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Study on the modeling method of rat model of coronary heart disease
complicated with depression “double heart” disease
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[ Abstract ] Objective  To observe the effects of four different modeling method on the hypothalamus-
pituitary-adrenal (HPA) axis, blood rheology, platelet aggregation rate, and myocardial ischemia in rats, and to
provide new ideas for the establishment of a rat model of “double heart” disease in line with clinical diagnosis and
treatment characteristics. Methods Sixty-nine male Sprague-Dawley rats were divided randomly into a Control group
(unstimulated) , chronic unpredictable mild stimulation (CUMS) group, isoproterenol (ISO) group ( intraperitoneal
injection of ISO) , high-fat diet (HFD) group (fed high-fat chow) , and composite model (CUMS+ISO+HFD) group
(n=12 rats in the Control and HFD groups; n =15 rats in the other three groups, respectively). Modeling procedures
were carried out for a total of 8 weeks, with ISO injection started from week 6 of the experiment for a total of 3 weeks.
At the end of modeling, rats in each group were subjected to absent-field and sugar-water preference behavioral tests.
Electrocardiography ( ECG) was performed to observe changes in ECG lead II in each group. Serum levels of
adrenocorticotropic hormone ( ACTH) , cortisol ( Cor), corticosterone ( CORT) , endothelin-1 (ET-1), and soluble
intercellular adhesion molecule-1 ( sICAM-1) were detected by enzyme-linked immunosorbent assay. Myocardial
histopathological changes were detected by hematoxylin/eosin ( HE ) staining. Serum total cholesterol ( TC ),
triglycerides (TG) , low-density lipoprotein cholesterol (LDL-C) , and high-density lipoprotein cholesterol ( HDL-C)
were measured using an enzyme labeling instrument. Whole-blood high-cut viscosity (200 V/S) , whole-blood low-cut
viscosity (10 I/S), plasma viscosity, and fibrinogen were assessed using an automatic blood rheology analyzer. The
maximum platelet aggregation rate (MAR) and average platelet aggregation rate (AAR) induced by arachidonic acid
and adenosine diphosphate were detected using a whole-blood platelet aggregometer. Results Compared with the
Control group, all four model groups had significantly lower absenteeism distance and number of entries into the
central region in the absent-field test, and a lower sugar-water preference ratio (P<0.01). ECG revealed ST-segment
elevation in the ISO and CUMS+ISO+HFD groups, tachycardia in the CUMS group, and mild ST-segment elevation in
the HFD. Serum ACTH, Cor, CORT, ET-1, and sICAM-1 were all significantly elevated in the four model groups ( P
<0.01). HE staining showed that myocardial tissue was severely damaged in rats in the ISO and CUMS+ISO+HFD
groups, with pathological changes such as localized fibrosis and inflammatory infiltration of the myocardium, while

mild cardiomyocyte disarrangement and fracture was seen in the CUMS and HFD groups. Rats in the HFD group had
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increased serum TC and LDL (P<0.01) and decreased HDL contents ( P<0.01). Compared with the Control group,

whole-blood high-cut viscosity (200 V/S), whole-blood low-cut viscosity (10 I/S) , plasma viscosity, and fibrinogen
were all increased in the CUMS, HFD, and CUMS+ISO+HFD groups ( P<0.01, P<0.05) , while whole blood high-
cut viscosity (200 V/S), whole blood low-cut viscosity (10 1/S), plasma viscosity, and fibrinogen levels were
decreased in rats in the ISO group (P<0.01, P<0.05). MAR and AAR were significantly higher in rats in the
CUMS, HFD, and CUMS+ISO+HFD groups (P<0.01), while the platelet aggregation rate was decreased in the ISO
group compared with the Control group (P<0.01, P<0.05). Conclusions These result showed that the rat CUMS+

ISO+HFD model better reflected the complexity of clinical double heart disease than the other three models.
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Table 1 Distance moved and the number of times entering the central area during the

open-field test for each group of rats(x+s,n=8)

