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The effects of a special training program on cytochrome p450 gene expression and reactive
oxygen species levels in patients with coronary artery bypass surgery
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Abstract

Background: Significant economic consequences can lead to various problems and complications, including medical
complications. Coronary artery disease (CAD), a serious health threat with increasing prevalence, is a major cause of
death and mortality worldwide. This study aimed to investigate the effects of a special training program on cytochrome
P450 (CYP) gene expression and reactive oxygen species (ROS) levels in patients with coronary artery bypass surgery.
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Methods: This semi-experimental study was conducted on 16 patients who underwent coronary artery surgery in Babol

City, Iran. The patients were selected using a random sampling method and divided into 2 groups: experimental and
control groups. The experimental group engaged in an exercise program consisting of 3 sessions per week for a duration
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of 8 weeks. The expression levels of CYP and ROS genes were measured by the real-time polymerase chain reaction ROS
Coronary artery bypass
Special training program

(PCR) method. The analysis was performed by comparing covariances and means.
Results: ROS gene expression levels significantly decreased in the experimental group than in the control group

(P=0.003). However, there was no significant difference in P450 levels between the experimental and control groups

(P=0.99).

Conclusion: Special exercises reduced ROS expression and increased P450 expression in patients who had coronary
bypass surgery. There is a probability that special exercises, can effectively prevent heart damage by increasing

antioxidant capacity and reducing ROS.

Introduction

Acute or chronic cardiovascular disease (CVD), particularly of myocardial
origin, is among the leading causes of death worldwide (1). In addition to
percutaneous coronary intervention, coronary artery bypass graft (CABG)
surgery is the standard treatment, especially among those suffering from
coronary artery stenosis (2). In 2003, CABG surgery was a commonly
performed treatment for patients with coronary heart disease in the United
States. Previous studies have shown that approximately 35 000 to 50 000 heart
surgeries are performed annually in Iran (3). Heart surgery is a reliable way to
improve myocardial blood flow, but it still has many postoperative side effects
(4).
It is thought that hypertrophy, inflammation, and oxidative stress caused by
hypoxia may play a prominent role in this phenomenon. Other possible stimuli
are adipokines secreted by adipocytes, which reduce the bioavailability of NO
and increase oxidative stress (5). Macrophages cause inflammation in adipose
tissue and can also lead to impaired vascular contraction (6). The increased
release of reactive oxygen species (ROS), for example, by NADPH oxidases
and mitochondrial enzymes, leads to cardiac hypertrophy, fibrosis, and
metalloproteinase activation, which potentially leads to the progression of heart
disease (7). Studies have shown that free radicals are produced in a maximum
of 3 to 5 minutes of reperfusion and lasting up to 3 hours, which significantly
contributes to myocardial depression (8). We know that in cardiac surgery, the
use of cardiopulmonary bypass exacerbates systemic ischemia and the release
of free radicals (9). However, when ROS production exceeds the buffering
capacity of the antioxidant defense systems in the heart, oxidative stress
develops, resulting in cardiac dysfunction, ischemia-reperfusion injury,
hypertrophy, cell death, and heart failure (HF) (10). Cardiopulmonary bypass is
recognized to be responsible for activating neutrophils, a prominent source of
primary systemic ROS. The impact of oxidative stress on postoperative
outcomes among patients undergoing CABG surgery remains a controversial
topic and an undeniable issue (10).
Cardiovascular disease, especially HF, suggests that molecular and genetic
drugs may play a large role. In this situation, there is more evidence that
cytochrome P450 (CYP) is involved in the onset, progression, and treatment of
the disease (11). The CYP2B6 family appears to play an important role in HF
pathogenesis. Cytochrome P450 enzymes are the most important enzymes
involved in drug metabolism, accounting for approximately 75% of all different
metabolic reactions (12). Aspromonte et al (2014) examined changes in cardiac
CYP in HF patients. There are some pieces of evidence that CYP2B6 is
involved in the onset, progression, and prognosis of CVD, particularly HF.
Further studies are needed to elucidate the mechanisms by which CYP is used
in the pathophysiology of HF, as well as the mechanism by which HF alters
cardiac CYPs (13). In general, cardiac CYP2B6 and CYP11 mRNA levels and

related enzyme activities usually increase in HF (14). Some studies have
examined the molecular mechanisms by which these metabolites affect
cardiomyocytes and blood vessels, leading to cardiac heart pathology and
cardiac reconstruction. Patients who underwent complete reoperation not only
survived for 5 years but also experienced an improvement in their overall
survival time without angina (15).

