
Pharmaceutical Sciences, 2021, 27(4), 560-567
doi:10.34172/PS.2021.14
https://ps.tbzmed.ac.ir/

Research Article

The Effects of Allopurinol on Levels of Cardiac Troponin Following Non-
ST Elevation Myocardial Infarction: A Pilot Randomized Clinical Trial

*Corresponding Author: Taher Entezari-Maleki, E-mail: tentezari@gmail.com
©2021 The Author(s). This is an open access article and applies the Creative Commons Attribution  License (http://creativecommons.org/licenses/by-
nc/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, as long as the original authors and source are cited.

Sajad Khiali1 , Parvin Sarbakhsh2, Sina Mashayekhi3, Elham Mohamadrezapour1, Samaneh Dousti3, Taher Entezari-
Maleki1,4*

1Department of Clinical Pharmacy, Faculty of Pharmacy, Tabriz University of Medical Sciences, Tabriz, Iran.
2Department of Statistics and Epidemiology, Faculty of Public Health, Tabriz University of Medical Sciences, Tabriz, Iran.
3Department of Pediatrics, Islamic Azad University, Tabriz, Iran.
4Cardiovascular Research Centre, Tabriz University of Medical Sciences, Tabriz, Iran.

Abstract
Background: Given the potential anti-ischemic effects of allopurinol, we aimed to assess 
whether allopurinol administration may reduce myocardial injury following non-ST elevation 
myocardial infarction (NSTEMI).  
Methods:  A randomized clinical trial (RCT) was conducted on 100 individuals with NSTEMI. 
The intervention group (n=50) received 600 mg oral allopurinol at the time of diagnosis of 
NSTEMI, followed by 300 mg every day for two next days and the standard treatment of NSTEMI, 
while the control group (n=50) received only the standard treatment. Serum concentrations 
of cardiac troponin I (cTnI) were measured at baseline, and 8, 16, 24, and 32 hours after the 
treatment. 
Results: The baseline demographic and clinical data of the patients were not statistically 
different between the intervention and control groups (all P > 0.05). The comparing estimated 
marginal mean ± standard error for cardiac troponin I (cTnI) levels revealed no significant 
difference between the study groups (2.93 ± 0.27, 2.25 ± 0.27; P=0.082). The linear mixed model 
results showed that the interaction of time and group was not statistically different (P=0.751).  
Moreover, there was a decreasing trend over time for cTnI in both groups (P=0.039). 
Conclusion: The present pilot RCT did not support the potential cardio-protective benefits of 
allopurinol administration on decreasing myocardial injury following NSTEMI.
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Introduction 
Acute coronary syndrome (ACS) refers to an assemblage 
of clinical manifestations caused by acute myocardial 
ischemia. It results in significant mortality and morbidity 
and accounts for approximately 50% of cardiovascular 
disease-related deaths.  More than 30% of ST-elevation 
myocardial infarction (STEMI) patients die within 24 
hours of ischemia onset. Although the mortality and 
morbidity are lower in patients with non-ST elevation 
myocardial infarction (NSTEMI) and unstable angina 
(UA); however, it is still considerable, and about 15% of 
patients die or develop a re-infarction within one month 
of diagnosis.1,2 In the United States, approximately 18.9% 
and 20% of individuals are readmitted to the hospital for 
the same condition following one month after an episode 
of acute MI in summer and winter, respectively.3

Cardiac troponin (cTn) level is an indicator of ischemia 
severity for patients with NSTEMI. Heidenreich et al.4 
in a systematic review and meta-analysis of 7 clinical 
trials and 19 cohort studies showed that mortality rate 

was significantly higher in NSTE-ACS individuals with a 
positive cTn test compared with patients with a negative 
test (5.2% vs. 1.6%, odds ratio [OR] 3.1).4 Furthermore, 
based on the 2020 European Society of Cardiology (ESC) 
NSTE-ACS Guidelines, initial cTn levels add prognostic 
data regarding short-term and long-term mortality to 
electrocardiogram and clinical variables.5

ACS is a complex syndrome with various etiologies. 
Erosion or rupture of atherosclerotic plaque and 
consequential exposure of the atheroma core to circulating 
platelets and coagulation proteins leads to the formation of 
intracoronary thrombus, which is partially obstructive or 
transiently occlusive in patients with NSTE-ACS. Besides, 
five principal causes in the pathogenesis of ACS include 
plaque rupture with acute thrombosis, secondary unstable 
angina, progressive mechanical obstruction, dynamic 
obstruction, and inflammation.6,7

Accumulating evidence suggests that the inflammatory 
reaction is associated with cardiomyocyte apoptosis, 
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and necrosis, and myocardial hypertrophy. Neutrophils 
infiltration at the ischemia onset and following monocytes 
and macrophages invasion lead to a significant increase in 
inflammatory mediators and reactive oxygen species (ROS).  
A large amount of ROS in the ischemic myocardium could 
persuade apoptosis of cardiomyocyte.  It has been indicated 
that up‐regulated expression and activity of xanthine 
oxidase (XO) could mediates myocardial hypertrophy and 
dilatation through increase in ROS levels.8-11