B EHE/m HEA g KB E
axiik Distance of movement Number of entries into the central area/times
Groups EAIPN 556 K EAIPN %556 K
Day 0 Day 56 Day 0 Day 56
g4
. ER4 20.95+4.73 10.70+1.73 10.26+2.90 10.56+1.98
Control group
CUMS 4
H 19.28+4. 54 7.05+1.07 2% 10.77+2. 34 7.69£2.05" 4%
CUMS group
1SO £ . "
. i 21.63+5.03 7.25+1.867 4% 9.81+2.18 8.14x1.65™ 4%
ISO group
HFD ¢
x i 20.21+4.28 6.94+1.69™ 44 10.23+3. 32 7.78+1. 72" 44
HFD group
CUMS+ISO+HFD 4
A 20.83+3. 89 4.75+1.30™ 11.09+3. 24 5. 11+1.27™

CUMS+ISO+HFD group

LS IERAMLL, ™ P<0.01; 5 CUMS+ISO+HFD ZHAH Lt , 22 P<0.01,

Note. Compared with Control group, ™ P<0.01. Compared with CUMS+ISO+HFD group, “* P<0.01.

R 2 SHARBBEKR B REREEAE T 0 LAZ (35,0 =8)

Table 2 Changes of sucrose consumption percentage in sucrose preference test of rats in each group(x+s,n=8)

WKL/ %
| Sucrose preference rate
Groups 50K 556 K
Day 0 Day 56
=g
(AL 79.93+11.11 76.83+10. 62
Control group
CUMS 41 “AA
CUMS group 78.23+10.55 61.37+7. 68
1SO £
il 78.93+12. 14 61.94+7.04" 4%
ISO group
HFD 41 wAA
HFD group 80.81+10. 82 62.65+8. 11
3 4]
CUMS+ISO+HFD 21 81.35+9. 83 47.5426.18"

CUMS+ISO+HFD group

. HIEFHEMIL, * P<0.01;5 CUMS+ISO+HFD HAHLL, 22 P<0.01,

Note. Compared with Control group, ™ P<0.01. Compared with CUMS+ISO+HFD group, “* P<0.01.



16

H ] AR 2 J Ak 2025 4F 7 145 35 %55 73 Chin J Comp Med, July 2025, Vol. 35,No. 7

CUMS+ISO+HFD 41 K FRIfiL ¥ ACTH | Cor ,CORT,
ET-1 sICAM-1 & # % BFTH# (P<0.01); 5
CUMS+ISO+HFD ZH#H [, CUMS ZH  HFD 4 . 1SO
ZH1M 3% ACTH ,Cor,CORT ET-1 sICAM-1 5 #14
B EREAR(P<0.01) , W3 3,
2.4 ZHAKFEHE LBER

IEH O LA 42 3 55, YL a3y 5, [ 5
FkE s S Zy UL, TR BTN R UL 4R R R
CUMS ZH.0 ILHES ZE L W24, 48 il A8 P 5 1S0 41
R 116 2771 g N TS e O o 2 2 A
D RVEM MR, FE R UUE ; HFD 4.0 01
HEFZE L, 407K i s CUMS+ISO+HFD 1.0 L0
ZU ™, O WLHES ZE 6L W 28, 40 i AR k|
I3 A MOAZ PT DL i RS i S TR) K o0 L

£ 2
Control group

[i) i ) o 054 5 | SRy B A AL R B, AR R R R
RN, SEBERDE, WEABREREN
CUMS+ISO+HFD 4, H:yk ok 1SO 4, Pk i HFD
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B4R

Wk 4 FR, S51E% 4 b, HFD 41 . CUMS+
ISO+HFD £H K [ I TC \LDL-C & & B &I
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FE#E HDL-C & R ILGEE HEARLA R
FER(P>0.05);TC HFHER LGB ;5
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CUMS41L
CUMS group

18041
ISO group

HFD#41
HFD group
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CUMS+ISO+HED group

E1

Figure 1 Electrocardiogram test results of rats in each group

A5 LR Bl rL PRGN 245 2

£3 KHKEIMTET ACTH,Cor ,CORT ET-1 1 sICAM-1 & (Z+s,n=8)
Table 3 Serum levels of ACTH, Cor, CORT, ET-1 and sICAM-1 in rats of each group(x+s,n=8)

