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and investigate the effects of high fat/ high sucrose feeding on glucose and lipid metabolism in guizhou minipigs.

Diabetogenic Diet;

Atherosclerosis

Diabetes;

Aim To establish a new animal model of the human type 2 diabetes mellitus complicated with atherosclerosis

Methods

Minipigs were fed with high fat/ high sucrose diet (HFSD) and the levels of fasting blood glucose, insulin, total cholesterol,

triglycerides were measured.

Dysfunction of the pancreatic B-cell were observed by immunohistochemistry.

The aortic fatty

streak-lesions were quantified following lipid staining with Sudan IV. Lipid droplets in liver were observed by Oil red O staining.

Results

end of 8 months, in HFSD-fed animals, the adipocytes were hypertrophic.

fatty streak-lesions were clearly presented in the animals’ aortas.

During the feeding period, HFSD induced hyperglycemia, hypercholesterolemia and hypeririglyceridemia.

At the
Injured pancreatic 8- cells were observed.  The aortic
Extensive fat deposited in the liver were observed. Comr

clusion Our study successfully established a new animal model that feeding minipigs with high fat/ high sucrose diet without

adding dietary cholesterol can induce insulin resistance, mild diabetes, and atherosclerotic lesions.

High fat/ high sucrose diet

fed minipigs may be a good animal model for research on the treatment of diabetic dyslipidemia complicated with atherosclerosis.
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Table 1. Composition of experimental diets

W H U7 3 Rk o0 1 v R AR
izl

BN 4. 11% 33. 84%
NFEER 10.51% 5. 44%
KA 11.98% 6. 22%
741 4. 00% 2.10%
T 4. 00% 2.10%
1 fy 2. 00% 1. 00%
VEEy) 1. 10% 0. 60%
HIRELS 0. 80% 0. 50%
T 0. 50% 0. 40%
R TT R TR A 0. 50% 0. 40%
BaHEER 0. 50% 0. 40%
bl 10. 00%
FEpE 37. 00%
ERMNE

S BE(MI/ ke) 16. 48% 18. 46%
JHALBE(MI/ ke) 13.34% 15.95%
HEA 15.98% 8. 48%
HH T 5 4. 7% 12. 50%
KA S 62. 19% 69. 59%
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lipoprotein cholesterol, HDLC) £ & % #% #y & & 34 f &
RN (RN EHEE LEREENEAFTR
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ERWEENZ(AAEWE#REREATAR
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TR TR .
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1.4 BRBHEFRMIRAR

F8MARGZERAWIZ0.75 w kg —RMEF
G kT AT R B F, 4B 4 AL 030,60 7 90
min % & A, W2 AR R E, ARG £ R HRHEK
(Ki)'® % 7R: Ki[ mmol/ (L*min) ] = (M 4F-o- 1o
W= 30) /30
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BURIRA R B ARG AR E E 24 h, 7 #
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RETHREHAFNLKE. AEBRL K E MAGE ]
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MNES, FHTEB AT S TN E 2,
1.6 3R ENNAE AL 40 he

BT &% g 7 28 2049 3 mm®, KRB ( Krebs bicarbon-
ate buffer) 2% 7 R ¥, BN\ 5% K ZBE fm 4% F B
A 0.1 mol/L BEER & vk i (pH 7. 4) 4 CE & 48 h,
FEN%HREERFEE24h, EE3H. AN
PN 55% ~ 100% B] 8% F Z R K, BA CO, T
BOABFTRAERLZFEERRTHIRE L —F
20 nm #y 4 FE, & J& A JEOL 43 # s 42 # AT W .
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SR E BT H A, 45 R, HFSD 4% CD A
JERFE =AW RGN, 256 R EHER X (P< 0.
01) (3 2, Table 2) o ¥ P20 3% A5 17 40 M 3k AT M 4%
HiH( K 2, Figure 2), H Image J BRI Hr P /H 0 &=
JIE 7 40 P 4% 2 0, ik L A I 4 i L A2 T 24089 58
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Figure 1. The mean body weights of the two groups throughout
the study
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MEE 2 AN B AR FFUE, HFSD 2H 50k B8 41 (1) 23 i 1fi
PEEHET 5. 78 8 AN H K HFSD == fiE pE{E A

