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AnHomauyusa. \rsi MopeavpoBaHus Metaboandeckoro cuaapoma (MC) y KpbIC LIMPOKO MCIIOAB3YETCs
caxaposHas MOAEAb, B KOTOPOJ caxapo3a A00AaBASETCA B PaLVIOH >KMBOTHBIX B COCTAaBE MUTbHEBOI BOABL
OAHAKO pacTBOP Caxapo3bl SIBASIETCsI OAQTOIIPYSITHON CPEAOVI AASL PA3BUTHSI MUKPOOPIaHU3MOB 1 [TAECEHN.
Lleabio paboThI ObIAQ IPOBEPKA IPEATTOAOKEHNS, YTO MOAeAMPOoBaHIe MC y )KUBOTHBIX ITyTEM CaXxapO3HO
AMETBI C A0OaBAEHMEM K KOPMY KYCKOBOTO Caxapa MOXXeT CAY>KUTb YAOOHOI! aAbTePHATUBON PACTBOPEHUIO
caxapa B NUTbeBOM Bope. ViccaepoBaau camuoB Kpbic Wistar maccoit 275-350 1. Kpbicbl KOHTPOABHOI
rpynnsl (K, n = 4) B TeueHue skcnepuMeHTa (14 HeAeAb) IOAYyYaAY CTAHAQPTHBIN CYXOJ1 KOPM U MATHEBYIO
BoAy. Kpbicer 0AHOII ombrTHON rpymnmsl («KupKuit caxapy», KC, n = 4) nmeau CBOOOAHBI BBIOOD MEXAY
MUTHEBOI BOAOI A BOAOIL, MOACAQLIEHHOM caxapoM (30% caxapa); KPBICHI APYTOI1 OIBITHOM IPYIIIIBI
(«tBepabii caxap», TC, n = 4) umean CBOOOAHBIT BBIOOP MEXAY CYXMM KOPMOM U KYCKOBBIM Caxapom
(~30% ot maccel KopMa). BeisiBaeHO, uTo Kpbich! rpymiisl JKC moTpebasiau 60AbILe caxapa 1 KaAOPHUIL, YeM
Kpbichl rpymmbl TC, a TakKe ObICTpee pa3BMBAaAU TOAEPAHTHOCTD K TAIOKO3€ U MHCYAUHOPE3UICTEHTHOCTb.
CaeAaH BBIBOA, UTO Caxapo3Hasl AMeTa C MCIOAb30BaHMeM KYCKOBOIO caxapa, XOTs 4 6oaee ya0OHa
B MICIOAHEHUI, YeM AMeTa C MCIIOAb30BaHMEM PacTBOpa caxapa, Ho MeHee addeKTrBHa AAS pa3BuTys MC
Y KpBIC.

Karuesvie crosa: MeTaboAMIECKIIT CMHAPOM, CaxapoO3Has AMETA, )XMBOTHbIE MOAEAM, KpbICa, MHCYAMHOBAA
PE3UCTEHTHOCTD
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Abstract. The sucrose model, when sucrose is added to the animal’s diet as a part of drinking water, is widely
used to model metabolic syndrome (MS) in rats. However, a sucrose solution is a favorable environment for
the development of microorganisms and mold. The purpose of the reported study was to test the assumption
that modeling MS in animals using a sucrose diet with the addition of lump sugar to the feed can serve
as a simple and convenient alternative to dissolving sugar in drinking water. Male Wistar rats weighing
275-350 g were studied. During the experiment (14 weeks), the rats of the control group (C, n = 4) received
standard dry food and drinking water. The rats of one experimental group (“liquid sugar’, LS, n = 4) had
a free choice between drinking water or water sweetened with sugar (30% sugar;); the rats of the other
experimental group (“solid sugar’, SS, n = 4) had a free choice between dry food and lump sugar (~30% of the
total weight of food). It was revealed that the rats of the LS group consumed more sugar and calories than
the rats of the SS group. Besides, the former developed glucose tolerance and insulin resistance faster. It is
concluded that the sucrose diet using lump sugar, although more convenient to implement than the diet

using sugar solution, is less effective in the development of MS in rats.

