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MOP®O-BUMOXUMUNYECKHUE ITOKA3ATE/IN U AKTUBHOCTD
IMNIIEBAPUTE/IBHBIX ®EPMEHTOB Y KPbIC IMHUMU Wistar
I1O/1 BMUAHUEM PA3JINYHBIX NCTOYHUKOB XPOMA*

C.B. JIEBEJIEB!: 2, I.A. TABPUIII! 2, W1.3. TYBAMTYJUJIMHAL

BbIcOKOIHepreTHYECKHE PAlMOHbI, MHOTOKOMIIOHEHTHbIE KOPMOBbIE CMECH W J00aBKH B CO-
CTaBe COBPEMEHHbIX PALMOHOB TPEOYIOT 0CO00r0 BHUMAHMS MpPH ONTHMHM3ALUMH JUMHTHPYEMBIX MHKPO-
3J1eMeHTOB. XPOM MCHOJIb3YeTCsl AJIsi KOPPEKUMH YIJIEBOJHOTO, KHPOBOIO W JHMIHIHOTO oOMeHa. Beumy
HHU3KOTO COZIepXKAHHS XPOMAa B KOMIIOHEHTAX PALMOHA POJIb ITOr0 3jieMeHTa B ()OPMHPOBAHHM MHKPO-
9KOJIOTMYECKOT0 CTATYCA OpraHu3Ma majousydeHa. OT MCTOYHHMKA XPOMA 3aBHCHT €ro OMOJIOrHYecKas
JOCTYNHOCTb B opranu3me. B mpexacrapieHHoil padoTe Ha MoaeabHOM 00beKTe (Kpbichl JuHuH Wistar)
MBI BIEpPBbI€ CPABHIIIA OMOJIOTHYECKOE JIeiiCTBHE PA3IMYHBIX ()OpM XpoMa (IMHMKOJMHAT, HAHO(OPMbBI H
xaopun) B no3ax 300 m 500 MKr/Kr KopMa mo KOMILIEKCY MOKa3aTeeil (yCBOSIEMOCTb, reMaToJIOTHYe-
CKHe MoKa3aTeJM KPOBH, AKTHBHOCTb MHINEBAPUTE/IbHBIX (DePMEHTOB, COCTAB KMIIEYHOH MHUKPO(IOPDI),
YCTAHOBUB BBICOKYI0 OMOAOCTYNHOCTh M 00Jiee BbIPAKEHHBIH MOJOKUTENbHbIH 3()GeKT MIKOIMHATA |
HaHovyactun (HY) xpoMa B OTHOIIEHMHM MACCHI TeJa H TeMaToJIOTHYECKHX NOKa3aTelieil 1 HeOQHO3HAY-
HOe BJIMSIHME M3YYeHHbIX ()OPM HA AKTMBHOCTb NMULIEBAPUTEIbHBIX (PEPMEHTOB M MHKPOQIOPY KHIIeY-
Huka. Ilenblo HacTosimeii padoTel ObLIO MCClie0OBAHME OMOJOTHYECKOro NECTBHS XpoMa B Pa3iMyHOM
¢opme n no3upoBke Ha Kpbic Junnn Wistar. Uccaenosanus nposoamim Ha 105 OesbIx Kppicax-camiax
maccoii 70-80 r B cranmapTHbix ycioBusx susapus (OHII Ouosormyeckux cucTeM M arpoTeXHOJIOTHI
PAH). KusotHbix pa3menniu Ha cemb rpymn (mo n = 15). KonrposabHas rpynnma conepxajach Ha 00-
mem pamuone. B pamuon I rpymmei Bmowamm HY CrO3 B no3e 300 mkr/kr kopma (HY 300), 11 —
CrCl3 B no3e 300 mr/kr (CrClz 300), III — mukommnar xpoma (CrPic) B noze 300 mr/kr (CrPic 300),
IV — HY Cr;03 B no3e 500 mkr/kr kopma (HY 500), V — CrCl; B mo3e 500 mr/kr (CrCl; 500),
VI — CrPic B no3ze 500 mr/kr (CrPic 500). HanoyacTunsl BBOAWIM B KOMOMKOPM MOCPEACTBOM CTY-
nenyatoro cmenmBanns. Beenenne CrPic u HU B no3e 500 mkr/kr Ha ¢)oHe OJMHAKOBOrO pacxoaa
KOpMa NpPMBOIWIO K YBEJIHYEHMI0 Macchl Kpbic Ha 22,6 u 22,2 % (p < 0,05). Ilpu Bo3aeiicrun HY
Cr;03 peakuusi 1uM(pOUMTOB, MOHOUMTOB M IPAHYJIOUMTOB OTCYTCTBOBAJIA, B OCTAJBHBIX CJIyYasx HMX
KOJINYECTBO MPEBbIIIAJIO KOHTpPOJbHbIe 3Hayennss Ha 14-45 %. B sapuantax HY 300, CrCl; 300 n
CrCl3; 500 cunTe3 reMor00MHA OBLT a/IEKBATEH CTHMYJISIMA 3PUTPONOI3A, HO yBeJINYEHHE KOJIMYECTBA
TPOMOOUMTOB MPHBOIAWIO K CJIA/KAPOBAHUIO KPOBH, NMOBBIIIEHHIO BA3KOCTH M 3aTPyIHEHHIO mepdy3un
yepe3 cocyabl. Boicokas ycosiemocts CrPic u HY 500 (ot 20,2 no 34,0 %) compoBoxKaajach mposiB-
JICHMEM renaTto- W He(POTOKCMYHOCTH C MPU3HAKAMH OKHMCJIMTEJIbHOTO CTpecca, CHIKEHMEM AKTHBHO-
CTH aMWJIa3bl W JMNAa3bl B IJ1a3Me KPOBH, YTO CBHIETEJIbCTBYET O AEMPECCHPYIOIEM BJIHSHHH BBICOKHX
03 XpOMa HA 3HTEPONAHKPEATHYECKYI0 UHMPKYJALMIO NUUIEBAPUTEIbHBIX (DEPMEHTOB M HapyIIEHHH
oomena Mg u Fe B kpoBu. KoamyecTBo TpurimnepnaoB CHHXKAJIOCH NMPH MAKCMMAJIBHBIX J03aX XpoMa B
(hopme xJ0puIa M NMUKOJIMHATA, YTO MOATBEPKIAET UX y4acTHe B JUNUIHOM oOMeHe. OTCYTCTBHE TOK-
cnyroctd npu Hu3KuX 103ax (HY 300 u CrPic 300) Harasano AeMOHCTPUPOBAIM NMOKAa3aTeu OWIMpy-
OMHA ¥ KpeaTHHWHA. AKTHBHOCTh aMWJIa3bl B MOMKENYIO0YHO#l Kejede yseamuuBaiace mpu HY 300.
Bkumouenne CrPic B aHaiormyHoii 103MpOBKe CTHMYJIMPOBAJIO AKTUBHOCTD Jmna3bl U mpotea3sl. CrCl;
CrPic B no3upoBke 500 MKr/Kr CHHXKAJIM AKTHBHOCTb Juna3bl B 12-nepcTHoii knmke. Crenuduyeckoe
neiicteue HY 500 Ha MMKpPO3KOJOrMYeCKHil CTATYC OPraHU3Ma MPOSIBUJIOCHh B CHUKEHHH YHCJIEHHOCTH
JakTo0akTepuii Ha 55,9 %. KoamuectBo Oucmaodakrepuii 0bu1o Bhime Ha 48,6 % (p < 0,05) B rpynne
PicCr 500. Yucnennoctp duTepodaktepuii B rpynne HY 300 okasanach nmxe kontposs Ha 34,8 %, B
TO BpeMsl KaK B OCTAJBHBIX Ipynmax oHa yBeimumiach B 24,0-33,7 paza (p < 0,05). Takum o6pa3om,
xpom (CrPic 500, HY 300) ne nposiBisieT BbIpaK€HHOT0 TOKCHYECKOro 3¢ ()eKTa Ha OpPraHu3M M OKa3bl-
BaeT CTUMYJMpYylollee NeiicTBHE HA POCT, Pa3BUTHE, AKTHBHOCTb NMHMINEBAPUTENIbHBIX 3H3UMOB M MHMKPO-
9KOJIOTHYECKHMiA CTATYC OPraHu3Ma, YTO CTABAT 3TH ()OPMbI B Pa3psii MEPCHEKTUBHBIX HCTOYHHKOB XpOMa
JUIsi KOPPEKIMHA 00MeHa BeIecTB i MHKPOGUIOPBI JKeJIyJ0YHO-KHIIEYHOrO TPAKTA KUBOTHBIX.