Allopurinol is an inexpensive purine analog with well-
known potent anti-inflammatory properties. The drug was 
firstly used for the treatment of gout in 1966. Currently, 
allopurinol is also known as an anti-angina and cardio-
protective agent. The potential cardiovascular benefits of 
allopurinol principally were originated from inhibition 
of xanthine oxidase (XO), improvement of endothelium 
function, reducing smooth muscle cell proliferation, 
reducing oxidative tissue stress, and increasing oxygen 
supply in tissue.12,13

According to Xiao et al.14 study in rats, allopurinol (50mg/
kg -Day 1) decreased apoptosis index as well as expression 
of fatty acid synthase (FAS) and Caspase-3 in non-infarcted 
zones. Besides, allopurinol administration decreased O2- 

and OH-scavenging activity.
Furthermore, numerous clinical trials have shown the 
benefits of allopurinol in the individuals with ischemic 
heart disease (IHD). Noman et al.15 in a randomized, 
double-blind, crossover trial in 65 patients with 
coronary disease indicated that allopurinol (600 mg/day) 
significantly extended the time to ST-segment depression, 
the medial overall exercise time, and the time to chest pain. 
Another clinical trial showed that allopurinol could reduce 
myocardial oxygen consumption for each cardiac output 
unit of a particular stroke volume.16 According to Rekhraj 
et al.17 randomized clinical trial (RCT), administration of 
allopurinol in individuals with left ventricular hypertrophy 
and IHD is associated with improving endothelial function, 
decreasing left ventricular end-systolic volume, and 
regression of left ventricular hypertrophy. Furthermore, 
a RCT on 100 patients with ACS was done to evaluate 
effects of allopurinol in patients with ACS.  The patients 
were allocated to the allopurinol and control groups and 
followed up for two years.  Data analysis showed that the 
serum levels of tumor necrosis factor alpha (TNF-α), high-
sensitivity C-reactive protein (hs-CRP), oxidized low-
density lipoprotein (OX-LDL), malondialdehyde (MDA), 
glucose, lipid, creatinine, uric acid, brain natriuretic 
peptide (BNP) were lower in the intervention group 
than the control group (all P < 0.05). Besides, allopurinol 
administration led to a significant elevation in the nitric 
oxide (NO) level compared with the control group  
(P < 0.05).18

Recently a systematic review and meta-analysis of nine 
studies comprising 850 patients revealed that allopurinol 
administration in patients undergoing coronary artery 
bypass grafting  (CABG) leads to a statistically significant 
reduction in the periprocedural adverse events, including 

cardiovascular mortality (P = 0.01) and ACS (P = 0.05).19

Given the underlying mechanisms of ACS, the potential 
cardiovascular benefits of allopurinol through decreasing 
inflammation and free radial production, increasing NO 
level, improving endothelial dysfunction, and its well-
known cardio-protective effects in the setting of ischemic 
heart diseases from the previous clinical trials, this pilot 
RCT was performed to assess allopurinol effect on the 
myocardial injury measuring cTnI concentrations in 
individuals with NSTEMI. 
In Huang et al.18 trial, all the patients, including 42 patients 
with NSTEMI, 30 with STEMI, and 28 with unstable 
angina pectoris were analyzed together. Consequently, the 
cardio-protective effects of allopurinol was not determined 
in the patients with NSTEMI.To the best of our knowledge, 
the present study is the first clinical trial that especially 
investigates allopurinol cardio-protective effects on the 
myocardial injury following NSTEMI.

Methods
Study design and setting
The study was a prospective pilot RCT carried out in the 
Shahid Madani Heart Center (SMHC), a major teaching 
referral hospital for cardiovascular diseases in the 
northwest of Iran, between June 2019 and March 2020.
One hundred eligible patients were randomly allocated 1:1 
to the intervention (n=50) and the control groups (n=50). 
The randomization was performed based on computer-
generated random numbers list using online Graphpad 
randomizer software (https://www.graphpad.com/
quickcalcs/randMenu/) and an allocation ratio of 1:1 in 
two the intervention (group A) and the control (group B) 
with sample size n=100. After randomization 50 patients 
allocated in group A and the other 50 patients allocated in 
group B.
In the intervention group, patients received a single 
dose of 600 mg oral allopurinol (Hakim Pharmaceutical 
Company) at the time of diagnosis of NSTEMI, followed by 
300 mg every day for two next days. High dose allopurinol 
was chosen because it has been shown that it improved 
oxidative stress and endothelial function much more than 
did allopurinol 300 mg.20 Furthermore, patients of the 
intervention and control groups received the standard 
regimen of NSTEMI, including antiplatelet agents (325 mg 
chewable  aspirin and 300 mg of clopidogrel), anticoagulant 
of heparin, a beta blocker, a nitrate, an ACEi (Angiotensin-
converting-enzyme inhibitors)/ARB (angiotensin receptor 
blocker), and an opioid (morphine or pethidine) as 
needed, according to the 2014 American Colleague of 
Cardiology/American Heart Association (AHA/ACC) for 
the management of patients with non-ST-elevation ACS 
as well as availability of medications in the hospital.21 The 
demographic data of patients such as body mass index, 
age, sex, drug history, past medical history, positive family 
history of CVD, and laboratory data and were recorded in 
data collecting forms.
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Study population 
All the consented patients with NSTEMI and an age of 18 
to 80 years old were included.
The exclusion criteria of the study include cardiogenic 
shock, renal dysfunction (GFR <30 ml/min), hepatic 
disease or dysfunction (Child-Pugh classes B and C), 
uncontrolled autoimmune and inflammatory diseases, 
severe infection, cancer, and any contraindications to the 
used medications. 