Keywords: metabolic syndrome, sucrose diet, animal models, rat, insulin resistance

BBepenne

Mertaboaunveckuit cuppom (MC) — maroao-
I'MYeCKOe COCTOSIHME, XapaKTepU3yeMoe OXUpe-
HYEM, HapyLIeH/eM AUIIMAHOTO OOMeHa, rumep-
TeH3MeN U HAAYMEM TIPU3HAKOB PE€3UCTEHTHOCTU
K nHcyAauHy (Rodriguez-Correa et al. 2020). Mo-
Aeart MC, BbI3BaHHOTO BBICOKOKAAOPUITHO AMe-
TOI Y TPBI3YHOB, HanbOA€€e AOCTYITHBI I OTHOCH-
TEABHO XopolIo BocrpousBopsiT MC yeroBeka
(BaitpameBa u Ap. 2019; Rodriguez-Correa et al.
2020). Cpean HUX HanbOAee MPOCTBI MOAEAM,
B KOTOPBIX KPbICAM BMECTO VAU HAPSIAY C ITUTbe-
BOJ1 BOAOM IIpeAOCTaBA€HA BOAQ, TOACAALLleHHAS
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caxapo3soit (20-30% KoOMMep4YeCcKoro caxapa).
XoTsl XMBOTHbIE, MMEIOLIME AOCTYII K BOAE C Ca-
Xapo3011, 3HAYUTEABHO HE YBEAUUYMBAIOT MacCy,
yXe B riepBble 10 HeAeAb SKCIIEPYMEHTA OHM Pa3-
BUBAIOT OCHOBHbIe Npu3HaKy paHHero MC — Ha-
PYILIEHVS TOAEPAHTHOCTM K TAIOKO3€ Y PE3UCTEHT-
HOCTb K MHCYAUHY (Rodriguez-Correa et al. 2020).
OCHOBHasl TPyAHOCTbD, CBSI3aHHASA C MOAEABIO, —
peryasipHoe 0GHOBA€HMe CaXapO3HO BOABI U TIIa-
TEABHOE MBITbE ITOMAOK AASI IIPEAOTBPALEHNS
oOpasoBaHMs naeceHn. AobaBAeHME KYCKOBOTO
caxapa K KOpMY MOTAO ObI pEIINTD 3Ty IPoOAEMY.
ITpoBepKa 3TOro MPEAIOAOXKEHMSI COCTABASIAQ
3aAa49y AQHHOTO VICCAEAOBAHMISL.

https://www.doi.org/10.33910/2687-1270-2023-4-3-373-378
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0. A. Quaunnos, A. B. Cmenanos, O. IO. KapuuwkuHna u op.

MaTepmaAbI N METOADI

MuHyrMu3auus KOAUYEeCTBA UCIOAb3YEMbIX
camuoB Kpbic Wistar — 12 roAn0B — AOCTUTaAaCh
3a CYeT CTAHAAPTU3ALMU YCAOBUI SKCIIEPUMEHTA
Y ICKAIOYeHVsI PaKTOPOB, YBEAUUMBAIOLIMX pa3bpoc
9KCIIepUMEHTAABHBIX AQHHBIX. MeTOAOM paHAO-
musayuu (Altman, Bland 1999) skuBoTHBIX pac-
IIPEAEASIAYL Ha TPU IPYIIIBI 10 YEThIPe B KaXKAOIL.
Ha HauaAo sKCIieprMeHTa CPeAHsISt Macca >KUBOTHBIX
(Bo3pacT 2—3 Mec.) B rpymIiax He pa3AM4aAacCh 1 CO-
craBasiaa 285-305 rpammoB (Taba. 1). Kpeic co-
Aepxaan B BuBapuu VIDODb PAH B uHAMBUAYaABHBIX
KkAaeTkax. Kppicel koHTpOoAbHOM rpymise (K, n = 4)
VIMEAM Ha POTsDKeHMe BCero aKcrepmumeHTa (14 He-
A€AB) CBOOOAHBIIT AOCTYII K OOBIYHOI BOAE 1 CYXO-
my kopmy (ABK-120, TocHeHCKMiT KOMOMKOPMOBBI
3aBoA, Poccust; 2,7 kkaa/r). KppicaM rpynmsl «KuA-
kunt caxap» (OKC, n = 4) mpeAOCTaBASIAU BBIOOD
MEXAY OOBIYHON MUTHEBOV BOAOM (1TonAKa 1) uan
BOAOIJ, TTOACAAQLIIEHHON KOMMEPYECKUM Caxapom
(30% caxapa; 3,7 kkaA/T caxapa, momaka 2). Kpsicam
rpymnbl «TBepAbin caxap» (TC, n = 4) 6b1A TIpepO-
CTaBAE€H BBIOOP MEXAY MOTpebAeHrEM CYyXOro
KOpMa 1 KycKoBoro caxapa (~30% ot ob1iero Beca
KOpMa), AOOaBAEHHBIX B OAHY KOPMYLIKY. [ToTpe6-
A€HUE BOABI, KOPMa, & TAK)Ke MaCCy TeAa U3MEPSIAU
c uHTepBaAaoM B 2—-3 pAHA. Ha 5-11, 8-11 u 10-11 He-
AEASIX 9KCITEPUMEHTA TIPOBOAVIAY TECT HA TOAEPAHT-
HoCTb K nuieBoyt Harpyske (TTITH), a Ha 14-i
HeA€eAe IPOBOAMAM MHCYAVH-TAIOKO30TOAE€PaHTHBIN
tect (UT'TT). TecTel mpoBOpAUAK TOCAE ~17 YyacoB