4340 ELISA £il] ELISA test
Groups ACTH Cor CORT ET-1 sICAM-1
)
. DELE: 9.08+0. 62 0.98+0. 14 37.61+7. 80 5.28+1.00 1.39+0. 31
Control group
CUMS 4 . .
4 16.77£1.06 4% 1.62+0.17 %% 68.16+£7.72" %% 10.69+0.91 4% 2.53£0.257 4%
CUMS group
HFD H e AA ok AN o AA o AA s AA
15.35+0. 81 1.51+0.21 65.49+7. 66 9.39+0. 85 2.58+0.24
HFD group
1ISO éﬁ s AA w A A sk A A w A A % A A
15.39+0. 77 1.77+0. 18 69. 04+8. 59 10. 69=+0. 86 2.78+0.29
ISO group
CUMS+ISO+HFD £H
31.74+1.96 3.11+0.32 124.26+14.74 18.68+1.55 5.14+0. 43

CUMS+ISO+HFD group

TS IER AL, ™ P<0. 0155 CUMS+ISO+HFD 41411, % P<0. 01,
Note. Compared with Control group, ™ P<0.01. Compared with CUMS+ISO+HFD group,

44 P<0.01.
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1L AL CcuMs4l 1SO41
CUMS group

Control group

ISO group

HFDZH CUMS+ISO+HFD#.

HFD group

CUMS+ISO+HFD

LE 87 Sk P 1 a2 A
2 FUAREOHEH LR EAE SR (HE)

Note. The arrow refers to the lesion site.

Figure 2 Pathological changes of heart tissue in each group (HE)

&4 HARBUMARKINER (v+5,n=8)

Table 4 Blood lipid test results of rats in each group(x+s,n=238)

& PO I
Yl I A P/ HlI.IlO.l/L)
Four blood lipids
Groups
TC TG LDL-C HDL-C
-
IE%4 4.45+0.29 0.75+0. 16 0.17+0. 02 1.68+0. 15
Control group
CUMS 4
il 4.73+0.26%% 0.70+0. 25 0.21x0.05%* 1.67+0.18%%
CUMS group
1SO £
il 4.56+0.25%% 0.78+0. 19 0. 19+0. 0424 1. 56+0. 1344
1SO group
HFD 4
il 5.55+0. 14724 0.74+0.18 0.27+0.07 " 0.85+0. 117 %%
HFD group
CUMS+ISO+HFD 4
il 6.06+0.51™ 0.81+0.22 0.32+0.03™ 0.53+0.14™

CUMS+ISO+HFD group

L SIEWAMLEL, ™ P<0.01; 5 CUMS+ISO+HFD 41#f L, “P<0.05, “*P<0.01,
Note. Compared with Control group, ** P<0.01. Compared with CUMS+ISO+HFD group, “P<0.05, “*P<0.01.

P<0.05) , IfiLi# HDL-C & & i F 1 & (P<0.01)
TG KA ZEF TG FE L,
2.6 BAXRMBERTFLER

s prn, 5IEH 4, CUMS 41 . HFD
4 . CUMS+ISO+HFD £H K f& 4> IfiL /= VI KG BE (200
V/S) A MAREIRGEE (10 1/8) LR B 2T 4k 7%
R 8 (P<0.01,P<0.05) 180 2H K
A= DR E (200 V/S) (A AR VIR B2 (10 1/
S) LR B 2R 2 A R KT B E R (P <
0.01,P<0.05); 5 CUMS +1ISO + HFD 4 [t %%,
CUMS 4 .ISO £ \HFD £k il 4= It =5 P4k JiE (200

V/S) A IMARYIREEE (10 I/S) M 3E K 485
34 3 35 G (P<0. 01, P<0.05) , 22 S B A5
EIOE
2.7 BEHEAXRMMIBERER

Wk 6 Frn, 5IEH 4l i, CUMS 41 HFD
2 .CUMS+ISO+HFD 41 K AA 5 ADP 5% 1Y
MAR F1 AAR ¥ 353 5 (P<0.01) ,1SO 2H K Kl
AA 5 ADP %509 MAR 1 AAR [&{%( P<0.05) ;
5 CUMS+ISO+HFD 4 tb 4, AA 5 ADP 55
CUMS 4H .1SO 4H .HFD 4 MAR F1 AAR ) I %
i (P<0.01)
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RS AHRBULBK AL PR R (v45,n=6)
Table 5 Hemorheology test results of rats in each group(x+s,n=6)

