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Abstract: The study aims to examine the effects of coenzyme Q10, (a bioenergetic antioxidant),
on the indexes of left ventricular remodeling, oxidative damage, and angiotensin-converting enzyme
(ACE) level after acute myocardial infarction (AMI) with left ventricular dysfunction. In a double
blind, randomized, placebo-controlled, parallel group study (a retrospective analysis of an earlier
trial) in 55 patients with left ventricular ejection fraction <50% after AMI, the effects of coenzyme
Q10 (120 mg/day) or placebo were studied for 24 weeks. Two-dimensional echocardiography
was performed at discharge, (approximately 5-10 days after admission) and at 6 months after
AMI. The results revealed that wall thickness opposite the site of infarction decreased from
(mean =+ standard deviation (SD)) 12.2 &+ 2.0 mm to 10.0 &+ 1.8 mm with coenzyme Q10 compared
with 12.8 & 2.2 mm to 13.3 £ 2.3 mm with placebo (p < 0.01). Left ventricular mass changed from
236 £+ 72 g to 213 £ 61 g with coenzyme Q10 compared with 230 & 77 g to 255 & 86 g with placebo
(p < 0.01). Treatment with coenzyme Q10 also prevented alteration of sphericity index which is a ratio
of the long and short axis of the left ventricle (which changed from 1.61 £ 0.28 to 1.63 & 0.30 with
coenzyme Q10 compared with 1.61 £ 0.32 to 1.41 £ 0.31 with placebo (p < 0.05)). Coenzyme Q10
also prevented alteration of the wall thickening abnormality at the infarct site, which changed from
9.4 4 3.0 cm? to 9.1 4 2.8 cm? compared with 10.1 & 3.1 to 13.7 £ 4.2 cm? with placebo (p < 0.05).
End diastolic and systolic volumes also showed significant reduction with coenzyme Q10 compared to
placebo. The serum level of ACE showed significant decline in the coenzyme Q10 group compared to
the control group. Treatment with coenzyme Q10 early after AMI causes attenuation of left ventricular
remodeling and decreases the serum ACE level in patients with left ventricular dysfunction.

Keywords: remodeling; bioenergetics; heart failure; antioxidants; angiotensin-converting
enzyme; echocardiography

1. Introduction

A majority of the complications of acute myocardial infarction (AMI) are due to the presence
of left ventricular dysfunction which appear to be on account of reperfusion-induced free radical
damage, lipid peroxidation and decreased energy production as well as due to antioxidant vitamin and
coenzyme Q10 deficiency [1-4]. The mechanisms of left ventricular dysfunction may be related to loss
of functioning myocardium from necrosis and by the adverse effects of pathologic remodeling [2,3].
Cardiac remodeling may be defined as a group of molecular, cellular and interstitial alterations
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that manifest clinically as changes in size, mass, geometry and function of the heart after injury [1].
These changes in ventricular remodeling in conjunction with antioxidant vitamin and coenzyme Q10
deficiency, may result in poor prognosis because of its association with ventricular dysfunction [1-4].

An expansion of infarct size, hypertrophy of non-infarcted myocardium, increased total left
ventricular mass and alteration of left ventricular geometry are common in patients with left ventricular
remodeling [5-10]. These structural changes in the myocardium are associated with progressive left
ventricular dysfunction and heart failure which is the major cause of morbidity and mortality in patients
with AMI. Therefore, any agent which can prevent remodeling in patients with AMI would be an
important therapeutic aid, for prevention of complications alter AMI [6,7,11,12]. Singal and his group
have demonstrated that oxidative stress may be important in the pathogenesis of remodeling which
may begin via sub-cellular remodeling leading to heart failure [8,12,13]. Treatment with coenzyme Q10
in heart failure prevents myocardial cell damage and repairs coenzyme Q10 deficiency in both blood
and myocardial tissue resulting into significant improvement in heart failure [14-20]. The degree of
coenzyme Q10 deficiency has been found to correlate directly with the degree of impairment in left
ventricular function [20]. Coenzyme Q10 is also regenerable, bioenergetic, a powerful antioxidant and
an ATP sparing agent capable of protecting cell structures from oxidative damage during ischemia
and reperfusion injury [21,22]. There is evidence that CoQ10 may prevent the development of cardiac
remodeling, and fibrosis in isoprenaline-administered rats, which generates the possibility that it might
prevent heart failure [2]. Our study is unique, because no study has examined the role of coenzyme
Q10 in the prevention of remodeling in patients with AMI. We have reported that hydrosoluble
and rapidly absorbed coenzyme Q10 administration early after AMI and thrombolysis was safe,
and reduced cardiac events within 4 weeks of follow up [5]. In this retrospective study, we have
examined the possible role of coenzyme Q10 on indexes of remodeling after AMI in those with
impaired left ventricular function.