TOAOAQHUS Y U3MePeHUs TAI0K03bI Hatomak. B T'TTTH
KQKAOM KpPBbICE NTPEAOCTABASIAU KYCOYEK CYyXOro
KopMa 13 pacyera 4,6 I/KI MacChl T€Ad )XUBOT-
HOTO U AaBaAu 10 MMHYT Ha ero norpebAeHue
(Romanovsky et al. 2008). B VII'TT ratokosy B po3e
2 r/KT BBOAVAY BHYTPUOPIOMMHHO (B/0), MHCYAVH
(Humalog, CIIIA) B p03e 0,8 ME/Kr — MOAKOXHO
(Derkach et al. 2015). B ka>xAOM TecTe U3MepPSIAU
YPOBEHDb TAIOKO3bI B KPOBHY, B3ATOM 3 XBOCTOBOM
BeHbl, Ha 0, 15, 30, 60 1 120 muHyTax Tecra (rawo-
komeTp «One Touch Ultra», CIIIA). Pe3yabraTs
TECTOB aHAAM3UPOBAAU, PACCUMUTHIBASI MTAOLIAAU
nop, kpuBbiMu TTIIH u MII'TT. Pasanuns mexay
CpPeAHVMMM BEAMYMHAMY CPAaBHUBAAY MEXKAY IPYII-
IIaMU C ICIIOAb30BaHEM OAHO- MAM ABYX(daKTop-
HOTO AVICIIEPCMOHHOTO aHAAM3a C ITOCAEAYIOIIM
CpaBHEHMEM TPYIIIOBBIX CPEAHUX C IIOMOIIIbIO
Kputepust Tploku. Pasanuus MeXAy CpeAHUMU
cuMTaAu 3HauMMbIMU Ipu p < 0,05. AaHHbIe Ipea-
CTaBAEHBI KaK CpepHee 3HaueHue + SEM.

Pe3yabTarhl 1 uX 00CyKAEHME

B Hauaae nccaepoBaHus MOTpeOAEHME BOADBI
Y1 CyXOro KOpMa B 5KCIIEPMMEHTAABHBIX IPYIIax
He pa3An4asoch (TabA. 1). OAHaKO C TepBOro AHs
MIOAYYEHMSI AOCTYIIA K MTOACAQILEHHON BOAE VAU
K KyCKOBOMY Caxapy KpbICbI CHVDKaAY TOTpebAeHe
cyxoro kopMa. Ha nmpoTspkeHnn Bcero akcriepu-
menTa JKC 1 TC rpymmnbl noTpeOAsSIAY IPUMEPHO
B ABa pa3a MeHbllle CyXoro Kopma, yeM K rpymma
(puc. 1 A). Ob1iee moTpebAeHE BOABL B IPYIIIIAX

