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Regulation Effects of Blueberry Anthocyanins on Glucose-Lipid
Metabolism in Type 2 Diabetic Mice
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Abstract: Objective: To investigate the effects of blueberry anthocyanins (BA) on glucose metabolism and lipid
metabolism in type 2 diabetic mice. Methods: The mice model of type 2 diabetes mellitus was established by high-fat and
high-sugar diet combined with intraperitoneal injection of streptomycin (STZ), and the normal group, model group, positive
drug group (250 mg/kg) and blueberry anthocyanin group (300, 200, 100 mg/kg) were set up. The food intake, water intake,
body weight and fasting blood glucose (FBG) of mice were measured during the experiment. Oral glucose tolerance test
(OGTT), glycated hemoglobin (HbA1c), serum insulin (INS), homeostasis model assessment insulin resistance (HOMA-IR)
and blood lipid related indexes of mice were determined after 4 weeks of continuous intragastric administration. Results:
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Compared with model group, blueberry anthocyanin group could significantly improve the typical symptoms of weight loss

of type 2 diabetic mice with polydipsia, improve the glucose metabolism level of mice, promote the secretion of insulin and

reduce insulin resistance. The contents of total cholesterol, triglyceride and low density lipoprotein cholesterol were

significantly decreased in type 2 diabetic mice, while the contents of high density lipoprotein cholesterol were increased in a

dose-effect relationship. Conclusion: Blueberry anthocyanins can inhibit dyslipidemia and regulate related diabetes

indicators by controlling blood glucose concentration and insulin resistance pathway in diabetic mice.
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Bifi 5 4= BREE T I el & e, AN 19 A= 1 =X,
AN PRI, IR T MR (diabetes mellitus, DM)
PR IE, P ] ok AR o BD6 B T, 2] 2045 4505 GRS
B N BE N ZE 7 44, BER AU 1A 5 o5 AT 1R
R deg e B A = R BN S T A e gt B DRSS R
Jik 55 B AR FHAR LR 15 B 43 A S T 5 S Bk 7K Ak
. N B A TR LR-GAIE, PRI S B
P P K 300 e b A% v i A R, A 1 AUBE PR
2 TOWE PR v AN /D BT R PRI . ARER IS RUBH PRI o
1 BUBE PRI 2L R A BBk T RS B 4l
S U AT AILETAS I 5 2 TR PRI B 1% 22 4%
WAFHXT AN R s AZ AR AZ BH 5 [ A2 19, FHorp 90% LA B J2
2 BB RIGD) . AR RIBY TR IR 2 R B,
ALFE UK, i3855 22 | o BRI 79) | A DRIEAE, {HIX
Be 5 WFEIRTT Y RIBH PR — L8N R, Anf4s S
n. ievbEE. BIHTIaeEEL . AFAUE A AR IR EEAT
U WATIR AT IR R, IR B RAE AT LA B Fnsg
fi— ZR N LIAERE . MG 575 A 25 I8 U8 S 4R )
R FH . Fit, B FHEARSEmZ e, KEaH
FELA R HLA= 0 P i 43 4 FH - T AV A TS PR I
F H I RAE

WRIAHE S E R 2. GYIRETIREEE
Pkt sy, BT EmpPTE L . Buge . PTABRE. T
WIBH | SRR ML AT AT O LA S5 1, 93
A AR 22 A R AR K SR 2 17 %S
AT FE IS PRI A — PSR 2 i (R, W
ARSE AR | R | KEHRGMHFT R oS —
A AN EFURE . TR AR D R
AL, WFTE RN, ZWE IR R AR A B i
FUEEREAE T 22, VX BB B I I A B IR, IR 6E
SRR BEPRIG S R AORBRE | J0E | O MBI 5 A&
IR 2, X RIS AE T A — R s IR K AE T
B AN AR 25 A AE T TR — v P, SR
M, X RS REAE T ZE AR IMAE . R AE 7 T s BR T
L B, 1A XA N 286 AL ET T R Se ot
g%, Hiial_E AR IEE = 2 A A% 55 0, HT
TR AYES T HR PRI 1 =i AR Rk, ASBFSE LA
BEAETE 2 N EORL, IR R AR PRI /N BB AR
W IBARETE IR VE R, S His Rvay TR R 1 AR
IS BEE £ BT R 3R — e S P .
1 MRIERE
1.1 MRS5S

