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ORIGINAL RESEARCH

Trimetazidine Alleviates Postresuscitation 
Myocardial Dysfunction and Improves  
96-Hour Survival in a Ventricular Fibrillation 
Rat Model
Jingru Li , MSBME; Yuantong Qi, MPharm; Jianjie Wang , MSBME; Chenxi Dai, MSBME;  
Bihua Chen, MSBME, PhD; Yongqin Li , MSBME, PhD

BACKGROUND: Myocardial dysfunction is a critical cause of post-cardiac arrest hemodynamic instability and circulatory failure 
that may lead to early mortality after resuscitation. Trimetazidine is a metabolic agent that has been demonstrated to provide 
protective effects in myocardial ischemia. However, whether trimetazidine protects against postresuscitation myocardial dys-
function is unknown.

METHODS AND RESULTS: Cardiopulmonary resuscitation was initiated after 8  minutes of untreated ventricular fibrillation in 
Sprague-Dawley rats. Animals were randomized to 4 groups immediately after resuscitation (n=15/group): (1) normothermia 
control (NTC); (2) targeted temperature management; (3) trimetazidine-normothermia; (4) trimetazidine-targeted temperature 
management. TMZ was administered at a single dose of 10 mg/kg in rats with trimetazidine. The body temperature was main-
tained at 34.0°C for 2 hours and then rewarmed to 37.5°C in rats with targeted temperature management. Postresuscitation 
hemodynamics, 96-hours survival, and pathological analysis were assessed. Heart tissues and blood samples of additional 
rats (n=6/group) undergoing the same experimental procedure were collected to measure myocardial injury, inflammation and 
oxidative stress-related biomarkers with ELISA-based quantification assays. Compared with normothermia control, tumor 
necrosis factor-α, and cardiac troponin-I were significantly reduced, whereas the left ventricular ejection fraction and 96-
hours survival rates were significantly improved in the 3 experimental groups. Furthermore, inflammation and oxidative stress-
related biomarkers together with collagen volume fraction were significantly decreased in rats undergoing postresuscitation 
interventions.

CONCLUSIONS: Trimetazidine significantly alleviates postresuscitation myocardial dysfunction and improves survival by de-
creasing oxidative stress and inflammation in a ventricular fibrillation rat model. A single dose of trimetazidine administrated 
immediately after resuscitation can effectively improve cardiac function, whether used alone or combined with targeted tem-
perature management.

Key Words: cardiac arrest ■ cardiopulmonary resuscitation ■ myocardial dysfunction ■ oxidative stress ■ targeted temperature 
management ■ trimetazidine

Cardiac arrest (CA) is a major and lethal health 
problem worldwide.1 Emergency interventions 
including cardiopulmonary resuscitation (CPR) 

and defibrillation may be effective in achieving re-
turn of spontaneous circulation (ROSC); however, 

most resuscitated patients do not survive to hospital 
discharge.2,3 The high morbidity and mortality rate 
of patients who initially achieve ROSC can be at-
tributed to a unique pathophysiological process that 
is termed as post-cardiac arrest syndrome (PCAS). 
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A key component of PCAS is myocardial dysfunction, 
which is mainly manifested as hemodynamic instability 
and circulatory failure.4 Treatment of postresuscitation 
myocardial dysfunction may potentially improve car-
diac function and survival outcomes.5

Cardiovascular ischemia/reperfusion injury and 
oxidative stress damage are the 2 major pathways 
leading to myocardial dysfunction after CA.6 Oxidative 
stress induced by excessive reactive oxygen species 
(ROS) plays a key role in deterioration of cardiac func-
tion.7 The increased ROS would not only drive lipid per-
oxidation but also exacerbate inflammatory infiltration 
which results in elevated cell death.8 As a standard of 
care strategy after resuscitation recommended by the 
guidelines for adult CPR and emergency cardiovascular 

care,9 targeted temperature management (TTM) has 
been shown to improve survival outcomes not only by 
mitigating cerebral injury, but also preventing damage 
to the myocardium.10 However, many questions per-
sist about its therapeutic application. On one hand, the 
barriers against a streamlined TTM protocol includes 
selection of the appropriate patient population, optimal 
target temperature, ideal window of therapy time, most 
effective duration of treatment, and rate of cooling or 
rewarming.11 On the other hand, the disadvantages 
and adverse events that may affect the effectiveness 
includes sluggish induction of the target temperature, 
complicated or even invasive specialized cooling de-
vice, hypoglycemia, shivering, bradycardia, electrolyte 
abnormalities, and infection.12,13