Taba. 1. Macca Teaa, moTpebAeHre KOPMA 1 BOABI B HA4YaA€ 9KCIIEPUMEHTA U YPOBEHbD TOLaK0BOII rAfoko3bl (TT)
u naowaAb oA kpusbimu B TTITH u IT'TT TecTax Ha pasHbIX CpoKax sKcrepumeHTa (cpeatee + SEM)

ITapameTp KoHntpoas, XKC, TC,
(HepeAst aKcIepuMeHTa) n=4 = =

Macca kpbichl, 1 (0 Hep) 305 + 15 305 + 15 285 + 15

ITorpebaeHne xopma, r/aeHb/100 r Maccer Teaa 92401 9,6+ 0,7 12,8 + 0,4
(0 Hep)

ITorpebaeHue BoAbL, r/AeHb/100 T Macchl TeAa 14,6 + 1,3 10,0 £ 0,7 13,0 + 0,7
(0 Hep)

I'Atoxo3a HaToOIaK

TT, MM (5 Hep) 4,8+ 0,2 4,7 +0,2 4,7+ 0,1

TT, MM (8 Hep) 50+0,2 52+04 4,7+0,1

TT, MM (10 Hep) 4,6 + 0,3 50+0,3 55+0,1

TT, MM (14 Hep) 4,8+0,3 55+0,1 5,0+ 04

ITaowmappb nop kpusoit B TTITH u IT'TT TecTax

TTITH, MmM*mMuH (5 Hep) 729 + 23 784 + 20 760 + 32

TTITH, MM*MuH (8 Hep) 817 + 26 903 + 25% 765 + 35

TTITH, MM*Mun (10 Hep) 774 + 15 941 + 55* 871 + 21

UTTT, MM*Mun (14 Hep) 804 + 15 1002 + 130 716 + 147

HpuMe”lﬂHMe: #— AOCTOBEPHOE OTANYME OT KOHTPOA, *— AOCTOBEPHOE OTANYME OT TC TpynIbl.

UnmeepamusHas gﬁusumoeuﬂ, 2023, m. 4, Ne 3
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Table 1. Body weight, food and water consumption at the beginning of the experiment,
the level of fasting glucose (FG) and area under the curves in the food tolerance test (FTT)
and insulin-glucose tolerance test (IGTT) at different periods of the experiment (mean + SEM)

Parameter Control, LS, SS,
(week of experiment) n=4 n=4 n=4
Entry rat weight, g 305+ 15 305+ 15 285+ 15
Entry food intake, g/day/100 g bwt 9.2+0.1 9.6 £0.7 12.8 + 0.4
Entry water intake, g/day/100 g bwt 14.6 +1.3 10.0+0.7 13.0+£ 0.7
Fasting glucose
FG, mM (5 weeks) 4.8 +£0.2 4.7 +0.2 4.7 £0.1
FG, mM (8 weeks) 50+0.2 52 +0.4 4.7+ 0.1
FG, mM (10 weeks) 46+0.3 50+0.3 55+0.1
FG, mM (14 weeks) 4.8+0.3 55+0.1 5.0+ 0.4
Area under curve in FTT and IGTT tests
FTT, mM*min (5 weeks) 729 + 23 784 + 20 760 + 32
FTT, mM*min (8 weeks) 817 + 26 903 + 25% 765 + 35
FTT, mM*min (10 weeks) 774 + 15 941 + 55* 871 +21
IGTT, mM*min (14 weeks) 804 £ 15 1002 + 130 716 + 147
Note: # — indicates statistically significant difference from the control group mean, * — indicates statistically significant
difference from the SS group mean.
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Puc. 1. Cpepnee notpebaeHue kopma (A), Boast (B), kaaopuit (C), mpupoct maccel Teaa (D) B TeueHne Bcen
aanteabHocTu pAvets;; TTTIH, npoBepennsiin Ha 5-11 (E), 8-i1 (F) u 10-11 (G) Heaeasix onbita; ITTT (H),
IIPOBEAEHHBIN B KOHLIE 9KCIepuMenTa (14 Hepeab). * — pasanunst MexxAy Koutpoaem (C) n XKC (LS)
XMBOTHBIMY; # — oTAMuMsI MexXAY KoHTpoaeM 1 TC (SS) sxuBotHbIMY; P < 0,05; 0AHODAKTOPHBII
AucrepcronHblit aHaan3 (maHean A—D) u AByxdaKkTOpHBIT AucriepcroHHbI aHaAu3 (maHean E-H)