SPF 2 ik B B /)N B ( SCXK (B ) 2020-001)

65 H, IR T e (20~25)g W A P B 4 /R A Rk
AR E AL WS F R i S48 sh A R
HJ(SCXK(J11)2019-031); FidmPEHECTT: £2K 73.5%,
FER 20%, K 5%, B 1%, &L 0.5%; =8k
We 77 : Ak 66.5%, BERHE 20%, H [& s 2.5%, 0
BRER 1%, #57H 10%.

WERIAETT 2 (4% 98%) I 2i A 1T 1y
RABRAFI(CP190914); g —H XU i
FRZIN A A RS w5 SR 2R S5 sigma 2
Fls AVAETR  ATAETREN . IZE S dral, R R
ARG A FR S 75 AR BRER K | 4% 2R BELH
AUE W ) MNTEE A YR A BRAS | PBS B R
Fhogepi IR AR B E s /N BRUEIA
fi£ ( Total cholesterol, TC) . H il =T ( Triglyceride,
TG) . = % R 25 1 H [# 5 (High density liptein
cholesterol, HDL-C) . Ik %% JF g 25 M1 JIH [# % ( Low-
Density Lipoprotein Cholesterol, LDL-C)#5iMi7-6;

A A Y TR ST T /N BUBR 5 2R (INS)
ELISA Al 55 & . /N BUBE AL 1ML 41 85 (5 (glycated
hemoglobin glycosylated hemoglobin, HbA1c)ELISA
xR = il kAW N B SAELY/ S S 1 R/

TGL-16M U HA R ELOHL, WTL-4K ZU {8
ELDHL IR HGE L OHLA BRAS F]; NR-EW63W XA -
H %1—20 °C {KIEVKAE . MDF-C8V1 Fi—80 °C AHIKIA
VKFH  Panasonic H4<#A T ; DSX-18L &l [ sl &
ZEVRKHRY IR A YRR A A FR S 7]
DHP-9052 B #EIREEFRFH Bl —ER s
A PR Fl; eppendorf U L Wi #% 7% & Eppendorf;
ZX-60XZX B yKHL ¥ H1{5; SpectraMax M3
B 4= K AR {Y 3% [E Molecular Devices 23 ] ;
T6 AEEAMAT WL ERETE At FAG A B
5Tl GA-3 AU S . GA-3 B . —uPEAfd
FHARAERIMEE =i E I A BR A ] .

1.2 SEWFHE

1.2.1 MR/ BRI e sy B 6 JEIS, IR EE 20~
25 g MEMERBH/INER 65 HAEMPEMEFE 1 JE((24=1)C..
12 h B/BAEIR), i FHIE # bR /N s K
TEOL, AR EROK . BV 7, NG E
W CGRERR R B2 10 ) | S2802H (R iR iRk
4 55 H), MEFE 4 JE, 28 ALK 8 h J5FRE /IR
AREE, ARPRAARE Y STZ JEST . SCUe4H %S 3 K
ME T B STZ 28 vh i (50 mg/kg) , 13 S A FL>
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0.5 mL/100 g, 1EH 2RI [R5 EATE IR -ATAE IR EN SR
MR, ERIE A R POk, fRfRRE 72 h e
EEEANELIK 8 h, FHIUBEASC LA R i JDK T 3] 4 >R 1 7
e, W /N B 25 IR I (FBG) , 1We B as il U HE
F 11.1 mmol/L AY/INEEATE2E613],
1.2.2 Sref. 525 K aE B Erng /N BUBE AL 53 R
5 4, S SCHRAERIGR T4 B0, 4320 K i 25 2491
OLUNTR 2 1E E X REZH 8 H (Normal Control Group,
NC) |, BRI IR 8 H (DM)HE B & E 2R ER /K [H
P25 #p2H 8 H (Metformin, MET)#E H 250 mg/kg £k
PR — RIS s S8 AR T R E R4 (BA-H) .
FHE2H (BA-M) AR FIEE2H (BA-L) &40 8 B4 BIiE
B 300. 200. 100 mg/kg #ERFAETT £ . HEH LA
0.1 mL/10 g WARUESEATHEE , AR AR Y 53 /Ry
A YR T R o, R ehEh 4 SRV
1.2.3 KiFstks
1.2.3.1 —fFEbRuss  SCgG R, AR /N U
gl AR HEEN A, 0k /NEUEE B EE R AL oK
i, B JE N ERAAE —IR .
1.2.3.2 5 MBE(FBG) M E M E & BIRTiC SR 4
ZH/IN BRI IMOBEAEL, YA B ) i A ] — U [ 2 B[]
I 4520 /N Bas B IO .
1.2.3.3 25 (OGTT)IlRE  SLihids—)E
XF /N BREA T 11 ARBE N I 2 o /NERAS T ASEEIK 8 h
Ja, #EE 2 g/(kg-bw) 1Y 4 25 ¥8 KB W (FE IR wiv
S 40% B, RIS 43 ANAESS 0. 30, 60, 120 min A
I /N BRI I S AR PRI e 435 S T35 b
£ F A2 (Area Under Curve, AUC), HhEsbE i 5
K, A=A R
0.5A+B+C+0.5D
2