Trimetazidine is a piperazine-derived metabolic 
agent that could maintain cellular homeostasis, 
thereby increasing cell tolerance to ischemia.14 It has 
a direct effect on myocardial ischemia and would not 
induce hemodynamic changes.15 Animal experiments 
have shown that trimetazidine could improve myocar-
dial performance in vivo regional ischemia-reperfusion, 
heart failure, and myocardial infarction animal mod-
els.16–18 Meanwhile, clinical trials have demonstrated 
that trimetazidine could reduce attack frequency in pa-
tients with stable angina, improve left and right ventric-
ular functions in patients with heart failure, and reduce 
the incidence of ST-segment exacerbation in patients 
with myocardial infarction.19–21 However, whether 
trimetazidine protects against postresuscitation myo-
cardial dysfunction has not been investigated.

The objective of the present study was to deter-
mine whether or not trimetazidine can improve post-
resuscitation myocardial dysfunction and 96-hours 
survival in a ventricular fibrillation (VF) rat model. 
Meanwhile, the role of trimetazidine in antioxidant and 
anti-inflammation, and the influence of hypothermia on 
trimetazidine’s cardioprotective effect were explored.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Ethical Statement
This prospective, randomized, masked, and placebo-
controlled animal study was approved by Laboratory 
Animal Welfare and Ethics Committee of the Army 
Medical University (AMUWEC20191521). The study was 
in accordance with the Animal Research: Reporting 
of In Vivo Experiments (ARRIVE) guidelines and all 
animals received humane care in compliance with the 
Principles of Laboratory Animal Care and Guide for the 
Care and Use of Laboratory Animals.

CLINICAL PERSPECTIVE

What Is New?
•	 This study finds that trimetazidine significantly 

alleviates postresuscitation myocardial dysfunc-
tion and improves survival rate in a rat model of 
ventricular fibrillation.

•	 The effectiveness of trimetazidine on improving 
hemodynamic stability and myocardial func-
tion was comparable with that of targeted tem-
perature management whether administered 
alone or combined with targeted temperature 
management.

•	 A single dose of trimetazidine administrated im-
mediately after resuscitation exerts a cardiopro-
tective effect by decreasing postresusciatation 
oxidative stress and inflammatory response.

What Are the Clinical Implications?
•	 Trimetazidine may be a promising drug for the 

treatment of post-cardiac arrest syndrome by 
improving cardiac function.

•	 Administration of trimetazidine could have read-
ily apparent advantages in postresuscitation 
care because it is a time-saving and effective 
therapy without affecting the efficacy of tar-
geted temperature management.

Nonstandard Abbreviations and Acronyms

CA	 cardiac arrest
NTC	 normothermia control
ROSC	 return of spontaneous circulation
TMZ-NT	 trimetazidine-normothermia
TMZ-TTM	 trimetazidine-targeted temperature 

management
TTM	 targeted temperature management
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Experimental Animals and Sample Size 
Estimates
The healthy male Sprague-Dawley rats weighing be-
tween 293.5 and 408.0 g were provided by the labora-
tory animal center of the Army Medical University.

The primary outcome measure was 96-hours sur-
vival rate and a sample size of 15 rats in each group 
is required to detect a significant difference between 
treatment and control group (survival rate of control 
group is 40%, the anticipated rate of experimental 
group is 80%, type I error rate is 5%, and type II error 
rate is 20%). Sixty rats were used for effectiveness 
exploration since there were 3 experimental groups 
to compare with the control group. The secondary 
outcome measure was the concentration of oxida-
tive stress-related biomarkers, and 24 rats were used 
for the mechanism exploration. Additional 12 sham-
operated (Sham) rats were served as reference (6 for 
pathology examination and 6 for biochemical test). 
Thus, a total of 96 animals were used in this study.

