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ABSTRACT 
Introduction: The family of matrix metalloproteinases (MMPs) and its inhibitors play an important role in 

cardiovascular diseases and vascular wall regeneration. The effect of sports training along with vitamin 

supplements on heart diseases due to the change of MMPs is not clear.  Therefore, the aim of the present study is 

investigating the effect of eight weeks of aerobic training with vitamin E & C supplementation on the plasma 

levels of MMP-1 and MMP-3 and TIMP-4 in patients with coronary artery disease (CAD). 

Material & Methods: 60 patients with CAD (53.84±5.49 years old mean ± SD)  participated in this study., All 

the subjects were randomly divided into 4 equal groups (n=15): (1) control (C), (2) aerobic training (A), (3) 

supplement (S) and (4) aerobic training + supplement (AS) according to their aerobic capacity: and Groups 3 and 

4 received 1000 mg of D-alpha tocopherol and 1000 mg acid ascorbic tablets daily. . The training program was 

also carried out for eight weeks (three sessions per week) with an intensity of 40 to 80% of the reserve heart rate 

for 45 minutes.  48 hours after the last session of training, blood samples were taken to analyze MMPs levels by 

using ELISA. The data were analyzed using analysis of covariance and paired t-test at a significance level of 

P<0.05. 

Results: The plasma levels of MMP-1 (P=0.001) and MMP-3 (P=0.000) in the AS were significantly lower than 

the A group. TIMP-4 concentration in the AS group were significantly higher than in the A group (P=0.000). In 

addition, plasma MMP-1 and MMP-3 levels in patients with CAD in the AS group were significantly lower than 

in the S group (P=0.000) and C group (P=0.000). Also, plasma MMP-1 and MMP-3 levels in patients with CAD 

in the T group were significantly lower than in the C group (P=0.000). However, plasma MMP-1 (P=0.068), 

MMP-3 (P=0.069), and TIMP-4 (P=1.000) levels in patients with CAD in the T group were not significantly 

different from those in the S group. Also, plasma MMP-1 (P=0.055), MMP-3 (P=0.392), and TIMP-4 (P=0.405) 

levels in patients with CAD in the S group were not significantly different from those in the C group. In addition, 

plasma TIMP-4 levels in patients with CAD in the AS group were significantly higher than in the supplement 

(P=0.000) and control (P=0.000) groups. Also, plasma TIMP-4 levels in patients with CAD in the A group were 

significantly higher than in the C group (P=0.021). 

Conclusion: combined aerobic training and taking vitamin E and C supplements can affect the plasma levels of 

the mentioned indicators to a greater extent and cause them to improve, which displays the higher efficiency of 

training at the same time as the supplement.   
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1. Introduction 

Coronary artery disease (CAD) is a worldwide medical problem that is the leading cause of death in both 

developed and developing countries, especially in older people (1). Several studies have shown that the traditional 

risk factors, such as high blood lipids, diabetes, hypertension and obesity play crucial roles in the initiation and 

perpetuation of CAD. However, it is accepted that genetic component has an essential role in the development of 

CAD (2-5). Researches have suggested that family aggregation of CAD is not unusual, and genetic association 

investigations revealed that the average heritability of CAD is more than 50% (3, 6). Epidemiological studies have 

found many genetic variants especially single-nucleotide polymorphism (SNP) in association with an increased 

risk of CAD (7). The exact mechanism underlying the influence of polymorphism on the pathogenesis of CAD is 

not fully understood. Nevertheless, polymorphisms in numerous genes involved in inflammation, metabolism of 

lipid and glucose, blood clotting, and homocysteine may affect susceptibility to CAD (8, 9). The atherosclerotic 

lesion is formed due to lipoprotein particles accumulation in the intima of the coronary artery wall and gradually 

develops into the fibrous plaque, which is rich in extracellular matrix (ECM) proteins. It has now been well 

established that among many proteases, matrix metalloproteinases (MMPs) are the key enzymes in the 

transformation of the ECM in physiological and pathological conditions that involve inflammatory processes, 

such as arthritis, cancer, periodontal diseases, and cardiovascular disease (CVD)(10). 