. A: 0 min M BE(E ; B: 30 min I BEE; C:
60 min [HH{E; D: 120 min IMAH{HE .
1.2.3.4 IMEFHE{bInsr A (HbAle) F9IlE 52
6 2% ok %F /N BRBE AT IR FIE 5k B i, 1fin 0 e S5 7E
10 mL BYES.AE T, B8 4 h J5, 4 °C T L4 4000 r/min
B0 15 min, B JZIMIE, 5723 F—20 °C VKA -

{d FHMEAG LT3R 13 ELISA 43 Hrids, # BRI &

AUC =

PRVEAL R, FHBEARSGHA T E o
1.2.3.5 I ASFHSCFEFRAGI [F] 1.2.3.4 BuUig . I
SEMIE AR EEE(TC) . Hil =E8(TG) . "% ER
& F AR E B (HDL-C) | IR%5 3 g & AR & B (LDL-
C), A& H B S E2E TR, FH AR SIS T a2 o
1.2.3.6 ML R 28 (INS) & & K BRI FEIRPrig 24
(HOMA-IR) TN E  [F] 1.2.3.4 B . W
JER 2 BLISA Ky, i Rt S EE B8, FH IR
ASGHATINE o

72 [k 5 25 (mIU /L) x 25 8 I8 (mmol /L)

HOMA-IR =
0 22.5

1.3 #iEAIE
% SPSS 25.0. GraphPad Prism8.0 % {4 %] 5
BRI TEET T HT AR R, 1 B P I R 22
(x48) TR o SRR I 2250011 (ANOVA) 1T
Z o] 8] 22 53 W3 RO, P<0.01 RoR 2 S B 3%,
P<0.05 FR2ZEF W,
2 BERS5HH
21 HBEHFEHRX 2 BHEKRRFDREMEIRIERN
A1)
2.1.1 BEAAET X 2 BUPHR /N BREE En52
NERBFE RSN 1 PR, IEE A/ NRIES 2
Wil B AR RS, A5 0 R e i 3 2
o SIEHR AR /INERAR B, 2 ROMHPRIS /N BRAG 2EE
HOAR PN (P<0.01) o Z5 B 20 FRIA 1Y) HLTRLRE PR
Z—, B S A S LS A —33 . SHREAZH/INER AR
Lb, 25 25 2540 BE i Y R R, 56 4 R s 3] B 2 OKOF
(P<0.05), HIEAHET 2R mmlm el RO IEA S 2
WIHFFT-. 28 EES AP, BEAE 25 T TR [a] 14 48
K, WHIIE T R AENS S 2 OB PR/ gt 1
JnatR
2.1.2 EEBET X 2 BIPH R /N BUIRK = 152 00
JINBRAROK RS SR ANER 2 A, IEH 4H/NBR B AR K
AR E R, BRI | 25 LT R .
Hr | FRl e H AROK B YA S 3 e T IE B X RE 4 (P<
0.01), ZREGGI¥EX ., ZdlEKE TR,
WARETT 2. P g/ ROk I SR ZH AR