2. Subjects and Methods

The subjects for the present study were a subgroup from the larger data base of our previous
study [5]. It was a double blind, randomized, parallel group, placebo-controlled trial. The subjects
were stratified for location of infarction (anterior or posterior) and complications (hypotension,
arrhythmia and heart failure) and randomized by selecting cards marked group A and B, kept in
sealed envelops. Subjects admitted to the cardiac care unit with classical manifestations qualified
for the diagnosis of AMI such as chest pain (>30 min duration) electrocardiographic changes and
serum concentration of creatine kinase and MB isoform (double the rise of normal) consistent with
the diagnosis. The electrocardiographic changes were symmetric ST segment elevation of 1 mm from
baseline in limb leads or of 2 mm in chest leads or T wave inversions with or without Q waves.
The study was approved by the ethics committee of our center and all the subjects gave informed
consent in writing. Exclusion criteria were blood urea nitrogen >20 mg/dL, malignancy, cardiogenic
shock as described elsewhere [5]. Patients developing re-infarction during the follow up of 6 months
were recorded.

All the patients presented within 72 h of the onset of symptoms of AMI. All the patients were
advised aspirin and the decision for heparin, thrombolysis, beta blockers, angiotensin-converting
enzyme (ACE) inhibiters was left entirely to the judgement of the admitting physician. Subsequently
after randomization, subjects were administered either two capsules of coenzyme Q10 (30 mg each
capsule) twice daily (120 mg of coenzyme Q10/day) to group A or two capsules twice daily of B
vitamins to control group B (each capsule containing thiamine mononitrate IP 3 mg, riboflavine IP
3 mg, pyridoxine hydrochloride 1 mg and nicotinamide IP 25 mg). The control group was administered
B vitamins, because the ethics committee did not allow us to give inactive placebo. B vitamins are
known to provide some marginal benefits in decreasing homocysteines that are high and may increase
the risk in AMI patients. The active and control capsules were not truly identical, and therefore both
groups of patients were instructed not to show and compare their capsules with those of other patients,
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not to show them to their doctor, and both groups met separately. Both groups were told that they were
being given vitamin capsules for the treatment of AMI to maintain the blind nature of the trial. The test
capsules were provided to patients by the pharmacist in sealed containers that were identical in all
respects. Compliance was monitored by counting the number of capsules returned by the patients
on follow up visits during the period of 6 months. End points were defined as cardiac events such as
cardiac death, re-infarction, unstable angina and heart failure. Intake of furosemide, ACE inhibitors,
digitalis, vasodilator were noted in both the groups. However, these end points were noted in both
groups without discontinuation of treatment.

