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[(FZE] BM KUK -3-MHAHTT(C3G VBT RN FZNEEMF  Z 5SS C36 XTI A |
MG PR S ZHA TR0, FiE 3 EIRHEYE Sprague-Dawley B 30 HIEMNIET TR LA F R HRZE (n=8)
MEIRREA (n=22) , ZrHILAEE R R m B SR o 5 85 PR IR I 5 S 17 HAERER BRUBEL 5
JEREZH (n=8) 1 C3G 4 (n=9) . C3G 4L C3G 100 me/(ke- d) HEH , AWM LIS R TEL K B, 1S90
B 5 R R IC SRR BRI . NIRRT G B, 4 [ F B B U 2 IE b (FPG) | S IR
B (TC) . Hi=Hk (TG) . BEENREAMEEE (HDL-C) | KFEEISEAMEME (LDL-C) , Akl
HHSE (Fins) , ELISA MMEARICER, JEiTHR0e s ZaEbude s (IR1) | shfikisfbda4 (AL) FEYThe
AR (FER) . &R C3G 4URBAE ., WAEIRM & . ¥ FER. TC. TG, LDL-C, Al. FPG. Fins J IRI
B RARFACRELL (P<0.05) , T HDL-C F i IR 2 B & FARRELL (P<0.05) o 4518 C3G IR R
MR K P RERR D B3 o, st A R AR DG I A 2 L A e 5 Ak, 34 af 5 MR EDK 28 3 IAJ2 HEmT RE ML 22—
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Cyanidin-3-glucoside attenuates body weight gain, serum lipid concentrations and
insulin resistance in high-fat diet-induced obese rats

YU Ren-Qiang, WU Xiao-You, ZHOU Xiang, ZHU Jing, MA Lu-Yi. Department of Pediatrics, First Hospital Affiliated to
Dalian Medical University, Dalian, Liaoning 116011, China (Ma L-Y, Email: main8251@163.com)

Abstract: Objective  Cyanidin-3-glucoside (C3G) is the main active ingredient of anthocyanidin. This study
aimed to evaluate the effects of C3G on body weight gain, visceral adiposity, lipid profiles and insulin resistance in high-
fat diet-induced obese rats. Methods Thirty male Sprague-Dawley rats were randomly divided into a control group
(n=8) and a high fat diet group (n=22), and were fed with standard diet or high fat diet. Five weeks later, 17 high-fat
diet-induced obese rats were randomly given C3G [100 mg/(kg-d)] or normal saline via intragastric administration for 5
weeks. Five weeks later, body weight, visceral adiposity and food intake were measured. Blood samples were collected
for detecting fasting glucose, serum insulin, lipid profiles and adiponectin. Insulin resistance index, atherosclerosis index
and average feed efficiency ratio were calculated. Results  C3G supplementation markedly decreased body weight,
visceral adiposity, average feed efficiency ratio, triglyceride, total cholesterol, low density lipoprotein cholesterol,
fasting glucose, serum insulin, insulin resistance index and atherosclerosis index in high-fat diet-induced obese rats.
C3G supplementation normalized serum adiponectin and high density lipoprotein cholesterol levels in high-fat diet-
induced obese rats. Conclusions Cyanidin-3-glucoside can reduce body weight gain, and attenuate obesity-associated
dyslipidemia and insulin resistance in high-fat diet-fed rats via up-regulating serum adiponectin level.

