5528 45 16 1] FEXRAFFERE Vol. 28, No. 16
202248 H Chinese Journal of Experimental Traditional Medical Formulae Aug. ,2022

- YA -

LT 05 UER R HS R T B bk S A6 R B T v
R BRUBE Y A8 e IR R 5 A A

AARA, REE, K, RER, Y, TRHE, /&, THEMN, FH, A
(MEPEHRT PESHARA, KiF 410208)

[(FE] BB 3 250 8O0 E ik S 46 %8 (TAC) B J) 538 K BB (R 97 3025 5, 2 T 5 UE X 0L " #L8 FR 4E
TR o B R, DA I R O T AR W 2 R L TR R R AT TAC AR, AR L TG S 4 R B AL 4T i SR A
(6.0 mL-kg") S ETEH WA (6.0 mL-kg") .S WS 4 (6.0 mL-kg") FI i ZEMBEH (10 mg-kg) , BT T AR MEXSE
YT LS dJE X8 AR T S 0 3l ] LI T 2235 K it 1 9 K AT 14 (N T-proBNP) 500 WLAT 25 3 5% € R0l , X L7 2% DA 32 32
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[ Abstract] Objective: To observe the difference in the efficacy of three kinds of traditional Chinese

[KkFBEH] 2021-08-20
[(EE£TH] ERARPFIEEIHE(81774208) ; Wi & H 2RI 225 435 H (2020114062, 2020J15408,2019J150447) 5 | - 44 1 45 45 R 1F
ZIH (2020B1111100001) 5 #3644 71 B2 25 FBHIF 150 350 H 5 4F 28 (2021180)
[E—EE]  BhARA, e+ W00 0 PR IEAS BT 512 73 U5 , E-mail : 634960445@qq. com
[BEES] " WHEGE, T PR, DR 50 1 B A I 512 38 LB BIF 5%, E-mail : 6484808@qq. com;
TR A A, B A T, S0 I A B IE AR I 12 3R U Y, E-mail : 003405@hnucm. edu. cn
- 130 -



5528 5 16 1] RELEFFFEHRE Vol. 28,No. 16
202248 H Chinese Journal of Experimental Traditional Medical Formulae Aug. ,2022

medicine (TCM) injections on rat model of heart failure induced by transverse aortic constriction (TAC) ,
explore the TCM syndrome of the model based on the theory of correspondence of prescription and syndrome,
and reveal the biological basis of prescription-syndrome from the perspective of metabolism. Method: Rats
were treated with TAC for modeling and were divided into Shenmai injection group (6.0 mL-kg') , model
group, Danhong injection group (6.0 mL-kg"), Shenfu injection group (6.0 mL-kg") and trimetazidine group
(10 mg-kg') , and sham operation group was set up as control. After drug intervention for 15 days,
(NT-proBNP)

histopathological staining were performed for each group, so as to compare the efficacy to select the effective

echocardiography, serum N-terminal pro-brain natriuretic peptide and myocardial
injection. Colorimetry was used to detect the serum glucolipid metabolism after the intervention of the effective
injection, and ultra high performance liquid chromatography-mass spectrometry was used to observe the
metabolites and related metabolic pathways in myocardial tissue. Result: Compared with the sham operation
group, the left ventricular ejection fraction (LVEF) and left ventricular fractional shortening (FS) in the model
group decreased (P<0.01), while the left ventricular end-diastolic diameter (LVIDd) , left ventricular internal
diameter at end-systole (LVIDs) and NT-proBNP level increased (P<0.01). Compared with model group, LVEF
and FS increased (P<0.01), LVIDd, LVIDs and NT-proBNP level decreased (P<0.05, P<0.01) in Danhong
injection group, NT-proBNP level in Shenfu injection group decreased (P<0.05), LVIDd and NT-proBNP level
increased (P<0.05, P<0.01) in Shenmai injection group, in trimetazidine group, LVEF and FS increased (P<
0.01), while LVIDs and NT-proBNP level decreased ( P<0.05, P<0.01). Serum glucose, low-density lipoprotein
cholesterol and high-density lipoprotein cholesterol levels in Danhong injection group and trimetazidine group
were adjusted by callbacks (P<0.01, P<0.05). There were the callback of 9 myocardial metabolites in Danhong
injection group, including glycine, serine and threonine metabolism, glyoxylate and dicarboxylate metabolism,
glycerol phospholipid metabolism. There were the callback of 10 myocardial metabolites in trimetazidine group,
including glycerol phospholipid metabolism. Conclusion: The efficacy of Danhong injection on heart failure
model induced by TAC is significant and superior to Shenfu injection and Shenmai injection, suggesting that the
model is closely related to heart-blood stasis. The biological mechanism of Danhong injection interfering with the
model involves regulating the metabolic disorder of lipid, glucose, amino acid and butyric acid.