Animal Preparation
All animals were housed in 12  hours-light/12  hours-
dark conditions (temperature 22.0°C±2.0°C) with ad 
libitum access to chow and water. Before the proce-
dure, animals were fasted for 12 hours overnight, but 
allowed free access to water. Anesthesia was induced 
with intraperitoneal pentobarbital (45  mg/kg), if re-
quired, additional doses (10 mg/mg) would be admin-
istered intravenously at ≈1-hour intervals. After fixing 
the animals in supine position on a surgical board, 3 
subcutaneous needle electrodes were inserted into 
the limbs for ECG measurement. Mechanical ventila-
tion was initiated with a tidal volume of 0.65 mL/100 g 
at a FiO2 of 0.21 (ALC-V8, Alcott Biotech Co. Ltd, 
Shanghai, China) after tracheal intubation with a 14-
gauge cannula. To monitor arterial pressure, a PE-50 
catheter was advanced into the right femoral artery. 
Fluids and medications were administered through 
the left femoral vein inserted with an additional PE-50 
catheter. All of the catheters were flushed intermittently 
with saline solution containing 2.5  IU/mL of heparin. 
A probe for measuring body temperature was placed 
into the esophagus. Body temperature was continu-
ously monitored and maintained at 37.5°C±0.5°C with 
an overhead-heating lamp in the preparation phase.

Experimental Procedures
Before the induction of VF, baseline data were col-
lected and mechanical ventilation was ceased. VF was 
electrically induced by transesophageal stimulation 
with a 5 mA/50 Hz alternating current. The stimulation 
was continued for 2 minutes to prevent spontaneous 
defibrillation. CA was defined as an abrupt decrease 

in mean arterial pressure (MAP) <20 mm Hg with ir-
regular, chaotic deflections of varying amplitude and 
shape in ECG waveform. After 8 minutes of untreated 
CA, mechanical ventilation was initiated with 100% O2. 
Manual external chest compression was delivered at 
a rate of 240 compressions/min with equal compres-
sion and relaxation duration. Depth of compression 
was initially adjusted to secure an MAP >20 mm Hg. 
The first and second doses of epinephrine (0.02 mg/
kg) were administered at 1 and 3  minutes after the 
start of CPR. A single 2 J defibrillation (M-Series, Zoll 
Medical Corporation, Chelmsford, MA) was provided 
after 4 minutes of chest compression. If ROSC was not 
achieved, an additional dose of epinephrine was ad-
ministered thereafter and defibrillation was attempted 
every 30  seconds. CPR was continued until ROSC 
or the same procedure was repeated for a maximum 
of 5 cycles. ROSC was defined as a supraventricu-
lar rhythm with >60 mm Hg lasting for a minimum of 
5 minutes.

Randomization and Intervention
The animals were randomized into 4 groups immedi-
ately after resuscitation using a randomized number 
sequence: (1) normothermia control (NTC); (2) TTM; (3) 
trimetazidine-normothermia (TMZ-NT); (4) trimetazidine-
targeted temperature management (TMZ-TTM).

In the NTC group, animals were administered with 
a single dose of 25% glucose as placebo immedi-
ately after ROSC and the body temperature was kept 
at 37.5°C for 5 hours. In the TTM group, animals were 
administered with a single dose of 25% glucose, mean-
while, the body temperature was reduced to 34.0°C by 
ice packs and an electric fan and maintained for the 
first 2 hours of postresuscitation, followed by gradual 
rewarming until reaching 37.5°C within 2 hours. In the 
TMZ-NT group, animals were administered with a single 
dose of 10 mg/kg trimetazidine and the body tempera-
ture was kept at 37.5°C for 5 hours. In the TMZ-TTM 
group, animals were administered with a single dose 
of 10 mg/kg trimetazidine and experienced a tempera-
ture management procedure as that in the TTM group. 
This dosage was proven to be adequate to prevent 
deleterious effects of ischemia-reperfusion in previous 
studies.22,23 For all of the rats, the oxygen concentration 
was maintained at 100% for 1 hour and then was ad-
justed to 21% after ROSC (Figure 1). The resuscitated 
rats received intensive care for 5 hours, then catheters 
and endotracheal tube were removed and incisions 
were surgically closed. This time point was chosen 
because clinical study suggested that postresuscita-
tion care was most effective if the interventions were 
administrated within 6 to 12 hours.24 For CA model of 
rats, this therapeutic time window was 4 hours and the 
animals would recover from anesthesia and restore 
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spontaneous breathing 5 hours after ROSC.25 Rats for 
effectiveness exploration were returned to the cage and 
carefully observed with small surveillance camera for 
96 hours. Rats for mechanism exploration were anes-
thetized 6 hours after resuscitation and the myocardial 
tissue and blood samples of these animals were taken 
for detection of myocardial injury, inflammation, and ox-
idative stress-related biomarkers.

