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[ Abstract]  Objective  The incidence of coronary microvascular disease ( CMVD) is increasing annually.
According to traditional Chinese medicine (TCM), CMVD belongs to the category of “collaterals” , and qi deficiency and
blood stasis are the main syndrome type of CMVD. Notably however, no studies have reported on the use of animal models
of CMVD with qi deficiency and blood stasis. The current study therefore aimed to establish and evaluate a rat model of
CMVD with qi deficiency and blood stasis syndrome. Methods Forty-five male SD rats were divided randomly into sham
group, CMVD group, and CMVD + QXXY group (n = 15 rats per group). Rats in the CMVD + QXXY group were
randomly deprived of sleep for 14 ~ 16 h/day for 6 weeks, and the model of qi deficiency syndrome was established.
Animals in the sham group and the CMVD group were fed normally for 6 weeks. After 6 weeks, rats in the CMVD and
CMVD + QXXY groups were anesthetized, their chests were opened, and embolic microspheres (40 ~ 120 pwm) were
injected into the left ventricle. Rats in the sham group underwent thoracotomy without injection of embolic microspheres.
On day 7 after operation, relevant detection indicators were measured in each group. Results Compared with the sham
group, the CMVD group showed a significant decrease in left ventricular ejection fraction and left ventricular shortening
rate, while the activities of creatine kinase MB isoenzyme ( CK-MB) and lactate dehydrogenase ( LDH) were
significantly increased. Heart function, hemorheology, myocardial enzyme index, and the degree of myocardial cell
damage differed significantly between the CMVD + QXXY group compared with the sham group. Conclusions A rat
model of CMVD + qi deficiency + blood stasis syndrome can be successfully established by sleep deprivation combined

with intraventricular injection of embolic microspheres. This model will be suitable for the study of the pathogenesis of
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CMVD and the mechanisms of TCM.
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Table 1 Changes in body weight, pulse intensity and grasping strength in each group(x + s)

sre ; T (g) JOCHE MR BE () M1 (g)
Groups Body weight(g) Pulse intensity ( um) Grasping strength( g)
RE
1&T7k/ﬂ 15 420.07 = 15.49 76.66 + 19. 65 582.48 + 22.68
Sham group
e AR I A5 s ¢ ,
TR E R 11 392.91 + 30.86* 61.51 £ 10.75* 350.09 + 68.52*
CMVD group
S At g v FFY "
SEEBK AL B A L2 10 386.30 + 36.33™ 28.12 + 8.00 ** 320. 60 = 28. 66 *

CMVD + QXXY group

BT AREML, ™ P < 0.01; S BORAA L, P < 0.01, (FE/ER)
Note. Compared with the sham group, ** P < 0.01. Compared with CMVD group, *P < 0.01. (The same in the following figures and tables)

BFARA
Sham group

SEL R b i g AL
CMVD group

JEE AT B P = RE ML FE 4
CMVD + QXXY group

1 AAUREIKkS

Figure 1

Pulse status of rats in each group
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BR,AEME B PR R A L IhaE . 5 e ks il 45 92
S AR L, e K B0 L A5 95 5 < M LTI 4, A0 & AT
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(P < 0.01) , 42789 UE 25 A 1 A5 L B 4l 5 1 A% 0
ifeifn s e E, WK 3,58 3,

BRFARL iR SIIRER TSN L PR AL 9 R L IE 2L
Sham group CMVD group CMVD + QXXY group

B2 HARRFZR

Figure 2 Tongue picture of rats in each group

T2 HBHAKRNESGZE(x £5,n = 10 ~ 15)

Table 2 Changes in tongue images of rats in each group(x = s,n = 10 ~ 15)

el

Groups R ¢ B

R/G R/B I S H

BFARA
Sham group
SR AE

PR 150.40 £ 7.23
CMVD group
SR AE P
M
MAFEL
CMVD + QXXY
group

153.89 + 6.64

93.69 + 7.08 100.61 + 8.91 1.65 = 0.07

142.73 + 5.71% 99.90 + 8.46 105.77 £ 6.20 1.44 + 0.10™ 1.35+ 0.08™ 116.13 £5.99

1.45 £ 0.35 124.29 £ 29.22 0.22 +0.06 89.84 + 0.20

100.30 + 11.80 107.00 £ 6.78 1.51 + 0.11™ 1.41 + 0.05™ 114.91 + 13.43 0.16 + 0.04™ 86.88 + 9.44