KioueBble cjioBa: KpbIChl, KOHIEHTPALMS XPOMa, MPOAYKTHBHOCTb, OMOXMMHYECKHE MOKA3a-
TeJIM KPOBH, MULIEBapUTeIbHble (hepMEeHTDbI, KHIleYHas: MUKpPOdJIopa.

Xpom (Cr) cumTaercsd HEOOXOOUMBIM 3JIEMEHTOM ISl XKMBOTHBIX U Ye-
JIOBEKa, HO IIOHMMAaHUEe MeXaHM3Ma ero OMOJIOTMYECKOIO ACMCTBUS OCTAeTCS HE

" Pa6ota BbIMONHSIETCS IPU (DMHAHCOBON TOAIEPKKe MoamporpaMmbl «M3ydeHne MEXaHM3MOB afaNTalun CHCTe-
MBI TIMIIEBAPEHUST MJICKOMUTAIOIIMX KMBOTHBIX U MTHULBI K PAL[MOHAM C PA3JIMYHBIM WHTPEIUEHTHBIM COCTABOM
kopmoB» ([TocranoBnenue [lpesmamyma PAH Ne 132 or 05.07.2017) B pamKax rocymapcTBEHHOTO 3adaHUs
No 0761-2018-0031).
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0 KOHIIA U3YyYeHHBIM. M3BECTHO, UTO XpOM yCWIMBAEeT (DYHKILIMIO UHCYJIUHA, a
TaKkKe CTUMYJMPYET CKOPOCTh MHAYLMPOBAHHOTO MHCYJMHOM HaOyxaHUs U30-
JIMPOBaHHBIX MUTOXOHApMiIL (1), yBeIMUMBAEeT pecrUpaTOpHbIA (aKTOp SMUAU-
JIUMAaJIbHOM KMPOBOM TKAaHU (2), B3aMMOMAEICTBYET CO LLIUTOBUAHOM kee3oi (3),
UrpaeT BaXHYIO POJib B MeTaboM3Me OEIKOB, HYKJIEMHOBBIX KUCJIOT 3a CYET 3Ha-
YUTEIBHOTO YBEJIMYEHUST CTUMYJISILIMM BKJIIOUEHUS aMUHOKUCIIOT B O€JIOK MeYeHU
in vitro (4). S. Okada ¢ coaBT. (5) ycTaHOBWJIM, YTO HEMOCPEACTBEHHOE B3aMMO-
nericrBue Cr ¢ JIHK BegeT K 3HauuTenwHo# ctumMynsiiuu cuHte3a PHK in vitro,
a TakKe OIpele/IMIM YHUKAIbHBIN OelloK, comepxainuii 5-6 aromoB Cr, KOTO-
pOMYy CBOMCTBEHHBI aHabonuueckue QyHkuMU. OOHapyxkeHO HOBoe Cr-CBS3bI-
Bamolliee BeliecTBO (6), KoTopoe HOTeHIUpYeT 3(¢heKT MHCYJIMHA IpHU IIpeBpa-
LIEHUHY TJIIOKO3bI B JIMIIWA Y YIJICKUCIIBIA a3 B M30JMPOBAHHBIX agumonurax (6).

XOTS XpOM CYILECTBYET B IIPUPOIE B COCTOSHUAX oKuciaenus or Cr2™ 1o
Cré*, oTHOCHUTEIbHO MHEPTHBIE KoMILIeKchl Cr3t MOryT (pyHKIIMOHMPOBAaTh Kak
CTPYKTYpHBbIE KOMIIOHEHTBI, KOTOPbI€ CBSI3bIBAIOT JIMTAHABI C HajUlexkalleil mpo-
CTPAHCTBEHHOMN OpHeHTalMeil, crmocoOCTBYsI (hepMEHTAaTUBHOMY KaTaliu3y, a TakK-
XK€ TIOAAEPXKUBAIOT TPETUYHBIE CTPYKTYPhl O€JIKOB MM HYKJIEUMHOBBIX KHUCIOT
(7). Y KXyp BKIIOUEHHE AOMOJHUTEJBHOIO XpOMa B pallMOH YJIydlllajJo MoKa3a-
TeJu (pU3U0JOTMYECKOTO COCTOSIHUSI U ITPOTYKTUBHOCTHU IIPU XOJOJOBOM U TeIl-
JnoBoM ctpecce (8, 9), a y cBuHeill gobapieHue 200 MKI MUKOJMHATa Xpoma
(CrPic) B pauuoH yBeIM4YMBanIO CKOpOCTh abcopouuu azora (10).

B coBpeMeHHOM >XMBOTHOBOICTBE HAOJIOHAETCS TEHIECHLMS K 3aMeHe
TPAAULIMOHHBIX MUHEPAJIbHBIX MCTOYHUKOB MUKPO3JIEMEHTOB Ha HOBBIE Opra-
HO-MMHEepaJbHble WIM HAaHOGOPMBI, YTO OOYCJOBJICHO WX Jy4lleil yCBOSIEMO-
CThI0, OMOMOCTYITHOCTBIO U MPOJIOHTMpOBaHHBIM aciictBueM (11, 12). ITokazaHo,
YTO METa0OJMYEeCKUIl OTBET OpraHM3Ma Ha XpOM 3aBUCUT OT €ro XMMHYECKOM
¢opMBI: OpraHMYeCKre UCTOUHUKU UMEIOT 0oJiee BBICOKYI0 O0MoaocTymHOCTh (10-
25 %), yem Heopranumueckue (3 %) (13). YMeHbplIeHHe pa3Mepa YacTHIl Xpoma
MOXET YBEJIMYUTb CKOpPOCTh IepeBapuBaHus U abcopobuum. T.F. Lien ¢ coaBbr.
(14) ycraHoBuau, yto HaHoyacTMuUbl CrPic 3HaUMTENbHO JIydyllle yCBAUMBAIKNCh
Mo cpaBHeHUIO ¢ 00bIYHBIM CrPic, 4To MpUBOAMIO K MOBBILIEHUIO COAEPKAHUS
XpoMa B CBIBOPOTKE KpOBM Yy Kphbic. [Ipu BKIIOYEHMM HAaHOYACTUII XpoMa B pa-
LIMOH CBMHEW yBeJMYMBAIACh IUIOLIAAbL JJIMHHEHIIEH MBIILBI U COAepXKaHUe
XpoMa B TKaHSX, YMEHbILIAJOCh XXMPOBOE COOTHOIIEHME U TOJILMHA CIIMHHOTO
xupa (15, 16). B ucciienoBaHusIX Ha KpbICax HAHOPa3MEPHBIA XpOM 3HAYMTEIIb-
HO YBEJMYMJ CPEOIHUN MPUPOCT Macchl Teja, 3((HEeKTUBHOCTh MCHOJb30BAHMS
KOpMa, COOTHOLIEHUE XXUPOBBIX OTJIOXEHHUI, KOHLUEHTPALIMIO MHCYJIMHA B ChI-
BOPOTKE KPOBU U colepxkaHue xpoMma B opraHax (17).

MOXHO MpeArnoJoXuTb, YTO M3MEHEHHWE KOHBEPCUM KOpMa, MSICHOM
MPOAYKTUBHOCTU M OMOXUMUYECKUX IOKa3aTejedl y >KMBOTHBIX OCHOBAaHO Ha
MeXaHM3MaxX y4yacTus Xpoma B IMMIIEBapeHUU U OOMEHE BELIECTB Yepe3 CTUMY-
JISILMIO aKTUBHOCTY THUILIEBAPUTENbHBIX 3H3UMOB. MccienoBaHue ajibTepHaTUB-
HBIX (hOPM MUKPOBJEMEHTOB B pallMOHE XXUBOTHBIX — HEOOXOIUMBIA MHCTPY-
MEHT JUISl YIIpaBIeHMsl IIpoleccaMu NulleBapeHus, (OpMUpPOBaHUS TMPOAYK-
TUBHOCTU U MUIIEBOM LEHHOCTU XMBOTHOBOMAUYECKON MPOMYKIIUU.