Measurements
Postresuscitation Hemodynamics

MAP and ECG waveforms were continuously moni-
tored and recorded for 5 hours using a PC-based data 
acquisition system supported by WINDAQ software 
(DATAQ Instruments Inc., Akron, OH). Doppler echo-
cardiographic examination (DC-6, Mindray Medical 
International Limited, Shenzhen, China) was performed 
to calculate left ventricular ejection fraction (LVEF) at 
baseline and at intervals of 1 hour after resuscitation. 
Core temperature was constantly monitored and re-
corded at hourly intervals.

Survival Outcomes

Animals were continuously observed and the recov-
ery condition was regularly evaluated with the aid of 
a small surveillance camera. For animals died within 
96  hours, survival times were recorded. For animals 
survived to 96 hours, hearts were harvested for sub-
sequent pathological examination.

Pathological Examination

Four days after ROSC, surviving rats and 6 Sham 
animals were anaesthetized. PBS and 10% 

neutral-buffered formalin were sequentially adminis-
tered to animals by transcardiac perfusion. The left 
ventricle myocardium of apex was excised and post-
fixed in formalin. Myocardial tissues were cut in 3-mm 
coronal blocks and embedded in paraffin. Blocks 
were sectioned at 5 µm and stained with hematoxylin 
and eosin (Servicebio Technology Co., Ltd, Wuhan, 
China) and Masson (Servicebio Technology Co., Ltd, 
Wuhan, China) to observe the changes of myocar-
dial histomorphology. Photomicrographs were taken 
when myocardial tissue occupied the field of view of 
the microscope without blank area at ×400 magnifi-
cation and visually assessed under 10 nonoverlap-
ping fields by 2 investigators masked to the group 
assignment. Hematoxylin and eosin staining was 
used to evaluate the degree of myocardial tissue im-
pairment by the prevalence of infiltration of immune 
cells, myocytolysis, and contraction band necrosis.26 
Each photomicrograph was scored based on the 
percentage of injury by manual quantification: score 
0=no damage; score 1=mild (<25%); score 2=mod-
erate (26%–50%); score 3=severe (51%–75%); and 
score 4=extensive damage (76%–100%)27 and took 
the average value for each group. Masson staining 
was used to examine the myocardial fibrosis of the 
heart based on the proportion of myocardial collagen 
fibers. Since myocardial collagen fibers were stained 
blue and myocardial fibers were stained red,28 area 
of myocardial collagen fiber and total area of myocar-
dium were computer-assisted quantitative analyzed 
with ImageJ software respectively (version 1.46r, 
National Institutes of Health, Bethesda, MD). The col-
lagen volume fraction which was defined as the ratio 
of myocardial collagen fiber area to total myocardial 
area was used to evaluate the degree of fibrosis.29

Figure 1.  Experimental protocol and randomization in each group.
CA indicates cardiac arrest; NTC, normothermia control; ROSC, return of spontaneous circulation; TMZ-NT, trimetazidine-
normothermia; TMZ-TTM, trimetazidine-targeted temperature management; and TTM, targeted temperature management.



J Am Heart Assoc. 2022;11:e023378. DOI: 10.1161/JAHA.121.023378� 5

Li et al� Trimetazidine Improves Cardiac Function

Myocardial Injury, Inflammatory and Oxidative 
Stress Markers Detection

Blood samples and myocardial tissue of rats used for 
mechanism exploration were harvested 6  hours after 
ROSC. The samples were compared with those of the 
6 rats in the Sham group. Blood samples were cen-
trifuged at 3000g at 4.0 °C for 15  minutes and the 
serum was collected. The myocardial tissue homogen-
ate was centrifuged at 5000 g at 4.0 °C for 10 minutes 
and the supernatant was collected. Both the serum 
and the supernatant were frozen at −80.0 °C until as-
sayed. Protein concentrations in serum and tissue were 
quantified using a bicinchoninic acid protein assay 
kit (Nanjing JianCheng Technology Co., Ltd, Nanjing, 
China). Concentrations of creatine kinase-myocardial 
band (CK-MB) (Elabscience Biotechnology Co, LAD, 
Wuhan, China), cardiac troponin-I (cTn-I) (Elabscience 
Biotechnology Co, LAD, Wuhan, China) and malondial-
dehyde (Elabscience Biotechnology Co, LAD, Wuhan, 
China) in plasma, tumor necrosis factor alpha (TNF-α) 
(Elabscience Biotechnology Co, LAD, Wuhan, China), 
interleukin-6 (Elabscience Biotechnology Co, LAD, 
Wuhan, China) and hydrogen peroxide (Thermo Fisher 
Scientific (China) Co., Ltd, Shanghai, China) in myocar-
dial tissue were measured with commercial kits. CK-
MB and cTn-I are diagnostic factors for identification 
of myocardial damage.30 They were measured in the 
plasma because CK-MB is mainly produced in cardio-
myocyte and cTn-I is only expressed in myocardium.31,32 
Interleukin-6 and TNF-α are proinflammatory cytokines 
that provoke the acute-phase reaction which leads to 
inflammation and fever.33 They were measured in the 
myocardial tissue because they are not heart-specific 
makers.34Malondialdehyde and hydrogen peroxide 
are widely regarded as cytotoxic agents which play 
a role in oxidative stress and programmed cell death 
responses.35,36

