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Establishment of a Zuker diabetic fatty rat model of type II
diabetic coronary heart disease
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[ Abstract] Objective The purpose of the present study was to develop an animal model of type Il diabetic coro-
nary heart disease in Zuker diabetic fatty (ZDF) rats. Methods The ZDF rat model of type II diabetic coronary heart
disease was prepared by high-fat diet feeding combined with continuous injection of isoprenaline hydrochloride (ISO) in a
dose of 1 mg-mL ™" for 10 consecutive days. Serum creatine kinase (CK), and creatine kinase izozyme ( CK-MB), ST
segment in electrocardiogram (ECG) and myocardial pathological changes were detected to evaluate the rat model. Results
CK of both the control and model groups was gradually increased with ISO injections, while CK-MB increased first and then
decreased. The ST segment in ECG part Il had significant changes. The pathological examination found that about half of
the myocardial cross section in the model group was necrotic after injections of ISO for 5 days and more than 3/4 of the my-
ocardial cross section was necrotic after injection of ISO for 10 days. The results indicated that [SO caused myocardial inju-
ry in ZDF rats. Conclusions The variation of CK-MB, CK, ST segments in ECG and myocardial necrosis indicate that
the model is successfully established. The use of high-fat diet combined with continuous injection of isoprenaline hydrochlo-
ride in a dose of 1 mg-mL is a simple way to develop a Zuker diabetic fatty rat model of type II diabetic coronary heart dis-
ease.

[ Key words] Type I diabetic coronary heart disease; Mouse; Isoprenaline; Creatine kinase; Creatine kinase izozymes

Corresponding author: ZHU Chao, Email: zhuchao830111@ 163. com

[E&WHE]EEAARZHESTH ( No. 81202502) .
[PEEBIN IR 1983 - ) 5, 3l 14, 2 NGRS IL A ITE AU 4L 245K . Email ; zhuchao830111@ 163. com



112 o E SR Eh Y AR 2016 4FE 4 H A5 24 5552 ) Acta Lab Anim Sci Sin, April 2016, Vol. 24. No. 2

I BB PR A (type II diabetes mellitus, type II
DM) FI5EL00% ( coronary heart disease, CHD) [A])g&
TACH M B, B 3L R g B T, SR
B e e 5 2R LA S 5 | DR RO I 5 5
PSRRI 14 3 ] PR ZR AR B s & 0 el O s
(8 R RN, 23 Jin R 3l ik ok FE A Ak . CHD S 4 PR
SR UL ™ EE Y 0 ACRE =2 — , 2 SRR PR S8 5 A
TR FE R F I R TR A &, CHD P
TR BRSO 5 2 BUE SR B RR g Nl B 1Y)
CSRTARTT, P LAOZRE A2 W IR TR ORI
IR R fe 3, JUHAEWE PR 8 vh -4 R0 9
Bl FIGYT CHD B i LR, PRI 7R LA 2
WFFE b A SR B b R AR R KA R S e
FHA BRI T IR E LR

W5 22 IR B AR S, R B Sh IR
JIEL T st A WA AT, TE 4, A A Bl bk oS R i 1k
(AS) R FF 1, B ali g iR R IR AR ME ™ A AS i
AR ZUYIES SR IRRIE (80 BEE
(7 1 A AS A BT R E R A AR
BE PRI B, (A5 O BRUTE Bl ok o A 1l A ASE B F F 5
hEFZ R EEE . KR AS RAERIE A R
PR 20 E 5 AR AR T, KRG
JKON SAEER G = O WUIRFE HE R . R e 1 AR
PEGE  CWUEFE IS 5 0 g 36 38 A PR O JIURESE #4 5
B B R

Zuker # IR AR K B ( Zuker diabetic fatty rat,
ZDF rat) & A 1% DM BERI g4 | AT
HEJRE e 85 ZRARAT | e LW L oo ML s R B B ILAE
[ (WA S W [ S (1 A W R o s A N R £
K JER G ARG Z ARG 6 REN% A 3h I8 7 1%
AL RE 5, M7 0 SR 4 T P 5 EUIE
KA IR SR Bl Bk L
o R B WU AR RY 1) 8 7 ik | (ELI2: o7 SR P BRR TR |
TR R it BN T i AR JEE RS A B T AR 0B
N RRARASE AL M B FNAE T8 AR SC 243 T ZDF
KB, R B IR IR 45 5 1 S0 TE 5 R R 57 9 ' 1 iR
% (iisoprenaline hydrochloride, 1SO) A9 /i # 4t 11
RUBH IR G I el ol 1) SRR

1 #M#EFE

1.1 SEIEz¥
ZDF KB, SPF 2%, M, 8 J& %, A0 4% X HE BRL
(TOHE PRI SR, R TR 230 10 g) 5 DM A 5 K

(B BERIRREAR IR 340 + 10 g) , Hr b 5t 4k 8 F) 1
S B W AR BR A F] R [ SCXK (5T) 2012 -
0001 ], ¥ige 4 F. 1R (20 £2)C, BF (50 +
20) % . FEEAFRSIRY 3R JEN LT NGB SR
1.2 FERF FHRE5E

WURR S (CK) 3R &L LR 3% It W) 1 g
(CK-MB) 5 &, 1 TR mt L 8k TR AT R
AR N IR R E S (IS0, BiAS .1 mg/2
mL) , B ARFERIZ5A B A 7 A7 WAL H2050R &
FEA R B, 9 mE WA SE 56 2= A AR I R A PR A
4 7% Thermo Fisher Multiskan MK3 [ #51% , Thermo
Fisher Scientific Q}ﬁ]ﬁi}i’:;ACCU-CHEK Active I H#H
A, 1 2 (G2 WAy BR A W] 4 7 ECG-1103 LW
VET L EIAL, TRYNBLIR R B 7 A BR A ]
1.3 XEHE
1.3.1  KESH BARGI/E

