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ABSTRACT 
 

 

Heart failure is a growing public health problem, especially in the elderly, often occurring due to 

ischemia and coronary artery disease. Allopurinol can protect against myocardial ischemia and improve 

myocardial energy utilization during ischemia. On the other hand, matrix metalloproteinase (MMP) 

enzymes play an essential role in causing atherosclerosis, obstruction, and myocardial infarction. 

Therefore, in the present study, the effect of allopurinol on the function of the left ventricular and the 

activity of MMP-1, MMP-2, MMP-3, and MMP-9 were evaluated in heart failure patients. In this 

clinical trial, 82 patients were randomly assigned to allopurinol or placebo in addition to standard 

treatment. Echocardiographic evaluations were performed before treatment and six months after 

treatment. Also, after allopurinol treatment, plasma and peripheral blood mononuclear cells were 

extracted from control and intervention groups. The active form of MMPs was measured by ELISA and 

mRNA expression by Real-time PCR. The rate of change in left ventricular ejection fraction in the 

allopurinol group was significantly higher than patients in the control group. There was also found more 

improvement in NYHA class in patients receiving allopurinol than in the control group. ELISA results 

showed that all plasma MMP levels in the control group were significantly higher than those in the 

allopurinol group (P<0.001). Quantitative determination of mRNA expression in MMPs by Real-time 

RT-PCR revealed that, except for MMP-9, there was no significant difference in the expression of 

evaluated MMPs between the treatment and control groups. In general, the results showed that long-

term administration of allopurinol improves left ventricular function, and it has beneficial effects on the 

life quality of patients with heart failure. 
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Introduction  

Heart failure is a significant and pervasive health 

problem in the community due to heart damage and 

genetic, hormonal-neuro-inflammatory, and 

biochemical changes in myocytes and interstitial 

tissue (1). Heart failure is characterized by an 

imbalance between left ventricular function and 

myocardial energy expenditure, defined by the 

absence of mechano-energetic pairing. Despite 

considerable impaired left ventricular function, the 

consumption of contracted myocardial oxygen 

remains relatively unchanged (2). As a result, it 

reduces the mechanical effectiveness of the 

contraction. In the clinical evidence of this 

phenomenon, it has been proven that these factors 

worsen the point due to increased left ventricular 

activity at the expense of a disproportionate increase 

in myocardial oxygen consumption (3). 

The mechanism responsible for the lack of 

mechanical coupling is unclear. However, laboratory 

evidence suggests that reactive oxygen components 

play a vital role in this phenomenon (4). Oxygen-free 

radicals accumulate in the pericardial fluid and blood 

circulation in patients with heart failure, indicating 

that heart failure is a condition of oxidative stress (5). 

Although there are several strong sources of oxygen 

free radicals, elevated serum uric acid levels in 

patients with heart failure indicate that xanthine 

oxidase (XO) activity is involved (6). XO is a source 

of superoxide, which is actually a reactor in purine 

metabolism and also produces oxygen free radicals, 

and despite conflicting reports, XO activity in the 

human myocardium has been proven (7). 

In animal models of heart failure, XO inhibition has 

https://creativecommons.org/licenses/by/4.0/
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been shown to improve myocardial efficacy and 

myocardial contractile response to dobutamine and its 

activity (8). Several clinical studies have 

demonstrated that inhibition of XO improves the 

endothelial activity in patients with diabetes, coronary 

artery disease, and especially in patients with chronic 

heart failure (9, 10). 

Several new studies have shown that long-term 

treatment with allopurinol in animal models of heart 

failure after myocardial infarction improves 

contractile function and catecholamine response and 

changes in hypertrophy and left ventricular fibrosis 

(11-13). These benefits occur by suppressing 

increased activity, XO superoxide production, and 

oxidative protein changes in heart failure. Although 

the benefits of allopurinol appear to be secondary to 

XO inhibition, other mechanisms may be present, 

such as radical allopurinol clearance of hydroxyl, 

lowering uric acid levels, and suppression of its 

associated inflammatory activity (14). On the other 

hand, various studies have shown that changes in the 

activity and expression of matrix metalloproteinases 

(MMPs) in cardiovascular tissues are involved in the 

progression of cardiovascular diseases such as 

myocardial infarction, ischemia-reperfusion injury, 

heart failure, and the matrix deformation process (15). 

