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Exploring mechanism of higenamine in treatment of heart failure model rats
based on UPLC-Q/TOF-MS metabolomics technology
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Abstract: Objective This study was aimed to investigate the effect of higenamine on endogenous metabolites in doxorubicin-induced
heart failure (HF) rats using metabolomics technology, and to explore its metabolic pathways and mechanism of action. Methods

Sixty SPF-grade male SD rats were randomly divided into control group, model group, dobutamine hydrochloride group (50 pg-kg™),
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and higenamine low-, medium-, and high-dose groups (2.5, 5.0, 10.0 mg-kg "), with 10 rats in each group. Except for the control group,
rats in other groups were intraperitoneally injected with doxorubicin at a cumulative dose of 15 mg-kg™! to establish a heart failure
model. After successful modeling, each group was intraperitoneally administered with the corresponding drug for 7 consecutive days.
The anti-heart failure pharmacological effects of higenamine were clarified by detecting left ventricular hemodynamic indexes, plasma
myocardial injury marker levels, and observing myocardial histopathological morphology; UPLC-Q/TOF-MS technology was used to
conduct plasma non-targeted metabolomics analysis, screen differential metabolites and perform metabolic pathway enrichment to
explore the metabolic mechanism of its action. Results Compared with the control group, the left ventricular systolic function
indicators [left ventricular systolic pressure (LVSP), maximum rate of increase of left ventricular pressure (+dp/dfmax)] of the model
group rats were significantly decreased (P < 0.01), and the diastolic function indicators [left ventricular end-diastolic pressure
(LVEDP), maximum rate of decrease of left ventricular pressure (—dp/dfmax)] were significantly increased (P < 0.01). The levels of
plasma B-type natriuretic peptide (BNP), N-terminal pro-B-type natriuretic peptide (NT-proBNP), creatine kinase isoenzyme MB (CK-
MB), and lactate dehydrogenase (LDH) were all significantly elevated (P < 0.01), and obvious myocardial damage was observed.
Compared with the model group, the different doses of HG could reverse the above abnormal indicators to varying degrees, with the
high-dose group showing the most significant improvement (P < 0.05, 0.01), and could significantly alleviate myocardial fiber disorder,
inflammatory infiltration and other pathological damages. Metabolomics analysis identified a total of 14 differential metabolites,
including glutathione, D-fructose, phosphatidylethanolamine, etc. These metabolites showed characteristic disorders in the model
group, while higenamine high-dose could significantly restore their levels; Pathway enrichment analysis showed that higenamine
mainly regulated 17 metabolic pathways such as galactose metabolism, fructose and mannose metabolism, glycerophospholipid
metabolism, and glutathione metabolism. Conclusion Higenamine can exert a therapeutic effect on doxorubicin-induced heart failure
by improving left ventricular hemodynamics, reducing myocardial injury factor levels, repairing myocardial histopathological damage,
and regulating metabolic disorders of pathways related to glucose metabolism, lipid metabolism, and antioxidation.
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Fig. 4 PCA plots of therapeutic effect of HG on heart failure under negative (A) and positive (B) ion modes ( X x5, n=6)
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Table 1 Metabolic markers and related parameters of HG in treating heart failure rats (X s, n=6)

lag . ‘ " ) R

o JEL AR AR = 7 mlz fr/min v B HG ve BT
1 glutathione B HEH K IEBTF  CioHi7N306S 30732 2.15 397" 1.33#
2 D-fructose D-Fp BT CeHi206 180.16 1.22 0.11* 0.46"
3 D-galactose D-:FLbE BT CeHi206 180.16 1.18 0.28™ 0.55%
4 myo-inositol myo- /LA BT CeHi206 180.16 1.05 0.26™ 0.72%
5 D-mannose D-H & BT CeHi206 180.16 1.20 0.65* 0.76%
6 arachidonic acid 16 VTR EEEF  CaoHnO2 304.47 8.68 0.63" 0.68"
7 B-D-glucose B-D-Hii % HE BT CeHi206 180.16 1.15 0.12* 0.23%
8  a-D-glucose o-D-Fi &) B BT CeHi206 180.16 1.12 0.71* 0.66"
9 PE[P-18:0/20:4(5Z, WML Z BEf% BT CaHsoNOsP 734.04  12.35 2.87% 2 .44