The matrix metalloproteinase family (MMPs) consists of more than 20 secretases or ectocellular enzymes 

that degrade extracellular matrix proteins, coagulation factors, lipoproteins, latent growth factors, chemokines, 

and cell adhesion molecules (11). Dysregulated extracellular matrix (ECM) metabolism is of significance in 

vascular remodeling during the progression and complication period of atherosclerosis (12). MMP3 not only 

degrades ECM components, but also activates MMP1 and other family members (13). Evaluation of the role of 

the remaining major fibrillar collagenase in atherosclerotic plaque development, namely MMP1, has lagged over 

the past 2 decades as an early prevailing view was that there was no functional homolog of MMP1 in mice, and 

that transgenic overexpression of human MMP1 in mouse macrophages led to paradoxical reductions in plaque 

size (14). With the advanced progression achieved on DNA technologies, MMP3 gene polymorphisms in the 

promoter region have been identified. In particular, MMP3 5A/6A is closely related to multiple pathological states. 

In the MMP3 promoter, a common functional variant (rs3025039) has been reported, in which one allele has a 

run of six adenosines (6A), while the other has only five (5A).22 MMP3 promoters containing the 5A allele have 

approximately 50% higher activity compared with those with the 6A allele because a putative transcriptional 

repressor protein preferentially binds to the promoter containing the 6A sequence and reduces gene expression 

(15). The activity of MMPs is regulated mostly by the endogenous tissue inhibitors of metalloproteinases (TIMPs), 

which bind to the active site of MMPs and block access to extracellular matrix substrates. This family consists of 

four membrane-associated structural members: TIMP-1, TIMP-2, TIMP-3, and TIMP-4, which are expressed by 

various cell types and are influenced by factors such as stretch, injury, inflammation, and immune activation (16). 

TIMP-4 has been reported to inhibit the activity of MMP-1, MMP-3, and MMP-9, and its expression levels in the 

cardiac tissue of adult individuals are notably high. The balance between MMPs and their tissue inhibitors plays 

a crucial role in maintaining the integrity of healthy tissues (17). 

One of the most important and effective methods for improving the quality of life in patients with heart 

disease is cardiac rehabilitation. Cardiac rehabilitation is a complex intervention offered to patients diagnosed 

with heart disease, which includes components of health education, advice on cardiovascular risk reduction, 

physical activity and stress management. Evidence that cardiac rehabilitation reduces mortality, morbidity, 

unplanned hospital admissions in addition to improvements in exercise capacity, quality of life and psychological 

well-being is increasing, and it is now recommended in international guidelines (18). Another factor that can be 

effective in the prevention and improvement of cardiovascular diseases is an appropriate dietary approach. The 

consumption of fruits and vegetables rich in vitamins, or dietary supplements containing vitamins, can contribute 

to this effect. One of the vitamin supplements that is commonly used today is Vitamin E. Vitamin E is a fat-

soluble antioxidant vitamin that protects lipids from peroxidation in vitro (19). Increasing evidence supports a 

central role for lipid oxidation in the development and progression of atherosclerosis (20). Therefore, vitamin E 

has been postulated to attenuate the process of atherosclerosis and reduce the risk of cardiovascular disease. 

Several observational studies showed that higher vitamin E intake from dietary sources or supplements was 

associated with a lower risk of cardiovascular disease (CVD) (21-23). Dietary or supplemental vitamin E intake 

as measured by food frequency questionnaires may not be well correlated with serum vitamin E concentrations, 

or reflect the lifelong vitamin E exposure. Moreover, the protective effects of vitamin E against CVD might be 

due to the combination of various antioxidants and nutritional substances contained in daily food. Some studies 

examining the association of serum vitamin E with the risk of CVD showed inconsistent results (24- 26), with 

some study showing a cardioprotective effect (27, 28), while some reporting vitamin E has no effect on CVD (24, 

25, 26). Vitamin C (ascorbic acid), which is water soluble and present in the cytosolic compartment of the cell, 

serves as an electron donor to vitamin E radicals generated in the cell membrane during oxidative stress (12). 