The activity of MMPs is regulated at the 

transcriptional, translational, and post-transcriptional 

levels (16). Therefore, in the current study, therapeutic 

effects of allopurinol were evaluated on the function 

of left ventricular and MMPs (MMP-1, MMP-2, 

MMP-3, and MMp-9) in patients with chronic heart 

failure.  

 

Materials and methods 

Studied patients and experimental evaluations 

In this clinical trial, patients with chronic and 

persistent heart failure with class II to IV of the New 

York Heart Society classification had a left ventricular 

diastolic end diameter of at least 60 mm and a left 

ventricular ejection fraction of less than 40% studied. 

Exclusion criteria included hyponatremia, 

hypokalemia, renal failure, and mitral regurgitation. 

The 82 patients were randomly divided into two 

groups. One group of patients (43 patients) was given 

300 mg of allopurinol orally daily, and the control 

group (39 patients) was given a placebo. All patients 

in both groups were given digoxin, Lasix, carvedilol, 

captopril, Aldactone, and aspirin. This treatment 

lasted for six months. Patients' uric acid levels were 

measured before and six months after treatment. The 

parameters related to the left ventricular function that 

were measured in patients before and after allopurinol 

treatment using transthoracic echocardiography based 

on the guidelines of the American Echocardiographic 

Association were Left Ventricular End-Diastolic 

Diameter (LVDD), Left Ventricular Ejection Fraction 

(LVEF), Systolic and diastolic blood pressure, NYHA 

class (before and after six months of treatment).  

 

Blood collection and isolation of PBMCs 

In this study, peripheral blood samples were 

collected from patients during the first 26 hours after 

AMI to assess plasma levels of MMPs. These blood 

samples were also used to examine the genes and 

proteins of MMPs. Plasma was obtained by 

centrifugation of blood samples and stored at -85°C 

until use. PBMCs were isolated from blood donors by 

density gradient centrifugation on a follicle (Axis-

Shield PoC AS, Oslo, Norway) to investigate the 

expression of MMPs genes and proteins.  

 

Plasma levels of MMPs 

Plasma concentrations of MMPs were obtained 

using ELISA kits (Amersham Pharmacia Biotech, 

Little Chal Font UK) previously reported (17). 

Measurements were performed according to the kit 

instructions. The test was performed three times from 

each sample to confirm the findings. 

 

Real-time RT RCR 

Gene expression was assessed for MMP-1, MMP-2, 

MMP-3, MMp-9, and GAPDH. The mRNA was 

isolated from PBMCs (by Sigma Aldridge kit) and 

converted to cDNA using the kit (Sigma) according to 

the kit instructions. 

The cDNA production was performed according to 

the instructions of the kit (Invitrogen California, USA) 

using dT-pattern primers. The expression of MMPs 

mRNA was tested by Real time-RT RCR using 

Invitrogen expression (Taqman q-PCR). The primer 

and probe sequences are summarized in Table 1. Ends 

3’ and 5’ of each probe were labeled with 6-carboxy 

fluorescein (FAM) and 6-carboxy-tetramethyl 

rhodamine (TAMRA) extinguisher. Probe and primer 
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sequences were obtained from previously published 

sequences (18-20). 

PCR was performed as follows: Initial denaturation 

stage: 95°C for 15 minutes (one cycle); Denaturation 

step: 95°C for 30 seconds (40 cycles); Annealing 

stage: 60°C for 60 seconds (40 cycles). All samples 

were compared with GAPDH. At the end of PCR, 

baseline and threshold values were published using 

ABI 7500 prime software, and ct values were 

transferred to Microsoft Excel for evaluation. 

 

Table 1. Primers and probes used in mRNA expression by 

Real-time RT PCR 

Gene  Sequence (5’-3’) 

 Forward GAGGGTCAAGCAGACATCATGA 

MMP-1 Reverse CAAGATTTCCTCCAGGTCCATC 

 Probe 
FAM-TGTCAGGGGAGATCATCGGGACAA-

TAMRA 

 Forward TTCCTGGGCAACAAATATGAGA 
MMP-2 Reverse TGGTCGCACACCACATCTTT 

 Probe FAM-AGCGCCGGCCGCAGTGA-TAMRA 

 Forward TTCCTGATGTTGGTCACTTCAGA 

MMP-3 Reverse CCTGTATGTAAGGTGGGTTTTCCT 
 Probe FAM-CCTTTCCTGGCATCCCGAAGTGG -TAMRA 

 Forward CCCTGGAGACCTGAGAACCA 

MMP-9 Reverse AACCATAGCGGTACAGGTATTCCT 
 Probe FAM-TCTCACCGACAGGCAGCTGGCA-TAMRA 

 Forward GAAGGTGAAGGTCGGAGTC 

GAPDH Reverse GAAGATGGTGATGGGATTTC 
 Probe FAM-CCGACTCTTGCCCTTCGAAC-TAMRA 

 

