX PafHKaJIOB.

B onbITHON Tpymme >KUBOTHBIX MPH BHYTPHXKEJY-
nouHom BBeeHun HY cepebpa, ctabuiM3upoBaHHbIX
nexktiHoM, B no3e 1000 mr/kr Ha doHe paspuThs
MU3MEHEHHUH CO CTOPOHBI AHTHOKCUAAHTHOH CUCTEMbI
HaOJI0Ja/IMCh CTATUCTHYECKH 3HAUMMble U3MEHEHMU$
psilia okazareJsieil HIMMYHHOTO OTBETA: MOBbIIEHHE B
2,5 pasa ypoBHsl crieli(hHuecKoro JM3uca JielKolu-
TOB, BEJHUUMHbBI (PArolUTAPHOTO pe3epBa W yCHJICHHE
OaKTEePULIMHON (QYHKIMK TPaHyJ0ILMTOB KPOBHU (yBe-
Juuenve B 2,2 paza HCT-tecra). AkruBauusi 3uMo-
3aHCTUMYJIMPOBAHHOTO YPOBHSI KHUCJIOPOJHOTO MeTa-

JIuteparypa

1. HaHO4aCTUIIBI METAJLJIOB, IIOAXO/IbI 1 METO/BI OII€H-
KU ux TokcugHocTu. M. M. Tpaxren6epr u ap. IV Cre3n
TOKCHKooroB Poccnu (MockBa, 6-8 Hos16. 2013 1): ¢6.
Tp. MockBa, 2013. C. 479-482.

2. ImommuaCcEkn U. B., unenus B. A., XoTUMYEHKO
C. A. HaHOoMaTepHrasIbl B IIAIEBOM IIPOAYKIINHN U ee yIia-
KOBKE: CPABHUTEIbHBIN aHAIN3 PUCKOB U IIPEUMYIIECTB.
Ananus pucka 30oposvto. 2018. Ne 4. C. 134-138.
https://doi.org/10.21668/health.risk/2018.4.16.eng.

3. CpaBHUTEIBLHBIN aHAJIN3 BIUAHUA HAHO- I HOHHON
¢opM cepebpa Ha GHOXMMHUYECKUE ITIoKa3aTenu jJabopa-
TOPHBIX KUBOTHBIX. 0. A. PaxmanuH u ap. ['ueuena u
canumapus. 2014. Ne 1. C. 45-50.

4. KoBameBa H. I0., PaeBckas E. I., Pormma A. B.
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MMacHOCTb, HAHOTOKCHUKOJIOTUA, HaHOMH@OpMAaTHKa.
Xumuueckasn 6esonacHocms. 2017.T. 1, Ne 2. C. 44-87.

6osnu3ma B rpanysounrax (HCT-tect crumynuposaH-
HbII) U B 11€JI0M BO3pacTaHhe BeJMUYHHbI UX (haroiu-
TApHOro pe3epBa, MO-BHUAUMOMY, CBHIETEJbCTBYET O
CTUMYJISIUMH (PAarollUTapHOi W GAKTEPULIMAHON aKTHB-
HOCTH TPaHyJIOLIUTOB KPOBH.

[Ipu muHorokpatHom BBeneHun HY cepebpa ¢ nek-
THOM akTHBHOCTH (hepmenToB ACT u AJIT, coneprka-
Hue obllero 6esKa W JIMIUAOB B CbIBOPOTKE KPOBH
MOJIOMBITHBIX KPbIC CTATHCTHYECKH 3HAYUMO HE OTJIH-
YaJIMCh OT KOHTPOJIbHBIX }KUBOTHbIX, KaK M [TOKa3aTeJu
(hYHKIIMOHAJILHOTO COCTOsIHUSI TIoueK (auype3, pH,
cofiepxkaHue 6eJika, MOUEBHHbI H XJIOPHIOB B MOYE ).