Plasma vitamins E and C and uric acid, all of which have potential antioxidant activity, have been reported to 
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increase after exercise (10, 13-15). In rats, acute submaximal exercise has been shown to decrease vitamin E 

concentrations in skeletal muscle (16). 

In research conducted, it has been reported that the gene expression of MMP-1 (collagenase-1) and TIMP-

1, the protein expression of MMP-1, MMP-2 (gelatinase-A), TIMP-1 and TIMP-2 as well as the enzyme activity 

of MMP-1 and MMP-2 were examined. AGR (α-glucosylrutin) and vitamins C and E were shown to reduce MMP 

expression and activity, whereas 8-prenylnaringenine appeared to be responsible for the opposite effect (29). It 

has been shown that high-dose oral vitamin E supplementation for 12 weeks among diabetic nephropathy patients 

had favorable effects on biomarkers of kidney damage, inflammation, and oxidative stress (30). Based on the 

results, interaction between antioxidant supplements and exercise reduced the glucose concentration and improved 

the mitochondrial biogenesis of heart tissue, while the combination of these two interventions compared to the 

effect of each alone, the effect has more (31). 

Today, invasive methods such as angioplasty, open-heart surgery, and pharmacological interventions are 

primarily used to treat coronary artery disease. However, various studies support the implementation of exercise 

programs during the recovery phase post-surgery and such interventions. Nevertheless, there has been less focus 

on the effects of physical activity on the molecules involved in the process of re-endothelialization of damaged 

arteries, as well as on their expression levels and arterial activity. Additionally, the impact of supplementation 

with major antioxidant vitamins on the activity of these molecules in patients with coronary artery disease (CAD) 

is a topic that has not been addressed in the existing literature. Furthermore, previous research has rarely examined 

the simultaneous effects of both vitamins in conjunction with physical exercise, and the findings reported have 

been inconsistent. Therefore, the present study aims to investigate whether an eight-week regimen of regular 

aerobic training, both alone and in conjunction with the long-term administration of vitamins E and C, has an 

effect on the expression and production levels of MMP-1, MMP-3, and TIMP-4 in the blood of patients with 

coronary artery disease (CAD). 

2. Methodology  

2.1. Materials and methods  

This experimental study with a pre-test and post-test design conducted at cardiac rehabilitation center of 

Bahman Hospital, located in Zanjan city, in the year 2022. This study is registered under the clinical trial number 

IRCT20240418061518N1 and bears the ethics code IR.IAU.Z.REC.1403.005 

 

2.2. Participants 

For this purpose, based on the physician's recommendations (which included comprehensive blood tests, 

echocardiography, exercise stress test, and angiography) and the inclusion criteria for the study diagnosis of 

coronary artery disease with at least 50% stenosis in a minimum of two major coronary vessels, subsequent 

angioplasty treatment performed by an interventional cardiologist, absence of antioxidant medication, lack of 

exercise activity, no cognitive or psychiatric disorders, no stable angina, no myocardial infarction in the past 

month, personal readiness for physical activity, and age range of participants between 40 and 60 years, 60 men 

and women were selected using a convenient and purposive sampling method. The exclusion criteria included 

severe respiratory distress during exercise, and the occurrence of complications such as renal failure or pulmonary 

embolism during the study period. Subsequently, the participants were randomly divided into 4 equal groups 

(n=15): (1) control (C), (2) aerobic training (A), (3) supplement (S) and (4) aerobic training + supplement (AS), 

with approximately two-thirds of them being male and one-third female. 