0.14 £ 0.03™ 89.87 = 0.10

HAARRXIE R(ALE) G(&M) B(HEM) s HIS G2 B (AJE H MR S Kse i

l,*P < 0.05, (FE/FER)

1) SIRTEAREAHLL, * P < 0.05; 5 58 BRS04 % 5 26 4

Note. Pixel regions R (red), G (green), B (blue). HIS chromaticity space (hue H, saturation S, and brightness I). Compared with the sham group,
*P < 0.05. Compared with CMVD group, #P < 0.05. (The same in the following figures and tables)

BRFARA
Sham group

o KA LB 4L
CMVD group

78 JAK L AR IS TE 4L
CMVD + QXXY group

B3 AR RSO

Figure 3 Echocardiogram of rats in each group
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R3 FARBESLHESEMELR (v £ 5,0 = 10 ~ 15)

Table 3 Measurement results of echocardiography parameters in each group of rats(x £ s,n = 10 ~ 15)

Al rFARH SE IR JEE K TR 6 M LB I 2
Types Sham group CMVD group CMVD + QXXY group
LVAWs(mm) 3.37 £ 0.23 2.95+0.70" 2.85+0.54™
LVAWd(mm) 1.59 £ 0.22 1.67 £ 0.32 1.76 £ 0.33
LVPWs(mm) 3.66 + 0.32 3.35 £ 0.64 2.57 £ 0.50 ™
LVPWd(mm) 1.99 + 0.43 1.88 + 0.28 1.77 + 0.26
LVIDs( mm) 3.24 + 0.41 4.79 £ 0.81™ 4.53 £ 0.77™
LVIDd( mm) 7.80 £ 0.50 8.08 + 0.67 7.64 + 0.85
LVVs(pL) 43.57 £ 13.45 111.59 + 43.14™ 98. 10 + 37.88 ™
LVVd(pL) 327.37 £ 47. 47 383.79 + 77.60" 298.25 + 74.67*
SV ( wL/beat) 283.80 + 42.37 272.20 + 39.25 200. 15 + 74. 67 *#
CO(mL/min) 99.33 + 14.83 95.27 £ 13.74 70.05 + 19. 86 ™ #
EF(%) 86.71 + 3.54 71.79 + 6.01™ 66.94 £ 10.92™
FS(%) 58.39 + 4.60 43.05 +5.16™ 39.05 + 8.39™

H LVAWs . 22 IR I AT RE IR B s LVAWA . 22 = &7 Sk W AT R SR B s LVPWs . 22 5 048 WIS BEJSLBE s LVP W, 2 R &7 5 015 BE SR B LVIDs . A2 F K
AR s LVIDA e B s LV Ve 22 SR VBB LYV J D5 BFAR VAR SV o B I 5 COL 108 £ B S0 1B
FS S A A

Note. LVAWSs. Left ventricular systolic anterior wall thickness. LVAWd. Left ventricular diastole anterior wall thickness. LVPWs. Left ventricular systolic
posterior wall thickness. LVPWd. Left ventricular diastole posterior wall thickness. LVIDs. Left ventricular end systolic inner diameter. LVIDd. Left
ventricular end diastolic diameter. LVVs. Left ventricular end systolic volume. LVVd. Left ventricular end diastolic volume. SV. Stroke volume. CO.
Cardiac output. EF. Ejection fraction. FS. Short axis shortening rate.