Data analysis 

Qualitative data analysis obtained from the 

experimental groups was performed using descriptive 

statistical methods, χ². Quantitative data analysis was 

performed using the t-test statistical method. In all 

cases, P <0.05 was considered the significant 

difference between the groups. 

 

Results and discussion 

The results showed that there was no difference in 

demographic characteristics between the two groups 

(Table 2). 

 

Table 2. Demographic information of patients in the study 

groups at the time of intervention 

Characteristics 
Control 

Group (n=39) 

Allopurinol 

Group (n=43) 
P-value 

Age (year) 65 ± 10.5 62.6 ± 12.1 0.29 

Gender (Male) 25 27 0.76 

Blood Sugar (mg/dl) 117.5 ± 58.6 130.7 ± 49.4 0.23 

Blood Triglyceride (mg/dl)  161.4 ± 44.8 157.7 ± 57.3 0.71 

Blood Cholesterol (mg/dl)  191.2 ± 40.7 188 ± 36.5 0.67 

Blood HDL (mg/dl) 42.4 ± 6.5 43.3 ± 7.9 0.51 

Disease Duration (year) 5.1 ± 4.4 4.6 ± 3.8 0.44 

 

The control group's mean left ventricular ejection 

fraction (LVEF) was 29.9 ± 5 percent before treatment 

and 29.6 ± 5 percent after treatment. Statistical 

analysis did not show a significant difference between 

the mean left ventricular ejection fraction in the 

control group before and after treatment. There was 

no difference between the mean left ventricular 

diastolic end diameter (LVEDD) and the mean left 

ventricular end-systolic diameter (LVESD) in the pre-

and post-treatment control group. Statistical analysis 

of data on the mean rate of the premature ventricular 

filling during the diastole phase (Peak E), mean rate of 

the late ventricular filling during the diastole phase 

(Peak A), the ratio of premature to late ventricular 

filling during the diastole phase (E/A Ratio), and the 

mean time of E wave descent to baseline (DcT) in the 

control group did not show any difference before and 

after treatment (Table 3). 

 

Table 3. Evaluation of patients in the control group before 

and after treatment 

Control Group 

Variable 
Before 

Treatment 

After 

Treatment 
P-value 

Systolic Blood Pressure (mmHg) 121 ± 24 113 ± 17 <0.0001 

Diastolic Blood Pressure (mmHg) 74 ± 15 70 ± 13 0.03 

Blood Uric Acid Level (mg/dl) 5.8 ± 1.8 5.9 ± 1.8 0.84 

Blood Creatinine Level (mg/dl) 1.1 ± 0.2 1.2 ± 0.1 0.66 

Blood Sodium Level (mg/dl) 142 ± 2 141 ± 2 0.77 

Blood Potassium Level (mg/dl) 4.5 ± 0.2 4.4 ± 0.2 0.78 

NYHA Class 3 ± 0.6 2.8 ± 0.7 0.42 

LVEF (%) 29.9 ± 5 29.6 ± 5 0.89 

LVEDD (cm) 6.1 ± 0.6 6.2 ± 0.6 0.32 

LVESD (cm) 5.2 ± 0.7 5.1 ± 0.8 0.71 

Peak E (m/s) 0.89 ± 0.2 0.84 ± 0.3 0.16 

Peak A (m/s) 0.82 ± 0.2 0.81 ± 0.2 0.82 

E/A ratio 1.1 ± 0.3 1.2 ± 0.5 0.36 

DcT (ms) 223 ± 77 227 ± 82 0.44 

 

The mean LVEF in the allopurinol group was 27.5 

± 6% before treatment and 30.1 ± 7% after treatment. 

The statistical analysis results showed a significant 

difference in patients' mean left ventricular ejection 

fraction. The mean left ventricular ejection fraction 

was higher than treatment after treatment (P<0.0001). 