Statistical Analysis
Data was expressed as mean±SD when normality was 
confirmed using the Kolmogorov-Smirnov test, and as 

median and interquartile range for non-normally dis-
tributed data. The comparisons of normally distributed 
variables of a single measurement were performed 
with ANOVA followed by post hoc Bonferroni correc-
tion. The interaction of treatment and time in normally 
distributed variables with multiple measurements was 
evaluated using the mixed effect model. If the inter-
action was significant, simple effects of each factor 
were examined one by one. If the interaction was not 
significant, main effects of each factor were then per-
formed individually. Non-normally distributed variables 
were compared using the Kruskal-Wallis test followed 
by the Mann-Whitney U test for 2-group comparisons. 
Kaplan-Meier analysis and log-rank tests were used 
for survival analysis. A P<0.05 was considered to in-
dicate statistically significant differences. Statistical 
analyses were performed using R statistical software 
(version 3.1.2, R Foundation for Statistical Computing, 
Vienna, Austria).

RESULTS
Baseline Characteristics and 
Resuscitation Data
Baseline characteristics and resuscitation data were 
not significantly different among the 4 groups (Table). 
All animals were successfully resuscitated and sur-
vived the 5-hours postresuscitation monitoring period 
with the exception of one animal that died at 1.9 hours 
in the NTC group. No exclusion or adverse events were 
observed during the experimental periods.

Postresuscitation Hemodynamics
The body temperature, heart rate, MAP, and LVEF 
measurements before and after CA are presented 
in Figure 2. Interactions between treatment and time 
had statistical significance for the 4 indexes. Body 
temperatures in the TTM and TMZ-TTM were signifi-
cant lower than the NTC and TMZ-NT groups during 
the first 3 hours after ROSC (Figure 2A). Significantly 
reduced heart rate was observed in the TMZ-TTM 

Table.  Baseline Variables and Characteristics of CPR (mean±SD)

Variable NTC TTM TMZ-NT TMZ-TTM

Body weight, g 327.6±19.5 327.0±28.7 328.5±20.0 325.4±19.6

Heart rate, bpm 392.6±31.8 381.3±46.3 374.9±36.9 393.1±38.1

MAP, mm Hg 126.1±10.2 120.5±8.8 121.6±9.4 123.6±7.2

Temperature, ℃ 37.5±0.2 37.4±0.2 37.5±0.1 37.4±0.2

LVEF, % 82.1±2.5 81.9±2.4 82.9±1.4 83.2±2.1

CPR duration, s 247.8±18.0 244.1±35.0 249.1±32.3 247.1±22.1

No. of shocks, n 1.1±0.5 1.2±0.6 1.1±0.9 1.1±0.6

Total epinephrine, μg 13.0±0.9 13.1±2.3 13.1±1.5 13.0±0.7

CPR indicates cardiopulmonary resuscitation; LVEF, left ventricular ejection fraction; MAP, mean artery pressure; NTC, normothermia control; TMZ-NT, 
trimetazidine-normothermia; TMZ-TTM, trimetazidine-targeted temperature management; and TTM, targeted temperature management; n=15 in each group.
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group from 2 to 5 hours after ROSC compared with 
the NTC group (Figure  2B). MAP was considerably 
higher within the first 3  hours postresuscitation in 
the TTM and TMZ-TTM group than in the NTC group 
(Figure 2C). LVEF in the first 4 hours after resuscita-
tion in the TTM and TMZ-TTM groups, and from 2 to 
5 hours after resuscitation in the TMZ-NT group were 
significantly increased compared with the NTC group 
(Figure 2D).

Survival Outcomes
Figure  3 indicates the cumulative 96-hours survival 
rates. Compared with the NTC group, 96-hours sur-
vival rates in the TTM (87% versus 40%, P=0.006), 
TMZ-NT (93% versus 38%, P=0.003) and TMZ-TTM 
(100% versus 38%, P<0.001) groups were significantly 
increased. However, no significant differences in sur-
vival rate were observed among the 3 experimental 
groups.