2.5 MKRRMZERTZHZM MAEFET R (P < 0.05,P < 0.01), Sk
SFARAML, i PO R A M w30 1 PR L e DR 4 5 0 AR IR 4 K B

FARPROR WA 22 5% (P > 0.05) bk g wem AR b mUAERT 2 M A B S (P < 0.01),

OB MBSEA K BAC P m VAR T 2mEE L MEKERAEGSIAE (P >0.05), k4,

F 4 KEUMEFRAFFEPRIE SR (% £ 5)

Table 4 Measurement results of hemorheology indexes in rats(x % s)

o 41 BE (mPa/s) Whole blood Viscosity(fl’a/s) 1% 5 (mPa/s)
Groups n EYI(5s7) Fi](60 s7") =150 s71) Plasma viscosity
Low shear(5 s7!) Medium shear(60 s™')  High shear(150 s™') (mPa/s)
BT A4 Sham group 15 9.31 1. 11 4.44 £ 0.38 3.87 £ 0.30 1.19 £ 0.03
4
KL AL 11 9.79 + 1.05 4.57 + 0.40 3.96 = 0.34 1.21 £ 0.05
CMVD group
T L T
UL EER ' LRI 4 10 12.08 + 1,337 5.54 + 0,46 4.86 = 0.60 ™ * 1.24 £ 0.05°

CMVD + QXXY group

2.6 XtARO AR E Y RN CK.CK-MB K LDH i&¥E W EFFE (P < 0.01), 5

SRF AR, 6B SR A R BRIy KO S e 4 A B e Ik A it A A I 9
CK .CK-MB } LDH W& BT E (P < 0.05,P < iF4H KB CK G ARG B EMHEEF (P <
0.01) , 7 Jiik o 1w 487 %5 o5 SR I B E 2H K R v 0.01) . WLER 5,

x5 SARKUMLTE CK.CK-MB J LDH ZEfb( x + 5)
Table 5 Changes in serum CK, CK-MB, and LDH of rats in each group( x = s)

i)
n CK(U/L) CK-MB(U/L) LDH(U/L)
Groups
=] \Q
fEeF AL 15 570. 67 + 156. 48 566. 87 + 154.56 904. 87 + 195.93
Sham group
KGR DR A AL 11 710.09 + 145.21* 725.18 + 110.51* 1382. 82 + 572.81*
CMVD group
. T
KA B3 * L R4 10 1210. 60 + 531,57 *# 1039. 70 + 488. 64 ™ 1557.20 + 595.67*

CMVD + QXXY group
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B4 S0 TTC Gy RS f AR

Figure 4 TTC staining diagram of myocardium and myocardial infarction area of animals in each group
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Figure 5 Myocardial tissue morphology of animals in each group (HE staining)

3 i

JEE IR Bl AL A 5 9 2 4 o T e R Sl KL 4 2
AE (20) G548 53 3 A o WL BE AN A2, T 5] e —
ZF0 LBk i 32 OAE AR (250) B AR A 1 — 2
T2 SR SRR S K GG 45 H DT RE 00 .
AR T0 M R S
RURNBG i 72 5 25 1 1 B AL BT 52 1)

P57 /N R SR Bl 0 1 T Ik Bl ot A7 9 i A
IR LA I I ) A A
W ULTT A R SE ORI | A A A A S Rt
FETEB 5 MR ORIE A AT I
DIRERL, SI AL T R B, A HAE T 0T LURRE
ST R L A AR R X T /N R R AR
Sh), KU Ik L 3 ) R AT 3 B T Y
F o AT A Y08 a0 5 P9 T A ZE R T



o [ S2I B AR 2023 4F 12 A5 31 545 12 W] Acta Lab Anim Sci Sin, December 2023, Vol. 31, No. 12 1537

SE TR RRE ik i A 9 e A AL O R AT T R 254
BLHIASE ' A 5% 12 & ] T iU 7 A AR
ST R I I O WL IS 1 = O WL 7
O RERAR A % A5 T o LR T R, R
177 68 PR L85 95 5 E 465 45 s AR R 0 GG, A
WIFSETE RS AIE 5 00 Rl L, SR FH B MRS 381 2% (/< I
W) 5200 B PN T A FE ROk (et I A it 750 ) 7Y
T AR A A T T e RV 0 R IR IE 3
B

PRAR B2 2 D\ Ay e ok B i 457 2 9 %) 9 AL )i o0
SRR, MU L 2 30F, T B A M bR S22 W, B T
Hh 2 ) 486 KR T W, R IR S e AL
TERIT AN , K IIRAR 2K 5 5 7= A i bt
A AERE P9 = 07 55 im PR S DL AR IE 1 4E R
T, AN, a0 5 P T AR SE TR A
FEETRY e SEEAR S0 PR M 100 A 6 1 5 BRAR R R Fh T/
MAEZHTE ST, RNREFESE T2, 28 FR 2 4, 1ML
TG BE T 002 1T TR S L RIE B BLAS AL | 9843 14
PR AE 45 5 sh i B B 5 b BR IlG R A A & 1Y
RS