Given the patient's need to achieve complete and rapid physical recovery after
surgery to quickly normalize daily life activities (including returning to work),
it seems necessary to adopt a healthy lifestyle and medication regimen for a
lifetime. Cardiac rehabilitation (CR) typically involves a variety of
interventions, such as regular exercise, healthy diet, medical treatment (eg,
medication), managing risk factors with training, and coping with stress (16).
Moderate-intensity exercise improves the performance of coronary patients; it
may provide greater safety during unsupervised exercise. Also, low-intensity
exercise increases the acceptance of training programs, especially for unhealthy
and elderly patients (17, 18). Moholdt and coworkers compared moderate-
intensity continuous exercise with intermittent aerobic exercise in the
rehabilitation phase in CABG patients, showing an increase in VO2 in both
subsets (19). In addition, there is limited research on the effect of CR on
patients after CABG surgery. Accordingly, this study aimed to investigate the
effects of a special training program on CYP2B6 gene expression and ROS
levels in patients who had CABG surgery.

Methods

The study population included individuals who had undergone CABG surgery;
at least 3 months had passed since their operation. After the voluntary
participation of 16 patients to carry out this exercise program, initial evaluations
and clinical examinations such as electrocardiography, echocardiography and
exercise test were performed by a specialist doctor. These patients were then
divided into 2 groups based on the results of the exercise test. The sample size
was determined based on previous studies, the specific framework of the 2-
month rehabilitation research, and the availability of facilities and equipment in
rehabilitation centers (20). Inclusion criteria were physician permission, lack of
motor restraint, and willingness to participate. Exclusion criteria were physician
recommendation, absence from more than 3 exercise sessions, and lack of
interest in participating in the study. During the study, none of the participants
met the exclusion criteria.

Before starting the exercise program, all participants took part in a joint
training session based on a pre-determined schedule for the rehabilitation
program, and the research process was fully explained. They were then
randomly divided into 2 groups. The participants engaged in 3 sessions per
week involving special exercises. At the end of 8 weeks (3 sessions per week),
they were tested again, and the exercise effects were examined in each group.
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Effects of a special training program on cytochrome p450 and reactive oxygen species levels

Our program was so similar to the program described by Wislowf et al. and
the American College of Sports Medicine. According to the initial condition of
them and the results of the recorded test, the heart rate and the level and
intensity or speed of the treadmill for each patient were recorded on the exercise
control sheet. Patients rested for 5 to 10 minutes, depending on individual
weakness (21).

The strength training program was performed 3 times a week for 8 weeks
(24 sessions) for the intervention group. The strength training recommendations
provided by the American College of Sports Medicine were used in this study
for those with CABG.

RNA was isolated from cells shortly after isolation and also after 1, 2, 3,
and 5 days of culture using the SV Total RNA Isolation System (Promega,
Mannheim, Germany) according to the manufacturer's recommendation. The
quality of the isolated RNA was checked using a 1.0% agarose gel. Four
micrograms of total RNA from each sample were used for the reverse
transcription process. RNA and random primer were preheated for 10 minutes at
70 °C. The AMV Reverse Transcriptase 5X Reaction Buffer supplied with this
enzyme has a composition of 250mM Tris-HCI, 40 U RNaseinhibitor, and 20 U
AMV-RT (Promega) were added, and diethyl pyrocarbonate-treated water
(Sigma) was added to a final volume of 20 pL. Next, reverse transcription was
carried out for 60 minutes at 42 °C and stopped by heating to 95 °C for
S minutes. The resulting complementary DNA (cDNA) was frozen at —20 °C
until further experimentation.

For the polymerase chain reaction (PCR) amplification of cDNA, a 25-pL
reaction mixture was prepared containing 10x polymerase reaction buffer,
1.5 mm MgCl2, 0.4 nm dNTPs (Roche), 400 nm concentration of the 3’ and 5'-
specific primers as shown in Table 1, 1 u Tag-polymerase (Roche), and 1 puL of
cDNA.