[Chin J Contemp Pediatr, 2014, 16(5): 534-538]
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M PR R FEAR . SR IR . 5 JBE % 3R ILAE e
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1t % & (anthocyanidin) J&J ¥Z £ 7E T bt
. KRR OER, REHER -3- WA

( cyanidin-3-glucoside, C3G ) & H: 3= ELIE M Al 4,
R Y s A S AR AR ZE L M =
PR B, PRGN AR# DI, VEHPLEIZRR
TOMIERE . AT A NE B BB A, LR
C3G WL RER B . NAERE T . 1 fs SR 5
RIPLERTHAEM, A C36 BT REREAH 20
A5 1 PR 2R (Y B TR PR AL S AR

1 MRER®

1.1 SEIEEhYFNGE A

3 J&] U 1 T A FE A 1 Sprague-Dawley K B
30 K, 1R 50~60 g, W[ K% BERHK 25150
gt (SVF AT IES - SYXK 1L 20080002 ) .
FERBERE . EBEE N 19950 Kl/kg, IR 15%,
WKL A Y) 65%, FA 20%, WA KEERK
SRS G mARERES BOCER Y H R
e 1 o 27930 Ki/kg, & BR Wi 53%, kK A& 9
32.5%, HEHK 14.5%.

1.2 FERY. RAFIRMSE

C3G ( 2l = 99% ) W H 7% £ Polyphenols
AS A HE], mEOR BB Rt & (L H
Millipore 22w, SIR-13K ) W [ b 5 4 3 A4 ) T2
NE], MR & FH A G4l 2y Tl bkt 2s
¥, H =g (16) . BHFEEE (TC) {H &M
At LAY B AR B A BR AR, 5% R

FHIH R ( HDL-C ) | A% 8 5 25 FH I E B ( LDC-C)
R &0 FRN T 4E H RAEI R A R A F]L, K
FUIREK 2= ELISA 35050 &0 7 e AR R A
B BT ARG 4 A s B (3 57
Hitachi7600-110) . i #x {¢ ( AWARENS Stat Fax-
3200) . HFRKF (OHAUS CP153) . HFFE ( I
W5 FE, JA12K-1) o
1.3 BERERI M & R o E

KERGE N PEME SR 3d, FRREALEC T R IEREVL
Iy R STHRLH (n=8) , 4T ikl E
FRRIREH (n=22) , T EIRFEEERSR, WA
KR EDH N 54742, 5502409, B4
BESIGIHE L (=0.175, P=0.862) ., 4L
WEFE S R, IR A B R X R A 2
TR 20% 19 17 FR BUVE S 52 56 AR B K B P
T AR G T 1 R BR T DA i TR R B B AL 1
ELfih F AR, S MR EICECA I A
(n=8) 1 C3G 4 (n=9) , P KERIAKESIH
269.5+13.1, 267.0+16.5g, M4 ER LT
2 L (1=0.058, P=0.812) . £ KBAEFA K
BREEARE F, €3G AT LLMKIE N 10 mg/mL 1Y C3G
AR K E B, HOR I T DU AE AR K
HEE R 1 ml/100 g (R [C3G J# E 7 A Y
T 100 mg/(kg-d)]; FFRHEE 1R, HEHEE 5.
SEEG R, RERRRE R RARE 1R, HERC SRR
R AR, A KBRS B R = 5% (4
98 3~4 HU) MR, AWMBE LUOK, BRI
(22+2) CHNREE (55+10) %, WIREEM 12 h,
1.4 FRAERYE

T E A RET, KEZESE 12h, AEEK, K
Ht FFRE (KB El1g) J5 Lk 10% KA &
(0.35mL/100 g (A ) & RRIR ST, JH 1T Dk R
Ifl. 2 4 mL, 3000 r/min, &5.0> 10 min, B _F 2 I
T, 20CPAIARFRE. WiBab st KR, 43 Pl As
LR 2 (AL FE RS2 AR D B JE AR W R AR ),
FHUEARIE T 5o+ RF (863 0.001 g) FREE,
1.5 MiEFRA IR

K iz B 2 (Fins) , 2 A3
AT BT AR DN 23 JE s (FPG ) AdfiLfis, ELISA
g AR IR . I A S RATHE AL (1IR1)
F1 3 Bk B Ak F5 %0 (AL) : IRI=[FPG ( mmol/mL )
x Fins (mIU/L) 1/22.5; AI=TC-HDL-C/HDL-C.
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1.6 FHEFAERNITE