A AMKTEE/ (mPa/s)
Whole blood viscosity
TP I 5 YR R/ LAY/ MK/ (mPa/s ) LFYER R/ (g/L)
Groups (200 V/S) (10 I/S) Plasma viscosity Fibrinogen
High shear viscosity Low shear viscosity
of whole blood of whole blood
g4
E% 4 4.45+0.47 10.57+1. 87 1.21+0.09 1.72+0. 15
Control group
CUMS ¢ . .
i 5.70+0.86 ™ ** 14.38+2. 12724 1.49+0. 167> 2.97+0.20™ %%
CUMS group
1SO £ ,
i 3.76+0.45° % 7.94x1.75"4% 0.84x0.15™ "% 1.31+0. 197 4%
ISO group
HFD ¢ . .
L 6.07+0.40™ % 14.88+1.97 " 1.50+0.21 " *% 3.03£0.25 4%
HFD group
CUMS+ISO+HFD 4 - - - -
6.78+0.51 17.70+2.71 1.83+0.18 3.82+0.36

CUMS+ISO+HFD group

W SIEEHMLL, * P<0.05, ™ P<0.01;5 CUMS+ISO+HFD ZH#H 1L, P<0.05, % P<0.01,
Note. Compared with Control group, *P<0.05, ** P<0.01. Compared with CUMS+ISO+HFD group, *P<0.05, “*P<0.01.

R 6 ASURBUL/IMCRERKLIER (v£5,n=6)

Table 6 Detection results of platelet aggregation rate in rats of each group (x+s,n=6)

s ! AN/ % ADP/%
Groups MAR MAR AAR
IEH Y
L4 63.50+6. 52 43.60+7. 50 45.00+6. 04 26.50+5. 38
Control group
CUMS ¢
il 74.00+5. 61 2% 53.70+6.24 2% 56.70+5. 437 44 37.90+4.39 " 44
CUMS group
1SO £
il 55.30+4.54° 4% 34.60+4.56" % 35.80+3.92° 4% 20.50+3. 147 4%
ISO group
HFD 4 "
75.10+7. 134 55.70+6.95* ** 59.50+9. 50~ 38.30+3.317 %%
HFD group

CUMS+ISO+HFD 4

CUMS+ISO+HFD group 85.3029.55

63.10+8.18™

75.40+8.96™ 47.80+7.327

W HIERAME, * P<0.05, ™ P<0.01;5 CUMS+ISO+HFD #iH:, “ P<0. 05, % P<0. 01,
Note. Compared with Control group, * P<0.05, * P<0.01. Compared with CUMS+ISO+HFD group, “P<0.05, “*P<0.0l.

3 it

T FIARAE B A B B S 2%, vl
REAYBLAIA HPA Bl 5 /MG BE B0 | S e
AT SV MV A B DI BE AT e 1 E AR 2 ) BE
P17 Horh HPA B 5 558 0o G I IARAE &
o P AT IARAE AT 51 HPA Bl
B, HPA BT HES| K Bz IRWE K- 2l , Bz o
RO 2, LR o i o, B 2 5 Rl
SEIREAN 2R Bl A 5 AL o RV ER L e 38 ey S5 A8
A S I FE O KU /N G S R
A FEAARAE B X —F 2L i/ RiE A R
B o M5 TS E S (7] Fg g B8 A PEATL ) =2

— T AR AARAEAS RAE 4 Ko B R S
MRS AT 20 MUK 1AL T8 RS 4% HPA
il Ty 3ok E %A AR R RS, Bl R KT
L A ECD A g mE " Bk T
OB FEHIARAE (4955 FRML AT 40 T BIF ST B B, 75
SIS 1) I R 78 8 0F A s F v Mt 5
NS g FEFUARDLBE 25 . AR 56 5 fr) Bl iy A 7
BREEM I,