B npencrapneHHoit paboTe Ha MOAEJILHOM OO0beKTe (KPBICHI JUHUM
Wistar) MbI BriepBble CpaBHWIM OMOJOTMYECKOe ACHCTBUE Pa3IUMYHBIX (POPM Xpo-
Ma (MUKoJMHAT, HaHOGOpMBI U Xjaopua) B mo3ax 300 m 500 MKr/kKr kopma Io
KOMIUIEKCY Moka3areneil (YyCBOsIeMOCTb, reMaToJorMyeckue IoKaszaTeu KpOBHU,
aKTUMBHOCTb IMILEBAPUTEIbHBIX (DEPMEHTOB, COCTAB KUILIEYHON MUKPOQIOPHI),
YCTAaHOBUB BBICOKYIO0 OMOAOCTYITHOCTb M 00Jiee BBIPAXKEHHOE IOJIOXKUTEIbHOE
BJIMSIHUE MUKOJIMHATA M HAHOYACTMIL XpOMa Ha Maccy Teja M reMaToJIorMyecKue
rokKazaresiv, a TakKKe HeOAHO3HAUYHbIM 3¢hdeKT u3ydeHHbIX (DOPM B OTHOILIEHUU
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aKTUMBHOCTH TUILIEBAPUTEIbHBIX (DEPMEHTOB U MUKPOMJIOPHl KMILIEUHUKA.

Llenbio HacTosIIEH pabOTHl OBUIO M3yYeHHE OMOJIOTMYECKOIO JAECTBUS
XpoMa B pa3MyHoOi ¢opMe U JO3UPOBKE Ha KpbIC JUHUU Wistar.

Memooduka. Wccnengosanus mnpoBoguau Ha 105 OenbIX Kpblcax-caMilax
ymann Wistar Maccoit 70-80 T B cTaHmapTHBIX ycioBusix BuBapus (®@HILI 6nodo-
ruyeckux cucrem u arporexHosoruii PAH). Pamyon xxusorHbeix (FOCT P 50258-
92) cooTBeTCTBOBAJ IpaBuIaM JabOpaTOPHOM MPaKTUKU IPU MPOBEAECHUU H0-
KIMHn4Yeckux uccieaoBannii B Poccuiickoit @epepauyu (FTOCT P 51000.3-96
u P 51000.4-96). DxcrneprMeHTAIbHYIO YacTh PaOOThl BHIITOJHSIA B COOTBET-
CTBUU C TIPOTOKOJaMu ZKeHEBCKON KOHBEHIMM M TPUHLIMIIAMU Hamiexallein
nadoparopHoit npakTuku U «The Guide for Care and Use of Laboratory Ani-
mals (National Academy Press Washington, D.C. 1996)». KpbIchl comepKaanch
B OTIEJbHBIX KJIETKaX CO CBOOOMHBIM TOCTYIIOM K BOIE U KOPMY.

Ha ocHoOBaHMM pe3yibTaToOB MCITBITAHWM, TTPOBeAeHHBIX paHee (16, 17),
03Bl XpoMa B Hamwmx 3kcnepumeHTax cocTaBuiand 300 u 500 MKr/Kr xopma.
Ilocne moaroroButenbHOro mnepuoga (7 CyT) XXMBOTHBIX pas3ieivad Ha CeMb
rpynn (o # = 15). KoHTposbHas rpyIa coaepxaiaach Ha obleM paiuoHe. B pa-
uuoH I rpynnel Bkmouyanu HY Cr,O; B moze 300 mxr/kr kopma (HY 300), 11 —
CrCl; B go3e 300 mr/kr (CrCl; 300), III — nukonuHat xpoma B no3e 300 mr/kr
(CrPic 300), IV — HY Cr,03 B mo3e 500 mkr/kr kopma (HY 500), V — CrCl; B
noze 500 mr/kr (CrCl; 500), VI — CrPic B no3e 500 mr/kr (CrPic 500). HaHo-
YaCTUILLI BBOIAWIM B KOMOMKOPM IPU CTYMIEHYATOM CMEIIMBaHUU.

VYnbrpagucnepcHble yactuunsl (YY) xpoma mojlydyaad METOIOM ILia3-
moxumuueckoro cuHteza (OO0 «IInatuna», r. MockBa; d = 91 HM, yaeabHas
nosepxHocTb 9 M2/r, Z-nmotenuman 93+0,52 mB, comepxanue Cr 99,8 %).
IIpenapaTbl HAHOYACTHUI] TUCIEPTUPOBAIU B (DU3UOJIOTMYECKOM PacTBOpE C IMO-
mouplo Y3/IH-2T («HITIT Akagemnpu6op», Poccus; 35 kI, 300 Br, 10 MKA,
30 muH). Mcnonb3oBanu Takxke HeopraHuudeckyiwo dopmy Cr B dopMme xiopuaa
xpoma CrCls-6H,0 u.np.a (19,5 % Cr) (AO «Peaxum», Poccus) M TMKOJIMHAT
xpoma (comepxur 10 % opranumueckoro xpoma; 3A0 «DBanap», Poccus).

B navane u koHiue sKkcnepuMeHTa (21-€ CyT) YYUTBHIBAIM POCTOBBIC MO-
KazareJau U pacxod Kopma. KpoBb oTOMpaau M3 XBOCTOBOM BEHBI B BaKyyMHbIe
MPOOUPKHU ¢ J00aBIEHUEM aHTUKOATyJIsIHTa, IJ1s1 OMOXUMUYECKUX ToKa3aTesein —
B BaKyyMHbIe MPOOMPKMU C aKTMBATOPOM CBepThiBaHUS (TpoMOMH). Mopdoso-
TMYECKUI aHaIu3 KPOBM IIPOBOIMIM HA aBTOMAaTUYECKOM TIeMaTOJIOrMYeCKOM
ananusarope URIT-2900 Vet Plus («URIT Medical Electronic Group Co.,
Ltd», Kwuraii), OMoXuMUYECKNII aHAIU3 ChIBOPOTKM KPOBU — Ha aBTOMAaTHYe-
ckom aHanuzatope CS-T240 («DIRUI Industrial Co., Ltd», Kuraii) ¢ kommep-
yeckumu Habopamu ais BetepuHapuu (3AO «IMAKOH-JIC», Poccus).

Ilocne nmexamuranuu Kpbhic Ha 21-e CyT moia HeMOYTaJlOBBIM HapKO30M
(5 ocobeit U3 Kaxa0il IpyIbl) oTOMpaan OMocyocTpaThl At aHanu3a. KoHieH-
TpaLMIO XpoMa OIpelne/sUiM B Hayaje U KOHILIE 3KCIepUMEHTa B U3METbUYECHHBIX
obOpasuax ouomatepuana (Bce TKaHM M CUCTEMbl OpraHu3Ma), KopMa U exanuii
¢ MOCJEaYIOIMM 030JIEHMEM B MUKPOBOJIHOBOI cHUcTeMe pasjiokeHus Multiwave
3000 («Anton Paar», ABcTpust). DIeMEHTHBI COCTaB HCCIEIOBAIM METOZAMU
aTOMHO-3MUCCUOHHOM crekTpoMmeTpun (Optima 2000 V, «Perkin Elmer»,
CIIA) u macc-cnexkrpomerpuu (Elan 9000, «Perkin Elmer», CIIIA).

IlepeBapuBaeMOCTh XpoMa OLIEHMBaJd Ha OCHOBaHMHU o0O0Illero cobopa
OuocyOcTpaToB (Kaj, MOYa) B TIEpUOJ, MPOBeAcHUsT OalaHCOBOIO ONbITa (5 CyT)
B MHAMBUIYyaJIbHBIX MeTabonnyeckux kiuetkax (http://urr-sroy.pd/dxl-d). Ycso-
semoctb Cr (Y, %) paccuutbiBaiv no ¢opmyie: ¥ = {[(MHIMBUIyaJbHOE I10-
TpebaeHre kopMa X % Cr) — (KOJM4YeCTBO (peKaauii 1 MOYM 3a IEPUOI 5 CyT B
rpammax X % Cr)] X (MHAMBUAyaJlbHOE IOTpeOIeHre KopMa Isg KphIC X %
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Cr)} x 100.