Pathological Analysis
Figure 4 shows the representative photomicrographs of 
the hematoxylin and eosin -stained myocardial tissue 
from different animals in each group. Microscopic evalu-
ation showed that myocardial cells were arranged orderly 
with intact nuclei in the Sham group. In the NC group, the 
arrangement of myocardial cells was irregular and a large 
number of immune cells aggregated. Compared with the 
NTC group, fewer myocardial cells were arranged disor-
derly and inflammatory cell infiltrations were less in the 
TTM, TMZ-NT, and TMZ-TTM groups. Compared with 
the Sham group, the myocardial damage score was 
significantly increased in the NTC and the experimental 
groups. Additionally, myocardial damage score was sig-
nificantly decreased in the TTM, TMZ-NT, and TMZ-TTM 
groups compared with the NTC group.
Representative photomicrographs of the Masson 
staining of myocardial tissue from different animals 
in each group are shown in Figure 5. The myocardial 

Figure 2.  Esophageal temperature and hemodynamic data (n=15/group). Temperature (A), heart rate (B), mean arterial 
pressure (C), and left ventricular ejection fraction (D) were measured at baseline (BL) and postresuscitation.
NTC indicates normothermia control; TMZ-NT, trimetazidine-normothermia; TMZ-TTM, trimetazidine-targeted temperature 
management; and TTM, targeted temperature management. * and **P<0.05 and P<0.01 compared with NTC; ††P<0.01 compared 
with TTM; ‡‡P<0.01 compared with TMZ-NT. n=15 at each time point except for n=14 from postresuscitation 120 to postresuscitation 
360 in the NTC group.
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fibers displayed an order arrangement with almost 
no myocardial collagen fibers in the Sham group. 
However, there was a large amount of collagen depo-
sition in the NTC group. Fewer blue stained myocar-
dial collagen fibers were observed in the myocardial 
tissue of the 3 experimental groups. Collagen vol-
ume fraction was significantly reduced in the TTM, 
TMZ-NT, and TMZ-TTM groups compared with the 
NTC group.

Myocardial Injury, Inflammatory and 
Oxidative Stress
Levels of myocardial injury, inflammatory and oxida-
tive stress markers are presented in the Figure  6. 
Compared with the Sham group, concentrations of 
CK-MB, interleukin-6, TNF-α and hydrogen peroxide in 
the NTC group, cTn-I in the NTC and TMZ-NT groups, 
and malondialdehyde in the 4 groups were significantly 
increased. CK-MB, cTn-I, and malondialdehyde levels 
in plasma, and interleukin-6, TNF-α, and hydrogen 
peroxide levels in myocardial tissue were dramatically 
decreased in the TTM, TMZ-NT, and TMZ-TTM groups 
in comparison with the NTC group, whereas no signifi-
cant differences were noted among the 3 experimental 
groups.

DISCUSSION
In the current study, we investigated the effect of tri-
metazidine on postresuscitation myocardial dysfunc-
tion and 96-hours survival in a VF model of CA. Our 
results indicated that trimetazidine could ameliorate 
cardiac function and improve survival rate by inhibiting 
oxidative stress and inflammation. The effectiveness of 
trimetazidine monotherapy was comparable with that 

of TTM either administered alone or combined with 
TTM.

Postresuscitation myocardial dysfunction is a re-
versible global dysfunction that is related to the du-
ration of no-flow time during CA.37 Deterioration of 
cardiac function may begin within minutes of the ar-
rest and peaked at 2 to 5  hours after resuscitation 
which reinforces the need for early intervention and 
treatment.5,38 Aggressive treatment of myocardial dys-
function early after ROSC is critical since myocardial 
injury is likely to be irreversible outside the therapeutic 
time window.39 The MAP, LVEF, cardiac output, myo-
cardial performance index, and hemodynamic stability 
would be preserved if an effective therapy is applied. 
The improvement of cardiac performance could also 
ameliorate injuries in the specific organs induced by 
ischemia-reperfusion. However, the research on post-
resuscitative cardioprotective strategy is still insuffi-
cient and the majority of the studies are focusing on 
the optimization of cerebral protection. Although ear-
lier postresuscitation myocardial dysfunction was not 
predictive of the neurological injuries, but subsequent 
neuroprotective intervention for PCAS might be infea-
sible during profound shock and unstable hemody-
namic status.40,41 Therefore, finding interventions that 
can effectively improve postresuscitation myocardial 
dysfunction is of great significance to the prognosis of 
PCAS.