P SRR AT B & ML A9 25 1
I RAILBREGIFST , SR T i 76 i B I 7 9 95 2 I
SRS )58 Y G O E S I I Bl P A R
LB A A R SRR, PP B0 5 1 (3B )
AREES kG BEMIIAE M3 ACTH #7030
A AL HE Je @500 ARFFR AR BoR, K
2 BT T ok S X 65 5 s K R R 457 1k e I 1 2
BRI 1 RSB T B 5 A MUBSIE 22 B0, 0 0L
A kol TN BT SR B S B, A
it BRME KORGS5 B % 1
DR 25 i LA B (0 R M AR S, 5 B Al
DRI 22 T 5 P PR AR 10085 006 K BRURH L, G TR 45 45 3
7 R ST I S A R B T R ISR IE 14 1M 37 A
AR IEFZ A, I EE AT 0 LR A5 5E i AR
FFRPRARL BRI UEZS B S R A B 40 Ty

AWFFAERTHIBE T B0 L0 | LI op 2 G M 4
S JE I AR PR A 0 3 P T A SE R O
ST T S 0 E T Ik B 10 75 0 R R AR
— bR LRI AL 2 | I35 O UL O T BE 25 (8
H T PR SR LTI R T IR AL 4 % 5 5 A
—EI BT , FEAMIESE T R ESS & i 3h Py ks g
ALATPE R SR, SRy v = 24 JE AL RIG R A 5T P At A
ARIERIB R 5% € LI N 1 SRR I ARE B Wa st 7) =

M4 DIRE 5 25 B -Ik- 1 25 45 UL 48 A, Mk
il 201l PR 257 4% J7 T Xof T A 4SS 280 LA K K B D7 24 245 3%
FAE IOLHHEATIRAIRER

5 £ 3 #k(References)

[ 1] skiz, BRBIS, Mmde, & sl sl ik o & 5o 12 Il fliG
PRI E L ZIGR [T]. PEER A, 2017, 32(5): 421
-430.

Zhang Y, Chen YD, Fu XH, et al. China expert consensus on
diagnosis and treatment of coronary microvascular disease [ J].
Chin Cire J, 2017, 32(5) : 421-430.

[ 2] Vancheri F, Longo G, Vancheri S, et al. Coronary microvascular
dysfunction [J]. J Clin Med, 2020, 9(9) . 2880.

[ 3] Deng J. Research progress on the molecular mechanism of
coronary microvascular endothelial cell dysfunction [ J]. Int J
Cardiol Heart Vasc, 2021, 34, 100777.

[4] #E¥, Bhhor, R, % bk m i 5 8O0 509 19 I

WRAEREE Bt [J]. KRGSy, 2018, 14(9) : 152
-153.
Huang AL, Yao FF, Zhang Q, et al. Observation and analysis of
clinical syndromes of chest pain and heartache caused by slow
coronary flow [ J]. Asia-Pacific Tradit Med, 2018, 14(9) . 152
-153.

[5] YangZ, Lin S, Liu Y, et al. Traditional Chinese medicine in
coronary microvascular disease [ J]. Front Pharmacol, 2022,
13 929159.

[ 6] Taqueti VR, di Carli MF. Coronary microvascular disease
pathogenic mechanisms and therapeutic options; JACC state-of-
the-art review [ J]. J Am Coll Cardiol, 2018, 72(21). 2625
-2641.

[7] SunYH, Su Q, Li L, et al. Expression of p53 in myocardium
following coronary microembolization in rats and its significance
[J]. J Geriatr Cardiol, 2017, 14(5) : 292-300.

[ 8] M, X, 287, . 4 Fho O R M HEIE K R
SRR IEE (1], T ER 2 ARE, 2016, 41(22): 4216
-4225.

Huang S, Liu JX, Li L, et al. Comparison of 4 types of coronary
heart disease model of Qi deficiency and bloodstasis syndrome in
rats [ J]. Chin J Chin Mater Med, 2016, 41(22) : 4216-4225.