BbiBoabI

Tuaposonb HY cepebpa, cTaGUIN3HPOBAHHBIX EKTH-
HOM, B TOJOCTPOM 3SKCIEPHUMEHTEe MPH BHYTPHKEJY-
nouHoM 28-nHeBHOM BBeneHuH B 03¢ 1000 MI‘/KI‘ He
o6saaeT KyMyJSITHBHBIMM CBOHCTBAMM Ha YpPOBHe
CMepTeJIbHBIX 3PPEKTOB, HO OKa3biBaeT OGIIETOKCH-
yecKoe JIeHCTBHE ¢ TPEeUMYIIeCTBEHHBIM HapylIeHHeM
AHTHOKCHAAHTHOH CHCTEMbl W HMMMYyHOJIOTHUIECKOH
PEaKTHBHOCTH OpraHM3Ma MOJOMNBITHEIX JKHBOTHBIX,
4TO SBJSIETCS (PyHKIHOHANBHBIMH TMPOSIBAECHUSIMHU
OTBETHOH peakUMH OpraHu3ma KMBOTHbIX Ha HY
cepebpa Kak uyxKepoanblii 00bekT. [Ipn 3TOM, HEOO-
XOMMO OTMETHTb, UTO TMOJIydeHHble Pe3yJIbTaThl
COTJIACYIOTCSl C JIUTEPATYPHBIMH JAHHBIMH O CMOCO6-
HocTH HY cepe6pa BbI3bIBATL OKUC/UTE/BHBIN CTpece,
KOIJIa TeHepalusi CBOOOJHBIX PAIUKAJIOB BbI3bIBAECT
AKTUBALMIO U HAIPSKEHHE, a HEPEIKO W MPEBbILIAET
CMOCOOHOCTb AHTHOKCHIAHTHON 3allIUThl OpraHu3Ma K
BO3/JEHCTBHIO UYKEPOJIHOTO coeliHeHus [2—5].

5. Tiwari D. K., Jin T., Behari J. Dose-dependent
in-vivo toxicity assessment of silver nanoparticle in
Wistar rats. Toxicology Mechanisms and Methods. 2011.
V.21,Ne1.P.13-24. https://doi.org/10.3109/15376516.
2010.529184.

6. O TOKCUYECKUX CBOMCTBAX TMAP030JI HAHOYACTHIL
cepebpa, cTaGIN3UPOBAHHBIX TeKTUHOM. B. M. Bacuib-
keBud, H. H. Muxatinosa, K. C. Tunesckas, B. U. Kynuk-
oBcKkaf. Xumuueckast 6e3onacHocms. 2019. T. 3, Ne 2.
C.67-77.

7. ‘Green’ approach for obtaining stable pectin-capped
silver nanoparticles: physico-chemical characterization
and antibacterial activity. K. Hileuskaya et al. Colloids
and Surfaces A: Physicochemical and Engineering
Aspects. 2020. V. 585. Art. 124141. https://doi.
org/10.1016/j.colsurfa.2019.124141.

8. INosydeHne B BOAHBIX PAacTBOpPAx IIEKTHHOB CTa-
OIUIBHBIX 30JIei HAaHOYACTHI cepebpa W UX CBOICTBA.
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9. YcTporcTBO, 060pyI0BAHNE U COJIEPIKAHIE DKCIIe-
PUMeHTaJIbHO-GUOJIOTUYECKNX KJIWHHUK (BUBapHUeB):
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Ne 131. C60pHUK 0pUIMATBHBIX JOKYMEHTOB 10 KOMMY -
HasbHOU ruruese. Y. 9. MuHck, 2006. C. 4-23.
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HeHud Pectt. Berrapychb 14.12.2004. Munck, 2004. 38 c.

Bacinekesiy B. M.!, Mixaiinosa M. M.}, Kpuwx T. 1., Boraanos P. B.), Maescbka K. C.2, Kpackoscbikuii A. H.2

OUIHKA TOKCU4HOIMO BNAVBY NAPO30AEN HAHOYACTUHOK CPIBAA,
CTABGIANIBOBAHNX NEKTUNHOM, HA OPrAHI3M WYPIB Y NIAFOCTPOMY
EKCNEPVUMEHTI

IPecnybAikaHCbKe yHITapHe NiANPUEMCTBO «HayKoBO-NPaKTUHHWUIA LEeHTP ririeHn», M. MiHcbK, Pecnybaika
Binopycb

2/\ep>kaBHa HayKOBa YCTaHOBa «IHCTUTYT XiMii HOBUX MaTepianis HauioHaAbLHOT akaaemii HayK Binopyci»,
M. MiHcbK, Pecnybaika Binopycb

Bemyn. TlpiopuTeTHUMU BUIAMKM HaHOMAaTepiasliB 3 TOYKU 30py MEPCIEKTUBHOCTI IXHBOIO 3aCTOCYBAaHHSI B MEAMIIMHI,
(apmaneBTUYHIH i XapuoBiil MPOMUCIOBOCTI, Y CUILCbKOMY FOCMOJAPCTBi, TPU BUPOOHUIITBI CITOKMBUYMX TOBAPiB € HAHO-
yactTrHKY (HY) cpibia, 1m0 MaoTh aHTUMiKPOOHi BIACTUBOCTI i BUCOKY 0i0JIOTiYHY aKTUBHICTh. Pi3HOMaHITTS cItoco6iB
orpuMmaHHsI HY 3 pisHUMM cTabimizaTopaMy MPU3BOAUTD 0 3MiHM iXHIX (Di3UKO-XiMiUYHUX BJIACTUBOCTEH, 11O CTBOPIOE
HOBI PU3UKMU JIJIS1 JIIOAUMHU Ta HABKOJIMIIIHBOIO CepeoBUIIIA, SIKi HEOOXiZHO BpaXOBYBaTH TP OLIiHIII Oe3IeKM.