R WEREAETT ZOUBE R /N SR B B B (ks n=8)

Table 1 Effects of blueberry anthocyanins on feed consumption in diabetic mice (x+s, n=8)
Hfra(g)
ol
0J4 14 2JH 3 47

IEHH 54.03+0.69 54.66+0.74 56.36+1.24 57.73+1.70 54.96+1.66

FERIZH 77.60+0.42" 79.65+1.88" 79.95+2.14% 80.10+£0.92% 79.26+1.21%

Btk 77.75+1.34" 73.30+1.13% 69.50+1.60"" 67.70+1.83%" 65.56+2.38""
e R 2 78.95+0.35% 74.80+1.83" 70.17+0.82" 69.00+1.30*" 67.76+1.57""
a2 78.25+2.33% 75.15+0.49" 71.20+2.19%" 72.23+1.25% 69.16+2.07"
IR 20 77.40+1.83% 76.70+1.52% 74.20+1.29% 72.33+1.85" 70.36+1.64""

H: HIER X, "P<0.05, #P<0.01; SR EL, *P<0.05, **P<0.01; #2~3K7[A].
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F 2 R FHIRN /N ORI (x5, n=8)

Table 2  Effects of blueberry anthocyanins on drinking water in diabetic mice (x+s, n=8)

oK (mL)
il
0 1 2J 3JE 4JF]

IEFAH 52.50+1.53 52.50+1.06 51.50+1.12 53.33+0.88 51.66+1.08

T2 72.50+2.05% 76.50+1.50% 77.50+1.05 76.50+1.15% 78.33+0.91%

pLYE 75.00+1.00% 73.50+1.50% 69.50+1.50%" 66.50+1.50*" 63.33+1.88""
bl 72.50+2.50" 71.50£1.50% 70.50+0.82%" 69.00+2.04* 64.3£2.11""
e abil il 74.00+1.41% 71.542.12" 69.00+1.41% 67.50+1.53" 66.00+£2.11%
Lilk= e 71.00+1.00% 71.50+1.50% 70.00+1.07% 67.50+2.50" 67.50+0.50"

LA T R R, Pl a6 T 2R R 2H ORK G i fIR
Fri AR, SR AAE T R RIS MGE 2 AUPHIR
/N BRI BRI o

2.1.3 WEBEAET ZEXT 2 BRI BUAR R i 52
BN AR SE SR AN 3 s, EARS 45470
I E 515 HAR LR 2Z R B35 (P>0.05) . 7E
WEAEH R TR, IEE A/ NEARER I T
6.13%, MR LHAR B IR /DT 4.37%, HAES = FIF
U5 IR 4N RS AH F B B 35 25 55 (P<0.05),
VLU EEAL A BT . SRR ZH AR L, BE AR AE T = AIK.
. LN BRI AN 25 5 (P>0.05),
PAREE G N AR X S8, I A s R A EE R )
B A, FeBH SRR T AR R N EUARTE 1Y
I A B AIE R

2.2 EBEEN 2 BUERF N RERIHE T

2.2.1 WEBRHET N 2 BUBEIRIR/ N RES R I (FBG )
FUSEIR =5 B MM AE BR R s MG S FITAG: I A4) I AR,

SENE R R B A ISR SR, S BB 5 2R D fiE

FIH AR SE B A AR, (EANBER RO A e — B
At 1] P9 PR IS AR 5 5100, AR b RIS (2 T
e, IE % A 2SI MUBETE 3.9~6.1 mmol/L Z[d], & T
7.0 mmol/L W AT B2 HE R, =T 11.1 mmol/L M|
WIS R R R0