[Keywords] transverse aortic constriction (TAC) ; heart failure (HF) ; correspondence of prescription
and syndrome; metabolomics; biomarkers; ultra high performance liquid chromatography-mass spectrometry

(UPLC-MS/MS); amino acids

0 1 353 (HF ) 3l W) 45 84 1] B0 s A4 26 HF
F 95 B ok B2 5 R, N S8 HF A7 76 A8 [ /Y op B2 IE e
o3 HF S YRR R A TE R A 22 5 o AS TR 4fE
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REEF K FEAG T 2ESRATAN, S
HEAS R R 2 i 0 45 24 0 3 i o S 2 ) 15 4
2.3 JFRCGPEAY 25T E LS dJE PRI EEAT R S 0
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2.52 %4k ACQUITY UPLC BEH Amide {7,
WA (2.1 mmx100 mm, 1.7 wm) , i S AHEEE K (A,
4 25 mmol-L"' Z 8 &% A1 25 mmol- L' & /K ) -2 i
(B) #F 47 Bh B Bk B (0~0.5 min, 95%B; 0.5~7 min,
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28 B 164
202248 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 28,No. 16
Aug. ,2022

25°C,ifi# 0.5 mL-min”, #F A & 3 Lo SIS0 R
HL IS 25 B9 7 U5 (ESTD) , IE s T34, & 7 U5 R
350 °C, 223 7 SR BE 350 °C, T 404 IR 350 °C,
ilf 3 i 4 10,30 .60 eV, £ il m/z 70~1 050,
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17— R A W R, R ik L
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IR A R4 (KEGG) Bl & v, ILEL ID 5 .
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TR R AR R AR L5 R ) 1Y [ I A L, fe 2 A
ADHQ . O5 @y [m 2 A= .

2.5.5  ARUE B AT K PR 20 VR S 2 Sl 3B At
W 2t 2 [m] O A9 AR P A MetaboAnalyst 5.0 4K
P AT 38 B A 4 A, 8% 8 B% 52 e {E (pathway
impact)>0.1 14 553 #0015 7 (14 245 4 0 b i o

x1 BHARBAROIHERMIERENE x5

Table 1 Detection of echocardiographic indicators in each group (x+s)

2.6 Sl At 38 FH SPSS 24.0, Bidk DL x+s %
N PR B ek 06, 22 ) L A T B I R
ZAHr. P<0.05 1 P<0.01 £n2ZEREG %53 L,
3 &R

31 KRESEEREN TACHEF RS, N E5)
ik 2 G\ I S 5, R BT 12 H R 9
WL PRI R O DI RE R, BT 9 R . TR
J5 9, TAC 4 5 & 4y 49 H 7735 K BRIl A2 g 5
Z M R BEPLE T R L A A BRI (10 H) PRAL
HEHWA (10 H) S EEHWAC0 H) S5
WA (10 JO)Fh MR (9 H) . BF R F AR
b B bk A BT 1 R EIR 9 R 42
Y110 15 d )5, 2 B S v 4 18 D o T RE S v SE T
1H AR TR .

3.2 HEAOEESTT SRTARA LK ERAN
LVEF fil FS i 3 F % (P<0.01) , LVIDd 1 LVIDs
F ETH(P<0.01), SR A, PR SR 4L
LVEF I FS i 3 I 7+ (P<0.01),LVIDd 1 LVIDs B
TR (P<0.05,P<0.01) ;2 & 5 41 A9 LVIDd BH
i FF(P<0.05) ; il 36 fih % 41 LVEF #1 FS & & I Ft
(P<0.01),LVIDs &t # T [ (P<0.01) ; Z fh 1 S W 21
KT bR A 22 S M B RG22 B o TR S 56 5
P,

205 n fillErs LVEF/% FS/% LVIDd/mm LVIDs/mm

BT AR 4L 9 89.11+5.15 55.00+7.44 5.67+0.35 2.5540.52

AR 2] 10 66.50+5.81" 32.40+3.89" 6.65+0.48" 4.51+0.43"