  

2.3. Measurements 

The study's dependent variables, encompassing anthropometric measurements such as weight, height, 

BMI, and WHR, as well as fasting blood samples to quantify MMP-2 and MMP-9 levels, were assessed both 48 

hours before the experimental period began and 48 hours after it ended. were measured with participants in 

surgical scrubs and bare feet. Height was measured to the nearest 0.1 cm via a wall-mounted stadiometer and 

weight was measured to the nearest 0.1 kg using an electronic scale. BMI (kg/m2) was calculated using the 

weight/height ratio and WHR measured by waist-to-hip ratio. To account for dietary influences on blood variables, 

participants completed a food recall questionnaire three days prior to the pre-test and submitted it to the researcher. 

They were instructed to replicate this dietary intake for the 72 hours preceding the post-test. Both blood sampling 

and anthropometric evaluations were performed 48 hours following the final exercise session. Blood samples 

were collected twice during the study—once at the pre-test and again at the post-test—using 5 cc drawn from the 

right antecubital vein each time. Each sample was placed into test tubes containing EDTA as an anticoagulant and 

subsequently centrifuged at 3000 RPM for 10 minutes to separate plasma. The extracted plasma was stored in a 

freezer set to -80°C for later laboratory analysis. To measure MMP-1, MMP-3, and TIMP-4 concentrations, 

human ELISA kits manufactured by Biotech Cusabio, China, were employed. These kits had the following 

specifications: for MMP-1, a range of 0.312–20 ng/ml with a sensitivity of 0.078 ng/ml; for MMP-3, a range of 
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1.56–100 ng/ml with a sensitivity of 0.39 ng/ml; and for TIMP-4, a range of 0.313–20 ng/ml with a sensitivity of 

0.005 ng/ml. 

 

2.4. Intervention 

Aerobic training was conducted over eight weeks with the following training load: Frequency: three days 

per week; Intensity: 40 to 80 percent of heart rate reserve or Karvonen formula; Progression: the intensity of the 

activity was increased every two weeks based on the participants' progress; Duration: the goal was to perform 45 

minutes of continuous activity at the specified intensity on each device. The type of activity included running on 

a treadmill, cycling on a stationary bike, and using a hand ergometer (each for approximately 15 minutes) (32). It 

is important to note that participants engaged in a 15-minute warm-up involving light jogging and stretching 

before exercising and performed stretching exercises for 10 minutes at the end of the sessions to cool down. 

Over the same eight-week period, participants in the supplementation groups were administered daily doses 

of specific vitamins as prescribed: 1000 mg of d-alpha-tocopherol (33)(Vitamin E, Lifespan) and 1000 mg of 

ascorbic acid (34)(Vitamin C, Omid Parsian Damavand). These supplements were provided to individuals in both 

the supplementation-only and aerobic training + supplementation groups under physician guidance. 

 

2.5. Statistical Methods 

The collected data were analyzed using SPSS27 software, employing statistical tests such as covariance 

analysis, Bonferroni post hoc tests, paired t-tests, Shapiro-Wilk tests, Levene's tests. 

3. Results 

Analysis of the findings utilizing the analysis of covariance test revealed a statistically significant 

difference in plasma MMP-1 levels (F4,55=27.051, P=0.000, η2=0.596). The results of the Bonferroni post hoc test 

indicated that the plasma MMP-1 levels of patients with coronary artery disease (CAD) in the AS group  were 

significantly lower compared to those in the A group (P=0.001) (Figure 1). Furthermore, the analysis of the 

findings via the analysis of covariance test showed a significant difference in plasma MMP-3 levels (F4,55=31.200, 

P=0.000, η2=0.630). The results from the Bonferroni post hoc test indicated that the plasma MMP-3 levels of 

patients with CAD in the AS group with were significantly lower than those in the A group (P=0.000) (Figure 2). 