Jns OUeHKU COCTOSIHUS (PepMEHTATMBHOM CUCTEMbI KMBOTHBIM I1OCJIE
y0os1 paccekanau OpIOIIHYIO CTeHKY, M3BJICKIM 12-TIEPCTHYIO KUILIKY W TOMIXKe-
JIyAOYHYIO ene3y. ISl MoAroToBKY MpoO TKaHeH MCCeayeMbIX OpraHOB HaBec-
k1 (1 ) pacTupanu B oxJaxIeHHOM pacTBope Punrepa (4 Mi), romMoreHar LeH-
tpudyruposaau pu 3000 o6/mMuH B TeyeHre 10 Mun (CM-12, «Dabpuka HB-
rpyni», Poccust). AMuiasHylo akTUBHOCTb orpeneisiii nmo merony H. Coles
(18), nunaznyio — no J.H. Boutwell (19), nporeasHyio — ¢ MCIIOJIb30BaHUEM
metonuku LI.2K. baroeBa (20). AKTUBHOCTb MCCIEAOBAHHBIX (DEPMEHTOB BBIpa-
>Xajlyd B YCJAOBHBIX €IMHUIIAX (YCJI. €., Pa3HOCTb MOKa3aHUI MpoObl ¢ cydcTpa-
TOM U XOJIOCTOI MpoObI B pacueTe Ha 1 r BIaKHOM HABECKU TKAHU CIM3MCTOM
KMUIIEYHUKA 32 1 MUH).

O6pa3upl COAEPKUMOTO KMIIIEYHUKA COOUpPAIM B CTEPUJIbHBIE TTPOOUP-
ku DraneHgopd. g KoMmruieKcHOro nzydeHust Mukpodopsl mo 0,1 mia Kaxmgo-
ro u3 10-kpaTHBIX pa3BeACHUII BbICEBAIM Ha MUTATEIbHbIE Cpelbl MO CTaHAApT-
Hoit meToguke (21). Mcnonb3oBanu DHOo-arap, Msco-TeNToHHBIN arap (MITA),
xenTouHo-coneBoit arap (ZKCA) (OO0 «HULID», Poccust), Rogosa agar, Bi-
fidobacterium Agar, BCA («HiMedia Laboratories Pvt. Ltd», Uugust). OxoHua-
TeJbHbBII pe3yabTaT KOJIUYECTBEHHOrO COoAepXKaHus OakTepuili B rpamme ¢eka-
nuii Beipaxanu Kak KOE/r.

Bce skcnepuMeHTHl MpOBOAWIM B 3-KpaTHOM MOBTOpHOCTU. CTaTUCTU-
yeckasi o0paboTKa IMOJydeHHBIX Pe3ylbTaTOB BKJIIOYAJla pacyeT CpPeaHero 3Haue-
Hust (M) u cTaHgapTHBIX olMOOK cpeaHero (XSEM). JocToBEpHOCTh pa3inyuii
CpaBHMBAaeMbIX ToKazareseil onpenessuiu no t-kpurepuio CtbrogeHTa. CTaTUCTU-
YeCKM 3HAYMMBIMU cuutaiau pasanunsa npu p < 0,05. CratuctmyecKkuil aHaims3
BHINOJNHSIM ¢ ucnonb3oBaHueM ANOVA (mporpammublii maker Statistica 10.0,
«StatSoftInc.», CIIIA) u Microsoft Excel.

Pesyasbmamei. Ha ¢oHe mnpakTUYeCKUM OJMHAKOBOTO pacxola KopMa 3a
nepuon skcnepumeHta (830x17 r/ron.) moGaBieHue B panmoH 500 MKI/KT
CrPic n HY 500 conpoBokmajioch yBeJIMUeHUEM Macchl Kpbic Ha 22,6 n 22,2 %
(p < 0,05) 1 cHUXXEHMEM COOTHOLIEHUSI KOJIMYECTBa OPIOIIHOIO XXMpa K Macce
TeJa. Macca meyeHM M MOYEK CYIIECTBEHHO HE OTIMYalach OT KOHTPOJBHBIX
3HaueHuii. AHamoruyHo B ucciemoBanusx T.F. Lien c coast. (14) momonHu-
TenbHOe BKIoueHue B pauuoH Cr (0,2 Mr) yBeIMYUBaAIO CPeAHECYTOUHBINA MpU-
pocT Macchl 6e3 MOBBILIEHUs pacxola KOpMa M HUBEJIMPOBAIO OTIOXEHUS XKU-
pa. O cXOMHOM BJIMSIHUM OpPraHUYECKHMX U HaHO(OPM XpoMa IO CPaBHEHUIO C
ero MUHepajabHOI (popmoii coobuanock paHee (13).

Bbu1 ycTaHOBJEH MOJOXUTEAbHBIM OajaHC B HAKOIUIEHUM XpoMa MpU
ucrnonb3oBaHuu B pauuoHe CrPic B mo3ax 300 u 500 MKr/Kr, 4TO CpaBHUMO C
pesynbratamu uccnegopaHuit M.Q. Wang ¢ coasrt. (15). buomoctynHocte HY
Cr pocturaja HauOOJIbLIETO IMOJOXUTEIbHOro OanaHca npu no3e 500 MKr/Kr u
ObL1a BhIlIe KOHTpoJst Ha 81,6 %. B ocTalbHBIX IPYIIax YCBOSIEMOCTh XpoMa
Haxoawiach B muama3oHe 4,3-7,5 % u Oblla HAUMEHbIIICH IIPU KCIIOJIb30BaHUN
CrCl; (Tabn. 1).

Panee B uccnemoBanusx M.Q. Wang ¢ coaBt. (15) Oblia onucaHa cIio-
COOHOCTb HAHOYACTHUI] XpOMa CTUMYJMPOBATh POCTOBBIC MOKAa3aTesIM, YBEJIUYU-
Basl TP 5TOM OTJIOKEHME METajUla B MBIIIIAX, CepAlle, MeYSHU W ITOYKaxX. DTo
MPOMCXOIUT 3a CYET JyYllero mnorjolueHus HaHodopMmbl Cr B KHUILIEYHUKE U
BBICOKOI TpOHMKaoLIei crocooHocTu yactull Cr yepe3 KpOBEHOCHBIE Kamui-
nsipbl (23). BcocaBiumiicst XpoM CBSI3BIBAETCS B OCHOBHOM C TpaHC(EPPUHOM,
pacnpenensieTcss Mo TKaHSIM B 3aBUCMMOCTH OT XHUMUYECKOTO COCTOSIHUSI, B KO-
TOPOM 3JIEMEHT TOCTYIUI B opraHu3M (24), BBIBOAUTCS ¢ MOUYOU U (heKausiMU
B ¢popMe alleTaTHBIX M LUTPATHBIX KOMIIJIEKCOB B Te€YEHUU 4 CYT B KOJIUYECTBE
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1. MopdomeTpryeckue noka3areau U yCBOSAEMOCTb pa3inynbix (opm xpoma y kpbic sunun Wistar (MESEM, onbIT B yCIOBUSIX BUBApUS)

n ['pynna

oxasaresib KOHTpO/bHAS | I [ I [ [in [ v [ v [ Vi
HavanbHast Macca tena, r 69,30£2,95 114,20+2,80 75,50+2,88 87,90+1,19 101,80+7,63 81,10+3,13 100,30+5,50
ZKupasi macca B KOHLIE ONbITa, T 118,60+£3,50 149,30+0,10 131,20+9,86 146,70+7,01 152,30+6,30* 123,30+4,17 151,50+6,50*
Macca mevyeHu, T 5,554+0,49 5,03%0,43 6,88+0,43 7,90+0,45* 6,50+0,32 6,2310,67 6,701+0,45
Macca nouek, r 1,20+0,08 1,1310,06 1,15+0,16 1,4310,27 1,23+0,19 1,4310,23 1,5340,22*
BHyTpeHHUIi Xup, 1,3340,21 1,21+0,10 1,80+0,37* 1,6340,21 1,25+£0,09 1,37+£0,79 2,10£0,30*
I'/OTHOLIIEHUE K Macce Tesia 2 1,06 1,38 1,12 0,82 1,12 1,39
IMpupocr, r 49,30+1,10 35,1040,90* 55,70+1,20 58,80+2,30* 50,50+1,35 42,20+0,95 51,20+1,32
Conepxanue B paunoHe Cr, Mr/Kr 0,13 0,43 0,43 0,43 0,63 0,63 0,63
Conepxanue Cr B Kajie, MI/KT 0,9740,01 3,18%0,12%** 3,27£0,18%** 2,7540,05%** 3,30£0,13%** 4,8310,24%** 4,021+0,74%**
Conepxanue Cr B Tejie, MI/KT 0,184+0,05 0,05+0,00* 0,05+0,00* 0,06+0,00 0,21+0,04 0,06+0,00* 0,09+0,00*
YcBosiemocth Cr, % 6,710,3 7,610,4* 4,9140,6% 20,2+ 1,1%* 34,5+1,3* 4,310,9* 20,2+1,6

I[Tpumeuanue OnucaHue rpymnn cM. B paszeiie «MeToankar.