C HOCAEAYIOIM CPABHEHMEM IPYIIIIOBBIX CPEAHMX C TIOMOLLbIO KpUTepUs ThIOKU

Fig. 1. Average consumption of feed (A), water (B), calories (C), body weight gain (D) during the entire period
of the diet; TTPN performed on the 5% (E), 8" (F) and 10" (G) weeks of the experiment; IGTT (H) performed
at the end of the experiment (14 weeks). * — differences between control (C) and LS (LS) animals; # —
differences between control and TS (SS) animals; p < 0.05; one-way ANOVA (panels A—D) and two-way
ANOVA (panels E-H), followed by the comparison of group means using Tukey’s test
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He pa3zanydasocsk (puc. 1 B). CHikeHue motpebae-
Hus cyxoro kopMma JKC u TC xppicamy cooTBeT-
cTByeT AaHHBIM AuTepartypsl (Cruz et al. 2020;
la Fleur et al. 2011), yTO IBAsIETCS HOMNBITKOM
KOMITEHCHPOBATb U30bITOK SHEPI MY, OCTYIAIOLIeN
C BBICOKOKAaAOPUIHON AUETOM. AeliICTBUTEABHO,
obuiee notpebaenne suepruu K, )KC u TC kpbica-
MU Pa3AM4aAOCh CYIIECTBEHHO MeHbllle, YeM I10-
Tpebaenue kopma (puc. 1 C). Opnaxo y XXC, Ho He
y TC KpbIC, OHO OBIAO CTATUCTUYECKU 3HAYMMO
Boire, yeM y K kppic. Ha panHux (A0 Tpex mecsiveB)
cpokax caxaposHoi mopeau MC pasaudne mo-
TpeOAeHMsI DHEPIMM He BEAET HU K pasHULie IpU-
pocTa Macchl TeAa KUBOTHBIX (puc. 1D), Hu K pas-
AVYMIO YPOBHE FAIOKO3bI HATOLIAK, M3MePEHHBIM
Ha 5-11, 8-i1, 10-11 u 14-i1 Hepeasx aAueTsl (TaOA. 1).
Opnaxo y KC kpbIc Hapyllaaach TOA€PAaHTHOCTD
K TAIOKO3€ YKe C 5-71 HeAeAM 3KCIIepMMeHTa
(puc. 1E-G). Ha 10-11 HepeAe SKCIIEPUMEHTA TIAO-
maab nop Kpusont TTITH y J)KC rpymnmbr 6b1aa
CTaTUCTUYECKM 3HAUMMO OoAblite, yeM y K rpymmbt
(95% CI pasamumii CpepAHUX 3HaYeHUI: 28 —
306 MmM*muH). Taxxe y XKC rpyImmbl ypoBHU I'AIO-
KO3bl, u3MepeHHble Ha 15-i1 1 30-11 munyTax II'TT
TecTa, ObIAM 3HaYMMO Bhllle, yeM y K rpymmsl
(puc. 1 H). Y TC rpymnsi pesyabraret [ TT u IT'TT
He VIMEAU CTAaTUCTUYECKV 3HAYMMBIX OTAUYUI
ot K rpynmer (puc. 1 E-H).

3aKkAw4YeHune

IToAayyeHHbIe AQHHBIE IO3BOAMAM 3aKAIOUUTD,
yTo MopeanposaHue MC y camuos kpbic Wistar
IPOXOAUT YCIIEIIHO MNP COAEP>KAaHUM >KMBOTHbIX
Ha AMeTe C TIOBbILIEHHbIM COAEP>KaHVeM caxapo3bl,
IIOAYy4YaeMOM C IUTbEBOM BOAOM, HO He C CyXUM
KOPMOM (B AQHHOI1 paboTe — A0bOaBA€eHME K KOPMY
KYCKOBOTO caxapa).
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