Blood sampling and end-point outcomes
Blood samples were collected from all patients for 
measuring cTnI at the baseline, 8, 16, 24, and 32 hours 
after the treatment. Detection limit for cTnI blood level 
measurement was 0.1 ng/ml.  The primary outcome of 
the study included a comparison of cTnI blood levels 
at baseline with 8, 16, 24, and 32 hours following the 
diagnosis of NSTEMI.

Sample size calculation
Because the present study was the first trial that evaluated 
the effects of allopurinol among patients with Non-STEMI, 
we could not calculate the sample size. Therefore, we 
decided to set a pilot survey, including 100 patients (50 in 
each group).  

Statistical analysis
Data analysis was performed in IBM SPSS Statistics for 
Windows, version 26 (IBM Corp., Armonk, NY, USA). 
The normality distribution of data was assessed by the 
Kolmogorov–Smirnov test. Data were shown as number 
(%) for categorical variables and mean ± standard deviation 
(SD) for normal continues variables. Also, for non- 
normal continues variables such as cTnI concentrations, 
median and interquartile range (IQR) were reported. 
Mann Whitney test and/or independent t-test were used 
to compare means between the groups. Freidman test was 

used to assess effect of time on cTnI levels according to the 
two study groups. Chi-square and/or Fisher’s exact tests 
were applied to set of categorical data. Due to the departure 
of cTnI levels from normality assumption, we used mixed 
model for data analysis since mixed models are robust 
against deviation from normality.22 So, Linear mixed model 
with considering subject effect as random effect and group, 
time, and interaction of them as fixed effects was used for 
analyzing cTnI levels in two groups over time. Due to the 
existing difference between two group for baseline values 
of cTnI (p=0.06), assessment the effect of intervention 
was performed by adjusting for baseline values of cTnI in 
the linear mixed model. The p-values less than 0.05 were 
assumed as statistically significant.

Results
A total of 107 individuals the diagnosis of NSTEMI 
were assessed for eligibility. Among them, seven patients 
were excluded due to renal dysfunction (n=5), hepatic 
dysfunction (n=1), and cancer (n=1); therefore, 100 
patients were allocated 1:1 to the intervention (n=50) and 
the control (n=50) groups and analyzed (Figure 1).  
No statistically significant difference was observed between 
the study groups regarding the baseline demographic and 
clinical data (all p>0.05) (Table 1). The median and mean 
levels of cTnI were reported in Table 2. Also, the mean of 
cTnI levels over time in two groups were reported in Figure 
2. 
According to the results of linear mixed model included 
effect of group, time, baseline value of cTnI, and interaction 
effect of group and time, the interaction of time and group 
was not statistically different (p=0.751). 
The estimated marginal mean ± Standard Error for 
cTnI levels were not statistically different between the 
intervention (2.93 ± 0.27) and control (2.25 ± 0.27) groups 
(P=0.082). The estimated marginal mean for cTnI levels 8, 
16, 24, and 32 hours after the treatment were 3.62 ± .48, 

Figure 1. CONSORT flow diagram of the study.
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2.50 ± .27, 2.36 ± .40, and 1.84 ± .37, respectively, which 
showed a decreasing pattern over time (p=0.039). (Table 3)
Pairwise comparison by Bonferroni test indicated that the 
estimated marginal mean of cTnI levels between 8 and 
16 hours, 8 and 32 hours, and 16 and 32 hours were not 
significantly different; however, a significant difference 
was observed regarding the cTnI concentrations of 8 and 
32 hours after the treatment (1.12 ± 0.57 vs. 1.87 ± 0.61; 
p=0.024). Estimated marginal means for time according to 
the group were shown in Table 3. Due to the non-significant 
effect of interaction between time and group (p=0.751), the 
trend of cTnI means in both group was similar and there 
was a decreasing trend over time for cTnI in both group 
(Table 3). No adverse effect was observed during the study 
follow-up period.

Discussion 
In the previous trials, the effects of allopurinol on decreasing 
myocardial injury were evaluated in the other settings such 

Figure 2. The mean troponin I level during the study (mean, (SD)). 
Baseline (3.14, (4.82); 2.65 (4.58)), 8 hours (4.16 (6.10); 3.09 
(5.13)), 16 hours (2.71 (3.31); 2.29 (3.54)), 24 hours (2.70 (4.47); 
2.08 (4.19)), 32 hours (2.53 (4.88); 1.15 (1.82)).

Table 1. Demographic and clinical data of the study groups.