FHE AR A 10 6.0 mL-kg! 82.30+2.54> 45.40+2.71> 6.00+0.68> 3.28+0.49"

S TS 10 6.0 mL-kg! 66.80+6.12 33.80+5.02 7.24+0.71% 4.88+0.58

2 I S 4L 9 6.0 mL-kg™! 69.77+4.17 34.66+3.35 6.86%0.56 4.48+0.39

il 5 fth ik 21 9 10 mg- kg 77.66%6.89% 41.55+6.48 6.36%0.85 3.68+0.62%

TS EFARA LV P<0.01; 5B 4] 14 > P<0.05,> P<0.01
3.3 IfiL%if NT-proBNP £ ik R FARA BAH FH 34 OPHLUREME BT AL 0N HESI

LESTRA S SR A S M S A il SE A
W 2 1M 3% NT-proBNP [ 5T 5 ¥ 2 43 51 o0 (198.46+
28.28) . (381.45+65.03) . (272.80+45.27) . (924.67+
152.22) | (298.64+33.28) | (302.63+43.60) ng-L",
LR R 5 TR g, SR 4 1L 3 NT-proBNP
KA B TH(P<0.01) . SRR HER, PR 5
WA 2 B e ) 4 R 95 b % 41000 3 NT-proBNP
JKF-B R (P<0.05,P<0.01) ;53 1 4T 41 i 2%
FF(P<0.01).

RS, A AL A I, R LK M R BE A o 2 R
G, T R DA A OB e A o IR 2O LA i
HEZNZE AL, O LA 3 R 55 K B, RILET 24 72 1k, 4 g
W 25 5w B o0 0 %, Hh B BE [ MR IR AT, i IR 47
EWI RO . SRR A, SR TSR 5 S W
TE S W 2H TC WY I 0 0 UL K HE B ATS A AR 2L
Wi 24, 2 22 13 5 W2 I D & 4 0 AR o 5 P 2033 5
A 5 i S At R 2 0 JUL A HE B 1) R S e
YRR AL B AT 4E . LR T AT 2.
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WA T ARG B, B C. PRSI 4LD. B E E R
B ZMHEATRAL F. i e b2 (1 2 1+])
E1 SAXRRONMEARFESLEHREHE, x400)
Fig. 1 Morphology and structure of myocardial tissues in each
group (HE, x400)

3.5 IMEHEIRRRI eI SMERF AR i, BRI
Glu.LDL-C /K & 2 | F+(P<0.01) ,HDL-C 7K F- B
B R FE(P<0.05), SEIRIA M, PHE0 T SR A Y

B2 ‘AKX OHARTHWLER(Masson, x400)
Fig. 2
(Masson, x400)

Myocardial tissue fibrosis of rats from each group

Glu . LDL-C 1 TG 7K~ W] & T B (P<0.05, P<0.01) ,
HDL-C /K ¥ & & EF+(P<0.01) ; #h 35 fl1 8 21 Glu Al
LDL-C /K i3 F B (P<0.01) ,HDL-C /K F ¥ & |-
TH(P<0.05). W2,

F2 AAFHRSHERMEEMERX TAC KRR KRG IERN M (3Ls, n=6)

Table 2 Effect of Danhong injection and trimetazidine hydrochloride tablets on glucolipid metabolism in TAC rats (x+s,n=6) mmol-L"
215 bRy Glu HDL-C LDL-C TG TC
BT ARH 6.23+0.31 1.39+0.34 0.39+0.07 0.99+0.19 2.53+0.26
B 9.96+0.15> 0.96+0.10" 0.73+0.09 0.98+0.16 2.29+0.27
PRRARE i 6.0 mL-kg"' 6.38+0.42Y 1.25+0.07% 0.53+0.14 0.54+0.09" 2.18+0.12
iy 5% fib e 241 10 mg-kg! 8.22+0.89" 1.21£0.17Y 0.51+0.11" 0.85+0.11 2.20+0.19