* ¥R g RRE Paginuusi ¢ KOHTPOJIEM CTaTUCTUYECKM 3HAYMMBbI COOTBeTCTBeHHO Tipu p < 0,05, p < 0,01 u p < 0,001.

2. Mopdoaormyeckne moKasaTeJn KpoBH y Kpbic JuHEA Wistar Ha 21-e cyT mocjie BBeJAEHHS B PAlOH XpPoMa B pa3imuHbIX ¢opMax HW JO3MPOBKAX

(M=SEM, onbIT B yCIOBUSIX BUBApUsl)

n 'pynna
oKazatesib KOHTpOJbHas | I \ 11 \ 111 \ v [ v [ VI
Jeiikouutst, X 109/n 7,50£3,50 11,00%1,60* 10,70£1,10 12,20+2,60* 7,10£1,70 8,801+2,10 9,00£2,10
Jumdouutsr, x109/1 3,80+1,80 6,50+2,10* 5,8010,70* 5,10+ 1,40* 3,80+1,10 4,60+0,90* 5,20+1,20*
Monouutsl, X109/n 1,60%0,80 2,1010,80 1,70£0,10 2,3040,90 1,60%0,80 1,70£0,01 1,70£0,30
I'panynountsl, X10%/1 2,10£0,78 2,40£0,90 3,00£0,30 4,80%1,10% 1,70£1,07 2,50+0,08 2,40£0,20
Bputpountsl, X 1012/1 4,69+0,63 5,79+1,10 5,7010,70 5,64+1,80 5,67+1,70 5,214+0,80 5,36+1,10
I'emorno6uH, r/n 103,00£15,60 128,00+22,10* 125,00£3,60* 125,00+23,10* 119,00£12,50 115,00£12,60 119,00£23,60
I'emarokpur, % 26,40+7,80 31,40+11,20 30,70+11,50 32,00£9,90* 28,00£9,68 28,10£3,60 29,10£2,40

Tpom6bouuTtsl, X 109/1 120,00£25,30 233,00435,20*
I[Tpumeuanue OnucaHue rpynn cM. B paszesie «MeToankar.
* Pa3uuust ¢ KOHTPOJIEM CTaTMCTUYECKM 3HaYMMBbI rpu p < 0,05.

237,00£23,60*

169,00+25,30 110,00+15,60 204,00+9,80* 186,00+12,50
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3. buoxnMuyecKre NMOKa3aTed CHIBOPDOTKH KPOBH y Kpbic jmnun Wistar Ha 21-e
poBkax (M=SEM, onbIT B YCIOBUSIX BUBAPUSI)

CYT MOCJie BBeJleHHs1 B PALIMOH XpoMa B pa3jM4HbIX (hopMax v 103u-

n 'pynna
oxasareib KOHTpOJIbHas | I \ 1l \ 111 \ v \ v VI

[ 10K03a, MMOTB/ 3,11£1,40 1,99£0,90 2,44+1,10 3,78%1,80 7,00£2,10* 7,74%2,10% 2,32+1,60
OG1unit Geok, /1 63,6049,80 68.30£10,30 57,90%16,30 63,3049,70 64.90+11,60 62.50£12,10 61,60+9.,90
BUIMPYGUH OBLLMIA, MKMOTB/1 8,90+0,40 8,3042,10 6.80+1,10* 7.10£0,90 11,60+1,50 10,90+2,10 9.60+1,90
XorecTepiH, MMOTb/T 1,85+1,90 1,59+0,68 1,48+0,78 2,2710,68 1.85+1.30 1,80£0,80 1,45£0,35
TPUTTMLEPHIbI, MMOTB/T 9,63+ 1,80 10,80+3,60 8,61+2.80 7,69+2.10 6,84+2.10 5,88+ 1,20 5,60+ 1.60*
MovueBiHa, MMOTB/1 7.20£1,10 7,60+2,40 5,90+2.10 5,3041,90 4,00+ 1,40* 6,40+ 1,30 6,10+ 1,80
KpeaTHHHH, MKMOJS/T 29.70%8.90 27.60+11,30 33,9049,60 30.80%11,10 19,70+4.30 33,9042,10 36,1043,10
Kanbiuii, MMOTB/1 1.8020,40 2,000,11 1.88:£0,01 2,2740,20 1,9820,60 1,94:£0,27 2,10+0.21
Kee30, MKMOb/1 41,00£7,60 41,10+11,4 27,30£8.70* 29,70+7,70* 49,50+8,10 35,80£4.,10 32,40£5.60
Astnaza, Ex/n 1266,00+42,30 1112,90£45.30 1130,60+39,60 1578,00423,60 1414,00+19,60 643,804 122,30* 648,004214,30*
Nunasa, Ex/n 2,4020,70 4,80+2,40 0,80+ 1,10%* 2,10+ 1,10 3,10+0,90 1,10£0,01* 1,60+0,03*
Markuii, MMOTB/1 0,90£0,04 0,68+0,04 0,78+0,01 0,45+0,01 1,17£0,07 0,630,01 0,520,02
Docdhop, MMOTE/T 3,65+0,80 3,824 1,40 3,59+ 1,40 4.04£2,10 1.87%1,30% 5,18+1,20* 3,862 1,60

ITpumeuaHwue OnucaHue rpynn cM. B paszeiie «MeToaukar.

* 1 ** Pa3uuus ¢ KOHTPOJIEM CTAaTMCTUYECKHM 3HaYMMbI COOTBeTCTBeHHO Tipu p < 0,05 u p <0,01.

4. AkTuBHOCTD (En/Mi1) MHIIEBAPUTENbHBIX (hepMEHTOB B TOMIKETYIOYHOI Keje3e W JABEHAANATHIEPCTHON KMmKe y Kpbic Juamm Wistar Ha 21-e cyT
nocje BBeJeHUs1 B PALIOH XPOMa B Pa3aMuHbIX hopMax U A03upoBKax (MESEM, ombIT B yCIOBUSIX BUBAPUS)

r ﬂBeHaﬂ,LlaTVl NEpCTHasA KUILKa l'lozm(enyﬂquaﬂ Keesa

pynma amMuasa ‘ Imporecasa ‘ Jiiriasa amMuasa Inmporecasa Jiiriasa
KonrposnbHas 81,8+6,7 2,0£0,4 0,9+0,2 31,5%0,5 2,0£0,2 4,1+0,4
I 90,7+13,2 4,6+1,2 0,3+0,1 88,8+4,7* 1,910,1 4,4+0,7
II 58,4%10,8 3,6%0,2 2,3%£0,6 32,8+£10,2 2,6%0,1 4,3+0,2
111 37,4£5,1* 3,1£0,2 2,7£0,2* 5,8+2,3* 4,1+0,4* 13,7+0,5*
v 80,7£9,8 2,5%0,3 1,3+0,3 32,3%1,1 2,5+0,4 5,9£0,7
\% 72,8+13,3 2,240,2 2,8+0,4* 54,4%7,8 2,6+0,4 3,7£0,6
VI 85,7£7,5 2,9£0,7 4,1+0,5* 55,419,4 1,7£0,1 5,24+0,3

ITpumeuanue OnucaHue rpynn cM. B paszesie «MeToaukar.
* Pa3nuuusi ¢ KOHTPOJIEM CTaTMCTHMYEeCKH 3HaYMMBbl nipu p < 0,05.




60-90 % ot moctynuBLIeTo Xpoma (25).

Y100bI M30€KaTh MCKaXXeHUST B MHTEPIIpETallMM NaHHBIX MPU OLIEHKE
NEWCTBUS pa3IMYHbIX (hOpM XpoOMa Ha OpPraHu3M, OCOOEHHO B KOHIICHTpAlluH,
MpEBbIIIAIOIIEH OMOTUYECKYIO, HEOOXOIMMO MCIOIb30BaTh Mapkepbl. OHU JOJIK-
Hbl MCKJIIOYATh CKPBIThIe TOKCUUYECKHEe 3((EKThI, KOTOPhIE CBI3aHbI C Hapylle-
HueM oOMeHa BEelIeCTB M BbIPAXKalOTCS B HAKOIUICHUU XMpa, U3BMEHEHUU TeMa-
TOJIOTUYECKUX U OMOXUMUUECKUX TTapaMeTpoB KpoBu (27) (tabn. 2).