3 WENYEHME ESEMBEEHBRANZER (v ts)

9.16 1. 05 mmol/ L, Tfi % HE 4H 2= fE M BE(E v 5. 61
0.17 mmol/ L, Z 7|4 & E M= X (P< 0.05); HFSD
AR BRKTFAELI MHBRET G, 5884
HARH KT BEAK; 728> SL3a B Bt HFSD 41 1) 1f 3¢
TG K-V R T, 1 8 A AR TG W fmi(2.29 £
0.24 mmol/ L) , & X HEZH I 3 £%( P< 0.01) ; HDLC 7K
SEAE AT LA B & Tt = i, 5 BE & R PR v 0 &
HDLC FR 32 8 PR AR, TC K P A HET & 5
CD @ L%, HFSD 41138 FFA Al TNF-a /KF-33 & 3%
FhE( 7 3 M1 4, Table 3 and 4) .
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Figure 2. Weight of abdominal fat in high fat/ high sucrose
(HFSD) and normal control diet (CD) fed minipigs
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Figure 2. Scanning electron photomicrographs of fat tissue

Table 3. Time course data of plasma glucose, insulin and free fatty acids

TR MR (mmol/ L)

S E (mu/L)

WEE BRI B2 (Mmol/ L)

— Xt HE 2H HFSD #1 X B HFSD 4 Xt HE4H HFSD 41
0 3.94%0.78 3.44%0.46 10.3%3.0 13.7%4.1 120 £44 115 %15
2 month 4.50%1.17 7.99 0. 39" 9.8%4.6 18.2%6. 0" 119 45 136 39
3 month 4.0520. 56 8.27%1.33" 11.4%2.7 21.014. 8 130 £47 183 %52
4 month 4.5020. 55 7.94 0. 94° 13.7%5.7 17.1%7.0 116 £35 321 £58°
5 month 5.22%0.78 8. 10 0. 89* 13.1%2.5 15.7%2.3 135 *41 380 £141*
6 month 5.49%0.78 8.05%1.28¢ 12.3%6.5 11.6%2.9 101 30 459 £240°
8 month 5.6130.17 9.16 *1. 05" 11.4%6.2 10.4%2.3 118 £38 406 £121*

a:P< 0.05, b: P< 0.01, 5xtIRHLE

2.3 ORFAEENERIESER
Xof R L BE VR FEAE 30 min B f5e i, P 5 2 AR K

HIEH K. (B52, HFSD 204 — i (] 55 1) 1A /K T
BILEXT B B, P< 0. 01( B 3A, Figure 3A) o Ui BIIX
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Table 4. Time course data of plasma lipids

— R 5 2 A b 2R A w0 B, 1T 7E HFSD 2 X —

Jih B i P EA B R (B 3B, Figure 3B) o

S A EEE (mmol/ L)

HIl = (mmol/L)

HDLC (mmol/L)

s (8]
i X HEAH HFSD 41 ot & H. HEFSD 40 Xt HEZH HFSD 41
0 2.39%0. 63 1.82%0. 41 0.53%0. 12 0.55%0. 16 1.03 %0.21 1. 06 £0.23
2 month 1.99 0. 54 3. 65 *0. 76* 0. 61 £0. 09 1. 37 £0. 20 1. 08 0. 34 2.24 0. 88°
3 month 2.15%0. 54 3.35 £0. 90° 0.62%*0. 15 1. 86 0. 52" 0.95%0.28 1.99 *0. 80
4 month 2.07 0. 46 3. 86 £0. 95 0.72%0.20 1.81%0. 24" 0.90 *0. 18 1.94 £0. 59*
5 month 2.01 %0. 63 4.16*1.22* 0. 64 %0.30 1.95%0. 18" 0.72 0. 21 1.24 0. 34
6 month 2.0410. 49 5.33 £1.39° 0.7510.44 2.24710.21 1.14%0.34 1. 16 0. 18
8 month 1.99 0. 84 5.74 £1.36 0.76 0. 12 2.29 £0. 24" 0.95 %0.34 1. 06 0. 15
a:P<0.05 b:P<0.01, 5xtHEALE
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Figure 3. Changes in blood glucose (A) and insulin ( B) concentrations before and after an oral glucose tolerance test in high fat/
high sucrose (HFSD) and normal control diet (CD) fed minipigs examined at the end of month 8
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Ao W L 5 5 267 0 (1) 75 ik e ke WL 82 2H 200 Tk I 2R ) B
JEME (Ki) » Ki {8 /i BH 41 2% iR 5 3 UM =
K 4 (Figure 4) &7~ Xt B8 2H (1) Ki {5298 HFSD 211
Pifs, 5B EMZER(P< 0.01) . HFSD 47F % I [A]
FUR RE VR R 2 B kot R 4H B 3 v, U RH T i o R b
TR IR /NS A ] 5 T E R B R
2.5 BREOMMRELERDINER

FH 1 5 3R P A AT 1R i 4 4 6 9% 40 24k 2
£, 7] W, HFSD éﬂﬂ%%%égiﬁf&&l‘( Kl 5B, Figure
5B), T 6 B ZE i 5 B X U % (] 5A, Figure
5A) . LA B A5 X ak) oS AR E 4 bk
5, HFSD 4 Lb s BB 2H /b 24. 7% £4. 3% . 25 Rt
71N, T i v RE W TRDR) AT 8 N R i Y B4 A 43 T
JiR & R B T RE .