Demographic/Clinical Data Intervention (n=50) Control (n=50) P-value
Age (years), mean ± SD 62.6 ± 12.2 69.0 ± 10.6 0.375
Sex, male, n (%) 36 (72) 36 (72) 1
BMI (kg/m2), mean ± SD 25.8 ± 2.0 25.9 ± 2.3 0.646
Serum creatinine (mg/dL), mean ± SD 1.1 ± .23 1.1 ± 3.2 0.128
Blood urea nitrogen (mg/dL), mean ± SD 14.8 ± 4.4 16.0 ± 5.4 0.600
Fasting blood sugar (mg/dL), mean ± SD 166.7 ± 99.7 178.5 ± 103.4 0.779
Hemoglobin (g/dL), mean ± SD 14.4 ± 1.6 13.8 ± 1.5 0.264
Ejection fraction (%), mean ± SD 42.2 ± 13.7 42.5 ± 12.4 0.601
Smoking, n (%) 7 (14) 10 (20) 0.424
Diabetes mellitus, n (%) 23 (46) 28 (56) 0.317 
Hypertension, n (%) 27 (54) 28 (56) 0.840
Dyslipidemia, n (%) 11 (22) 12 (24) 0.812
History of other disease, n (%) 8 (16) 6 (12) 0.564 
Positive family history of cardiovascular diseases, n (%) 13 (26) 18 (36) 0.425 
Previous coronary intervention, n (%) 17 (34) 13 (26) 0.764
Previous MI 1 (2) 2 (4) 1
Previous stroke 3 (6) 5 (10) 0.715 
Anti-diabetic drug history, n (%) 4 (8) 2 (4) 0.678
Anti-lipid drug history, n (%) 20 (40) 28 (56) 0.109 
Beta blocker drug history, n (%) 24 (48) 21 (42) 0.524 
Calcium channel blocker history, n (%) 10 (20) 7 (14) 0.424
ACE inhibitors or ARB history, n (%) 19 (38) 17 (34) 0.677
Hydrochlorothiazide history, n (%) 9 (18) 12 (24) 0.461 
Nitrate drugs history, n (%) 4 (8) 2 (4) 0.678

Table 2. Descriptive statistic for cTnI levels in different time by two study groups.

Troponin-I Level (ng/ml) Intervention Control
Time Median, (IQRa) mean, (SDb) Median, (IQRa) Mean, (SDb)
Baseline 1.30, (2.85) 3.14, (4.82) 0.90, )2.18) 2.65, (4.58)
At 8 hours 1.85, (4.53) 4.16, (6.10) 1.10, (1.80) 3.09, (5.13)
At 16 hours 1.50, (2.48) 2.71, (3.31) 0.80, (2.75) 2.29, (3.54)
At 24 hours 1.20, (2.78) 2.70, (4.47) 0.50, (1.75) 2.08, (4.19)
At 32 hours 0.85, (2.93) 2.53, (4.88) 0.30, (1.48) 1.15, (1.82)
p-valuec (Time) <0.001 <0.001

aIQR: interquartile range
bSD: standard deviation
cFreidman test
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Table 3. Estimated marginal means± standard error for group, time, and combinations of time and group base on the linear mixed model.

Troponin-I Level (ng/ml) Intervention Control  Overall
At 8 hours 4.06 ± 0.68  3.18 ± 0.68 3.62± 0.48
At 16 hours 2.62 ± 0.38 2.39 ± 0.38 2.50± 0.27
At 24 hours 2.61 ± 0.56 2.18 ± 0.56 2.39± 0.40
At 32 hours 2.43 ± 0.52 1.25 ± 0.52 1.84± 0.37
Overall 2.93± 0.27 2.25± 0.27

p-value for group=0.082
p-value for time= 0.039
p-value for interaction time and group= 0.751

as elective percutaneous coronary intervention (PCI), 
CABG, and ACS. The present RCT was the first study that 
especially assessed the cardio-protective role of allopurinol 
in the decreasing of myocardial injury following NSTEMI. 
This pilot RCT did not show the potential cardio-protective 
effects of allopurinol on myocardial injury in patients with 
NSTEMI. 
It has been showed that XO contributes to local oxygen 
depletion through consuming molecular oxygen as a 
substrate of oxidation reactions. It also inactivates the 
mitochondrial electron transport chain and production of 
adenosine triphosphate (ATP), resulting in ATP depletion 
in ischemic myocardium.23,24 Allopurinol as a low-cost 
purine analogue XO inhibitor has been widely used in 
Gout, nephrolithiasis, and tumor lysis syndrome, and also 
emerged with promising results in cardiovascular disease. 
A potential role for allopurinol as an anti-ischemic tool 
was first proposed in animal models with heart failure.25 
The potential cardiovascular benefits of allopurinol mainly 
is mainly due to inhibition of XO, increasing oxygen supply 
in tissue, decreasing myocardial oxygen consumption for a 
determined stroke volume, anti-inflammatory properties, 
improvement of endothelium function, and reducing 
oxidative tissue stress.12-16