B Hamem skcrepuMeHTe ocoO0eHHOCThIO AekicTBUs 103kl HY 500 ObLio
OTCYTCTBUE pEaKUMU JUM@POLUTOB, MOHOLIMTOB M TI'PaHYJIOLMTOB, B TO BpeMs
kak npu go3e HY 300 3Ty mokaszaTenu NpeBbIIIAIM KOHTPOJIbHbBIE 3HAYEHUS Ha
14-45 % (p < 0,05). ObHapyxeHHbIe 3(Pp(eKTbl XpoMa B OTHOLICHUU TPYIIIIHI
(OpPMEHHBIX 3JIEMEHTOB CXOAHBI C TAKOBbIMU Ipu BHeceHur HY memu u kene-
3a (28). JlobGaBineHue xXpoMa B palMOH KpBIC CTUMYJIMPOBANIO 3PUTPOINOI3,
HaunOonbluii 3¢ ¢ekT gocturanca npu kKoHueHTpauuu CrPic 300: moka3zartenb
remMatokpuTa y XuBoTHBIX B III rpyrme 6bu1 Ha 17,5 % (p < 0,05) Gosblie, yeM
B KoHTposie. CMHTE3 reMOrJIOOMHa COOTBETCTBOBAI CTUMYJISILIMM 3PUTPOINOI3a,
HO yBeJUYEHHUE KOJMYEeCTBA TPOMOOLIMTOB MPUBOAUIO K CIAIKUPOBAHUIO KPO-
BU, TOBBILIEHUIO BS3KOCTUM M 3aTPpydHEHUIO Iepdy3ur uepe3 cocydbl. DTa
cumnToMaruka 6buia xapakrepHa it HY 300, CrCly 300 u CrCl; 500 (pa3Hu-
1a ¢ konrposeM ot 70 mo 90 %, p < 0,05). [IpuunHOii Takoro addexra Moria
OBbITh TPOMOOTEHHOCTh HaHoYacTull, a B ciaydyae ¢ CrCly; — nposiBieHUe TOKCHU-
YeCKUX CBOMCTB 3TOr0 COEIMHEHMSI.

JIBa acriekta OGMOCOBMECTMMOCTM HaHOMAaTepUaJIOB — TPOMOOTeHHOCTh
U TeMOJIMTUYECKass aKTUBHOCTb TPEOYIOT 0COOOro BHMMAaHMS, MOCKOJIbKY MOC/e
MPOHUKHOBEHUS 4Yepe3 OapbepHble CTPYKTYpPhl OpraHuM3Ma HaHOYACTHMIIbI OKa-
3bIBAIOTCS B TUMPE U KPOBOTOKE, UTO IpelroJiaraeT X KOHTAaKT Kak ¢ MaKpo-
MOJIEKYJaMU TIa3Mbl KPOBU U JUM(BI, TaK U ¢ (OPMEHHBIMU DJIEMEHTaMU.
M3BecTHO, YTO YacTULIBI C OTPHULIATEJbHBIM 3apsiIOM MOBEPXHOCTM MOTYT 3a-
ImyckaTb oOpa3oBaHMe TpoMOa ITOCPEICTBOM KOHTAaKTHOM aKTMBALMM KackKanaa
CBEepTHIBAHUS KPOBU, MPUBOJILEH K 00pa3oBaHUIO (pMOpHUHA, TO €CTh OHU aK-
TUBUPYIOT BHELIHUI MYTh CBEPThIBAHUSI KPOBU.

MBI yCTaHOBWIM TMIIEP- U TMIIOIJIUKEMUYECKU 3(DGhEKT BIMSHUS XPO-
Ma B pasuuyHbIX ¢opMax M AO3UMPOBKAX Ha opraHu3M Kpbic (tabm. 3). Ilo-
CKOJIBKY 65-70 % UMpKy/Iupylolleii B KPOBU IJIOKO3bl YTWIM3HPYETCS IICH-
TpaJbHOI HEPBHON CUCTEMOM, 3TO IMpeAoNnpenessieT ONacHOCTb TMITONIMKEMU-
YeCKUX COCTOSIHUM, CYIIECTBEHHO M3MEHSIIOIIMX MeTaboIM3M MO3ra, YTo B KO-
HEYHOM WTOre MPMBOIMT K TUOEIM HEWPOHOB M HAPYLIEHUIO ero (YyHKILUU
(29). Tak, B IV 1 V onbITHBIX IpymIiax ObLIO OTMEUYEHO JOCTOBEPHOE yBEJIMYE-
HUe comepKaHMs TToKo3bl B 2,49 u 2,25 paza (p < 0,05). KoHueHTtpaiuusa o6-
mero Oejika MeXHy TrpylIamMy JOCTOBEPHO He pazinyanach. MakcuMallbHOe
CHIDXEHME CcolepXKaHMsl KpeaTMHWHA HaOaomalu B KpoBU y Kpbic u3 IV rpymn-
nel (Ha 33,7 %), 4TO, Hapsily CO CHIDKEHMEM COIepXaHMeM MOYEBHMHBI Ha
44,4 % (p < 0,05), ObLIO OMHMM M3 KPUTCPUEB HapyLICHU B paboTe BbIACIU-
TenbHoro arnmnapara (17).

KoauyecTBo TpUIULIEPUIOB KaK MCTUHHBIX KUPOB CHIMXKAJIOCh NP
MaKCUMaJIbHBIX 03aX XpoMa B ¢opMe XJIopuia U MUKOJMHATA, YTO CBUIETE/Ib-
CTBYET O BJIMSHUM XpOMa Ha JUIMIHBIA OOMEH, O paclIeNIeHUU U30BLITOYHOIO
XKMpa B OpraHU3Me U CHWXEHUM KO3(P(UIIMEHTa COOTHOLIEGHUS KOJIUYeCTBa
xupa K macce ¢ 2,00 (xkonrponb) go 0,82 (HY 500). BausHue xpoma Ha nu-
MUAHBIA OOMEH TakKe OMOCPENyeTCs €ro peryavMpylolluM IeiUCTBUEeM Ha (yHK-
LIMOHUPOBAHUE MHCYJIMHA.
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AKTUBHOCTb MaHKpeaTu4yecKux (epMEHTOB aMMIa3bl 1 JIMIa3bl B IJ1a3-
Me KpOBU CHIMXKajach ¢ yBenuueHueM coaepxkanuss CrCly u CrPic B kopme, uTo
yKa3blBaeT Ha IeNpeccupylollee BO3ACHCTBUE MCIOJIb3yeMbIX (OpM Xpoma Ha
SHTEPOIAHKPEATUUECKYIO0 LMPKYISILUMIO MUlIeBapuTeabHbIX depMeHToB. [lpu
BHecennn HY 500 cHmkanock conepxanue docdopa Ha 48,8 % (p < 0,05). Uu-
TepecHbl JaHHbIE, KacalollMecs COAepXKaHMsI B CHIBOPOTKE KpOBM keje3a. Ec-
JIM TIPU HU3KOM KOHIIEHTPAIMU XPOM M XKejle30 MPEeUMYIIeCTBEHHO 3aHMMAlOT
pasznuuHble caiTel cBsa3biBaHUs (30, 31), To mpu Oojiee BHICOKOM COAEPKAHUU
OHUM KOHKYPUPYIOT 32 HUX, YTO IPOSIBUJIOCH B CHUXXKEHUM MeTaboIuM3Ma XeJie-
3a B ONBITHBIX TpyMIlax, MOJYYaBIIMX PAllMOH C XJOPUIAOM U IMMKOJIMHATOM
XpoMma. AHalM3 peakluyd aMuHoTpacdepa3 (puc.) Kak MHIAMKATOpa HaJIU4us
MOBPEXIEHUI B KJIeTKaX YCTAaHOBMJI CHMXXeHMe akKTUBHOCTH ACAT Ha 42,7 %
npu go3e HY 500 (p < 0,01) u yBenuuenue npu HY 300, CrPic 300, CrPic
500 B 1,97 (p < 0,001); 3,75 (p < 0,001); 2,14 paza (p < 0,01) B cpaBHEHUHU C
KOHTpOJieM Ha (oHe CTaOMJIbHO BBICOKOTO COAECPXKAHMUS OMIMpyOMHA. DTO
00DBSICHSIETCSI MAaCCUPOBAHHBIM BBIXOIOM (PEPMEHTOB B KPOBSIHOE PYCJIO MpHU
pa3pylIeHMM KJIETOK, BBI3BAHHOM HayajoM OKMCJIWTEJbHOTO cTpecca U pas-
JIMYHBIMM TATOJIOTMYECKUMU TIpolieccaMu. [{ocToBepHOe CHUXKEHUE aKTHMBHO-
ctu AAT nHa 10,7 % (p < 0,05) npu Bosnmeiicteurn HY 500 moxeT OBITH KOC-
BEHHBIM MPU3HAKOM HapylleHHUs KIyOOouKoBOH (UIbTpalUU, 4TO IOATBEp-
XIAeTCs CHUKEHMEM comepXaHus KpeatnHuHa Ha 33,7 % (p < 0,05) orHOCH-
TeJIbHO KOHTpoOs (puc., A).
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pymma