87,117, 142)]

10 PA(16 : 0/16 : 0) WEARIR IEEF  CisHeOsP 646.90  10.82 0.23" 0.38

11 cholic acid HEFR IEET  C24HaoOs 408.57 7.95 227" 1.91#

12 hexanoyl-CoA LB A A IEBT  CyHaeN7017P3S  865.18 5.76 1.95* 1.23%

13 theobromine AT AT T CHsN4O2 180.16 3.02 0.10" 0.59%

14  paraxanthine BRI B BT C7HsN4O2 180.16  2.85 0.42* 0.51%
EXIRA LS "P<0.01; SERALLE: *P<0.05 *P<0.01.

**P <0.01 vs control group;

#P<0.05 *P<0.01 vs model group.
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Fig. 8 Changes in potential biomarkers of HG in treating heart failure in rats (X Xs, n=6)
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Fig. 9 Heat map of potential biomarker changes associated with HG treatment in rats with heart failure ( X Xs, n=6)

345 FHEARURA @S A HG 1RIT R
BRBFO IR AU R RS, ATk
i 176 A 1 22 AR Y 3\ MetaboAnalyst 6.0 7E£k
- AT ASHE R E T, 45K 10 iR, %
Sy HTE R, G\l DA-1gP {E RAE I8 B & A 10 35 MK
o PAEMR/N, —lgP EBEK, 0BT s B e ERiR
FEBH I B 5B S AT T R s R
AP, YR T IEER RN b, RO
RCPARREOR, AR A% B E REAAR A X 28 A% O
B s M A B R o

BRI R TR, HG a0k 17 %
TEAE 22 S ARNE RS, F 2V AR LR

SEVEFIH FEREARUT . U EENE AL T R PR AU . W
file /b A VER R EEREARU S ) IRACH CH i
REARUE . Hym AW . AMBRBITRR A& . FE
IR IE K5 P Al . TR DR RRAR U . A H IRAR
W IR MR ELVLEE (GPD #ie 4
YhE R PO IR AN R A QU s ek PR A R A ]
BARH IR AR (B 10D, F3m st N 2 543
ViR, PIE. —lgP fH OB ERSEma {E 555 BN 2.
4 e

AT 5T DA R 25 2575 3 10 /) 2 v R BRI A,
I e O FE MRS IR RO AR bR B
M5 DUHZUREE AW EE, 454 UPLC-Q/TOF-

B e



FE49EFLEH 2026F 6 B

{;th'«iﬁ'rﬁt R Drug Evaluation Research

Vol. 49 No. 6 June 2026 » 1889 -

@ znmrw

@ ErEHE R

o EEiENEEREAS
2 IR S
© MR EEWER

(@115

1 @ IR B BRI
sunmaes ® Rhmmy o) e AR
E T promi O

omerwanenGO L, HESEE O#,Eiﬁﬁﬁlﬂ

I T T T T T T 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Pathway Impact

10 HG BT UDHRBARIIHEXRGESEEE
Fig. 10 Metabolic pathway map related to HG therapy in

heart failure rats

MS FERE AR A HOR, RGEFELE T HG X0
TV VAT 1R BB EARH R L. seah sl R
N, HG AIFIE AR ME S O /3 K e O = 0
4 Je BFk DhRe, R EPF(KIMIK BNP. NT-proBNP.
CK-MB. LDH % G058 SEA7KF, IO UL
YEZRAEL RRERIE KSR RS B s AR
SorprdtiwE it 14 M50 s EERE & HG
THAHDC I 2 AR, W A H K. D-SF8E.
WEAREE . EIZ %5, H HG nI A 28X L
R RIS B E T — PR, HAERALHS
WU . FpE A B A H BB
W BBCH AR S 17 2% O RUHE B 2 DA G

O 7 5 35 2 % 20 ML A P 975 4% R U 11 7% B 4%
HAE, CLOWIEF 4R DI REREAT . 02 3 I R A e )
AL ARFAENST), R R 2R T OO LRI 2 R
24O v (W RS TR, LR B S A
BWURR . RRARI . SR e KU LA H gt T2 %

*2 HGIAMLNBARBERRKHIRE

Table 2 Target metabolic pathways of higenamine in treating heart failure in rats
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