[ 9] ATwsl, FARM, SoHELD, S5 BEAR R 35 524 bk 30k A2 i

Wit S 2L T T S 0 SR I UE R SR B DA (0], o
BEZkak, 2020, 61(5) : 428-434.
Ren JX, Yin CY, Shi YH, et al. Evaluation on sleep deprivation
combined with left anterior descending coronary artery ligation to
establish rat model of heart failure with qi deficiency and blood
stasis syndrome [ J]. J Tradit Chin Med, 2020, 61(5): 428
-434.

[10]  ZRdh, WD, fTeae, A5, PRN AR 5 1 1 7 R RE Bk
TG FRRERHELAY L RRA 5L (1], I AR 240 AR, 2021, 31
(12): 20-26.

Li L, Meng HX, Fu JH, et al. Comparative study of the

establishment of rat coronary microvascular dysfunction models



1538

] SEIG B4R 2023 4F 12 A% 31 %55 12 4] Acta Lab Anim Sci Sin, December 2023, Vol. 31, No. 12

[11]

[13]

[14]

[J]. Chin J Comp Med, 2021, 31(12): 20-26.

gk, MO, AEEEM, A5, /NEDRE IR T 5 IR e O 9 TIE A5
BWIFFE [J]. A B2, 2013, 8(10) : 1132-1136.

Li L, Lin CR, Ren JX, et al. Research on symptoms for coronary
heart disease model of mini swine with phlegm-stasis syndrome
type [ J]. World Chin Med, 2013, 8(10): 1132-1136.

Task Force Members, Montalescot G, Sechtem U, et al. 2013
ESC guidelines on the management of stable coronary artery
disease: the Task Force on the management of stable coronary
artery disease of the European Society of Cardiology [ J]. Eur
Heart J, 2013, 34(38) . 2949-3003.

Thakker RA, Rodriguez Lozano J, Rodriguez Lozano P, et al.
Coronary microvascular disease [ J]. Cardiol Ther, 2022, 11
(1):23-31.

A, XV, A, 55 SRS kU R D) e R T S 4
B R P R AR gt [1]. P EP AR, 2017, 42
(2): 254-258.

Li L, Liu JX, Ren JX, et al. Advances in animal model and
traditional Chinese medicine prevention in coronary microvascular
dysfunction [J]. Chin J Chin Mater Med, 2017, 42(2). 254
-258.

Berry C, Duncker DJ. Coronary microvascular disease: the next
frontier for cardiovascular research [ J]. Cardiovasc Res, 2020,
116(4) . 737-740.

B, WA, A, WS T 0 BN R 3 B A

[17]

[18]

[19]

PR SO JUE S B K LR 30 32 s [J]. w526 5
F2p R, 2021, 27(22) ; 41-50.

Li L, Meng HX, Xin GJ, et al. Effects of Shuangshen ningxin
capsule on cardiac function and hemodynamics in rats with
coronary microcirculatory disorder [ J]. Chin J Exp Tradit Med
Formulae, 2021, 27(22) ; 41-50.

TR, B, BBR, A DR S Ik UL B 126
JE [J]. ARG E A, 2018, 20(3) : 334-336.
Su BJ, Cheng JS, Wei YD, et al. Progress in diagnosis and
treatment of coronary microvascular diseases [ J]. Chin J Geriatr
Heart Brain Vessel Dis, 2018, 20(3) : 334-336.

SORELL, AT, XA, A MRS 2F T A O R SRR
XF /NG AR BB SE (1], R E P25 AR, 2018, 43
(16) : 3341-3345.

Shi YH, Ren JX, Liu JX, et al. Effect of blood stasis syndrome
induced by sleep deprivation on platelet activation in rats [ J].
Chin J Chin Mater Med, 2018, 43(16) : 3341-3345.

PRIERL, XUEER), Sl &5, AOH MRS K RS B i Sy 5
PR [J]. EEARR, 2020, 61(3) : 229-234.

Chen JC, Liu JX, Ma B, et al. Establishment and evaluation of
rat model of qi deficiency and blood stasis syndrome [ J]. J Tradit
Chin Med, 2020, 61(3) . 229-234.

[KFEEHHE] 2023-04-06