HTHA A8 A R SOk, & BEXS 0 UL SR A A
HISE K SRR 2R, RS AR
LA AR AE s 455 R0 43 o O B A TR i i
g R AR o R S AR S AT
o SRR R P S AT LA SR R 98 ( CUMS )
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TP T 7 R R AR A G B R A
Horp CUMS FE AT H23 NS PIARAE & i 2 , B
S ) N A A% O R R 2 | 2 T
TAISAE % 95 AL 1 BF 53 45 S AT 5 () s s L0
PERING oL R | B s R o N2 I S R N 7 e 1]
e AT | 2 A AR ) LA B e 1 S 2R A S
B ERR R B W TR FLAT L B B e
Jk It 3E , N Sk S50fl S50 R BV s e A kP 2 HH B
O LR L | B AR B IRAE RN, 2 R S5 IR e
OV R U LB I B o A8 05 3o R A M AR, 5L
PR SR YN B QUK P (B35 3 2 N S R
SRR K0 FUE A 390 485 48 S et AR 20 i 1], %of 52
Uosniky b SUR SR TE SN NEE 0 37O -SRI RIS
FEHRA BT SRR, RS LRE
AT A4 S Bt I £ A, B RO JULE 2 A
AT, T 200 I 4121 9 0 41 AN 4
I 22 5 AR P O LA IE F= A, TS [
ARG RS M T TR, 24
P RIA 1/ FET- 3R, 2 B AT 3 R
R0 LR IS AR g I RE R 2 B AT A
Sl K AR B e, LV I S U % A R v
ML Bh S5 %, N5 1 A& i 5 0 2 B LB af.
REAR 2001 3 ke A B Ak e AR P BT T
B B4R 0 K e e st ) 5 R Rk MR 18 R
ARG T BN 25 B 70 1 2y Jok ot A A AL BE B | {55
HETRRIR IR F AR AT A N SR 4 5, 7T AR
W5 N 28 Bl ik ok R R Ak 5 30 AR (L Y e BE el
ARTN2T I A IS R I CUMS +1S0 + HFD
WA 1 RS A T o B T HAISRE A USSR

HPA B2 R 1 N3 T B8O E E ik 12
Z—,CORT Fl ACTH J& LA B 38 2 1 1 % 5 45
b, AT LA B HPA Bild v 18 vk i OIS T
HPA Fli ] 8 e BE 3T, 36 Ak 5 e Bl A ' I
i R 9 2R 3B R I ML A2 4R ZE AL, HPA
S RERFE TR, S AL B AREERE IR, BEAE
WF5E 3 B A AR AE 75 A L3 ACTH  CORT 5 4%
o, HLSMARER B LA OE Y Wi SE g 5K 5
YIHEB S IR R BE ), B AR
P PO 5 7K Tt 4 28 DU T DA SE 580 3
PAE PR B IOIR S | & 3 TR B A AT Ry 2 ik
PP AT AR A R SE R S, R e
BT IR RAE I IR R R TR 23 1T

Kok 7K i 512 56 4 7% 5 7Kl 4 53R R AR 174 P J e
RFP, AW LSRR 5IEW A M L,
CUMS 41 .ISO 21 \HFD 21 .CUMS+ISO+HFD 4%
4 4 KB ACTH , Cor, CORT 7 2 2 B & 1%
I, 4 21K B K R A2 B3 5050 1 12 Sl EE R
A X R R 1 2 T R PR 4 FhoE s
RIER R HPA Bl BT D RE T, HLIARLL T4
ARARAS . CUMS 3 MUK RAMARIR S 24 220N,
1M 1SO ZH K B HE BRA AR R I AT e 54 DA 5 = TN
B R 2 A I e T hinsi A s ek O ik
G G PR R G 450 5 A S48 1, O LB i g5 4
W 1 J G 2 2 A, A L DA A 35 RS A 9 0 7Y
PEA IR OC TS HFD 2H K R A AR 3
AIRE S E BRI E T T R EUALE 5 ma i B A K
SAH G, DAY 3% B A ARAE 5 /5 i ILAE %% V) A
5%, 4 CHUANG 45" 85 76 — 30 = i 1t i Al
g ML 2H RIS & 0 R A U o vh & B, = B
IAE £8 5 B AARAE &9 R I 3G hn . B T CUMS
+ISO+HFD L5 G T 3 By ik, iz 4 K
S HPA DhRE S STk AR T AR T B