AKTHBHOCTb aMuHOTpaHC(epa3 (A) n y-rayramuiarpancgepassl (b) B cbIBOPOTKE KPOBH Y KPBIC JIMHAN
Wistar na 21-e cyr nocjie BBeJleHHsI B PALMOH YJIbTPAAUCIEPCHBIX YACTHUIL XPOMA B Pa3HbIX opMax u
JIO3MPOBKAX: a — aJlaHMHaAMUHOTpaHcdepas3a, 6 — acnmapratamMmuHoTpaHcdepasza; K — koHTpob, I —
HY Cr,0O3 (300 mxr/kr kopma), Il — CrCls (300 mr/xr), III — CrPic (300 mr/xr), IV — HY
Cr03 (500 mkr/kr), V — CrCls (500 mr/kr), VI — CrPic (500 mr/kr) (MESEM, n = 15, onsiT B
YCJIOBUSIX BUBApHsi).

¥Ry B Pazuumsg ¢ KOHTPOJIEM CTAaTHCTMYECKM 3HAYMMBI COOTBeTCTBeHHO Ipu p < 0,05,
p<0,00 mp<0,001.

AHanu3 aKTUBHOCTH y-TayTaMmuiaTpaHcgepasbl (y-I'T) B cbIBOPOTKE Kpo-
BU BBISIBUJI JOCTOBEpHOE yBelnueHue npu BBeaeHuM B pauuoH HY 500 u CrPic
500, 4TO MOIJIO OBITH OOYCJOBJIEHO TMOEbIO KIETOK, 3aCTOEM BHYTPU MPOTOKOB
WIN TOKCUYECKUMM Bo3aeicTBMeM Ha (oHe mHTOKcuKauuu (32). Beenenune HY
Cr,03, CrCl; u CrPic B g1o3e 300 MIr/Kr mpUBOAWIO K CHUKEHUIO 3TOTO ITOKa3a-
tensa. HY Cry,O3; B mo3e 500 Mr/kr oka3zaiu HauOoJiblliee BIMSHUE Ha IeMaToJIo-
ruyeckde TnokaszaTeaud. HeomHo3HauHoe TMpOSIBIEHHE AKTMBHOCTU (DEpMEHTOB
rnepeaMUHUPOBAHUSI, C OJHOM CTOPOHBI, MOXKET CBUIETEILCTBOBATH O pa3pylle-
HUU MEMOpaH KJIETOK, C IPYyrol — o ciaboi MHAYKUHAU MUKPOCOMAJIbHOTO
okuciaenus non BausiHueM HY mepemeHHoii BameHTHOCTH (33). OcranbHble
¢dopMbI XpoMa B MCIIOJIb30BAHHBIX JO3UPOBKAX HE TPUBEIU K KPUTUYECKUM
M3MEHEHUSIM B CHUCTeMe reMocTasa.

CrniocobHOCTh XpoMa OBICTPO TPOHMKATh B OTHE]bl KHUIIEUYHUKA (Yepe3
1 4 mocie KopMJeHHUs) M 0OOpa30BbIBATh B HEM CTaOUJIbHBIE TPYAHO abcopOupye-
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MbI€ TUAPATHI MpeArojaraeT ero yyactve B BbIpaOOTKE MUILIEBAPUTEIbHBIX (hep-
MeHTOB (34). B Hamem ucciienoBaHuM HaOMIOMAI0Ch CTUMYJIMPOBAHME aKTUBHO-
CTU aMuUJIa3bl B MOMXeIyaouHoM xene3e npu BHeceHun HY 300 u yMeHbleHUM
3TOro MokaszaTesst B BapuaHTte ¢ ucnosb3oBanueM CrPic 300. ITpu stom CrPic
OKa3blBajJ CTUMYJUPYIOLEe BO3IEHCTBUE HA aKTUBHOCTD JIMIA3bl M MPOTEA3bl.
B 12-milepcTHOI KMIIKe CHUKEHWE aKTMBHOCTW amuiiasbl Ha 54,3 % (p < 0,05)
U yBeJIMYEHUE aKTUBHOCTU JuIa3bl Ha 67,7 % (p < 0,05) GbUIO XapaKTepHO
mnst CrPic 300. Jo6asnenue B pamuoH kpeic HY CrCl3 u CrPic B mo3upoBke
500 MKT/KI CTUMYJIMPOBAJIO aKTUBHOCTh JIMMAa3kl (Tadn. 4).

HecMoTpsi Ha OTCyTCTBME B MHPOBOM HAaydyHOU JUTepaType HaHHBIX,
0o0BsICHSIOIIMX MexaHu3M AeiictBusl HY xpoma Ha muineBapuTtesbHbIe (hepMeH-
Thl, TMEPCIEKTUBHON NpPEACTaBISIeTCS BO3MOXHOCTh MOIYJIMPOBaTb MX AaKTUB-
HOCTb 3a CUeT MHAYKUUU. AICOpOLIMS OMOJOrMYeCKUX MaKpOMOJEKYJ Ha Io-
BEPXHOCTU HAHOYACTUIIbI MOXKET U3MEHSITh UX MPOCTPAHCTBEHHYIO CTPYKTYpY H,
COOTBETCTBEHHO, HEKOTOpbIe (PYHKIIMOHAJIbHBIE CBOMCTBA. Tak, (pepMEeHT o-XU-
MOTPUIICUMH, aAcOpOMpPOBAHHBIM Ha OAHOCIOMHBIX YIJIEPOMHBLIX HAaHOTpPYOKax,
TepsieT 99 % aKTUBHOCTU M3-3a HapyILICHMs BTOPUYHOM cTpYKTYphI (35). Ilpu
amcopOuMy 0eJIKOB Ha HAHOYACTUIIAX OOJBIIEro pa3Mmepa, Ojaromapss oOpa3oBa-
HUIO JOMOJHUTEIbHBIX KOHTAaKTOB, HAaOJIONAIOTCS BbIpaXKeHHbIC M3MEHEHMS
CTPYKTYpPBI U pyHKIMU GenkoB (36).

YuurtbiBas pa3HOMOJSPHOCTh ACUCTBUS XpOMa Ha aKTMBHOCTbH MUILEBa-
pUTEIbHBIX (DEPMEHTOB, HEOOXOIMMO MOMTYEPKHYTh, YTO HAHOYACTHUILIbI M TTHUKO-
JIMHAT 00J1a1al0T CXOMHBIM JAEHCTBMEM 3a CYET BO3MOXHOIO HEIOCPEICTBEHHO-
ro KOHTAKTa C aKTUBHBIM LieHTpoM ¢epMenTa (37).

5. Yucaennocts Mukpoopranu3mos (X106 KOE/r) B TOJICTOM KHILEYHHKE Yy KpbIC

Juaud Wistar Ha 21-e cyT mocjie BBeIeHHS B PalMOH XpoMa B pa3jm4HbIX ¢op-
Max H 103upoBkax (MESEM, onbiT B yCIOBUSIX BUBAPUS)

M ['pynnet

MKPOOPTaHUSMBI KOHTpONbHAsl | | | 11 | m [ v ] \ | VI
JlakrobakTepuun 14,3£2,1 9,3%1 10+1,1 12,6£2,1 6,3+0,8* 8,0+1,1 8,6+0,4
Budunodbakrepun 14,914,1 11,740,9 12,3+1,5 13,1£0,9 6,5+0,4 22,0+2,2 29,0+2.5%
OHTepobakTepuun 0,8%0,1 0,5+0,1* 25,0£2,3** 29,0+3,1** 23,0+£3,7** 20,61+2,4* 26,0£2,9**

IIpumeuanue OnucaHue TPyIIl CM. B pasaeie «MeToaukay.
* 1 ** Pasnuuus ¢ KOHTPOJEM CTaTUCTUYECKM 3HAUYMMBI COOTBETCTBeHHO mpu p < 0,05 u p < 0,01.