Additionally, the analysis of the findings using the analysis of covariance test indicated a significant difference in 

plasma TIMP-4 levels (F4,55=13.955, P=0.000, η2=0.432). The results of the Bonferroni post hoc test demonstrated 

that the plasma TIMP-4 levels of patients with CAD in the AS group were significantly higher than those in the 

A group (P=0.000) (Figure 3).  

In addition, plasma MMP-1 and MMP-3 levels in patients with CAD in the AS group were significantly 

lower than in the S group (P=0.000) and C group (P=0.000). Also, plasma MMP-1 and MMP-3 levels in patients 

with CAD in the T group were significantly lower than in the C group (P=0.000). However, plasma MMP-1 

(P=0.068), MMP-3 (P=0.069), and TIMP-4 (P=1.000) levels in patients with CAD in the T group were not 

significantly different from those in the S group. Also, plasma MMP-1 (P=0.055), MMP-3 (P=0.392), and TIMP-

4 (P=0.405) levels in patients with CAD in the S group were not significantly different from those in the C group. 

In addition, plasma TIMP-4 levels in patients with CAD in the AS group were significantly higher than in the 

supplement (P=0.000) and control (P=0.000) groups. Also, plasma TIMP-4 levels in patients with CAD in the A 

group were significantly higher than in the C group (P=0.021). 

 
Figure 1. Plasma MMP-1 changes 

*: Significant difference compared to other groups and pre-test 

#: significant difference compared to the control group and pre-test 
$: significant difference compared to the pre-test 
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Figure 2. Plasma MMP-3 changes 

*: Significant difference compared to other groups and pre-test 
#: significant difference compared to the control group and pre-test 

$: significant difference compared to the pre-test 

 
Figure 3. Plasma TIMP-4 changes 

*: Significant difference compared to other groups and pre-test 

#: significant difference compared to the supplement and control and pre-test groups 
$: significant difference compared to the control group and pre-test 

4. Discussion 

Overall, the findings of the present study indicated that the plasma levels of MMP-1 and MMP-3 in patients 

with CAD in the aerobic training group supplemented with vitamins E and C were significantly lower than those 

in the aerobic training group alone. Conversely, the plasma levels of TIMP-4 in patients with CAD in the aerobic 

training group supplemented with vitamins E and C were significantly higher than those in the aerobic training 

group alone. 

Given that cardiovascular diseases are among the leading causes of mortality worldwide, various 

rehabilitation methods have been proposed. One such method involves engaging patients in appropriately intense 

physical activity. Implementing rehabilitation programs can enhance both physical and psychological outcomes, 

reduce the risk of sudden death and heart attacks, and be beneficial for patients (35). Training at suitable intensities 

can improve cardiovascular function (36). The adaptations that occur following physical training enable other 

organs to achieve optimal performance. Among the crucial adaptations stemming from training are increased 

blood flow, enhanced metabolism of organs, and the removal of waste products (37). In addition to the factors 

mentioned, nutrition is another intervention that can improve cardiovascular function. Adopting a suitable dietary 

program rich in vitamins and nutrients can help enhance cardiac efficiency. Vitamin E supplementation, often 

combined with vitamin C due to their synergistic antioxidant effects, is commonly utilized. Vitamin E is a fat-

soluble vitamin that includes four tocopherols and four tocotrienols, with alpha-tocopherol being the most 

biologically available form. It acts as a potent antioxidant capable of donating hydrogen atoms to free radicals, 

including superoxide and hydroxyl radicals, thereby converting them into more stable forms and preventing lipid 

peroxidation and membrane damage. Similarly, vitamin C, a water-soluble vitamin, protects against free radical 

production by neutralizing free radicals. Vitamins E and C work synergistically, with vitamin C assisting in the 

recycling of vitamin E to its reduced form, enabling it to continue oxidizing free radicals (38). Furthermore, they 
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prevent the oxidative degradation of cell membrane phospholipids, which can help prevent LDL-C oxidation and 