SRR R (feed efficiency ratio ) =[ 7N
Fi (g) / [AMIAGEREAE (k)) ] x 100%.
1.7 FitFESHR

Vi FH SPSS 17.0 St it A8 3. 1
BRI + bRifEZE (Rxs) FoR, PIdlRI%L
() ECICR TS FEAS ¢ K s 22 20 TR 58500 LA
KRR T 2500, LI LR LSD .
P<0.05 FR 2 A G2 L

2 #R
21 ZBAXREKE. NREHE. BRAE. &2

BARREENAERALLR
MERELHLARMRTE (S5 10 AR ) | (RHEHY

XHRZH (P<0.05) , C3G #H FiRH8Hr 0 BAK T e
B4 (P<0.05) , {HAN = TRTIRZE (P<0.05) 5 JE
JrE 4K B Y HDL B WA F X BE 4 (P<0.05)
C3G 41 HDL B & F+ & ( P<0.05) . C3G 41 HDL-C
S5XTHRAMLL, Z2RIEHEITFEX (P>0.05) , UL
2,
2.3 KHAKER FPG. Fins. IRl RASEEZRILLER
NI Bk 2H FPG. Fins M IRI B 5 & T % B8 21
(P<0.05) , C3G 4 _FiRFEFRI AL (P<0.05) ,
(B4 T AR (P<0.05) 5 AEAEZH i 7 NEme 2%

THTHBLH (P<0.05) , C3G ZHASHEZ A Al P20 BH i
B (P<0.05) ; C3G A Iy g2 5%F B4 AH L,

2R TG IFE L (P>0.05) .

4501

- Xl
- s . 400 "
. NENR 7 AT 24 RE R FH o B e e X B 5554 : gﬂjig
4 (P<0.05) , C3G 4 k455 B W A% T ACFE4L o 3007
e 2501
(P<0.05) , {HAE X AL (P<0.05) o AEAEL B e
H1C3G 4T i iy 44 H Je RE fo 456 A BH d v T X IR 1501
N s N 1007
(P<0.05) 5 JEJELHFN C3G 2H )+ i i 44 = % g o
=) N, e A
BEAZ R RSB (P>0.05) . W1, % S O
AR R I KA ILE 1,
22 KAKRMASIERRINBIEWISHE L 1 SAXRAEEHRKEHE
AEBE4H 1% TC. TG, LDL-C f Al B & & T
F1 BAKXREGE, NEERHE. BEE. REBANRTFHEEFHAENLE  (vzs)
£zt XTI (n=8) REREAL (n=8) (3G 4 (n=9) F {8 P1H
WHRIAE () 547+43 553+3.7 56.4+2.3 0.54 0.58
TR () 223+ 10 270 + 13 267 + 17 30.64 <0.001
LRIRH (o) 352 %21 434 +21° 4097 £ 17" 37.12 <0.001
RERI (o) 297 + 23 378 + 25" 352+ 19" 27.69 <0.001
ERE I 2 (/100 g 1AH ) 3.25+0.20 473 £0.14" 4.17 £0.12™ 186.22 <0.001
B (g/d) 148+2.1 151+1.6 155+ 13 0.30 0.74
AEEEEA (KJ/d) 299 + 19 415 £ 24° 420 + 24 89.61 <0.001
SERE AR (%) 1.44 +0.05 1.31 +0.05" 1.08 +0.08™ 63.04 <0.001
e oa NEXIRALELES, P<0.01; b M SIEREALLES, P<0.05; ¢ SR LE:, P<0.01,
*2 KBAKXKRMAEFEIRE AR  (xzs)
2151 n TC(mg/dL) TG(mg/dL) HDL-C(mg/dL) LDL-C(mg/dL) Al
X} R ZH 8 453 +3.9 120£23 14916 163 +£4.6 2205
AEHELH 8 61.6+7.1" 17.8 +2.4" 10.9 +3.0° 27.4+58" 47+1.1°
C3G 41 9 54.8 +2.0" 14.7 £2.6* 13.1+2.5" 22.1+2.7" 32+£09"
F1i 24.46 10.91 25.40 12.32 25.25
P 1A <0.001 <0.001 <0.001 <0.001 <0.001