The statistical analysis results showed a significant 

difference in the mean LVEDD of patients. The mean 

diameter of the left ventricular end-diastolic end after 

treatment was significantly (p = 0.019) lower than the 

mean of the lower extremity. Statistical analysis of 

mean LVESD, mean Peak E velocity, mean Peak-A 

speed, E/A ratio, and mean DcT time in the 

allopurinol group showed no difference before and 
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after treatment (Table 4). 

ELISA results showed that all plasma MMP levels 

after allopurinol treatment in the control group were 

significantly higher than those in the allopurinol group 

(P<0.001) (Table 5).  

Table 4. Evaluation of patients in the allopurinol group 

before and after treatment 
Allopurinol Group 

Variable 
Before 

Treatment 

After 

Treatment 
P-value 

Systolic Blood Pressure (mmHg) 120 ± 20 109 ± 13 <0.0001 

Diastolic Blood Pressure (mmHg) 73 ± 11 68 ± 7 0.002 

Blood Uric Acid Level (mg/dl) 6.5 ± 1.7 5.3 ± 1.4 <0.0001 

Blood Creatinine Level (mg/dl) 1.2 ± 0.2 1.1 ± 0.1 0.78 

Blood Sodium Level (mg/dl) 141 ± 2 142 ± 3 0.67 

Blood Potassium Level (mg/dl) 4.5 ± 0.2 4.4 ± 0.3 0.87 

NYHA Class 2.9 ± 0.5 2.4 ± 0.6 <0.0001 

LVEF (%) 27.5 ± 6 30.1 ± 7 <0.0001 

LVEDD (cm) 6.1 ± 0.5 6.0 ± 0.5 0.019 

LVESD (cm) 5.2 ± 0.6 5.1 ± 0.7 0.09 

Peak E (m/s) 0.87 ± 0.3 0.90 ± 0.2 0.24 

Peak A (m/s) 0.92 ± 0.2 0.89 ± 0.2 0.25 

E/A ratio 1.1 ± 0.5 1.0 ± 0.4 0.91 

DcT (ms) 193 ± 67 189 ± 59 0.58 

 

Table 5. The amount of MMPs proteins in the ELISA 

method after allopurinol treatment in the study groups 

 
MMP-1 

(ng/ml) 

MMP-2 

(ng/ml) 

MMP-3 

(ng/ml) 

MMP-9 

(ng/ml) 

Allopurinol 

Group 

1.11 ± 0.17 1.32 ± 0.13 1.00 ± 0.17 1.66 ± 0.55 

Control 

Group 

7.00 ± 1.84 3.04 ± 1.11 4.18 ± 1.03 15.45 ± 3.19 

P-value <0.001 <0.001 <0.001 <0.001 

 

Quantitative determination of mRNA expression in 

MMPs by Real-time RT-PCR revealed that, except for 

MMP-9, there was no significant difference in the 

expression of evaluated MMPs between the treatment 

and control groups after treating with allopurinol 

(Figure 1). 

 

 
Figure 1. The mRNA expression of MMP-1, MMp-2, 

MMp-3, and MMp-9 by Real-time RT-PCR after 

allopurinol treatment in the study groups (The control 

group was considered 100%); * means P <0.05 compared to 

the control group 

Recent studies have shown the role of xanthine 

oxidase (XO) and its associated oxidative components 

in the pathogenesis of heart failure (21, 22). Studies in 

animal and laboratory models of heart failure have 

shown that inhibition of XO can be beneficial in 

treating patients with debilitating heart failure. In vitro 

studies performed on isolated hearts by Ferdinandy et 

al. (23) have demonstrated that the progressive spread 

of heart failure is associated with increased 

myocardial XO levels, contributing to increased 

cardiac oxidative stress. In another model of heart 

failure in dogs, a fourfold increase in myocardial 

activity or XO levels was observed, which was 

associated with an increase in oxidative stress in the 

heart (24). De Jong et al. (25) also observed a 50% 

increase in chronic heart failure in rats. In a study 

conducted by Ndrepepa et al. (26) and Piepoli et al. 

(27), an increase in uric acid levels and an increase in 

myocardial XO activity in patients with chronic heart 

failure were reported. These observations led to the 

initiation of interventional studies with allopurinol as 

an XO inhibitor. 

In the present study, oral administration of 

allopurinol significantly reduced patients' serum uric 

acid levels compared to the controlled group. 