10
- BT T Ki=1.3520.15
- .
2 . I HFSD|
E 7 e =R
=4l Ki=2 1520.34
2t 0] 1R 4]
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4. BRERHFRMEREPAANIMENTL

Figure 4. Changes in plasma glucose concentrations during i
sulin sensitivity test in high fat/ high sucrese ( HFSD) and nor-
mal control diet ( CD) fed minipigs examined at the end of

month 8
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Figure 5. ImmuNostaining for insulin in islet of 2 groups minipigs (A CD group, B HFSD group, X 400)
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Figure 6. Atherosclerotic fatty streak lesions in the aorta after

A Al

Sudan IV stain and changes of the aortic intima in the minipigs
(% 200)
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£ HFSD #3047, M4 2 A 51 3 5L, g ik
9k, BRI FEIRTE, 4R E, HE B ay)
J VLR EI A g 05 22 P B 2, R K 8 g 7 2 v
7B, Figure 7B) o V4L O et BoRTR /- A AN B A
PR A B R (B 7D, Figure 7D) » X IR ZH BN
JF B D0 HG 0 5 A2, SH A5 M IE 8, 40 O Jefh i
R I3 R A e R (B 7A D C, Figure 7A and C) o

E 7. MEAMATAE4EE HE FIH4 O B LR AFIC
xR, B A D AETRER AR 4L,
Figure 7. Oil red O ( x 400) and hematoxylin ( x 200) staining

of liver in the minipigs
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ZFE— NI 26 06 R, 75 B 40 M Dh g 1E 5 i
1A, RS R BUBRME I R %, AR S R I AR
PEIEN, M4 7 A1 A 228 %5 8 R RE . 1% Ul B
B 5 R BB N R 5 3 40 W — P OB R R, T
TERE R H, B IR 5 R U E T BE, B 41 i D Ae
Bbe, (B S RN W B IF A — R K. FRA
IR, v g = RE R AR R R B T N E R IR B 40,
FHHFSD Hix — 5 = b 2 B . 78 DR
PET SR 50 (1) 90 A1 120 min, HFSD 4304 i 5 &
KPR R R KT, (B IMAEH B R A, Ui
o JIE v R R PR R R R R R A T /N A TR B 4 S
SN H RS KB

S PR ] M R IR A, AR 4R 2 kA
EEEIMAES 6.7 mmol/ L HIZh ¥ H E BT HE R
R o 1997 4 3% E B R 2 25 ( American Diabetes
Association, ADA) #2112 B b v B 58 2 S I B AR
27.0 mmol/ L T2 W J il FRIE . A S0k v i
o TR A ) PR 7 /N A 0 T 5| D PR P ) 5 A AR,
T R 8 AR AT« o M REAE i g IOLRE AN R 5 2R A
PEAHM . G A RE g &, BE N 9. 16 £
1. 05mmol/ Lo 258 45 5 B/RIRATHID @ 5r 7 A48
(1) 2 BOBE R SN PR AL

o i v P E AR R B R (R Sh AR PR Sk A g 2
PR ME L R R A o). i R ARl AT 5
/NS v v = TORE B 0 40 AR K = B ik P e
TR B UUAR B R 7 R AR ML L3R FFA JKF R T &
%, FRARAUR AL LS80t 2 B BAEARAR b
PG MLA - FRE B IR SE) B AL B AR, 5] R &
FHCPUAEE S B 40 Th RE L .

f JEE B L =1 TG IfLE A HDLC 7K~ 22 4 L5
P I B B A R R . e I e R R R AL R R
S/NBURE AR Y 1 R B R RROR AR B, B v H T
=T MAE = R 8] e ofL o DA % o % i B 1 /K SP |
T EE, M 5 BB Bk RERE AL o X e AR AIE 14 1 o i
M AT fE 2 FFE o VLDL-TG A1 VLDL-# ls & (1 B

A BRI T 8. A B 50 & A VR g i (10% J%
T 00 R A o B R ) MR R Bh A, AT ISR TG AN
FFA & & Jt &, M FFA {9 & F6 LPL 5 F i 1E
FAVSY . AT HFSD 4 7o L [ B2 ot i 3k — 25 i
7E HFSD 4.3 9 1) 32 3h ik H B T B 6 1) i o 4% &L
XA B A FH AR P e R 4 I T KT B R AR B S
g R.

R, WF TSR T FH e A v A TR R R
RG] 5] sh i S = HE DU RS B 4N 523 B IR
RSB AL . ATRATTA 50T SRR R (i i3k 3
JK S A AR A0 T BRI AL B A T — AN AR AR
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