T a HEMIRALILES, P<0.05; b SR IRALEAES, P<0.01; o W SMERFALILEL, P<0.05; d W SMERFALILEL, P<0.01,
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#x3 &EKEREFPG. Fins. IRl RIEBEEMLLE:

(x+5s)

215 " FPG Fins IRI RS

(mmol/L) (mIU/L) (ng/mlL)
XIHRZH 8 74+25 73+£20 24206 13.8+23
BEEZH 8 113+1.5" 11.9+12° 56+1.0"° 94+15"
C3GH 9 92+13" 9.1+1.7% 38+1.0" 125+2.6°
FAA 8.76 15.85 24.71 8.82
P{H <0.001 <0.001 <0.001 <0.001

W a5 x4 B, P<0.05; by 5 %t I8 4H FE &,
P<0.01; ¢ 7 5 0F Bk 41 Ltk 8, P<0.05; d } 5 00 Bk 40 1k %,
P<0.01,

3 iTig
1 BT 3 S I R AR B R 2 Ak
G, A TSR KR RN,
W HTEMS Tk, BAdR. drEfb. mps.o
ML A5 5 i 5 e B A1 08 AR 908 190 oy 18y Py s 157101
C3G 2L R BIH . AR Z A BOK AL
KRR, REPEE E RS
W AR AN FEAETT R B R4 &k 1,
I, A HF5E 2 B Guo % "I Qin %% U518 HF
5%, IREANFE €3G [100 me/(kg - d)] 5 J5, 4559 Bon
A dub ek 7 A Pt R BRI T K PN R B Ay AL 8L g 384
C3G PR AR P K B B v] BB M 2o 38 1 S 3
(1) HEIMAEEISFE . AT PIEREALYS €36 4145
B MR AZ RIS AR L, T C36 4l
Sy aE A R BAR T AR AL, R C3G it
B0 A PHE R BRURE H T FE R AR EE T 52 o 4
BRAREEEA; (2) BAURD & Wi
BRI E VSRR I AN MAE S, J /g iy 1 2 ) 3
It BEARAIFSE o B 412, R P AR
58S Mok RERE AR 0 AR BTk 25 DI ARG, 20 A
PRI s A ST FE RS R R M, C3G Wb AR I 21
SRR, (R LA O A R G LA PR E
B S B AR ZEEL, JEIHE TC A1 TG #5,
SO LB G R &R " BEAA AL E EF
i TC A1 TG PBFFE L5 A7 il 57, AT
7R C3G 0] LR LW TC A1 TG, L% TC B #k &
Z PR RS, ALEE 1 R R B .
U REL T 0 A . R R 4 B R P €36
I 3 3 Aok A ) UL R 5 A AR ot 95 O [ e Bk
A RIBIFFT Ss AE T 28 0T LA I IO AR 1 R 7 A 2R
P ( AMPK ) , i AMPK 17 i JIEL [ /5 5 1 1)

