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INTRODUCTION
	 Excess oxidative stress (OS), inflammation and 
cellular senescence (CS), which are key contributors to Heart 
Failure (HF) pathogenesis, reinforce each other to form a 
vicious circle, to drive disease progression.1 Biomarkers that 
contribute to HF progression include circulating levels of 
visfatin (adipocytokine/extracellular-visfatin/extracellular-
nicotinamide-phosphoribosyltransferase, eNAMPT), 
asymmetric-dimethylarginine (ADMA), nicotinamide-
adenine-dinucleotide (NAD+), sirtuin1 (sirt1), and 
glutathione (GSH and GSSG).2-7

	 In HF, plasma ADMA is elevated. Excess ADMA, 
via impaired nitric oxide and up-regulated free-radical 
production, reduces intracellular functions of cardiomyocytes 
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ABSTRACT

INTRODUCTION : Adjunctive Trimetazidine (TMZ) is known to improve symptoms of heart failure (HF), but its 
mechanistic effects on cardioprotection are not fully understood. This study evaluated whether adjunctive TMZ therapy 
improves left ventricular ejection fraction (LVEF) and alters plasma biomarkers in patients with heart failure with reduced 
ejection fraction (HFrEF) compared to standard HF therapy (STD).
METHODS : In this single-center observational study, 60 HFrEF patients were divided into two groups: TMZ + STD (n 
= 30) and STD alone (n = 30). LVEF was assessed by echocardiography, and biomarkers including visfatin, asymmetric 
dimethylarginine (ADMA), nicotinamide adenine dinucleotide (NAD+), reduced and oxidized glutathione (GSH and 
GSSG), and sirtuin1 (sirt1) mRNA were measured. Correlations between LVEF and biomarkers were analyzed.
RESULTS : LVEF was significantly higher in the TMZ + STD group compared to STD alone. Plasma levels of visfatin, 
ADMA, and GSSG decreased, while NAD+, GSH, and sirt1 mRNA levels increased in the TMZ + STD group. Negative 
correlations were observed between LVEF and visfatin, ADMA, and GSSG, while positive correlations were found with 
NAD+, GSH, and sirt1 mRNA. 
CONCLUSION : Adjunctive TMZ therapy enhances cardiac function by improving LVEF and modulating biomarkers 
associated with oxidative stress, inflammation, and myocardial remodeling. These findings suggest TMZ’s potential to 
optimize biomarker profiles and provide cardioprotection in HFrEF patients.
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and endothelial cells, leading to cardiac remodeling, fibrosis 
and HF progression.8 Up-regulated circulating visfatin, a 
biomarker of OS, inflammation and endothelial damage, 
triggers CS in HF.9,10 Circulating and intracellular NAD+ are 
decreased in HF11, due to impaired NAD+-biosynthesis/
salvage of NAD+ or over-activation of NAD+-consuming 
enzymes. Sirt1, a NAD+-dependent deacetylase-enzyme, 
regulates pathophysiological mechanisms of myocardial 
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remodeling and HF, including, inflammation and energy 
metabolism. Intracellular sirt1-deficiency occurs under 
excess OS and/or inflammation. Hence, depending on 
the extent of free radicals and/or stress triggers, sirt1 can 
positively or negatively regulate myocardial remodeling 
through de-acetylation and redox-sensitive molecules.12 
Reduced antioxidants, due to down-regulated enzymatic 
and non-enzymatic antioxidants and diminished redox 
state (reduced to oxidized glutathione – GSH:GSSG ratio), 
drive HF pathogenesis.6  The prognosis of HF is poor despite 
advances in prevention and therapeutic strategies. Because, 
although it’s clear that OS and inflammation drive HF, current 
HF treatments are not mechanism-based.1 As an adjuvant to 
conventional HF therapy, the anti-anginal drug trimetazidine 
(TMZ) improves LV function.13 The purpose of the study is 
to characterize the additive effects of TMZ (TMZ+STD) on 
circulating biomarkers and LVEF, in HFrEF, in comparison 
with standard-HF-therapy (STD).