In this study, trimetazidine was chosen because it 
is a widely used anti-ischemic agent that could im-
prove heart function.42 Our data showed a significant 
improvement in MAP and contractile function accom-
panied with a prominent reduction of myocardial injury 
markers concentration in animals administrated with a 
single dose of trimetazidine immediately after ROSC. 
These finding was consistent with previous studies in-
vestigating the cardioprotective effect of trimetazidine. 
Ruixing et al showed that MAP and left ventricular 
systolic pressure in animals fed with 2 mg/kg per day 
trimetazidine were significantly higher than those in the 
control group in ischemia-reperfusion rabbit model.43 
Tabbi-Anneni I et al. reported that cardiac hypertrophy 
was significantly reduced in heart failure rats fed with 
7.5 mg/day trimetazidine.17 El-Kady et al. demonstrated 
that receiving trimetazidine 20 mg 3 times daily lead 
to an increase in LVEF in patients with ischemic left 
ventricular dysfunction and multivessel coronary artery 
disease.44 These results suggest that trimetazidine 
may ameliorate cardiac function by improving the con-
tractile response of left ventricular myocardium.

The mechanism by which trimetazidine exerts car-
dioprotective effect has been explored in numerous 
animal and clinical studies. The beneficial effect of 
trimetazidine is attributed to the regulation of cardiac 
energy metabolism.45 As a competitive fatty acid oxida-
tion inhibitor, trimetazidine inhibits the enzymes of fatty 

Figure 3.  Kaplan‒Meier survival curve (n=15/group).
NTC indicates normothermia control; TMZ-NT, trimetazidine-
normothermia; TMZ-TTM, trimetazidine-targeted temperature 
management; and TTM, targeted temperature management. 
**P<0.01 compared with NTC.
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acid β-oxidation and stimulates total glucose utiliza-
tion, including both glycolysis and glucose oxidation.46 
Because utilization of glucose oxidation is more efficient 
than fatty acid oxidation, the preserved myocardial 
high-energy phosphate levels result in improvement 
of left ventricular function.47 In this study, myocardial 
injury markers were significantly reduced and post-
resuscitation LVEF was significantly improved in the 
trimetazidine treated animals. This was consistent with 
previous studies investigating the effects of trimetazi-
dine on cardioprotection.48 Additionally, trimetazi-
dine may protect against myocardial dysfunction by 

inhibiting oxidative damage and decreasing myocardial 
fibrosis.49 The finding that biomarkers of the oxidative 
stress and inflammation were markedly reduced after 
administration of trimetazidine was also in accordance 
with previous studies.50,51 The enhanced generation 
of ROS instigates a wide array of pathways that lead 
to ischemia reperfusion injury, including the regulation 
of inflammatory reaction. Trimetazidine reduces the 
generation of ROS by maintaining energy production 
with less oxygen consumption.52 However, the anti-
oxidant mechanisms responsible for cardioprotec-
tion has not been fully elucidated. In a rat model of 

Figure 4.  Hematoxylin and eosin staining of myocardial tissue (n=6/group). Representative 
micrographs of the hematoxylin and eosin-stained myocardial tissue at 96  hours after 
resuscitation in each group (A through E) (10 quantified fields/animal) and the myocardial damage 
score (F).
NTC indicates normothermia control; Sham, sham-operated; TMZ-NT, trimetazidine-normothermia; TMZ-
TTM, trimetazidine-targeted temperature management; and TTM, targeted temperature management. 
**P<0.01 compared with NTC; ††P<0.01 compared with TTM; ǂǂ P<0.01 compared with TMZ-NT;  §§P<0.01 
compared with TMZ-TTM.
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myocardial infarction, Khan et al. reported that the ef-
fect of trimetazidine was mediated by the activation of 
p38 mitogen-activated protein kinase and Akt signal-
ing pathway.53 Using the same animal model, Liu et al. 
revealed that the protective effect of trimetazidine was 
through the activation of AMP-activated protein kinase 
and extracellular signal-regulated kinase signaling 
pathway.16 Meanwhile, the reduction of oxygen-derived 
free radicals may also mitigate inflammatory response 
since oxidative stress and inflammation are interdepen-
dent and interconnected processes.54 A single dose of 
trimetazidine administrated immediately after resusci-
tation considerably decreased the concentrations of 

oxidative stress and inflammatory biomarkers which 
further contributed to a significant ameliorative myo-
cardial pathology damage. Since the different mecha-
nism of measurements of biomarkers and pathological 
examination and the different time point of the sample 
extraction, the final results may not be completely con-
sistent between biochemical analysis and pathological 
analysis. Therefore, trimetazidine could offer a cardio-
protective effect presented as decreasing postresus-
ciatation oxidative stress and inflammatory response, 
thereby significantly improving survival.