A systematic review and meta-analyses of ten RCTs with 
594 patients was carried out to evaluate the allopurinol 
effects on flow-mediated dilation in individuals with 
cardiovascular risks. Data analysis showed that allopurinol 
administration significantly improved flow-mediated 
dilation in these individual (WMD=1.67%, 95% CI: 0.83% 
~ 2.50%, p<0.001; I2=86%). Besides, it has been indicated 
that that the benefit of allopurinol to flow-mediated dilation 
is not related to the UA lowering properties. Accordingly, 
it seems that allopurinol administration is associated with 
more incredible improvement of flow-mediated dilation 
in individuals with lower serum UA, compared with those 
with higher UA (<7 mg/dL: WMD=2.62%, 95% CI: 1.10% 
~ 4.14%; ≥7 mg/dL: WMD=0.87%, 95% CI: 0.37% ~ 1.38%; 
p for subgroup difference=0.03). These results highlighted 
the potential cardiovascular benefits of allopurinol with 
mechanisms rather than the lowering UA level properties. 
In our pilot RCT, serum UA level was not considered in the 
eligibility criteria.26

Allopurinol cardioprotective effects have been indicated 
in reducing occurrence of perioperative MI in patients 
undergoing CABG. Based on a systematic review and meta-
analysis of six studies, including 229 patients, incidence of 

MI was higher in control group compared with allopurinol 
group 12.07% vs. 1.77%). A fixed-effects meta-analysis 
showed significant reduction in occurrence of MI (RR 
0.21, 95% CI: 0.06, 0.70, p=0.01) in the allopurinol group. 
It is important to mention that the effects of allopurinol 
were greatest in Rashid et al.27 study, wherein patients 
received highest dose (300 mg) and longest duration (five 
days) of allopurinol(RR 0.06 95% CI: 0.00–0.99, p=0.05). 
Moreover, the allopurinol effect became non-significant 
with the exclusion of this study.28 In our RCT, high dose 
of allopurinol was evaluated; however, the duration of 
treatment was lower than Rashid et al.27 study. 
It has been indicated that allopurinol 600 mg improved 
oxidative stress as well as endothelial function  much 
more than did  allopurinol 300 mg.21 Huang et al.18 showed 
remarkable effect of 600 mg/day of allopurinol throughout 
the acute phase of ACS followed by 200 mg/day in oxidative 
stress and inflammatory reaction indicators as well as 
ACS treatment. Furthermore, Noman et al.15 revealed that 
allopurinol 600 mg per day could increase the time to ST-
segment depression (p=0.0002), the medial overall exercise 
time (p=0.0003), and the time to chest pain (p=0.001) in 
individuals with coronary artery disease.In our pilot trial, 
the patients received 600 mg oral allopurinol at the time 
of diagnosis of NSTEMI, followed by 300 mg every day 
for two next days. Our RCT did not support the potential 
cardio-protective beneficial of high dose allopurinol 
administration on decreasing myocardial injury following 
NSTEMI. In line with our results, Alemzadeh-Ansari 
et al.29 in a placebo-controlled RCT 254 patients with 
coronary disease undergoing elective PCI showed that high 
dose of allopurinol could not decrease CK-MB (OR=0.1; 
p=0.67) and cTnT (OR=0.1; p=0.61) levels. In this double-
blind RCT, 133 patients received 600 mg allopurinol in 
the day before performing PCI, and 600 mg in the day 
of PCI; while, 121 patients in control group received 
placebo.  Notably, no significant adverse drug reaction was 
observed in both of trials.29 In Haung et al.18 RCT, a total 
of 100 patients with ACS revived allopurinol (600 mg/day 
throughout the acute phase of ACS, followed by 200 mg 
daily up to 4 weeks) and were followed up for 24 months. 
Data analysis revealed that allopurinol administration 
improved oxidative stress and inflammatory reaction 
including indicators including serum levels of creatinine, 
uric acid, BNP, TNF-α, blood glucose, hs-CRP, blood lipid, 
OX-LDL, and MDA, and had beneficial effect in the ACS 
treatment (all p<0.05).18 Furthermore, Separham et al.30 
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in a RCT showed that allopurinol (400 mg before treating 
with streptokinase, followed by 200 mg/day for 28 days) 
administration in patients with STEMI led to lower levels 
of cTnI (p<0.001), peak creatine kinase (CK) (p=0.003), 
and CK-MB (p=0.005).

Limitations and future recommendations 
Due to some limitations, the result of the present RCT 
should be cautiously interpreted. First, due to cost 
limitations, we could not measure the levels of CK-MB 
and inflammatory biomarkers. Although according to 
the AHA/ACCF guideline, the definitions of myocardial 
injury and MI are based on the levels of cTn.31 Second, 
to avoid the risk of severe cutaneous adverse reactions, 
such as drug-hypersensitivity syndrome, toxic epidermal 
necrolysis, and Stevens–Johnson syndrome, human 
leukocyte antigen-B*5801 (HLA-B*5801)-positive 
participations should avoid allopurinol use. However, 
based on the American College of Rheumatology 
recommendation, HLA-B*5801 screening is only limited 
to high risk patients including all individuals with Han 
Chinese or Thai descent as well as Korean patients with 
kidney insufficient.32 In our trial, patients had the same 
geographical and ethnic origin and did not belong to the 
mentioned high risk descents. Consequently, HLA-B*5801 
screening is not required. Notably, no severe adverse effect 
was reported in out trial. Third, the present RCT is a pilot 
study and dose and duration of allopurinol in patients 
with NSTEMI have not yet been identified. In our trial, 
high dose allopurinol was chosen because it has been 
showed that it improved oxidative stress and endothelial 
function much more than did allopurinol 300 mg. Some 
of previous trials in similar settings have been shown 
the promising effects of allopurinol in higher treatment 
duration than our study; however, due to accessibility 
problems, the duration of treatment was low in our trial.18, 

