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Pathological Process Observation and Non-targeted Metabolomics Analysis of Heart Failure

Rat Model Established by Transverse Aortic Constriction
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[Abstract] Objective: To study the pathological process and changes of metabolites in myocardial
tissue of heart failure induced by transverse aortic constriction (TAC) in rats. Method: Rats were treated with
TAC operation and divided into TAC-30 d group and TAC-60 d group, and sham operation group at the same

period was set up as control. Echocardiography and pathological staining of myocardial tissue were performed on
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rats in each group. Enzyme-linked immunosorbent assay was used to determine the expression of amino-terminal
pro-brain natriuretic peptide (NT-proBNP) and adenosine triphosphate (ATP) in serum. Liquid chromatography-
mass spectrometry was used to observe the changes of metabolites and related pathways in myocardial tissue, the
mobile phase consisted of 25 mmol-L"' ammonium acetate and 25 mmol-L"'ammonia hydroxide in water (A)
and acetonitrile (B) for gradient elution (0-0.5 min, 95%B; 0.5-7 min, 95%-65%B; 7-8 min, 65%-40%B; 8-
9 min, 40%B; 9-9.1 min, 40%-95%B; 9.1-12 min, 95%B) , electrospray ionization was used under positive
and negative ion detection modes, acquisition range was m/z 70-1 050. Result: Compared with the sham-30 d
group, the left ventricular internal diameter at end-systole (LVIDs) in TAC-30 d group was significantly
decreased (P<0.01), and left ventricular ejection fraction (LVEF) , fraction shortening (FS) , left ventricular
end-diastolic posterior wall thickness (LVPWd) , left vebtricular end-systolic posterior wall thickness (LVPWs)
were significantly increased (P<0.01), there were cardiomyocyte arrangement disorder, edema, collagen fibre
hyperplasia, the content of NT-probNP was significantly increased, while the content of ATP was significantly
decreased (P<0.01) , and 15 metabolites with abnormal expression were involved in pyrimidine metabolic
pathway, pantothenic acid and coenzyme A biosynthesis pathway. Compared with the sham-60 d group, LVEF
and FS in the TAC-60 d group were significantly decreased (P<0.01), and left ventricular internal diameter at
end-diastole (LVIDd) , LVIDs and LVPWd were increased (P<0.05, P<0.01), the edema of myocardial cells
increased obviously, myocardium fibers degenerated, coagulation necrosis appeared, and a large amount of
collagen fibers were deposited, the expression of NT-proBNP increased and the expression of ATP decreased ( P<
0.01) , there were 21 metabolites with abnormal expression, involving pyrimidine metabolic pathway, and
starch and sucrose metabolic pathway. Conclusion: At 30 d after TAC, there are myocardial hypertrophy, lipid
metabolism disorder, pyrimidine metabolism disorder and energy imbalance. At 60 d after TAC, there are heart
failure, aggravation of lipid metabolism disorder, excessive activation of glucose metabolism, and continuous
disorder of pyrimidine metabolism.

[Keywords] transverse aortic constriction (TAC) ; myocardial hypertrophy; chronic heart failure;
metabolomics; liquid chromatography-mass spectrometry technology; biomarkers; metabolic pathways
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Fig. 1
group (HE, x400)

Pathological observation of myocardial tissue in each
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Fig. 2 Pathological staining of myocardial tissues in each group
(Masson, x400)
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Fig. 3 Total ion chromatograms of myocardial tissues of rats from each group in different ion modes

O BER WE— R . B AL = NAR
%‘i'gj(,}iu%l‘_iﬁ/‘lﬁjjAﬁﬂﬁl'b‘%%"ﬁ'?ﬁgﬁo
LVEF FS i 3 T B, O UL 20 i A o 7K Jifr 58 1 14 3R
FE , 0> P REAS 4 1 2R W) bR S W) NT-proBNP 35 3
1B, 2% BH A A I B O I i 40 T 8 © 32 B 43, 0 T
AE ™ H AR FE TAC AR 30~60 d, FF45 (19 1K Jy
e = G LRI o W /M NPT N L - R I AW =92