To our knowledge, this is the first study to inves-
tigate the effect of trimetazidine on postresuscitation, 

Figure 5.  Masson staining of myocardial tissue (n=6/group). Representative photomicrographs 
of the Masson staining of myocardial tissue at 96 hours after resuscitation from different animals 
in each group (A through E) (10 quantified fields/animal) and the collagen volume fraction (F).
NTC indicates normothermia control; Sham, sham-operated; TMZ-NT, trimetazidine-normothermia; TMZ-
TTM, trimetazidine-targeted temperature management; and TTM, targeted temperature management. 
* and **P<0.05 and P<0.01 compared with NTC; ††P<0.01 compared with TTM; ǂǂP<0.01 compared with 
TMZ-NT; §§P<0.01 compared with TMZ-TTM.
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myocardial dysfunction, and survival outcome in a CA 
model of rats. We found that a single dose of trimetazi-
dine administrated immediately after resuscitation 
could attenuate myocardial dysfunction. The efficacy 
of trimetazidine is comparable with that of TTM and 
its cardioprotective effect is independent of TTM. 
Trimetazidine may be a promising and easily applicable 
solution for the management of myocardial dysfunc-
tion in patients after CA. On the one hand, the ther-
apeutic time window for myocardial dysfunction after 
CA is limited, but previous studies found that it would 
take at least 4 hours to achieve the target temperature 

in patients with TTM.12 Administration of trimetazidine 
could exhibit readily apparent advantages in the treat-
ment because it is a time-saving and effective ther-
apy without affecting the efficacy of TTM and other 
subsequent therapeutic measure. On the other hand, 
it is feasible for intravenous injection of trimetazidine 
immediately after ROSC in clinical practice since intra-
venous access would be established rapidly for giving 
emergency pharmacotherapy in patients with CA with 
the recommendation of the Guidelines.55

There are some limitations in this study. First, this 
study induced VF in healthy animals without any 

Figure 6.  The concentrations of myocardial injury, inflammatory and oxidative stress markers 
(n=6/group). Creatine kinase-myocardial band (A), cTn-I (B), interleukin-6 (C), tumor necrosis 
factor-alpha; (D), malondialdehyde, (E) and hydrogen peroxide (F) contents of rats were measured 
6 hours after resuscitation.
CK-MB indicates creatine kinase-myocardial band; cTn-I, cardiac troponin-I; H2O2, hydrogen 
peroxide; IL-6, interleukin-6; NTC, normothermia controlSham, sham-operated; TMZ-NT, trimetazidine-
normothermia; TMZ-TTM, trimetazidine-targeted temperature management; TNF-α, tumor necrosis 
factor alpha; and TTM, targeted temperature management. * and **P<0.05 and P<0.01 compared with 
NTC; ††P<0.01 compared with TTM;  ‡ and ‡‡P<0.05 and P<0.01 compared with TMZ-NT; §§P<0.01 
compared with TMZ-TTM.
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comorbidity therefore it was not capable to imitate the 
clinical scenario of CA completely. Second, this study 
did not investigate the effect of trimetazidine on neu-
rological outcomes, so the improved survival was di-
rectly from the improved cardiac function or indirectly 
by the improved neurological recovery is unknown. 
Thirdly, this study did not compare the effects of differ-
ent dosage and timing of trimetazidine administration 
on myocardial function and survival. Fourthly, although 
we observed that biomarkers of oxidative stress and 
inflammation were significantly reduced in animals 
treated with trimetazidine, we did not measure the 
phosphocreatine and adenosine triphosphate intracel-
lular level and did not explore the mechanism on how 
trimetazidine exert antioxidative effects and alleviates 
the inflammatory response.

CONCLUSIONS
A single dose of trimetazidine administrated imme-
diately after resuscitation significantly alleviates pos-
tresuscitation myocardial dysfunction and improves 
survival by decreasing oxidative stress and inflamma-
tion in a VF rat model. The cardioprotective effect of 
trimetazidine was comparable with TTM, either used 
alone or combined with TTM.
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