METHODS
Study Design and Participants : This was a single-center, 
observational, cross-sectional study conducted at the 
outpatient facility of the Department of Cardiology, 
SRM Medical College Hospital and Research Center, 
Kattankulathur, India. Patients were enrolled between June 
2021 and June 2022 using convenience sampling. 
Participant's inclusion and exclusion criteria: The study 
included a total of 60 patients diagnosed with heart failure 
(HF) with reduced ejection fraction (HFrEF, EF <45%) 
through echocardiography with a documented history of 
consuming standard HF therapy, with trimetazidine (TMZ) 
(n=30) and without adjunctive TMZ (n=30). Patients were 
excluded if they had recent acute coronary syndrome (<6 
months), significant valvular heart disease, chronic kidney 
disease, or any active systemic illness. Baseline demographic 
and clinical characteristics are summarized in Table 1.
Ethical approval was obtained from the institutional ethics 
committee at SRM Institute of Science and Technology 
(SRMIST), Kattankulathur. Written informed consent was 
obtained from all participants before enrolment. The study 
adhered to the ethical principles outlined in the Declaration 
of Helsinki.
Study Procedures:
Echocardiography
Echocardiographic assessments were performed at 
enrollment using the Epiq 7c ultrasound system. Left 
ventricular ejection fraction (LVEF) was determined using 
the Biplane Simpson’s method. Additional echocardiographic 

indices, including global longitudinal strain (GLS) and left 
ventricular mass index (LVMI), were evaluated. A detailed 
list of echocardiographic parameters is provided in Table 2.

Biomarker Analysis
Peripheral blood samples were collected under standardized 
conditions. Plasma and blood cells were separated for further 
analysis.
ADMA and NAD+ Quantification
Plasma samples were ultrafiltered using 3-kDa filters. 
Asymmetric dimethylarginine (ADMA) and nicotinamide 
adenine dinucleotide (NAD+) were quantified 
simultaneously using reverse-phase high-performance liquid 
chromatography (HPLC) with dual wavelengths14. Data 
acquisition and analysis were performed using Lab Solution 
Software.

Table 1. Baseline demographic and clinical characteristics of 
enrolled patients, Department of Cardiology, SRM Medical 
College Hospital and Research Center, June 2021 and June 
2022, Tamil Nadu

P values for differences between the groups (TMZ + STD and 
STD) were calculated for categorical variables ($) [by using 
Chi-square tests] and for continuous variables (*). Data are 
presented as mean ± standard deviation. 
ACE inhibitor – angiotensin converting enzyme inhibitor, BP 
– blood pressure, CAG – coronary angiogram, DVD – double 
vessel disease, NS – non-significant, SVD – single vessel disease, 
STD – standard heart failure therapy, TMZ + STD – trimetazi-
dine and standard heart failure therapy
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GSH and GSSG Quantification
Glutathione (GSH) and oxidized glutathione (GSSG) levels 
were quantified using HPLC equipped with a photodiode 
array detector15.

Visfatin Quantification
Plasma visfatin concentrations were measured using a 
commercially available enzyme-linked immunosorbent 
assay (ELISA) kit (Catalog #E-EL-H1763). Concentrations 
were calculated by interpolating optical density (OD) values 
against the standard curve.
RNA Isolation and qRT-PCR
Total RNA was extracted from blood cells using the TRIzol 
reagent protocol. RNA purity and concentration were 

assessed with a NanoDrop-2000c spectrophotometer. 
Complementary DNA (cDNA) was synthesized using the 
PrimeScript RT reagent kit. 
Quantitative reverse transcription polymerase chain reaction 
(qRT-PCR) was performed on a LightCycler-480 system 
with TB Green Premix Ex Taq II. Relative gene expression 
was calculated using the 2-ΔΔCt method, normalized to the 
expression of GAPDH as a housekeeping gene.
Primer Sequences:
Sirt1:
Forward: 5'-TCAGCTCTGGGATGACCTT-3'
Reverse: 5'-ACCATCAAGCCGCCTACTAATCTG-3'
GAPDH:
Forward: 5'-TTCAGCTCTGGGATGACCTT-3'
Reverse: 5'-CTCATGACCACAGTCCATGC-3'
Statistical analysis : Continuous variables were expressed as 
mean ± standard deviation (SD), and categorical variables 
as frequencies and percentages. Group comparisons were 
conducted using unpaired t-tests for continuous variables 
and the chi-square test for categorical variables. Relationships 
between variables were evaluated using Pearson’s correlation 
coefficient. A p-value <0.05 was considered statistically 
significant. Statistical analyses and graphical data 
representations were performed using GraphPad Prism 5.0 
software.