21, 30 Numerous trials are needed to show precise dose, time, 
and duration of allopurinol administration in patients 
with NSTEMI. Fourth, the sample size of this RCT does 
not seem to be enough to reveal the allopurinol exact effect 
in the lessening of myocardial injury in the patients with 
NSTEMI. However, the present trial had the nature of a 
pilot; consequently, this sample size was suitable for a pilot 
RCT. Fifth, because of the availability problems, we did 
not use an allopurinol placebo to reduce treatment bias. 
Finally, the present study was a single-center trial. Hence, 
double-blinded, placebo-controlled, multi-center studies 
with higher sample size and longer duration of treatment 
are warranted to show the precise impact of allopurinol in 
the setting of NSTEMI.

Conclusion
In the present RCT, we did not observe the potential 
benefits of 600 mg oral allopurinol, followed by 300 mg 
every day for two next days on decreasing myocardial 
injury in the patients with NSTEMI. Further well-designed 
RCTs with larger sample size and longer treatment  

duration are required to define the role of allopurinol in 
the setting of NSTEMI.

Ethical Issues 
The present study protocol was approved by the 
Research Ethics Committee of the Tabriz University of 
Medical Sciences (the registration number: TBZMED.
REC.1398.424) and then registered in www.irct.ir under 
the ID: IRCT20111206008307N36. The present study was 
performed according to the Declaration of Helsinki and 
later revisions on ethical principles for medical research.33 
All patients were informed about how the study would 
be done. Written informed consent for participation was 
obtained from all patients or their guardians. Patients 
were free to withdraw from the study at any time. The 
information of patients will remain confidential to the 
researchers.

Acknowledgments
Authors would like to express their gratitude to clinic 
staffs of Shahid Madani Heart Center, Tabriz University of 
Medical Sciences for their kind support.

Data Sharing 
Applicants can obtain data by contacting the corresponding 
author.

Author Contributions
TE and SK contributed to the conception and design of 
the study. SM, EM, and SD contributed to the acquisition 
of data. PS, TE, and SK contributed in the analysis and 
interpretation of data. SK and TE wrote the paper with 
input from all authors. All authors have agreed to this 
published version.

Conflict of Interest
The authors report no conflicts of interest.

References
1. Turpie AG. Burden of disease: medical and economic 

impact of acute coronary syndromes. Am J Manag 
Care. 2006;12(suppl 16):S430-4.

2. Antman EM, Anbe DT, Armstrong PW, Bates ER, 
Green LA, Hand M, et al. ACC/AHA Guidelines 
for the Management of Patients With ST-Elevation 
Myocardial Infarction —Executive Summary. 
Circulation. 2004;110(5):588-636. doi:10.1161/01.
CIR.0000134791.68010.FA3. 

3. Butala NM, Secemsky EA, Wasfy JH, Kennedy KF, 
Yeh RW. Seasonality and Readmission after Heart 
Failure, Myocardial Infarction, and Pneumonia. Health 
Serv Res. 2018; 53(4):2185-202. doi:10.1111/1475-
6773.12747

4. Heidenreich PA, Alloggiamento T, Melsop K, 
McDonald KM, Go AS, Hlatky MA. The prognostic 
value of troponin in patients with non-ST elevation 
acute coronary syndromes: a meta-analysis. J Am 

https://www.sciencedirect.com/topics/medicine-and-dentistry/endothelial-function
https://doi.org/10.1161/01.CIR.0000134791.68010.FA
https://doi.org/10.1161/01.CIR.0000134791.68010.FA
https://doi.org/10.1111/1475-6773.12747
https://doi.org/10.1111/1475-6773.12747


Allopurinol in Myocardial Infarction

  Pharmaceutical Sciences, 2021, 27(4), 560-567  | 566

Coll Cardiol. 2001;38(2):478-85. doi:10.1016/s0735-
1097(01)01388-2

5. Collet JP, Thiele H, Barbato E, Barthélémy O, Bauersachs 
J, Bhatt DL, et al. 2020 ESC Guidelines for the 
management of acute coronary syndromes in patients 
presenting without persistent ST-segment elevation: 
the Task Force for the management of acute coronary 
syndromes in patients presenting without persistent 
ST-segment elevation of the European Society of 
Cardiology (ESC). Eur Heart J. 2021;42(14):1289-367. 
doi:10.1093/eurheartj/ehaa575

6. Fuster V, Badimon L, Badimon JJ, Chesebro JH. The 
pathogenesis of coronary artery disease and the acute 
coronary syndromes. N Engl J Med. 1992;326(4):242-
50. doi:10.1056/NEJM199201233260406

7. Lee RT, Libby P. The unstable atheroma. Arterioscler 
Thromb Vasc Biol. 1997; 17(10):1859-67. 
doi:10.1161/01.atv.17.10.1859