/NS I OB E AR an = 4 s, Rl
1, 2 BUEEPRIG /N BLas B A< F 11.1 mmol/L,
A 3w T IE R X R4 (P<0.01), FEHIBEIR SR /IN R
ARSI AL, HA2H /N FREA 29102 B UG i =5
2257 (P>0.05) . A A/NERIESHE B 2508 S, IEH
ZH /I~ Blas W IR (L CRARE AR I R T BT PN, A5 21 i ML
FFE R E R SR, SH#ES AW LR EES
(P>0.05). #EBIRITVUEG, WREAEH e, K
L 25 i I EL SR ZH AR FL 435 RI% T 27.66%
25.20% FM 20.74%, Horps il ia g S5 25 kg —
KU BEBERCRIEA— 2, R EREAETT ZE—E 7
L FEINA FE MU BN, (HIFASGR RS 2= EH
K

K3 AT FRRE IR/ B A2 I (R4s, n=8)
Table 3  Effects of blueberry anthocyanins on body weight in diabetic mice (x+s, n=8)

PR (g)
Sanil
0/ 13 2J 38 4J4
IE#4H 49.12+2.01 50.18+1.30 50.72+0.99 51.36+1.38 52.13+1.12
FEFIZH 50.13+0.74 49.86+1.55 49.0142.15 48.48+0.92" 47.94+1.07"
2 48.62£1.92 48.03£1.65 49.74£1.48 49.97+2.01 50.80+1.55
o 5ilh=ed 49.42+1.87 48.34+1.48 49.11£1.70 50.1542.09 50.39+1.56
rhf A 48.64+1.99 48.12+1.70 49.81+1.51 49.62+2.05 50.04+1.48
G4 48.72+1.15 47.77+1.43 48.4242.07 48.90+1.21" 49.74+1.37"
F 4 WEALTE ZXRR /N RS BB (FBG) U520 (=45, n=8)
Table 4 Effects of blueberry anthocyanins on FBG in diabetic mice(x+s, n=8)
23 1 1 (mmol/L)
il
0JH 1# 2J# 3JH 4JH
EHEA 5.60+£0.39 5.33+0.78 5.16+0.68 5.46+0.70 5.62+0.54
HLAIL] 15.27+1.51% 14.99+1.42% 15.08+1.35™ 14.93+0.98" 15.04+1.08"
25 14.68+1.57" 13.921.13" 13.04+0.84"" 11.87+0.86""" 10.57+0.75%
[l 15.111.64" 14.17+1.69* 13.21£1.26™ 12.29£0.92% 10.88+0.78"*"*
rhl AL 15.13+1.6" 14.21£1.16™ 13.55+1.11%" 12.85£0.83"" 11.25+0.79**

G AL 14.82+1.42% 14.44x1.05™

14.01£0.72" 13.06+0.82"" 11.92+0.93"
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222 WEREALTE FXT 2 BB PR WG /)N B 280 Bl i e
(OGTT)MIHEM  BH FH5 LA MUV B ) 15
877, # DRI 2 h 5 IMBHEAE 7.8~11.1 mmol/L
JEREIN, D AR LA A 2 0 IR (RS
T, P U A S B SSRGS, MR B S AE s
Hf ] PG T o AEA AR S PG SN, it [ Sk
5 - MR YRS AIL, 4306 HH B8 2 IR 5 21, AR LAAR Y
AR IR YRR NP2 DR, 38 3 e b
T e FT LSS BT LA i b Fd) 95 B 7 ANk B 2R AT
BEIo

B /0N BB S S BG 25 SR UNER S s, IR X
REZH /N BT 8 A A BRSSP IO 7K SPARPR |
TF, B AGHE AR, 2 h 5 B2 E K misRige
/INERAEE B A5 AR o AR P9 OB 7K S AR PR T 381 e v
K G BT M. SRR AR HE, SRR AETT 20 .
r AT BRAERE S A4S /K SF-7E 30 min
st B 38 381 5 v 7K, B B T [, ER AN RE R 20T 4
IR, ABATY AT AR B Y W A TS 2R 4N BRI I A P
AR . RENER] WAL T 3 T ARSI BRI W i,
HLBE WA AT 2R AR, /)N BUBE G RE Tt fE
ZHE
5 WERRALTT ZPHERE /N BURT A BRI B (OGTT) i 52

(x+s, n=8)