IR R I WA o R o e~ 7 A AW =
L B BERY LVEF 1J5>40%, D7 2 B a3 B BR

PR 1 R A D I e
Uy 1) B A5

TE TAC AR5 60 d 1.0 Ty % 35 By B, Ao i Tl 1R
5 i 6 VL 5 L 155 R 19 2 I i 45 2 IR R ) T
K F- 238, B Bl iig J5 % W Mg 5 0] B 4 i — 20 %
57 I B B A A AR I A AR S | A -6-
1% B-D-2FFLBE 22 ZFBE | 1-0E SR = A AR i )
B REEEF3k L, ER T oM, Kb

<122 -

oy S0 T A8 0 T 3

-6~ e T 2 0 4 W 2 TR A 2B A 20 L AR D SE T
Hh ] A S 2 2 A o i, POk 2 W0 TR TR I A 1Y
B UR Y, O S W AR R AR A . A R
2 /{0 ) W RS 3 42 T A M mTOK R R 20
AR NOLAMLRE . B AR -6-DEIR S 5
oy FUERE A T B, S B PN W) R 22 R A Rl A I
o7 e A S A, AL R ORI T R kSR
Jot -5 38 g 25 L 24 I B A 2 1 2B S R

O JIERL ATP JE 00 #E KB B, O il ATP A7 4%
TNV S S o HEE AN W7 A AR Y BE R 7 OR, RE R IR
B EATVE IR #% o P Bl IR 107 1R A3 B 5 i R, TAC-
60 d ZH K BRI B 1 R U5 1 A W IR RR A RS L RS
Yy s R R ACRE B W o (EUWE S A1t B B0 4 9 OF A
AE 5¢ 42 A2 i 107 R 1 48010 R T B 05, O 0 ATP A= i
AE 17 A= AAN A AH AT WL ATP 52 Bl — 2 IR K P
FIR o BB B R I A% © AN DA S HE O IR A
465 R ML IIRE , O VI REIZ AP g iy, I Ak T8

IPNCE=N

He B



5528 #2455 o 1Y)
20224FE5 A

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 28,No. 9
May,2022

®3 TREANEFRGF=WH HE XL

Table 3 Comparison of different metabolites between groups

TAC-30 d#H vs R F AR 30d4H

TAC-60 d 4 vs {5 F K 60 d 21

No. R
VIP {H FC/f% Ha VIP {H FC/% FEE
1 HiSRED, 1.54 0.64 v - - -
2 16-W 3+ £ ek 222 0.65 v - - -
3 AP R TR 2.10 2.25 Ty - - -
4 L-5 R 1.88 1.34 Ty - - -
s RmERE 1.65 3.46 [ - - -
6 452K IR 1.70 1.77 Ty - - -
7 PR 2.03 1.51 Ty 2.14 1.87 I
8 D-A N 2.12 0.53 v 1.97 0.49 ¥
9 ioR:s 2.25 1.87 12 2.32 1.88 1o
10 IS A 2.38 0.46 7 1.86 0.59 I
11 TR R 2.49 0.36 v 1.94 0.34 ¥
12 71 L [ 2.01 0.67 v 1.82 0.52 ¥
13 L1y B4 I R TR 2.30 0.62 v 1.68 0.50 ¥
14 SRy B e 2.45 0.71 12 1.65 0.60 ¥
15 SR A 2.13 1.45 1 2.01 1.48 1o
16 T A R - - - 2.09 0.50 ¥
17 R -6 R - - - 2.00 4.59 T
18 4333 HH R TR - - - 2.06 0.43 ¥
19 PR AT R - - - 1.72 1.52 T
20 B-D-FELBE - - - 1.80 237 T
21 E i - - - 2.41 10.67 Ty
22 M 1% 2 - - = 2.18 0.21 ¥
23 185 = - = - 2.41 22.02 T
24 T HERE - - - 1.86 0.48 ¥
25 W R BEAR B[ 18:1(112)/14:0] - - - 2.39 0.53 ¥
26 M4 - - - 2.14 0.38 ¥
27 IR E 2 B [ 18:1(92)/0:0]] - - - 1.55 0.59 ¥

T T RIAKOE B | RKOKE T - R IAKF T B AR S5 R 30 d4H R Y P<0.05,2 P<0.01; 5 B R 60 d #H L P P<0.05,

4p<0.01
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