Table 1. The sequence and characteristics of designed primers

bp Reverse (5-3/) Forward (5-3) Gene
118 GAGTGGGTGTCGCTGTTGA GGGAAACTGTGGCGTGAT GAPDH
310 ACTGTGGGTCATGGAGAGCTG GAGTTCTTCTCTGGGTTCCTG P450

The polymerase chain reactions were performed in a thermal cycler using
the following melting, annealing, and extension cycling conditions:
denaturation for 30 seconds at 94 °C, annealing for 60 seconds at 57 °C, and
extension for 60 seconds at 72 °C (29 cycles) for CYP isoforms and GAPDH.
DNA contamination was checked for by direct amplification of RNA extracts
prior to conversion of RNA to cDNA, and any possible contamination could be
excluded. The polymerase chain reactions were performed within the linear
range of amplification, separated using a 1.8% agarose gel, stained with
ethidium bromide, and photographed on a transilluminator (Figure 1). A
semiquantitative measurement was done using NIH Image version 1.62. The
ROS production rate was determined in 50 pL capillary blood by means of a
recently developed electron paramagnetic resonance (EPR) microinvasive
method (21).

The Shapiro-Wilk test was used to test the normal distribution of the data.
The Levene test was used to determine the variance homogeneity test. For
intragroup changes, the t statistical model was used for dependent groups. Also,
the parametric test of analysis of covariance (ANCOVA) was used for
differences between groups; subsequently, the Bonferroni test was used.
Statistical analyses were performed using SPSS version 20 (SPSS Inc, Chicago,
IL, USA). P values less than 0.05 were considered statistically significant
(Figurel).

310

118 bp
ﬁ

The agarose gel image of the
P450 gene: the right column is
the ladder, and the left column is
the corresponding band of one
of the samples identified at the
310-bp position.

The agarose gel image of the
GAPDH gene: the left column is
the ladder, and the right column is
the corresponding band of one of
the samples identified at the 118-bp
position.

Figure 1. Agarose gel electrophoresis image
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Results

Anthropometric indices of correlation to the research subjects in control and
intervention groups are reported in Table 2.

Table 2. The Mean and SD of the individual characteristics

Variable group Control-Patient Exercise
Age (year) Pretest 51.60+5.07 47.204£7.12
Height(cm) Pretest 166.40+10.69 181+3.31
Weight (kg) Pretest 91.12+8.63 81.86+5.48
Posttest 91.12+8.63 81.86+5.48
HR (per minute) Pretest 82.60+5.07 78.80+11.21
Posttest 80+4.89 72.80+5.80
SBP (mm Hg) Pretest 132.40+7.36 131.60+8.50
Posttest 129+6.55 124.645.36
DBP (mm Hg) Pretest 80.2+7.95 76.44+8.56
Posttest 79.4+5.54 72.847.01
BFP Pretest 29.12+4.12 26.86+4.96
Posttest 31.14+3.8 25.4+4.34

Abbreviations: HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood
pressure; BFP, body fat percentage.

A dependent t test, which was used to assess the intragroup changes in P450
expression between the control and intervention groups, revealed that the factor
level in the posttest stage did not exhibit statistical significance when compared
to the pretest stage(P=0.583). Also, there was an increase in the level of P450
expression in the intervention group during the posttest stage compared to the
pretest stage, but the difference did not reach a statistically significant
level(P=0.082).

The results showed that the ROS level in the posttest stage had a significant
decrease compared to the pretest stage in the intervention group (P=0.005). The
ROS gene expression in the control group in the posttest stage did not show a
significant change compared to the pretest stage (P=0.21). The data analysis
revealed that the control and exercise groups did not have a significant
difference in P450 gene expression (P=0.003; Tables 2-4). The results of this
research showed that there was a significant increase in P450 level changes in
the intervention group. Also, the level of reactive oxygen species
(ROS)decreased significantly in the intervention group, but these indicators
were not significant in the control group.

Table 3. Covariance analysis results of p450 expression in both groups

Total of Degree Mean of F Significance
squares offreedom squares
Modified model 111.23 2 555.11 056.3] 0.097
P450 (pretest) 507.12 1 507.12 308.3  0.0102
Group 769.12 1 769.12 377.3] 0.99

Table 4. Covariance analysis results of the ROS level in both groups

Total of Degree Mean of F Significance
squares | offreedom squares
Modified model 848.45 2 924.22 504.19 *0.001
ROS (pretest) 885.22 1 885.22 471.19 0.068
Group 530.19 1 530.19 [616.16 *0.003
Discussion