8. Berry CE, Hare JM.  Xanthine oxidoreductase and 
cardiovascular disease: molecular mechanisms and 
pathophysiological implications. J Physiol. 2004;555(Pt 
3):589-606. doi:10.1113/jphysiol.2003.055913

9. Doehner W, Anker SD. Xanthine oxidase inhibition for 
chronic heart failure: is allopurinol the next therapeutic 
advance in heart failure? Heart. 2005;91(6):707-9. 
doi:10.1136/hrt.2004.057190

10. Naumova AV, Chacko VP, Ouwerkerk R, Stull L, 
Marbán E, Weiss RG.  Xanthine oxidase inhibitors 
improve energetics and function after infarction 
in failing mouse hearts. Am J Physiol Heart Circ 
Physiol. 2006;290(2):H837-43. doi:10.1152/ajpheart. 
00831.2005

11. Amado LC, Saliaris AP, Raju SV, Lehrke S, St John M, 
Xie J, et al. Xanthine oxidase inhibition ameliorates 
cardiovascular dysfunction in dogs with pacing-induced 
heart failure. J Mol Cell Cardiol. 2005;39(3):531-6. 
doi:10.1016/j.yjmcc.2005.04.008 

12. Stone PH. Allopurinol a new anti-ischemic role for an 
old drug. J Am Coll Cardiol. 2011; 16;58(8):829-30. 
doi:10.1016/j.jacc.2011.02.072

13. Okafor ON, Farrington K, Gorog DA. Allopurinol 
as a therapeutic option in cardiovascular disease. 
Pharmacol Ther. 2017;172:139-150. doi:10.1016/j.
pharmthera.2016.12.004 

14. Xiao J, She Q, Wang Y, Luo K, Yin Y, Hu R, et al. Effect 
of allopurinol on cardiomyocyte apoptosis in rats after 
myocardial infarction. Eur J Heart Fail. 2009;11(1):20-
7. doi:10.1093/eurjhf/hfn003 

15. Noman A, Ang DS, Ogston S, Lang CC, Struthers 
AD. Effect of high-dose allopurinol on exercise in 
patients with chronic stable angina: a randomised, 
placebo controlled crossover trial. Lancet. 
2010;375(9732):2161-7. doi:10.1016/S0140-6736(10) 
60391-1

16. Cappola TP, Kass DA, Nelson GS, Berger RD, Rosas 
GO, Kobeissi ZA, et al.  Allopurinol improves 
myocardial efficiency in patients with idiopathic dilated 

cardiomyopathy. Circulation. 2001;104(20):2407-11. 
doi:10.1161/hc4501.098928 

17. Rekhraj S, Gandy SJ, Szwejkowski BR, Nadir MA, 
Noman A, Houston JG, et al. High-dose allopurinol 
reduces left ventricular mass in patients with ischemic 
heart disease. J Am Coll Cardiol. 2013;61(9):926-32. 
doi:10.1016/j.jacc.2012.09.066

18. Huang Y, Zhang C, Xu Z, Shen J, Z    hang X, Du H, et 
al. Clinical Study on efficacy of allopurinol in patients 
with acute coronary syndrome and its functional 
mechanism. Hellenic J Cardiol. 2017;58(5):360-5. 
doi:10.1016/j.hjc.2017.01.004

19. Ullah W, Khanal S, Khan R, Basyal B, Munir S, Minalyan 
A, et al. Efficacy of Allopurinol in Cardiovascular 
Diseases: A Systematic Review and Meta-Analysis. 
Cardiol Res. 2020;11(4):226-32. doi:10.14740/cr1066

20. George J, Carr E, Davies J, Belch JJ, Struthers A. High-
dose allopurinol improves endothelial function by 
profoundly reducing vascular oxidative stress and not 
by lowering uric acid. Circulation. 2006;114(23):2508-
16. doi:10.1161/CIRCULATIONAHA.106.651117

21. Amsterdam EA, Wenger NK, Brindis RG, Casey DE 
Jr, Ganiats TG, Holmes DR Jr, et al. 2014 AHA/ACC 
Guideline for the Management of Patients With Non–
ST-Elevation Acute Coronary Syndromes: Executive 
Summary: a report of the American College of 
Cardiology/American Heart Association Task Force on 
Practice Guidelines. Circulation. 2014;130(25):2354-
94. doi:10.1161/CIR.0000000000000133

22. Schielzeth H, Dingemanse NJ, Nakagawa S, Westneat 
DF, Allegue H, Teplitsky C, et al. Robustness of linear 
mixed‐effects models to violations of distributional 
assumptions. Methods Ecol Evol. 2020;11:1141-52. 
doi:10.1111/2041-210X.1343

23. Ide T, Tsutsui H, Hayashidani S, Kang D, Suematsu N, 
Nakamura K, et al. Mitochondrial DNA damage and 
dysfunction associated with oxidative stress in failing 
hearts after myocardial infarction. Circ Res. 2001; 
88(5):529-35. doi:10.1161/01.res.88.5.529

24. Zhang Y, Marcillat O, Giulivi C, Ernster L, Davies KJ. 
The oxidative inactivation of mitochondrial electron 
transport chain components and ATPase. J Biol Chem. 
1990;265(27):16330-6.