PR — 2 R 3 R Bt T A ( HMG-CoA )
R JE A TG P U R, SR AMPK A9 TR
AT IR B A A, S R R K A
4h, AMPK #17 il 2 ot i B A ¥R fL B (ACC) 1 I
ACC2, HEnARIIIR A AL . Bl R 7R 1) A AR,
HEMFEAR TG, Guo &5 UG IR HepG2 4
MiZ: C3G ALFS, AMPK FOTE PRI I S350 ACC T
PEREAS, 1 NG DR E AL IG5, h I, C3G #E
PP AT REIE 0 0% AMPK 3 724K TC & TG,

e IR AR5 5 (R R R B A P DRI I 2 2 34
Ik R ZEALAN, H R A AN R R BE A IO R
5y R R R, ARSI AR 4L FPG
Fins X IRT B @345, HIKE 4T €3G 41 kTR
FRETEREAL, ULH C3G REAA kit AT B AH 5 o b
MRE 75 1 5 2R IMRE MR % RARPT, 5 Guo &1
(IR FE 25 e — B C3G BRI A S 38 1 1 3R 41K
LR REVE LA an F "2 IRE RN €3G
T HFIE AMPK, 53 S5O AR 53 A= %) 3 e B ok il —
hRIA I N B R R4 ( PEPCK ) AR5 HE —6-
WEFREE ( G6Pase ) 1EPERRAL, IPHIME A [FAT
TG LR A IR D420 AMPK, 58N e s
B 4 (GLUT4) WYL, B2 st 4 45 4
IS R seAh, BFIE AMPK 3800 sk 20 i [
B SRR 0 A . SR IR i Ak ikt
[ T 2 A e R i 1 2 L B Je 5% R KL
T E 242 Guo 28 " A, C3G ilid P85 c-Jun
FIEAR I (INK ) / SCERHER SR 01 (FoxO1 )
T % A DG SRE TR s A B S B
FHCHT. C3G HEm e 5% 28 UM 0 AR BL I 7 75
FEASK FIRIFSE H i — IR

BIEZJE—Fh o150 30 kDa 45 7 41 i (K
T, HEZEHRIHL W, AN BoR E s
REACE SRS, WIERRI . mARZEEL . R
B EMPER ORGP R R AR,
5 HDL %50 A (R R B R IEA R P Il
BRI LU, DL AT S Bl i Ak
e [ (TP B a5 WA =1 e el 2 AR N B I
M R AT, Blest AR AR AR AL 2
BN B 105 £H 2 i B0k 2 1) 28 8 T AR B TR AR ZK L
(I 8T e ARBFFE A C3G T 5 A5, A
K EUMTEIRBE R AR R IE 5, B8 FZ P E O
AR R N BB o, R 3G mlfigiE
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HEm it v DR 16 2R /K P A HE By i M JRE AR DG il 87 9%
S fs e R 2 AE ] .

A PR 2 i A 9 3R I v AR TR 15 = Y T i
SEUM PRI R ACEFEAR, [ AEHEER X NF-kB 11y
TOIEs, S BOWRE R B AE PN B 20 HRURY Bf
(VCAM )-1. ZHARMEIKSR 70+ (ICAM ) -1 kg,
T 2 JDk LA PR R 14 L LA 2 4 e A R
SRR LA P TR B, AR
TSI KR AL AR fb . AT J2 17 i o Jik A Ak 1
FREE B —A RAFHE bR, RS B ) & A O i
M . AT R IR IR E 2B B ALY
w, I C3G R Tl AT B B R, 8 €36
HAYhRELrIER, SREAMFIT 4 R —2 Y,
C3G B sl kA Ak i) — 1> 1T BEAIL ] A 385 o 1 775 A 3k
ZAKE M RO AR 7T R IR 6 R BB 75 5
Pl M A BE TR, P B a2 M ) Y R A i AR
WS K B R R R B DORL, AR R A ATk, T
FRIMLHT, HEI & DS koB R L i 2
K C3G FEAK AT 8 HARBLE] v 75 ZEAE AR T
et — RS,

Zi Lk, €3G RIS SR MR R R R A4k 8 K o ik
JIg 10 L8, et A R A S B i A5 3L A e
B EAPT, R C3G nI B AR RER A A, xS E
ZNEREE, C3G n]—E R MG AR, T HR
Y 300 02 I T A D i A QA 35 L B 5% R AR 5%
OB fa e 2, EARVE FEBLE] v 75 o —
S
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