The current study investigated the effect of specialized physical exercises on
CYP and ROS expression among individuals who had undergone CABG
surgery. According to the data analysis, the intervention group showed a
significant decrease in ROS gene expression compared to the control group;
however, there were no significant differences in P450 changes between the
intervention and control groups. An increase observed in changes in the
intervention group was during the posttest stage compared to the pretest stage;
however, this increase did not reach a statistically significant level. The
intragroup analysis results showed that the ROS level within the intervention
group exhibited a significant decrease in the posttest stage than in the pretest
stage. They stimulate ROS production in the vessels. ROS levels, such as
superoxide and hydrogen peroxide, are identified in CVD and congestive heart
failure (CHF) patients (22). Physical activity is a major factor of CR in patients
with coronary artery disease (CAD). Cardiac rehabilitation improves the
patient's physical condition after cardiac operation and surgery; it reduces the
risk of cardiovascular problems (23). Increased oxygen consumption through
exercise can lead to mild and tolerable oxidative stress, which can increase the
capacity of antioxidant systems. This idea was used for CR, which aimed to
improve exercise capacity and physical performance (24). In general, after CR,
a slight decrease was seen in oxidative stress parameters, such as peroxide and
thiobarbituric acid reactive substances (TBARS)levels, indicating a positive
effect of CR on plasma antioxidant activity. If glutathione (GSH) levels do not
decrease as a result of short-term exercise, the level of thiol groups is likely to
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be higher. It has previously been shown that exercise reduces plasma GSH
levels, and moderate exercise reduces it slightly. Also, CR increased the GSH
concentrationl hour after exercise compared to the baseline time (before
exercise). The plasma system slightly affected the antioxidant property. These
changes are maintained for at least 6 months after the completion of CR; it
helps to effectively improve exercise outcomes in cardiovascular patients
(25,26). Increased plasma superoxide dismutase (SOD)activity and improved
brachial artery endothelial performance were also found in CAD patients after
12 weeks of special exercises (27). The amplification of the immune system and
antioxidant enzymes can indirectly reduce the product of lipid peroxidation.
Some of these parameters were well related to each other. However, in these
interventions, both plasma antioxidant capacities were reported to be high, and
the reduction in CR-induced oxidative stress was not sufficient to alter the
levels of carbonyl groups. However, longer exercise (6 months) in HF patients
showed a decrease in oxidative protein (28). The results showed that P450
changes in the intervention group did not differ significantly from the control
group. The process of incremental changes was observed in the intervention
group in the posttest stage compared to the pretest; it did not reach a significant
level. Moreover, regarding these 2 key metabolic ways, there is further evidence
for the importance of endogenous P450 metabolites, such as aldosterone,
androgens, cortisol, sex hormones, and thromboxane, in maintaining vascular
homeostasis. In addition, there is further evidence that shows CYP is involved
in the disease onset, progress, and treatment. There is a connection between
CYP and CVD expression, such as hypertension, CAD, stroke, HF,
cardiomyopathy, and arrhythmia. Cytochrome P450 is a wonderful family of
hemoproteins that are the final oxidase of the oxidase system, involved in the
transfer of endogenous proteins and xenobiotics. Cytochrome P450 enzymes
are the most important enzymes involved in drug metabolism, accounting for
approximately 75% of total metabolic reactions. Human CYPs are encoded by
57 different CYP genes identified in the human genome (29). Cytochrome P450
enzymes also play an important role in the metabolism of endogenous
compounds, such as steroids, fat-soluble vitamins, fatty acids, and biogenic
amines (30). Cytochrome P450 enzymes are important in cardiovascular
physiology; their ability to metabolize arachidonic acid to epoxyacids and
hydroxyacids in maintaining cardiovascular health, is clear. Activity of specific
CYP enzyme and hydrolases can alter the delicate balance between synthesis of
hydroxyeicosatetraenoic (HETES) and epoxyeicosatrienoic acids (EETS).
Several neuro-hormonal pathways are activated in HF patients, a complex
clinical syndrome that marks the end stage of CVD. Cortisol, angiotensin II,
aldosterone, norepinephrine, epinephrine, and parathyroid hormone levels
increase at different stages of HF. In addition to activating the hormonal nerve,
the pathophysiology of HF includes an increase in oxidative stress in several
organs, stimulatory immune state, and inflammatory phenotype (31). The CYP
family seems to play an important role in the pathogenesis of HF (32,33). On
the other hand, EETs have anti-inflammatory properties. They are considered a
useful anti-inflammatory treatment strategy. The inhibition of Soluble Epoxide
Hydrolase (SHE) can reduce inflammation and prevent cardiac damage and
cardiac dysfunction (34). Physical activity increased the expression level of the
P450 gene in the exercise group, but these incremental changes did not reach a
significant level

Conclusion

Special exercises significantly reduced ROS production and increased P450
expression in patients who had CABG surgery. It is possible that exercise can
prevent heart damage by increasing antioxidant capacity and decreasing ROS.
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