RESULTS
	 Changes in the association between LVEF versus 
circulating concentrations of biomarkers were assessed 
between those who received TMZ as an add-on-therapy for 
STD and those who received STD alone, in HFrEF.
	 Sixty patients were included in the study; 30 each, 
in STD or TMZ+STD. Patients’ history showed both groups 
were taking the respective drugs for at least 6 months before 
recruitment.  LVEF was lower in STD than TMZ+STD (Table 
2). Global longitudinal strain (GLS) was lower in STD than 
in TMZ+STD. In STD, LV mass-index was increased than in 
TMZ+STD.
	 In TMZ+STD, NAD+, GSH and sirt1 were higher, 
in contrast to decreased visfatin, ADMA and GSSG (Fig.1). 
As in Table 3, the correlation of ADMA, GSH, NAD+, visfatin 
and sirt1 with EF, in STD, was significant. In TMZ+STD, a 
significant correlation exists between ADMA and visfatin, 
with EF. There was a strong negative correlation between 
ADMA and visfatin with EF in both groups. In STD, a strong 
positive correlation is observed between NAD+, GSH and 
sirt1, however, a moderate positive correlation exists in 
TMZ+STD.

Data are presented as mean ± standard deviation. 
A – atrial systole, CO – cardiac output , E – early rapid fill-
ing in diastole, e’ – early diastolic filling velocity, E/e’ - ratio of 
transmitral blood flow velocity to tissue doppler  velocity, EDV 
– end-diastolic volume, ESV – end-systolic volume, LVEF – left 
ventricular ejection fraction, LVIDD – left ventricular inter-
nal dimension in diastole, LVIDS – left ventricular internal di-
mension in systole, LV mass – left ventricular mass, NS – non-
significant, SV – stroke volume, STD – standard heart failure 
therapy, TMZ + STD – trimetazidine and standard heart fail-
ure therapy.

Table 2. Echocardiographic characteristics of enrolled patients, 
Department of Cardiology, SRM Medical College Hospital and 
Research Center, June 2021 and June 2022, Tamil Nadu
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DISCUSSION
	 Our study finds that TMZ+STD-mediated 
changes elicit additive effects to STD and enhance LVEF 
by regulating specific biomarkers associated with disease-
driving mechanisms. In line with our findings, reports2-7 
show altered levels of visfatin, ADMA, NAD+, sirt1, and 
glutathione (GSH and GSSG) in HF. How could TMZ+STD 
influence circulating biomarkers to render cardioprotection? 
Potentially through TMZ-mediated sirt1-activation and 
sirt1-mediated events. TMZ is a sirt1 activator with anti-
inflammatory and anti-oxidant effects16; selected biomarkers 
are associated with inflammation and OS, hence the observed 
TMZ+STD-mediated effects. 
	 Following TMZ+STD-mediated sirt1-activation, 
multiple sirt1-mediated mechanisms/molecules, under 
excess OS5 and/or inflammation17 could have influenced 
HF-associated pathophysiological events, such as myocardial 
remodelling12, levels of ADMA14, oxidants and antioxidants.
Among the biomarkers, visfatin and ADMA are negatively 
correlated with EF.  ADMA is a well-studied molecule and 
studies show the direct influence of ADMA on cardiac 
structure and function.8 However, visfatin is a complicated 
molecule18 with a disease-altering capacity. Reports on 
visfatin are controversial, be it pathophysiological or 
therapeutic mechanisms.19 So far, under excess OS, cells 
secrete multi-fold levels of visfatin and plasma visfatin 
is associated with disease-driving mechanisms.2 Hence, 
normalizing plasma visfatin concentration is considered for 
therapeutic benefits.  As our observations on TMZ+STD 
show a significant negative correlation between visfatin and 
EF, we wanted to understand how TMZ could alter visfatin 
concentration, which in turn improves EF. We propose 
three pathophysiological events (Fig.2) that connect TMZ–
circulating visfatin–EF. 
Protein-protein interaction network  
	 To identify visfatin (NAMPT) interacting partners, 
an in-silico prediction analysis was carried out using STRING-
database.20 Predicted protein-protein-interaction (PPI)-
network (Fig.3) shows that sirt1 and NAD+-biosynthesis-
associated proteins are binding partners of visfatin/NAMPT. 
	 Excess OS alters PPI-association,21 which causes 
protein structure modification (oligomer to dimer/
monomer) and changes in the composition of PPI assembly. 
Further, changes in structure and PPI assembly in alpha-B-
crystalline22 promote the formation of dimers and monomers 
from oligomers and increase its activity. In HF, excess 
OS generates more oxidants and less sirt1,5 which could 
modulate the visfatin/NAMPT-PPI network to facilitate 