YucnenHocts Jakrobaktepuii B IV rpymnme 6ba Ha 55,9 % (p < 0,05)
HUKE, YeM B KOHTpPOJIe, B OCTaJbHbIX — JOCTOBEPHO He M3MeHsuiach. Konuue-
cTBO Omudmmobakrepuii B VI rpyme okaszanoch Ha 48,6 % Bbillle KOHTPOJILHOTO
(p <0,01). YucnenHocts 3HTepobdakTepuii B rpynmne HY 300 OGbita HuXe, yeM B
KoHTpoJje, Ha 34,8 % (p < 0,05), B To BpeMsI KaK B OCTaJbHBIX I'PYIIaX MX KO-
uyecTBO yBenuuuiaoch B 24,0-33,7 pa3za (tabin. 5).

Takum obGpazoM, xpoM B hopMe HAHOYACTUI] U MUKOJMHATA B J03€ IO
300 MKTI/KI MOXeT OBbITb MCIIOJIb30BaH B KauyeCTBEe 0AKTEpPUOCTATUYECKOIO areH-
Ta IJIg KOppeKLUU colaepxKaHus Oudumodakrepuil B KuiedyHuke. ComepxaHue
OwIMpyOMHa M KpeaTMHWHA, YBeJIUUYEHUE aKTUBHOCTM aMMJIa3bl B MOIKEIyI0Y-
HOM >kejese, JIUMas3bl U MpoTeasbl B 12-MepCTHON KUILIKE HAMISIIHO MPOIEeMOH-
crpupoBanu orcyrctBue TokcnuHoctu HY 300 u CrPic 300 mnst Kpbic JTUMHUU
Wistar. [IpumeHenue xpoma B moze 500 MKr/Kr, He3aBUCUMO OT (hOPMbI 3Jje-
MEHTa, COMNPOBOXIAIOCH MPOSIBJICHUEM remnaTo- U He(POTOKCUYHOCTU C IMPU-
3HaKaMM OKUCIUTeNbHOro cTpecca. Bricokasa ycBosiemocTs CrPic m HY 500 (ot
20,2 mo 34,0 %) oxa3sbiBajia AeNpecCUpPYIOlee BO3NEHCTBYE Ha SHEPIeTUICCKUIA
O0OMEH M BHTEePOINAHKpeaTU4eCKyl0 LUPKYISALMIO TUILeBAPUTEIbHBIX (hepMeH-
TOB, CHIMXAJOCh COAep:KaHUE TPUIIMUEPUAOB M KO3GDMUIIMEHT COOTHOILICHUS
MEXIY KOJMYECTBOM XMpa M Macchl Teja. ernpeccust JUIIMIHOTO oOMeHa Toa-
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TBEpXAaJach CHIDKEHUMEM aKTUBHOCTM aMujasbl B 12-mepcTHOM Kuinke. B 1re-
JIOM TIEPCIEKTUBHOCTh MCIOJIB30BAHUS HAHOpPa3MEPHBIX MOAKOPMOK OOYCIIOBIIE-
Ha TpeobagaHreM MOBEPXHOCTHBIX B3aMMOIEHcTBUil. braromapst cBoum pasme-
paM, COITOCTaBUMBIM C pa3MepaMu KJIETOK, BUpycoB, Oenkos, JHK, Hanoua-
CTHIIBI MOTYT TTPUOIMKATHCS K OMOOOBEKTY U CBS3BIBATHCS C HUM, BOBJIEKASIChH
B OMOXMMWYECKIE TTPOIIECCH B OPTaHU3Me.
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Abstract

Nowadays, issues of mineral nutrition of humans and animals are quite relevant. High-
energy rations, multicomponent feed mixtures and additives in the diets require special attention
when optimizing limited microelements. A priori, chromium, being an important trace element in
animals, is used to correct carbohydrate, fat and lipid metabolism. Due to its low content in the
components of diets, its role in the formation of the microecological status of the body is poorly
understood. At the same time, its biological availability in the body depends on the source of chro-
mium. In the present work, using a model object, the Wistar rats, we for the first time compared the
biological effects of various chromium sources, i.e. picolinate (CrPic), nanoform (NP Cr,O3) and
chloride (CrCl3) at doses of 300 and 500 pg/kg feed, according to a set of indicators (feed digestibil-
ity, hematological parameters, activity of digestive enzymes, composition of intestinal microflora)
and established greater bioavailability and more pronounced positive effect of picolinate and chromi-
um nanoparticles on body weight and hematological parameters and ambiguous influence of the
studied forms on the activity of digestive enzymes and intestinal microflora. The purpose of this work
was to study the biological effect of chromium in various forms and dosages on Wistar rats. The
studies were carried out on 105 white male rats weighing 70-80 g under standard vivarium conditions
(Federal Scientific Center for Biological Systems and Agrotechnologies of the Russian Academy of
Sciences). Animals were divided into seven groups (#n = 15 each). The control group was fed a com-
mon diet. The group I diet included Cr,O3 NPs at a dose of 300 nug/kg feed (NP 300), group I —
CrCls at a dose of 300 mg/kg (CrCls 300), group IIl — chromium picolinate (CrPic) at a dose of
300 mg/kg (CrPic 300), group IV — Cr,O3 NPs at a dose of 500 nug/kg of feed (NP 500), group V. —
CrCls at a dose of 500 mg/kg (CrCls 500), and group VI — CrPic at a dose of 500 mg/kg (CrPic
500). Nanoparticles were introduced into the feed by mixing. The introduction of chromium in the
form of CrPic and Cr,O3 NPs at a dose of 500 pg/kg, under the same feed consumption, was ac-
companied by an increase in the body weight of rats by 22.6 and 22.2 % (p < 0.05). The effect of
Cr,O3 NPs expressed as the absence of the reaction of lymphocytes, monocytes and granulocytes, in
other cases their level exceeded control values by 14 to 45 %. Synthesis of hemoglobin was adequate
to stimulation of erythropoiesis, but an increase in the number of platelets resulted in blood sludging,
an increase in viscosity and difficulty in perfusion through vessels. This symptom was typical for NP
Cr,03 300, CrCl; 300 and CrClz 500 (the difference with the control is from 70 to 90 %, p < 0.05).
High digestibility of CrPic and NPs Cr,03 500 (from 20.2 to 34.0 %), accompanied by manifestation
of hepato- and nephrotoxicity, with signs of oxidative stress, decreased activity of amylase and lipase
in the blood plasma, indicating a depressant effect of high doses of chromium on enteropancreatic
circulation of the digestive enzymes and metabolic disorders of Mg and Fe in the blood. Triglycer-
ides, like true fats, decreased at maximum doses of chromium in the form of chloride and picolinate,
confirming their participation in lipid metabolism, causing splitting of excess fat in the body, and
reducing the ratio of fat to body weight ratio from 2 (control group) to 0.82 (NP Cr,O3 500). The
indicators of bilirubin and creatinine clearly demonstrate the absence of toxicity at low doses, i.e.
Cr,03 NPs 300 and CrPic 300. Amylase activity in the pancreas is increased at a dose of 300 pg/kg
of Cr,0O3 NPs. Dietary CrPic in a similar dosage stimulated the activity of lipase and protease,
whereas in the 12 duodenal ulcer it led to a decrease in the activity of amylase and lipase. CrCl; and
CrPic at a dosage of 500 pg/kg reduced the activity of lipase in the duodenum. The specific effect of
Cr NPs 500 pug/kg on the microecological status of the organism was manifested in a decrease in the
number of lactic acid bacteria by 55.9 %. The number of bifidobacteria was significantly higher, by
48.6 % (p < 0.05), in the PicCr 500-fed group. The number of enterobacteria in the NP 300-fed
group was 34.8 % lower than the control, while in the other groups their number increased 24.0-
33.7 times (p < 0.05). From the totality of the estimated parameters of the intestinal microflora, the
use of nanoparticles in the composition of the diet is promising due to the lack of resistance. Thus,
chromium of CrPic 500, NP Cr,03 300 does not show a toxic effect on the body, and has a stimu-
lating effect on growth, development, digestibility of chromium, the activity of the digestive enzymes
and microecological status of the organism, which puts these forms in the category of promising
sources of chromium for the correction of metabolism and the microbial composition of the gastro-
intestinal tract of animals.

Keywords: rats, chromium concentration, productivity, blood biochemical parameters, di-
gestive enzymes, intestinal microflora.
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