Allopurinol administration significantly increased left 

ventricular ejection fraction (approximately 3% 

increase) and decreased left ventricular diastolic end 

diameter. These observations indicate the beneficial 

effects of allopurinol on left ventricular function in 

patients with heart failure. Even the score of patients 

based on NYHA class in patients in this group showed 

a significant decrease after allopurinol treatment. In a 

model of chronic heart failure in dogs, the Indhu et al. 

(24) found that 200 mg of allopurinol administration 

reduced myocardial oxygen consumption and 

increased contractile strength, and was effective. The 

results of a study by Ukai et al. (28) also performed 

on a model of chronic canine heart failure in dogs 

showed that allopurinol improved left ventricular 

systolic function at rest and stimulated stimulation in 

the active state. A study by Cicero et al. (29) also 

showed that 100 mg of oral allopurinol daily reduced 

retention and increased myocardial contractility in 

heart failure. In a study by Suzuki et al. (30), 

allopurinol administration increased survival, 

decreased XO activity, improved contractility, and 

responded to isoprene. Researchers have also shown a 
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reduction in oxygen-free radicals and myocardial 

dysfunction following allopurinol therapy (31). 

Cappola et al. (32) found that intra-coronary 

administration of allopurinol had a straightforward 

and rapid improvement in myocardial infarction. A 

retrospective study of 1760 patients by Struthers et al. 

(33) found that low doses of allopurinol increased 

mortality in patients with chronic heart failure. In 

contrast, doses higher than 300 mg per day of 

allopurinol have led to a significant increase in the 

survival of these patients. In a study on patients with 

normal uric acid levels and patients with elevated uric 

acid levels, the capacity of the peripheral arteries to 

dilate also improves local and systemic blood flow. 

Farquharson et al. (34) also studied the administration 

of 300 mg of allopurinol daily to 11 patients with 

chronic heart failure. They found that allopurinol 

improved endothelial dysfunction and improved 

patients' work capacity. In patients with heart failure, 

George et al. (35) found that allopurinol improves 

endothelial function because of its ability to reduce 

oxidative stress in arteries. In the present study, an 

increase in left ventricular function in patients 

receiving allopurinol co-occurred with a decrease in 

serum uric acid levels. In the study of George et al. 

(35), Probenecid was used to reduce the serum level 

of uric acid without affecting XO activity. In 

comparison with allopurinol, it was shown to reduce 

the uric acid level and inhibit the inhibitory effect of 

XO. The patient is not in good condition, and the 

beneficial effects of allopurinol are exerted by 

inhibiting XO and not by lowering uric acid levels. 

This study evaluated different plasma 

concentrations of MMPs in the control and allopurinol 

treatment groups, and significant differences in 

plasma concentrations between MMPs were obtained. 

All plasma MMP concentrations increased 

significantly in patients with different conditions. It 

suggests that different MMPs may play different roles 

in patients with chronic heart failure. Some studies 

have shown increased expression and activity of 

MMPs in the hearts of humans, mice, and pigs during 

post-MI deformation processes (36). Despite the 

variety of information about the definitive timing of 

MMP activity after myocardial infarction, it has 

become clear that MMP activity begins rapidly and 

less than one day after MI (36-37). 

Cardiac MMPs are produced by fibroblast-like 

cells, inflammatory cells, and cardiomyocytes. 

Although the expression of most MMPs increases 

during specific physiological and pathological 

deformation processes (15). MMP-9 mRNA 

expression suggests the presence of additional 

regulatory mechanisms in myocardial insufficiency. 

The slight increase in the mRNA expression of MMPs 

is contrasted with the large number of active MMPs 

measured by ELISA. Thus, although transcriptional 

regulation is essential for MMP production, matrix 

degradation requires latent enzymes to be activated by 

proteolytic cleavage. The circadian synthesis of MMP 

with inactive pre-enzymes indicates a temporal 

imbalance between synthesis and MMP activity (16). 

This study showed that long-term administration of 

allopurinol and standard treatment of patients with 

chronic heart failure could improve left ventricular 

function and improve their quality of life. Although 

there are various mechanisms in justifying the 

beneficial effects of allopurinol on left ventricular 

function, inhibition of xanthine oxidase and reducing 

uric acid levels are among the main mechanisms in 

this field. So far, few studies have been done on the 

effects of allopurinol on heart function in patients with 

heart failure. More extensive and more central studies 

can effectively recognize the results of allopurinol. 
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