Figure 1. Changes in the (A) circulating levels of nicotinamide 
adenine dinucleotide (NAD+), (B) plasma levels of reduced 
glutathione (GSH), (C) relative sirt1 mRNA expression in 
peripheral blood cells, (D) circulating levels of visfatin, (E) 
plasma levels of asymmetric dimethylarginine (ADMA) and 
(F) plasma levels of oxidised glutathione (GSSG), between the 
two groups (TMZ+STD and STD). Data are expressed as mean 
± SD (*P<). TMZ + STD – trimetazidine and standard heart 
failure therapy; STD – standard heart failure therapy, sirt1 – 
sirtuin1.

Table 3. The correlation of circulating biomarkers in patients 
with HFrEF, Department of Cardiology, SRM Medical College 
Hospital and Research Center, June 2021 and June 2022, Tamil 
Nadu

Asymmetric dimethylarginine (ADMA), nicotinamide adenine 
dinucleotide (NAD+), oxidized glutathione (GSSG), reduced 
glutathione (GSH), sirt1 – sirtuin1, STD – standard heart fail-
ure therapy, TMZ + STD – trimetazidine and standard heart 
failure therapy. 
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more monomer formation. Besides, sirt1 and visfatin are 
functionally interrelated23 and sirt1-deficiency exists in HF.5 
Thus, visfatin/NAMPT-PPI-network allows us to suggest that 
in HF, excess OS shifts the catalytically-active dimeric visfatin 
to catalytically-inactive, pro-inflammatory monomer,24 
which alters enzyme activity/function of visfatin/NAMPT; 
modifies the affinity between interacting-proteins and 
perturbed composition of visfatin/NAMPT-PPI-network. 

	 If excess OS alters PPI assembly, could TMZ(+STD) 
counter such modifications? Our observation demonstrates 
that TMZ-mediated sirt1 up-regulation optimizes visfatin 
and sirt1. This could facilitate the formation of physiological 