Table 5 Effects of blueberry anthocyanins on glucose tolerance
in diabetic mice (x+s, n=8)

s 1A% {E (mmol/L)

0 min 30 min 60 min 120 min

EHEA 5.74+0.82 10.11£1.02  8.91=1.20 6.00£0.45
FORIZE 15.1041.53%  19.20+1.98"  17.34+1.89"  15.41+1.39*
4 10.54+0.76"7  15.48+1.58"  14.13£0.91*"  11.14+0.69"
EFIEA 10950717 16.06£1.28"  14.64+1.13"  11.44+0.92"
PR 112740817 16.83£1.52°  15.13+£1.38"  11.88+0.65"
AL 11.85+0.87"" 17.43+1.41%  15.57+0.86"  12.28+0.75"

B 28R i AL (AUC) A LI FBHH HL 7K F,
JZ W NAAT AN Bas i A B A R B, AR P bned i i b
A E I ARG T, B RSB B Az 4R
BN iR 1 AT, BRI I R
THIAH bl IE B 2H AN i 351455 (P<0.01), SESRIZH AH L,
WAL T R . PAE AUC WIETE L 255
(P<0.05), IR 20 A KA #1531 i 2K 5P
(P>0.05), FRBATEEEAL T 2 0] A SIS IR/ N RE
J& MU T v, il s/ BRUA i e 55
HARDL o
2.2.3 BT EXT 2 BUMEIRIG /N B L ILLT 25 A
FOSENR WA LT 85 P 4T i A 4T 8 1 - i i
T BESS AR S G ), SR RS Y IOBE R AR,
T AT 35S WO PRI 5B A i 25 8~12 JEI Y b2 il 15
DU WA AT AR A S RS bR TE, e
W RNAS U RS I BB . FERHPRIIAY TR, Bl

Ju W A SEREAETE FON 2 AUREIR N BRI R - 385 -
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Fig.1 Effects of blueberry anthocyanins on AUC in
diabetic mice
¥: NC: 1E 4 ; DM: &84 ; MET: 24420 ; BA-H, BA-M,
BA-L: i H &R . KA =4l 5IE® ML,
#P<0.05, ##P<0.01; SHEHIZAAHLL, *P<0.05, **P<0.01; [ 2 [,

I ETFE AKX ol evA s il . & BRIEY T T A7
TEVATRER LA K e SHEY T 7 58394 BB I R P,

Rl 2t SR an & 2 fr s, BEALZH /N B v o fb
1M1 85 [0 & & A1 IE B % BE 20 AR Ee AR (B 38 T v
(P<0.01). SHCAIZHAA L, Zoask U JE B s REAE 7 22
TR, WAAETT R b KR A 2T S
JEAE ST AR T 21.57%. 14.03% Fll 8.56%, nJ & H}
TR ) W AR AL IR AL L2138 FH A RIS E FH R
I35 (P<0.01), IGHI & % 25 46 7 22 W AR A S EAIR/ N
FRUIML Y7 HoBs A i 27 28 71 4 2 o, (EAVE FHRSORAS 55
(P>0.05) . BHLSCE 455 Grace 57 1 45 HAH—
B, PE— A UE A REREAE T ZHE IR/ B SR Tk
S BRI E R

HbAlc (ng/mL)
w A N N
o o o O

| | T T

B £T 2R A
=

(=R
1

NC DM MET BA-H BA-M BA-L
SR
P2 EAEAETE ZOWE O/ BB A I £1 25 1 A s e
Fig.2 Effects of blueberry anthocyanins on HbAlc
in diabetic mice

23 HEEEERX 2 BERRRIEKIHAE
BRI S — P2 AR, R E AR
RIS W R A . VA R B, 42% 1Y 2 BB RIR &
HAETENBF G R BRI e ST e i 3R
I, KB RINE AU S5 &) 5 | O % I A58 08 19) &
AP AR BAS A AT DA S B HE A LA P RS B A A
O, XF AR AR A9 55, Ba Iy v AR E B (TC) |
Hh =5 (TG) A% g 25 11 (LDL) 2% Fs oh,
=25 FENREE A (HDL) 19 55 FEAIG 2 —F i UL 2
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P, IX SR AR AR A0 B S BOIEE, INEE 2 ABUHH PR
VT L L