e 5T AR L Y P<0.05,2P<0.01; 58520 15> P<0.05,YP<0.01

3.6 AR A A 2 o BT
3.6.1 BETFHE FHARBONAL W EET
IR 3
3.6.2 fRIHBLR /0T OPLS-DA B 545 43 &I W,
4, B A as AR VAR A, 25 R R,
2 HREATE 23 (] 43 A0 1o W38 SURTE &, 4[] X 43
ERE.
3.6.3  dHIH 2= AR Y DIBIARYZH ) I 2R ALY
AR 7 Wy Ay s AE RO AR O 456 PH 20 3 6 R R R 1T 26
g R 1 TG 3 R AR . SR L
B PR SR 4- 2 5L T R LR I = 3N 3
M H R AR OR W L R [15:0/18:3
(62,92,122)/24: 1(152) | Wi Mg Bt & B2 e [14: 1
(92)/14:0] \ =W R 4- R OKH I 9 Ffh =9 i B
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1.0) . SRRV P, il 56 il R 20 1 W RS Tt & T T
[14:1(92)/14:0] . = BERR 3h 4- R FE AR HIEE 2-11 4
FE-3-H LML N-HEESE-L- R & Z R N-C R R
R 5 MR B3-S P gl -3- PR TR -2 B 1Y
10 Ff 7=y W & [81 9 (VIP {E>1.0, P<0.05) ; H & 1R .
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Fig. 3 UPLC-MS/MS total ion chromatograms of myocardial tissues of rats in each group under different ion modes
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W2 5T 8 & ARE i, AR 2 E R
I 2 R AT B, < T TR R R R T X
H 3 #5153 3% 1Y pathway impact i 3% .l 351l
R4 3 LA 10 R = e 2 5 T 5 &0
38 [, H A I s 1 T B 1Y pathway impact
F. WK S,
4 iTig

Hh 24 5 ) 5 v BRI A R) A AE 2 SR BRI G R
D5 UEAHAF A AT 547 b % 4897 30, 45 I iR A, 5% )
I7 RO B, A 1 I B D7 IR XS T, e T
“TF R X N B AT AR DA T DU IE i B X A Y
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RIS BRSO 25 230 b R T HE Al A R DL AR AR
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% AR5 A A S A g — 2 D45 A HF
o ML A5, LA B L PH T O 4, 2 BCHF JEA

B ¥Rk 00 o7 25 B IR PE 0 i — 2R AR Rk O 2, A
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JE Y T 2 T S, O R U DL AR TS5 R UEIR 0, JF
A SEE 50 A% 49837 500 DR 24 ) ) kL Bt 2 S 5 1R Y
25 3 % LAy 38 1t 0 A AL 2 B N AE 2 A
F 8 I PR TR b o

TAC wJ #5400 1 g 8 17 i Jor S0 AR 10 WLTE
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Fig. 4 OPLS-DA score plots of myocardial tissues of rats in each group under different ion modes
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Table 3 Regulation effect of Danhong injection and trimetazidine hydrochloride tablets on metabolites in myocardial tissues of TAC rats
Ho IR 2 - FRHELTEGIR AL - il AR -
R4 KEGGID s miz AL el !
VIPff P VIP[A P VIPE P

45 EET IR C01770  399.01  105.11  1.55 <0.05 222 <0.05 - -
WL 1T C00791  361.04 112.05 1.67 <0.01 2.04 <0.01 - -
= i g - 606.51  165.13  1.56 <0.05 1.85 <0.05 - -
HEmR C00037  378.30 76.03  1.53 <0.05 1.81 <0.05 1.16 >0.05
AR R C01606 42570  165.01 151 <0.05 1.67 <0.05 132 >0.05
=W H [ 15:0/18:3(62,92,122)/24:1(152) ] - 24256 926.52 1.51  <0.05 2.18 <0.05 187 >0.05
WL R [ 14:1(9Z2)/14:0] C00350 42,66 63444 221 <0.05 246 <0.05 253 <0.05
Wi C02174  599.19 25392 183 <0.05 221 <001 195 <0.05
4-F5 LR H C00633  366.72 121.02 127 <0.05 1.84 <0.05 1.85 <0.05

WM mEAL DR [ 20:4(82,112,142,172)/20:3(82,11Z,14Z)]  C00157 63.06 83258 1.62 <0.05 1.81 >0.05 1.63 >0.05

L-A R C00025  406.68 146.04 176 <0.01 120 >0.05 1.64 >0.05
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N-H k3L -L- R & R C01044  408.11  160.02 1.56 <0.05 122 >0.05 2.03 <0.05
N- Tk AR C00624 41359 188.05 1.58  <0.05 - - 1.88  <0.05
L IS A% A C00387  276.80 284.09 1.68 <0.05 - - 1.98  <0.05
3-JId L 1A B C02636 34841 160.09 2.01 <0.01 - - 2.02  <0.05
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Fig. 5 Analysis of metabolic pathways after TAC rats intervened by Danhong injection and trimetazidine hydrochloride tablets
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