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Exploring the TCM pattern in the rat model of chronic heart failure
induced by abdominal aortic constriction based on the theory of
""pattern identification by formula"
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(Abstract] Objective To observe the therapeutic differences of four TCM injections on the rat model of chronic heart failure
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(CHF) induced by abdominal aortic constriction (AAC), and to explore the TCM pattern attributes of the model based on the theory
of "pattern identification by formula". Methods AAC was performed on 100 SD rats, with additional 15 rats assigned to a sham-—
operation group. Eight weeks after modeling, the successful establishment of the CHF rat model was verified. A total of 68 AAC
rats with successful modeling were randomly divided into model group, Danhong Injection group, Shenmai Injection group, Shenfu
Injection group, Huangqi Injection group, and captopril group. The Danhong, Shenmai, Shenfu, and Huangqi Injection groups were
intraperitoneally injected with the corresponding injections of 6 ml/kg, along with intragastric administration of saline at 4 ml/kg for
intervention. The captopril group received daily intragastric administration of captopril at 8.8 mgkg, combined with intraperitoneal
injection of saline 6 ml/kg for intervention. Both the sham-operation and model groups received equivalent volumes of saline via
intraperitoneal injection and intragastric administration. Each group underwent a 15-day intervention period. After the administration
period, the general conditions of the rats in each group were observed. Echocardiography was used to assess cardiac function.
ELISA was employed to determine serum levels of N-terminal pro-brain natriuretic peptide (NT-proBNP), angiotensin I (Ang 1),
and angiotensin type 1 receptor (AT1R). HE staining and Masson’s trichrome staining were both utilized to examine pathological
changes in myocardial tissue. Results Compared with the sham—operation group, the model group rats exhibited dull skin and hair,
cyanosis of the lips, nails, and abdomen, hair loss, irritability, and reduced activity. Left ventricular ejection fraction (LVEF) and left
ventricular fractional shortening (LVFES) significantly decreased (P<001), while left ventricular internal diameter at end—diastole (LVIDd),
left ventricular internal diameter at end-systole (LVIDs), serum levels of NT-proBNP, Ang II, and ATIR, as well as collagen volume
fraction (CVF) significantly elevated (P<001), with prominent myocardial inflammatory infiltration. In comparison to the model group, the
Danhong, Shenmai, Shenfu, Huangqi Injection groups and captopril group demonstrated improved responsiveness, enhanced skin
luster, and ameliorated cyanosis of the lips, nails, and abdomen. These groups exhibited increased LVEF and LVFS values (P<0.05,
P<001), while LVIDd, LVIDs, serum NT-proBNP, Ang I , ATIR levels, and CVF (P<0.05, P<0.01) decreased. with alleviated
myocardial inflammatory infiltration. Compared with the Danhong Injection group, the Shenmai, Shenfu, and Huangqi Injection
groups showed decreased LVEF values (P<0.05) and increased LVIDd, LVIDs, serum NT—proBNP, Ang I, ATIR levels, and CVF
(P<0.05, P<001), with more severe myocardial inflammatory infiltration. Conclusion The Danhong Injection effectively improves
cardiac function, reduces inflammatory responses, and inhibits excessive neuroendocrine activation in the AAC-induced CHF rat
model. Its therapeutic efficacy is superior to the other three injections. Based on the theory of "pattern identification by formula", it
is hypothesized that the TCM pattern of this model corresponds to heart blood stasis pattern.
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Fig.1 Echocardiographic profile of rats in each group
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Table 1 Comparison of cardiac function results among different groups of rats (x+s, n=8)

2151 LVEF/% LVFS/% LVIDd/mm LVIDs/mm
BFARA 91.19+3.01 57.88+5.19 6.25+0.37 2.82+0.37
FEAYLH 64.63+3.62% 32.65+4.21% 8.01+0.80* 5.32+0.23%
FPHIES A 79.30+4.06"# 39,894, 57 6.78+0.65% 3.72+0.29"
S SR 72.49+3 41#5 36.00+3.81% 7.6420.60%" 4.88+0.47%%
ZIHE S 73.59+5.14#: 36.53+2.95% 7.5420.66%+" 4.92:40 47
R AH 71.66+4.54%5 35.1243.78% 7.39+0.42%5 4.68+0.49%+
AL 80.413 42#ktexc0 41.10£4.15%53 6.380.7 1 #rssrxo0 3.5020.6]#rssrroo

TE: SR ARAEL,P<0.05,%P<0.01; GBI L3, #P<0.05,#+P<0.01; 5 PSR LA, "P<0.05,7P<0.01; 5 S22 G20 LU #E
8pe().01; 5 TSR FLHR , *P<0.05, **P<0.01 ; 5 8 BT SH2H A, ©°P<0.01 ,

£R2 KBAKRMTFE NT-proBNP, Ang [[ #1 ATIR 7KFELEL (ks ,n=8)
Table 2 Comparison of serum levels of NT-proBNP, Ang I, and ATIR among different groups of rats (xs, n=8)

2H 5 NT-proBNP/(pg/mL) Ang Il /(ng/L) AT1R/(ng/L)
BFARA 326.23+39.44 361.99+39.08 157.55+5.98
AL 772.12+37.62% 534.31+16.86™ 211.45+20.11%
PR SR 588.24£67.35#% 433.44429 .01 169.53+14.95%
e T S il 677.15+55.71%% 476.74+27.65%+" 192.23+15.86%"
S SRR 668.55+46.06%# " 480.22+£15.75%% 184.77+17.23%
W SR 680.33+75.40%% 466.95+18.79%#~ 188.26+16.94%
RIEEFIH 567.39+59.70"##88*00 405.0123]1.37H88k*0 162.16+9.55x88*0

1 ST AR HEL, #P<0.05,%P<0.01 ; SHIRIZH HL#L , #P<0.05 , *#P<0.01 ; 5FHT I SR AL, "P<0.05 ; 5522 1 SR 4H L4, 4P<0.01 5
S5SMHESHRA L, *P<0.05,**P<0.01; 58 i SR HL R, °P<0.05, °°P<0.01
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W BRTERR AR RO HES VB, B — XN 2 (R Ak ) s P IR R R 47 4
TERE R SRAE AR, TEULIE 2, DX b 27 AR B W) 0 el 5 2 PO TR SR A
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Fig.2 Myocardial pathology in each group of rats (HE staining, x200, scale=50 pm)
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Table 3 Comparison of CVF in myocardial tissue

among different groups of rats (x+s, n=6)

205 CVF/%
BFARA 3.39+1.43
ik 39.16+3.60%
PR 23.4623.10%#
S TESRA 31,692,934
ZMHTE SR A 32.8022.50%#
R TE SR AL 31.62+4.96%%#
G 19.85:3,33 Mk itsa*00

R TEAT AL RALEAA

H SIERFARAE, #P<0.01; SHEAA LEEL, #P<0.05, *+P<0.01;
SP I SIRA LLEL, ~P<0.01; 53 SR L ER, 4P<0.01;
S5ZME SR R, **P<0.01; 5 i SR LR, ©9P<0.01,
{5 B E N sh B M B EAR R (H R R M2 B
FEAEREIRAE SO BRI R I )

3 BEAXROMARFLENLIER (MASSON G f, %200, H3L=50 wm)
Fig.3 Myocardial fibrosis in each group of rats (MASSON staining, X200, scale=50 pwm)
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