visfatin/NAMPT-PPI-network and normal NAD+-
biosynthesis, to improve EF.  
Endocytosis
	 Excess OS and inflammation, besides causing sirt1-
deficiency, trigger more visfatin secretion from several cells25 
(endothelial-, blood- immune-cells and cardiomyocytes), 
as a stress-compensatory mechanism. Hence, excess 
plasma visfatin is a stress-response effect, which suggests 
plasma visfatin could have physiological and pathological 
functions.26 Dimeric visfatin, packed within extracellular 
vesicles, gets endocytosed by recipient cells to increase NAD+ 
in other tissues,26 to prevent diabetes and to extend lifespan. 
Based on these studies, we propose that, in HF, where OS is 
up-regulated, more plasma visfatin facilitates sirt1-deficient 
cells to endocytose plasma visfatin (as extracellular vesicles) 
to normalize intracellular sirt1. This, in turn, increases 
cellular functions and improves EF. Here, TMZ+STD could 
address sirt1 deficiency by optimizing intracellular and 
circulating sirt1, to facilitate physiological cellular functions 
in cardiomyocytes and endothelial cells, to improve EF.
Prevention of the formation of senescent cells
	 In HF, more oxidants degrade sirt1 and NAD+; 
NAD+-depletion accelerates OS and CS;27-29 and excess 
cardiomyocyte-senescence contributes to pathogenesis.30 
Sirt1-deficient-senescent-cells secrete dimeric visfatin/
eNAMPT, implying, pathologically senescent-cells are 
sources of plasma visfatin/eNAMPT.31 Secretory molecules/
extracellular vesicles from senescent cells (non-myocytes) 
accelerate cardiomyocyte-senescence.32 These reports suggest 
that OS-mediated sirt1-deficiency could be a stress-stimuli 
that triggers extracellular-vesicle formation and thus, elevated 
circulating visfatin. Hence, in HF, plausibly, more senescent 
cells contribute to increased plasma visfatin. Results show 
that TMZ+STD up-regulates sirt1. Sirt1-restoration could 
have prevented normal cells from becoming senescent, thus, 
leading to reduced plasma visfatin. 
	 The presence of healthier cells, rather than senescent 
cells, could have improved myocardial function. One report 
shows that the conversion of dimeric visfatin to monomer is 
concentration-dependent. Plasma visfatin exists as a dimer at 
low physiological concentrations (~1ng/ml); at pathological 
concentrations (~5ng/ml), the dimer converts to monomer.33 
Results show that TMZ+STD reduced visfatin than STD. 
Based on these reports and our results, TMZ+STD could 
influence the rate of visfatin conversion, dimer to monomer. 
Attenuated pro-inflammatory monomeric visfatin could 
have improved EF in TMZ+STD. 
	 Results demonstrate cytoprotective effects; 

Figure 2. Potential pathophysiological mechanisms that link 
trimetazidine (TMZ) – circulating visfatin (eNAMPT) – left 
ventricular ejection fraction (LVEF) in heart failure. ADMA 
– asymmetric dimethylarginine, EV – extracellular vesicles, 
NAD+ - nicotinamide adenine dinucleotide, NAMPT – nico-
tinamide phosphoribosyltransferase, PPI – protein-protein-
interaction, R – results from this study, sirt1 – sirtuin1, STD 
– standard HF therapy, TMZ – trimetazidine, TLR4 – toll-like 
receptor4, Numbers indicate the respective references.

Figure 3. In silico results show (A) human NAMPT (visfatin) 
protein-protein interaction network and (B) the confidence 
scores of predicted functional partners indicating the strength 
of true interaction, based on STRING database 2023.
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TMZ+STD reduces ADMA and improves antioxidants. 
Mitigated ADMA improves cardiac function34 while 
augmented GSH restores cell death mechanisms.7 Thus, 
TMZ+STD could improve EF through ADMA and 
antioxidants. Together, cumulative effects of TMZ+STD on 
biomarkers have altered OS, and pro-inflammatory- and 
CS mechanisms to render cardioprotection. The cross-
sectional design precluded establishing causal relationships 
between TMZ + STD-mediated biomarker alterations and 
improvements in LVEF. The study had a small sample size, 
limiting the generalizability of the findings. 
	 Hence, it should be considered a pilot study. Direct 
enzyme activity of circulating visfatin or sirt1 in peripheral 
blood cells was not measured. Instead, NAD+ concentrations 
(a surrogate marker for sirt1 activity) and sirt1 mRNA 
expression levels were assessed. The lack of healthy controls 
limited the ability to assess the baseline influence of HF on 
the studied biomarkers. These limitations emphasize the 
need for future longitudinal studies with larger cohorts, 
including healthy controls and patients in earlier stages of 
HF, are essential to evaluate TMZ’s role in preventing disease 
progression and its impact on biomarkers such as asymmetric 
dimethylarginine (ADMA) and visfatin.

CONCLUSION
	 Adjunctive therapy with trimetazidine (TMZ) 
significantly improved ejection fraction compared to standard 
heart failure (HF) therapy alone, indicating its potential to 
enhance cardiac function by modulating key biomarkers in 
patients with heart failure with reduced ejection fraction 
(HFrEF). These findings highlight the potential of TMZ to 
target mechanisms related to oxidative stress, inflammation, 
and myocardial remodeling.

CONFLICT OF INTEREST
	 None
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