S L A TR (1 ) A 2 B SCHRIEE , IR
sl K RE MR SR IR DM R L3 3 AR
AL, DM L7 FRME DL = BR 4RE ( Purina 5008) . 2 Ji
Je IR BRIt AR A, AE DMK B BE BIL i B E 38/ F
11 mmol/L,DM K ERFEHLINARHE ) KT 16. 7 mmol/
L, ¥ RKEBENL 4 4. O FSAXBA (n=6),
4 DM KRR J T {5 AR BRER K 1522 10 d, 5
11 REERME, @ 9E DM B4 (n=6), 3F DM
REEREZ T ES 180 (1 mg/kg) , %L 10 d, 43
FITFEES 1S0 5,10 d J&, BISEIFF AR5 6 K (CRFE
ML, RS d) S 11 R CREES 2, BRI 10 d) R
JRRFE, O DM MR (n=6), MR K
KT HEFAEFER K (1 mg/kg) ,iEL210 d, 55 11 K
RRRFE, @ DM-CHD 24 (n=12), EFERHE K
U R B T4 180 (1 mg/kg) , #4210 d, 235
TS 1S0 5,10 d J5, BISER T 4R 25 6 K (CRFE S
1, @RS K) 11 K CREES 2, Bl 10d) R
KAE, RAER 1.2 RIMFFEAT I CK F1 CK-MB 1)
DZE . RFERL 1 B EBUR R, SR FE AT 2 AbFE A
KB BUL B2, MERIE A
1.3.2  IMMRE

SFRERT AR 12 h, o] [ kK, SRR
MBI 20 ) 4% 40 ZDF ke BUHR PN B B if 24 0. 5
mL EFFEWALAY 1.5 mL B0 ,3000 r/min 2
010 min, 568 LR, E T 1.5 mL E.08 T
ZHUERM A HE T CK F1 CK-MB Byl 52 . Bf
FHBANAE 10 1M T B3 FH T B AG



SR B AR 2016 4E 4 F 4524 552 ] Acta Lab Anim Sci Sin, April 2016, Vol. 24 No. 2 113

1.3.3 B HEA

CK .CK-MB 143 #7435l 2% H CK X7 & | CK-
MB SR G, SR SRR (9 AR SR BUsE )5 4
B M, ST B Thermo Fisher BARAXTE 450 nm I
K FIE CK A1 CK-MB &,

1.3.4 e A
Xt as AT BB 2 AR ZH 2R 5 R AR A 26 10 K

ZDF K BT A0 B8 Hy 2470 B RRG I, R R 5E 5
min, M 11 S HK ST 09284 1B AL, 12 5% ST I B
KIE (1),

2 R

2.1 HiFERRER
2.1.1 CK &Mtk
25 U BBZEL AT DM X IR ZH A CK & 7E% 5 K
M 10 RESF TR EME (P>0.05), %5 Kk
DM HERIZ] AT DM-CHD 20 (1) CK 55 1 550 6F B8 41 s v
EIARZE(P>0.05), 4 10 KIE DM KB 4 A0
DM-CHD 41 /) CK & i B A B T (P <
0.01), H5%5 K CK 5 EEZSFABFEN (P<
0.01), B 1SO HEH KM 2L, CK S 25
FETHE, R KR O GE & kg, WK1,
140

E4 1 Group 1
B 2 Group 2
=# 3 Group 3
S 4 Group 4

CK, ng/mL
o
=
]

5d 10d

TE 20 145 AW IR, 21 2. 3F DM B4,
24 3.DM I H#i2H 2 4 . DM-CHD 4,
1 180 Xf ZDF KEUMHK CK & 5 (521
Note. Group 1: Control. Group 2: Model without DM.
Group 3: DM Control. Group 4: DM-CHD.
Fig.1 The effect of ISO on plasma CK in the ZDF rats
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Note. Group 1: Control. Group 2: Model without DM.
Group 3: DM Control. Group 4: DM-CHD.
Fig.2 The effect of ISO on plasma CK-MB in the ZDF rats
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Tab.1 The effect of continuous injection of ISO on ST segment in the rat ECG part IT (x s, n=5)

215 SRAERT[E]/min - Scan time/min

Groups 0.5 1

3 4 5

235 N B2

Control 0.03 £0.02

0.03 £0.02
DM-CHD 24
Group DM-CHD
(35 K)

(5 days)

-0.11£0.04™  -0.12£0.08 ™

DM-CHD #1
Group DM-CHD
(%10 K)
(10 days)

0.05 £0. 03

-0.15£0.09™ -0.15+0.10" -0.17 £0.08 ™

0.12£0.02** A4 0.14+0.03 44 0.10£0.02*44 0.13 £0.03 " 440,12 £0.03 44

0.04 £0. 02 0.04 £0.03 0.03 £0. 02

-0.13£0.05™

0.11 £0.02* A4

T 2 A RA AL © P <0.05, ™ P <0.01; B4 5 KEH 10 KHLE .4 P<0.05,44P<0.01,
Note. Compared with the control group; * P <0.05, ™ P <0.01. Model groups 5-days vs. 10-days; 4P <0.05, 44 P <0.01.

WA BEXRLA B, LSS d 1S0;C. FELEST 10 d 180,
3 FELLES 1S0 XU JILZH 4R B R IR

Note. (A) Control group. (B) ISO injection for 5 consecutive days. (C) ISO injection for 10 consecutive days.

Fig.3 The effect of continuous injection of ISO on the myocardial structure
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