2.1. Two-Dimensional Echocardiography

The cardiologist performing two-dimensional M mode echocardiography before discharge and
at 6 months after AMI with a digitized system was blind to treatment groups A and B. Multiple
views were obtained from all the axes. Left ventricular wall thickness was measured in the short-axis
view at the level of papillary muscles at end diastole. Left ventricular mass was calculated by the
method used in previous studies [23]. The sphericity index was calculated as the rate of left ventricular
diameters at end diastole in an apical 4-chamber view which is the vertical distance between the apical
endo-cardium and mitral annulus and a short-axis view at the level of papillary muscle which is
vertical distance between the septal and posterior endocardium [11]. Three cycles were measured for
each assessment and an average was calculated of these values. The wall-thickening area abnormalities
at the site of the AMI which corresponded with the site where acute electrocardiographic abnormalities
appeared were manually traced by the electronic marker in the short-axis views at the level of papillary
muscle. The endocardium was identified anterior or posterior to the papillary muscles depending on
whether the infarction was anterior or inferior, respectively. The area of wall-thickening abnormality
at the infarct site was then automatically calculated with the help of software (Ultramark 9, HDI,
ATL, Berlin, Germany). Ectopic and post-ectopic beats were avoided. Qualitative assessment of left
ventricular systolic function was made by the eye ball technique with two-dimentional images [24,25].
Quantitative assessment was made by measurement of ejection fraction and fractional shortening by
using M-mode echocardiography. Ejection fraction was also measured using the Simposons byplane
method [26]. For diastolic function, the E:A ratio was measured as described earlier [27,28].

2.2. Laboratory Data

A blood sample after at least 10 h of fasting was drawn at entry and then at 4 weeks, 12 weeks
and 24 weeks of follow up in the morning and analyzed for blood count, hemoglobin, urea, glucose,
vitamin, E and C, beta-carotine thiobarbituric acid reactive substances (TBARS), melondialdehyde
and diene conjugates and angiotensin-converting enzyme [29-34]. The technician was blind to groups.
All the vitamins and parameters of oxidative stress were assayed by colorimetric methods as given in
detail in a previous publication [5]. The purpose was to find out the extent of oxidative damage and
antioxidant status which may be altered due to AMI. Previous studies have shown that there is marked
deficiency of vitamin A, E and C in patients with acute myocardial infarction(AMI), which may be due
to oxidative stress caused by catecholamines and cortisol released during infarction [3-5]. It is possible
that these antioxidant vitamins are consumed by the cardiomyocytes in an attempt to inhibit the free
radical stress, resulting in their deficiency in patients with AMIL

2.3. Statistical Analysis

All the subjects were stratified at entry, hence data were normally distributed and homogeneous
in both the groups. All discrete variables are expressed as numbers and percentages and continuous
variables as mean =+ standard deviation (SD). Only two tailed t test and a p value < 0.05 were considered
significant. Analysis of variance followed by Tukey’s post-hoc test were performed to find out
differences between two groups and level of significance.
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3. Results

Of the 174 patients screened, 144 were randomized to intervention group A (n = 73) or placebo
group B (n = 71). Mean age (mean =+ SD) (48 &+ 8.6 vs. 47.6 £ 8.2 years), body weight (65.0 £ 6
vs. 64.7 £ 6 kg), male sex (79.4 vs. 80.3%), and previous myocardial infarction (6.8 vs. 11.2%)
showed no significant difference. AMI (78.0 vs. 78.8%), possible AMI (13.7 vs. 11.2%) and unstable
angina (8.2 vs. 9.8%) were also comparable between the two groups. Anterior or universal infarction
(64.4 vs. 66.2%), left ventricular enlargement (13.7 vs. 9.8%), elapsed time from symptom onset to
intervention (42 £ 4.6 vs. 46 £ 4.8 h) and previous as well as drug therapy given at admission showed
no significant differences. Mean heart rate (115 & 18.6 vs. 118 & 21.6 per min) and systolic (138 £ 20 vs.
140 = 22 mmHg) and diastolic (88.6 &= 10.6 vs. 90.6 & 12.3 mmHg) blood pressures were comparable
between the two groups at randomization.

Of 144 patients, those on beta-blocker and ACE-inhibiters were excluded and 130 underwent
echocardiography before discharge. Of these, 55 had left ventricular ejection fraction of <50% who
were selected for further study and compared with the remaining 75 patients with left ventricular
ejection fraction 50% and above (Table 1). These patients represented all of those sub-grouped patients
with ejection fraction <50%. Tables 1 and 2 reveal baseline characteristics of patients included and
sub-grouped in the sub-study. Table 1 shows that there was a significantly greater (p < 0.02) frequency
of previous coronary artery disease, anterior or universal infarction, ventricular enlargement at
presentation, and larger infarct size based on creatine kinase levels in patients with left ventricular
ejection fraction <50% compared to subjects with higher ejection fraction.