Mema docaioncenns — BUBUUTH TOKCUYHY [ito Tigposoto HY cpibia, cTabinizoBaHUX EKTUHOM, Y MIATOCTPOMY €KCTIEPU-
MEHTI.

Mamepiaru ma memoou docaioxcerns. O0'€KTOM HOCTIIKeHHS OyB Timpo3oiab HY cpibna, cTabinizoBaHUX MEKTHHOM
(13,0 = 7,0) HM), Ki CMHTE30BaHi OLTOPYCHKUMU BUYCHUMH 3 TOTPUMaHHSIM TIPUHIIUITIB «3eJIeHOI XiMii». ExciepyumenTH
BUKOHAHI Ha OiTMX IIypax Py BHYTPILTHBOILTYHKOBOMY BBEJeHHI Tifpo3o:to B 103i 1000 Mr/Kr B 28-1eHHOMY eKCIepH-
MeHTi. Iicis 3akiHUeHHST eKCIIEpUMEHTY BU3HAYaIM PsiJl iHTErpajlbHUX, FeMATOJIOTIYHUX, iMYHOJIOTIYHUX Ta OiOXiMIYHUX
MOKa3HMKIB, 10 XapaKTepU3YIOTh CTAH OKPEMUX CUCTEM i OpPTaHiB.

Pe3yasmamu. I1potsirom ekcriepuMeHTy npu BruivBi HY cpibna, cTabinizoBaHMX MEKTMHOM, 30BHIllIHI O3HAKU iHTOKCHKA-
il Ta 3aru0esb TBapUH OYJIM BiIICYTHI, 110 HE JO3BOJIMJIO PO3paxyBaTh KOeillieHT KyMYJSLil i CBiIYMUTH MPO CJIadKy
KYMYJISITUBHY aKTUBHICTb rimposomo HY cpibma 3 mektuHoMm (BimmosimHo mo kimacudikamii JI. 1. Measens, 1964 p.).
BcraHoBineHO 30iIblIEHHS aKTMBHOCTI B CHPOBATII KpOBi IiyTaTioHTpaHcdepa3u Ta [IyTaTioHpeaykrasu Ha 36,4 % i
50,6 % (p < 0,05) BinmoBinHo. Kpim Toro, cocrepiraiocst 36iabiierns Ha 17,5 % (p < 0,05) Bmicty SH-rpym, 1110 3a6e3-
MeYyIoTh iHAKTHBALlil0 BUTbHUX paauKaliB. Ha T1i po3BUTKY 3MiH 3 00KY aHTMOKCUIAHTHOI CUCTEMU CITOCTEPIraiucs Bi-
xuneHHs (p < 0,05) psay moka3HUKIB iMyHHOI BiIITOBI/i: MiABUILEHHS B 2,5 pa3y piBHS cnieuniuHOro JIi3UCy JIEMKOIUTIB,
BEJIMYMHU (ParouuTapHOro pe3epBy Ta 3pOCTaHHS B 2,2 pa3y iHTEHCUBHOCTI BiTHOBJEHHS IPaHyJIOLUTAMU HITPOCUHBOTO
Tetpasonio y ¢opmasad (HCT-tecr).

Bucnoeku. I'inpozons HY cpibia, crabisiizoBaHUX MEKTUHOM, Y HiATOCTPOMY €KCIIEPUMEHTI PY BHYTPIllIHbOILTYHKOBO-
My 28-meHHoMy BBeneHHi B 103i 1000 Mr/Kr He Mae KyMYJISITUBHUX BJIACTUBOCTEIl Ha piBHI CMepTeJbHUX e(eKTiB, ane
CMIPUYMHSIE 3aTaJIbHOTOKCUYHY Ail0 3 MepeBakHUMU 3MiHaMU 3 60Ky TTIOTaTiOHOBOi aHTUOKCUIAHTHOI CUCTEMU 1 aKTH-
Bali€eo darouuTapHOi Ta MeTabOJiYHOI aKTUBHOCTI I'PaHYJOLUUTAPHO-MaKpodaralbHUX KJIITUH KPOBi MiAIOCTiZHUX
TBapuH.