the onset of cardiovascular diseases (39). Additionally, vitamins C and E act as strong inhibitors of reactive oxygen 

species, which are activators of matrix metalloproteinases (MMPs). They play a critical role in preventing 

excessive MMP activity, which can be associated with the progression of various diseases. Therefore, these 

vitamins may be beneficial in the prevention and management of certain pathologies related to MMP regulation 

disorders (40). Moreover, the response of MMPs to training, depending on the training load, can create favorable 

conditions for individuals (41). Consequently, it can be concluded that the use of vitamin supplements alongside 

physical activity is advantageous in improving the health status of patients. Given that there is limited research on 

the effects of vitamin supplementation on the specified indices, a review of related studies will be conducted. It 

has been reported in related research that the consumption of black tea significantly reduces serum levels of MMP-

3 in women with rheumatoid arthritis (42). Additionally, it has been noted that supplementation with S-equol 

leads to a significant decrease in levels of MMP-1 and MMP-3 in women with osteoarthritis (43). Furthermore, a 

significant increase in TIMP-4 was observed in diabetic mice treated with likogliflozin, which contributed to the 

improvement of diabetic cardiomyopathy (44). Moreover, it has been reported that zingiberine inhibits Pi-induced 

vascular calcification by modulating the AMPK/TIMP4 signaling cascade in vascular smooth muscle cells (45). 

Additionally, one study reported that 12 weeks of copper supplementation, with effects on TIMP-3, assists in 

improving cardiac function in a cardiomyopathic heart (46). 

In general, the protective effects of vitamins E and C in preventing cardiovascular disease have been 

demonstrated in several contexts; however, a definitive correlation has not been universally established. Under 

certain conditions, L-ascorbic acid and α-tocopherol may exhibit antioxidant properties, potentially reducing the 

formation of oxidized small molecules, proteins, and lipids, which could contribute to cellular dysregulation. 

Nevertheless, non-antioxidant effects have also been proposed to play a role in the prevention of atherosclerosis. 

Vitamins E and C can modulate signal transduction and gene expression, thereby influencing various cellular 

responses such as smooth muscle cell proliferation, cell-adhesion expression, extracellular matrix molecules, 

NADPH oxidase production, platelet aggregation, and inflammatory responses. Vitamins E and C may affect the 

extracellular matrix environment by influencing the expression of connective tissue proteins involved in vascular 

remodeling, as well as maintaining the integrity of the vascular wall. Moreover, during the progression of 

atherosclerosis, cholesterol transfer as oxLDL activates a signaling cascade upon recognition by the CD36 

receptor, which includes mitogen-activated protein kinase (MAPK), the c-Jun N-terminal kinase (JNK) pathway, 

and matrix metalloproteinases (MMPs), thereby stimulating inflammation through monocyte infiltration. It has 

been reported that α-tocopherol reduces c-Jun phosphorylation mediated by JNK1 (47). 

Limitations of the present study include the lack of daily activity monitoring for the subjects, the absence 

of control over emotional states and psychological conditions, and insufficient control over nutrition during the 

training period. 

Considering that this study observed the efficacy of vitamin supplementation alongside aerobic training in 

the subjects, it is recommended that future research related to this study be conducted in separate groups of women 

and men. Additionally, the impact of each vitamin individually, as well as the combination of both types of 

vitamins used in this study, should be examined for more precise results. 

5. Conclusion 

Overall, the review of the conducted studies indicates that the consumption of antioxidant supplements, 

both alone and in conjunction with training, leads to improvements in research indices. The findings of the present 

study also suggest improvements in blood indices alongside anthropometric measures and maximal oxygen 

consumption. Therefore, it appears that there is a positive relationship between aerobic training and the intake of 

vitamins E and C on anthropometric indices, which contributes to positive effects on MMPs and TIMP-4. 
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