25. Ekelund UE, Harrison RW, Shokek O, Thakkar RN, 
Tunin RS, Senzaki H, et al. Intravenous allopurinol 
decreases myocardial oxygen consumption and 
increases mechanical efficiency in dogs with pacing-
induced heart failure. Circ Res. 1999;85(5):437-45. 
doi:10.1161/01.res.85.5.437

26. Xin W, Mi S, Lin Z. Allopurinol therapy improves 
vascular endothelial function in subjects at risk for 
cardiovascular diseases: a meta-analysis of randomized 
controlled trials. Cardiovasc Ther. 2016;34(6):441-9. 
doi:10.1111/1755-5922.12215

27. Rashid MA, William-Olsson G. Influence of allopurinol 
on cardiac complications in open heart operations. Ann 
Thorac Surg. 1991;52(1):127-30. doi:10.1016/0003-

https://doi.org/10.1016/s0735-1097(01)01388-2
https://doi.org/10.1016/s0735-1097(01)01388-2
https://doi.org/10.1093/eurheartj/ehaa575
https://doi.org/10.1056/NEJM199201233260406
https://doi.org/10.1161/01.atv.17.10.1859
https://doi.org/10.1113/jphysiol.2003.055913
https://doi.org/10.1136/hrt.2004.057190
https://doi.org/10.1152/ajpheart.00831.2005
https://doi.org/10.1152/ajpheart.00831.2005
https://doi.org/10.1016/j.yjmcc.2005.04.008
https://doi.org/10.1016/j.jacc.2011.02.072
https://doi.org/10.1016/j.pharmthera.2016.12.004
https://doi.org/10.1016/j.pharmthera.2016.12.004
https://doi.org/10.1093/eurjhf/hfn003
https://doi.org/10.1016/S0140-6736(10)60391-1
https://doi.org/10.1016/S0140-6736(10)60391-1
https://doi.org/10.1161/hc4501.098928
https://doi.org/10.1016/j.jacc.2012.09.066
https://doi.org/10.1016/j.hjc.2017.01.004
https://doi.org/10.14740/cr1066
https://doi.org/10.1161/CIRCULATIONAHA.106.651117
https://doi.org/10.1161/CIR.0000000000000133
https://doi.org/10.1111/2041-210X.13434
https://doi.org/10.1161/01.res.88.5.529
https://doi.org/10.1161/01.res.85.5.437
https://doi.org/10.1111/1755-5922.12215
https://doi.org/10.1016/0003-4975(91)91433-V


Khiali et al.

567   | Pharmaceutical Sciences, 2021, 27(4), 560-567

4975(91)91433-V
28. Singh TP, Skalina T, Nour D, Murali A, Morrison 

S, Moxon JV, et al. A meta-analysis of the efficacy of 
allopurinol in reducing the incidence of myocardial 
infarction following coronary artery bypass grafting. 
BMC Cardiovasc Disord. 2018;18 (1):143. doi:10.1186/
s12872-018-0881-6

29. Alemzadeh-Ansari MJ, Hosseini SK, Talasaz AH, 
Mohammadi M, Tokaldani ML, Jalali A, et al. 
Effect of high-dose allopurinol pretreatment on 
cardiac biomarkers of patients undergoing elective 
percutaneous coronary intervention: a randomized 
clinical trial. Am J Ther. 2017; 24(6):e723-e729. 
doi:10.1097/MJT.0000000000000411

30. Separham A, Ghaffari S, Najafi H, Ghaffari R, Ziaee M, 
Babaei H. The impact of allopurinol on patients with 
acute st elevation myocardial infarction undergoing 
thrombolytic therapy. J Cardiovasc Pharmacol. 

2016;68(4):265-8. doi:10.1097/FJC.000000000000040 
9

31. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax 
JJ, Morrow DA, et al. Fourth universal definition 
of myocardial infarction. J Am Coll Cardiol. 
2018;72(18):2231-64. doi:10.1016/j.jacc.2018.08.1038

32. Khanna D, Fitzgerald JD, Khanna PP, Bae S, Singh M., 
Neogi T, et al. American College of Rheumatology. 
2012 American College of Rheumatology guidelines 
for management of gout. Part 1: systematic 
nonpharmacologic and pharmacologic therapeutic 
approaches to hyperuricemia.  Arthritis Care 
Res. 2012;64(10):1431-46. doi:10.1002/acr.21772

33. World Medical Association. World Medical 
Association Declaration of Helsinki: ethical principles 
for medical research involving human subjects. JAMA. 
2013;310(20):2191-4. doi:10.1001/jama.2013.281053

https://doi.org/10.1016/0003-4975(91)91433-V
https://doi.org/10.1186/s12872-018-0881-6
https://doi.org/10.1186/s12872-018-0881-6
https://doi.org/10.1097/MJT.0000000000000411
https://doi.org/10.1097/FJC.0000000000000409
https://doi.org/10.1097/FJC.0000000000000409
https://doi.org/10.1016/j.jacc.2018.08.1038
https://doi.org/10.1002/acr.21772
https://doi.org/10.1001/jama.2013.281053