O EL TR LA R 832 009 B W 0o )
PR R s R 1 B Dy A A AR 0 It A PO I
AT DAE R PEAL 5 R ILE S5 ) S5 1l T 5 45 1)
Pt =g I AE 2 234 TC LDL J+ & , HDL ¢
Y AR LA 2 o i A5 R0 1 5 2% 9 %) 3 22
AU PRI 2R B2 s sl ok ks A A A , o 205 Lo 9
OWUEEZE AT RE | AR K S IR 45 R R L 1S0 41
CUMS+ISO+HFD A K FCHEHBEL T ST B i
MR, CUMS 4K RS M0 3hiad 3, HFD 20K
B ST B Al WL E ¥ s HED 4 . CUMS+ISO+HFD
4R TC A1 LDL-C 7KF-BA & 7+ , HDL-C 7K -
B AR, CUMS 4H . 1SO 2H K BLUH 30 T il I i 2
PR AR &S24 8 L, HE Qe @z i
FE7R 1SO 2 . CUMS+ISO+HFD 4K KL LRI 4F
HeAk K 4 iE 12 T 25 g BR AR | G A8 R FE 88 HFD
2 .CUMS 415, SCH 2 3B . 1S0 1 —Ff
B AR AT LIVEH T O LR S, B dr s si 4l
I RO WL BT 9 3k 2 ol 8 R B Co JUL S50 i A5 28
1 CUMS 20 K B B0 Hi P A Ak i S R ] R e
T HPA e IR S T Bl ek B0, AT S84
P ACTH Fl CORT 73 W3 22 | 5% 1 A2 Jlko it 28 2%
P AR T O S B0 WL s v O LRE AU
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AT 0 ZR S, B e LA 5 KU HFD
MR ST BRI S AT e 5 m IR AR SR 51 &
KA K55 S lg BRI ZE 6L, e 1 3l ik
SRR | N T I R IR & A A O, R
Z,5A L EREAT 2R (HPA Bl GO HLIE AR
HE % (0,55 5250 25 SR R W >R ] CUMS R 30T ¥
T N EARER | E R TR SR AT LU ST AR |
O WLBIE I 55 g IMLAEE 5 AF R 1) K SR Bh Ay, L
T AR IR R B N mT DA ST AR S 10 i I BRIR 250
JULBHE I A5 I AR 2« B 50 R R

ET-1 5 sICAM-1 #4776 T 045 9 B2 2 L
BInT A LR R E SN AP Bz o R A
ET-1 )& T Y8 22 BRI 0 A8 15 9 B, X 70 1M 45
FR Y8 SR 7% 7 HA W R I ARIR S 5,
TEORA AT LS O 8 BT IR A
AR B ET-1 7KW 5 8 T S 4l f Al e
SR SR R A0 I AZ A sICAM-
1 K2 58 Th s, InE O LR M R R, AR
SCIGZE R BN A T IE R 4L, CUMS 41 . 1S0 4 |
HFD 4, CUMS + ISO + HFD 41 K B Ifl 3% ET-1,
sICAM-1 5 4B B 3 Jn , Hop CUMS+ISO+HFD
AT N A, $E7 4 R gy vk 3 T
R B PN R 3 A A7, KRR B A 2 B S
L E AR A HE 3% o 3.0 LR B AR L T s 5
ET-1 5 sICAM-1 By B3 @A G

(7R TRAAR= 28 =R it e A R AR D I R E B I
—FERCMN ARG | I HORY B R £F 24 2 1 DR A
R I AR A R R E S A, B ST a0
995 5 IR I AR 2 FLA — 2 R DG, e AR
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R P4 26 A R ol i s i BN
B AR R T LG SRS A B A AR ECRS AR
FRERAV I S B 1 I A 32 v ISP o UL A 2R
WERR R (cAMP) 7K, J I 1L/ SR 4 | [l if <
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