FHE 6 IIH, 5 15 H X RE 2 /)N BRUAH B, ABEARIZH /)N
BUIET TG. TC #1 LDL-C /KA B3 FTH(P<0.01),
1fii HDL-C 7K~ Wl 35 R R (P<0.01), FRWIBE RIS
AR FHUNBUM AR T H o MR AR =AY
WAL HE = RE B WSS, & . v ARG 2H /S BRI
TG K- AR R T 37.36%. 24.15% Fl1 14.88%;
=L i R 2E /D BT TC K453 R T
29.23%. 21.50%. 9.06%; =557 E4H LDL-C 7K 3%
T4 (P<0.05), HDL-C 7K~ 3 715 (P<0.05), 1A
WEBEAETE 2K R s o3t EOWE PR AT 5 R i ILTE TG
TC. LDL-C Fil HDL-C 1GigZEH0, H A2 B—E 5l
2t o

K6 AL ZOBE /N SR QB R (x5, n=8)
Table 6 Effects of blueberry anthocyanins on lipid metabolism
in diabetic mice (x+s, n=8)

. N KNG FEENR
poNilEN Hih =g :

gE (mmol/L) (mmol/LE; SRR R R
(mmol/L) (mmol/L)

IEH 4.26+0.19 1.46+0.10 1.49+0.11 1.44+0.08
FERILH 8.28+0.31"  3.56+0.13"  2.77+0.16"  0.83+0.07"
Rt YEE 520+0.28"  1.91+0.07"  1.72+0.12" 1.27+0.06"
FRIEA 5.86+0.19° 2.23+0.14"  1.98+0.15" 1.130.05"
PRlEA 6.50£0.28"  2.70+0.32"  2.19+0.12* 1.01£0.05
fRFIEL 7.53£031%  3.03x0.15"  2.41+0.17"  0.92+0.05"

24 HESHERXN2BBRFIERRESERSENERS
EXiennEd: oA

JiE 5 2R 02 P TR UE PN I SR 5 B I 3 e 1) — el
R, FEEARET SRR, RS R
AR PYME—RE IR, BERF IR P AR AN s 5
AR, SR UARFH, R REIE SR . BB . B
JRA P, K AERERGIRARET, RS B i)
BRI IR, i e 12 22 43 W AN JE sk 5 FEHhT Tt
15, AR 2R R FH 2L, OB RS- T s, Bl
H#FH INS & EF1 HOMA-IR FEH 800 i nd 9 =
fEAIB,

B2/ ISR e 5 22 5 e e SRRk an=k 7
iR e SIEH AUAE b, AR /N BRUBR B 238 & 1 N I%

T BEREAETT FON /D RUBRE, 3RS B SRR

(x+ts, n=8)

Table 7 Effects of blueberry anthocyanins on insulin content
and insulin resistance in mice (X+s, n=8)

Zaxiil J§E % 2 (mIU/L) e R
IEHA 24.51+1.16 6.12+1.09
ERIL 11.52+1.10* 8.88+0.77"
EZL7iE) 18.92+1.03%" 7.70+1.73

[=p et 17.34+1.44% 7.82+1.41
rh AL 16.60+1.23"" 8.30+0.97
G4l 14.77+1.52* 8.38+1.12"

T 53.00%, 455 B W PE(P<0.01), Wik 24K
PE R E T T 45.10%(P<0.05), HLAAEE 5 22 UK
PETR 4, UEBH AR ) JE IR T g A 4, e HL S
IR M. SESRILAAR L, WA e T RIS =
T YA TR N, R AP UK B T R R, H2
Bl—E RS R . Al HEN S EE AL T R Re it b IR
I3/ I BRI B2 2T X £ B 50, AP B BT o
3 hie54ER