KarouoBi ciioBa: HaHOYACTUHKHU CPibJia, MEKTHH, MiArOCTPA TOKCHYHICTh, TOKCUKOJIOTIUHI JOCIiIKeHHs

Vasilkevich V. M.!, Mikhailova N. N.!, Kryzh T. I.!, Bogdanov R. V., Hileuskaya K. S.2, Kraskovski A. N.2
EVALUATION OF THE TOXIC INFLUENCE OF HYDROZOL OF SILVER NANOPARTICLES
STABILIZED BY PECTIN ON THE RAT ORGANISM IN A SUBSYSTEM EXPERIMENT
'Republican Unitary Enterprise «Scientific and Practical Centre of Hygiene», Minsk, Republic of Belarus

2State Scientific Institution «Institute of Chemistry of New Materials of the National Academy of Sciences

of Belarus», Minsk, Republic of Belarus

Introduction. The priority types of nanomaterials from the point of view of the prospects of their use in medicine, pharmaceu-
tical and food industries, in agriculture, in the production of consumer goods are silver nanoparticles with antimicrobial
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properties and high biological activity. The variety of methods for producing nanoparticles with various stabilizers leads to the
change of their physicochemical properties, which creates new risks for humans and the environment, which should be taken
into account when assessing their safety.

The aim of the study was to study the toxic effect of hydrosol of silver nanoparticles stabilized by pectin in a subacute experi-
ment.

Materials and research methods. The object of the study was hydrosol of silver nanoparticles stabilized by pectin (13,0 £ 7,0) nm),
which were synthesized by Belarusian scientists in compliance with the principles of «green chemistry». The experiments were
performed on white rats with intragastric administration of hydrosol at a dose of 1000 mg/kg in a 28-day experiment. At the
end of the experiment, a number of integral and biochemical indicators characterizing the state of separate systems and
organs were determined.

Results. In the experiment, when exposed to silver nanoparticles stabilized by pectin, there were no external signs of intoxica-
tion and animal death, which did not allow to calculate a cumulation coefficient and indicates a their weak cumulative activ-
ity (according to the Classification by L. I. Medved, 1964). The increase in serum activity of glutathione transferase and
glutathione reductase by 36,4 % and 50,6 % (p < 0,05), respectively, was established. In addition, there was the increase in
the content of SH-groups by 17, 5 % (p < 0,05), providing inactivation of free radicals. Against the background of develop-
ment of changes in the antioxidant system, deviations (p < 0,05) of a number of indicators of the immune response were
observed: 2,5-fold increase in the level of specific leukocyte lysis, the value of the phagocytic reserve, and 2,2-fold increase in
the rate of restoration of granulocytes of nitro blue tetrazolium to formazan (HCT test).

Conclusions. Hydrosol of silver nanoparticles stabilized by pectin in a subacute experiment with 28-day intragastric adminis-
tration at a dose of 1000 mg/kg does not show any cumulative properties at the level of lethal effects, but causes a general toxic
effect with primary changes in the glutathione antioxidant system and in activation of phagocytic and metabolic activity of
granulocyte macrophage blood cells of experimental animals.

Key words: silver nanoparticles, pectin, subacute toxicity, toxicological studies
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Kpackosckuii A. H. (ORCID ID 0000-0002-4626-4533) — HanucaHue BBeACHUsI, IIOATOTOBKA CTaThU K ITEYaTH.

Hughopmayus 06 ucmounukax gurnancuposanus uccaedosanus: ucciaenoBaHue BeinojHeHo B pamkax OHTIT
«[urnennyeckas 6e3onacHocTb», 3aaanue 02.03 «Pa3paboTath METOI TOKCUKOJIOTUYECKOTO U3YYEHUS U OLIEHKU
OTAaCHOCTU HAaHOPa3MEPHBIX 0OBEKTOB 1 CTPYKTYP Ha OCHOBE METAJIJIOB U MX COeIMHEHUIT», No TOCpernucTpaiun
20191607.

Haoitiwna: 3 avomoeo 2020 p.
IIpuiinama do opyky: 28 aromoeo 2020 p.

KonrakTtHa oco6a: BacinbkeBiu Banum MuxaiimoBud, KaHIUAAT MEMUIHUX HayK, JJaOOpaTOpist TPOMUCIOBOT
TOKCHUKOJIOTII, pecIty0IiKaHChbKe YHITapHE MiAMpUeEMCTBO «HayKoBo-TIpaKTUIHUIA LIEHTP TirieHW», Oym. 8, BYII.
Axkanemiuna, M. MiHcbk, Pecriyoitika binopycs, 220012. Ten.: + 37517284 13 91. EnextponHa normra: sabas2004@mail.ru
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