Table 1. Baseline characteristics of patients with left ventricular ejection fraction <50% compared to
subjects with ejection fraction 50% and above.

Characteristics Ejection Fraction < 50% Ejection Fraction 50% and above
n 55 75
Age (years) 485+72 470+ 6.4
Body weight (kg) 65.4+55 64.3 +5.2
Body mass index (kgmz) 240+ 14 232+13
Men 45(81.8)n% 60(80.0)
Previous coronary artery disease 18(32.7) * 6(8.0)
Previous angina pectoris. 9(16.4) 4(5.3)
Known hypertension 26(47.2) 25(33.3)
Diabetes mellitus 18(32.7) 23(30.6)
Current smokers 18(32.7) 22(29.3)
Ex-smokers 6(10.9) 10(13.3)
Final diagnosis
Acute myocardial infarction 48(87.2) 62(82.6)
Possible myocardial infarction 6(10.9) 10(13.3)
Unstable angina 1(1.8) 3(4.0)
Site of infarction
Anterior or universal 50(90.9) * 45(60.0)
Inferior or posterior 5(9.1) 30(40.0)
Ventricular enlar.gement at 27(49.2) * 18(24.0)
presentation
Thrombolysis 4(7.3) 8(10.6)
Elapsed time from symptom onset to the
Treatment (hours) 40.1+£43 425+ 4.6
Peak creatinine kinase (IU/L) 981 + 185 ** 628 + 105

*p <0.02,** p <0.01, p value was obtained by comparison of two groups. Values are mean =+ standard deviation
(SD) or number (%) in both groups.
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Table 2. Baseline characteristics of patients with ejection fraction <50% in the intervention and
control groups.

Clinical Data Intervention Group (n = 27) Control Group (n = 28)
Mean age 485+ 9.5 48.7+£9.3
Sex, Men 23(85.8) 22(78.6)
Smokers 5(18.5) 4(12.3)
Ex-smokers 3(11.1) 4(12.3)
Previous coronary artery disease 9(33.3) 9(32.1)
Previous angina pectoris 6(22.2) 3(10.7)
Hypertension 12(44.4) 14(50.0)
Diabetes mellitus 8(28.6) 10(35.7)
Thrombolysis 2(7.4) 2(6.2)
Congestive hearF failure at 13(47.1) 12(36.9)
presentation
Site of acute myocardial infarction (AMI)
Anterior 20(74.1) 24(85.7)
Inferior 16(59.2) 13(44.4)
Peak creatinine Kinase(IU/L) 1050 + 292 915 + 300

Values are mean =+ standard deviation and numbers (%), AMI = acute myocardial infarction.

Table 2 shows that there were no significant differences between the intervention and control
groups in patients with left ventricular ejection fraction <50% in regard to demographic data,
particularly in relation to heart failure at presentation, site of infarction and infarct size. Antioxidant
vitamin levels and oxidative damage at baseline showed no significant difference. ACE levels showed
no significant difference in patients with left ventricular ejection fraction <50% in the intervention and
control group (Table 2).

Only 10 patients (5 in each group) were administered streptokinase including 6 patients among
those with left ventricular ejection fraction <50% due to delays in admission after chest pain.
All patients were administered aspirin and 96% received either oral or intravenous nitrate. Oral or
intravenous furosemide was administered in the acute phase to control left ventricular failure.
Long-acting nitrates and ACE inhibitors were not received as the clinical requirement of these drugs
was an end point and, moreover, the study was conducted in 1996-1997 when these agents were
not commonly used in AMI. All patients of the intervention group were receiving 120 mg/day of
coenzyme Q10 during the study.