B BA QB 2 i 2D AR R O 22 B AT
) H ST )R, OB PRI i 114 A 358 T R S i 2
MATHAE NG, 38 N A 7S~ N B A BEIR
o VLASEREEDS RS AIEA5 s Ao s 5
HOFHAAR . BP0 AT . N 530 | AR DL AR B O
YA 5 oG, R i e AR IFSE T BA & BRI IR = 2
T E 2R IR — R SUIREE S S it , b iR
YRYT T Y TR, (A2 P B S M PRI £ T Ak
RSt Kk, 58 BAa BEUEEVE H B9 ISR B il B I,
T & BE AT 5 25 R BRSO, SOV AT @R FH I R I
RO HAT AR B R

W RS EAAH BN =2—/D " 24k,
28 ZIRFTHE MG IRFEEL, H T 3L58 441 n) kR
i, WL BE PRI EL A IR, SR BE 2k . Z B TS —
AFEBRE S PP WA T 3T RE PRI /S BB R AT
VATTVERH IR FEPRE . ISR B2 45, 5
23 FALHAH HE, AR RELZH H AR oK Ry 3
P, AR S PRI, AHA 2 BB bR /)N BT B A
ZIRZEREI A AIE . K29 YGI TS, SARRIZE
FHEL, #5245 2520500 2k T/ IR 2R 2 B R AR
VE% . IZE5 S Johnson Z50¢ P s BREAME TS = IFSTE
ZE—3

15 MBS J2 2 UM PR v B 81 22 19 e IR, OGTT.
FBG. AUC. HbA Ic #RJETEHHE PR Ik 10 B ZEFE 45 o
TEIZWFFE, [P P/ N BUE FH A5 7 2% i 35 BRI
T FBG #l HbAlc, OGTT &5 LH kLT EAH
AOPETN I AUC I 25 I8 RIS IRIZH , I iEHE1E
T2 T RESPRE ARG /N B R S H AR EE TR,
HBEE RIS AN, FEhlE RO @i W, =
AT 78 3 2 T 25D B4 45 SR, Pranprawit 2857 ()
T K BR, W B HE B BE e I i A 20 b B RO 16 7,
I At B LA PO Qi R MR R B A B e, DA
T RAAER A P IR 27

1o g ILAE I G S35 B 55 08 bR s 2 T AR G, B
BRI e HH e b 2 A ZEEL. TG, TC. LDL-C
1 HDL-C & HIEPFM B N IR S 10 B 22248
Fro TEASHIFE, WEREAETT R IFEA RN TR
/N TC. TG F1 LDL-C 7KF, 3541 7 HDL-C
Ko TC Fl TG K- T S50 s AU A5G, T
HDL 7K V-Ft i T i IR . IE AN Z AT HiaE, 16
T E A LLE T K TC. TG Al LDL-C ZK 140
HDL-C /KB Mg Biia s MM AR A ZEEL, A
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JB i ZRARPT I 2 ABUBH PRI 19 55 — > AR,
5 STZ VSRl MRS | ES )5 5 2 43 WA B4 AT OC o
J 82 2R S LA PN M — R AT LM A PR, [R] e e
JE BT SRS A, STZ AR, B 4, 7 1 E)pR
Sy ZRITUIRL o AEAWIFE T, BEPRIRIE AL SR HAIG
JPEE 2R AR, B/ R B T R SR AT, I3 —
J7 I, SRR N U LY, AR T RIGYT
HEIN TR BRIve /I BB LR TR A5 2R, AR T TR 21
HHTKF-S

ARSI SR R, WEREAETT 3R BERRAIR 2 BUREIR
/N R R B ROK R, XK Z2BAEA —ER
AR s s PR s /N BRUACH, AR FBG & i
OGTT. HbAlc % it . AUC 1 HOMA-IR $5 %%, #&
1 INS &t TE—EFREE AT ACRP 5, A i, FEAIR
JB 5 ZRARBTIE, DAEHE PRI /I BRUOBEA Qg s BRAER TG
TC Fil LDL-C & &, F+#5 HDL-C & &, V5 B IR I
NEUIEZEY B RIAC . £ b, WEAEAE T AR T aE a4
il 2 UORE BRI /) B OB v B8 RN B By ZR AT A, 411
il AR A S i, AR B TR PHE PRI BIREOCR, s
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e E | AT E AR I BE 2P TSE, $ER IR AE TS
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