The hemodynamic response was much better in the intervention group compared to the control
group. Heart rate and systolic and diastolic blood pressure which were greater at entry to the study,
showed significant decline in the coenzyme Q group compared to placebo group. The response
was seen before discharge which persisted at 6 months (Table 3). Table 4 shows the end diastolic
volume and end systolic volume in the intervention and control groups. In coenzyme Q10 treated
patients, both end diastolic and end systolic volumes were significantly smaller at 6 months after AMIL.
compared to the control group. Coenzyme Q10 group showed a similar left ventricular wall thickness
of the non-infarcted wall compared with patients treated with the placebo at pre-discharge baseline,
but coenzyme Q10 produced a significant reduction of the non-infarcted wall thickness at 6 months
compared with the placebo. Left ventricular mass also followed the same pattern on treatment with
coenzyme Q10.

Coenzyme Q10 group showed a significant reduction in left ventricular mass which increased
with the placebo (Table 4). Area of wall-thickening abnormality at the site of infarct showed significant
reduction in the coenzyme Q10 group, whereas it increased in the placebo group between pre-discharge
and 6 months. The sphericity index showed a significant decrease in the control group whereas
coenzyme Q10 significantly attenuated this abnormality, favorably altering cardiac geometry without
causing significant change in sphericity index. Ejection fractions that were lower initially in the two
groups (41.6 + 5.2 vs. 42.6 + 5.6%) showed significant increase in the coenzyme Q10 group compared to
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the control group (54.5 + 8.5 vs. 38.5 + 4.6%, p < 0.05). There were slightly fewer cardiac deaths (4 vs. 9)
and nonfatal infarction (6 vs. 11) in the intervention group compared to the control group, respectively.

Table 3. Heart rate and blood pressure response.

Clinical Data Intervention (n = 27) Control Group (n = 28)
Before discharge

Heart rate 74.1 £12.6 ** 94.2 +£15.5
Systolic blood pressure 110.5 £+ 10.6 ** 127.6 +16.2
Diastolic blood pressure 726 £9.5% 83.5 105

After 6 month

Heart rate 64.0 9.6 ** 842 +13.6
Systolic blood pressure 1162 £ 14.4* 127.1 £16.5
Diastolic blood pressure 792+85% 88.4+ 8.6

*p <0.05, ** p < 0.02, p value was obtained by comparison of data before and after treatment by analysis of variance.
Values are mean = standard deviation.

Table 4. Changes in left ventricular dysfunction on two dimensional echocardiography.

Echocardiographic Data Intervention Group (n = 27) Control Group (n = 28)
Baseline After 6 Months Baseline After 6 Months
End diastolic volume (mL) 942 +19 90.5 +2.0** 97.5+19 1044 £22
End systolic volume (mL) 525+ 15 480+ 1.2* 55.7 £ 1.7 59.7 + 1.8
Left ventricular wall 12.0 £ 2.0 100+ 1.8 128 £2.2 13.3+23
thickness (mm)
Left ventricular mass (g) 236 £ 72 213 £ 61 ** 230 £ 77 255 + 86
Area of wall thickening at 94+3.0 91+238 10.1 +£3.1 137+ 42

the site of infarct (m2)
Sphericity index 1.61 £0.28 1.63 £0.30 1.61 £0.32 1.41 +0.31

*p <0.05,** p < 0.01, p value was obtained by comparison of intervention group with control group. All continuous
variables are expressed as mean =+ standard deviation. Analysis of variance followed by post-hoc Tukey’s test was
performed to investigate the effect of the coenzyme Q10 compared to the placebo.

Antioxidant vitamin E and C and beta-carotene showed a significant increase whereas
thiobarbituric acid reactive substances, malon-dialdehyde and diene conjugates which are indicators
of free radical damage, showed significant decline in the intervention group than control group.
There was a significant decrease in the serum concentration of angiotensin-converting enzyme level in
the coenzyme Q10 group compared to the control group (Table 5).

Table 5. Changes in biochemical data after 6 months.

Laboratory Data Intervention Group (n = 27) Control Group (1 = 28)

Baseline After 6 Months Baseline After 6 Months
Vitamin E (mg/dL) 155 £ 2.5 30.5 +4.2* 144 +24 21.5+3.5
Vitamin C (mg/dL) 45+121 32.1+4.0* 46+t12 126 £25
Beta carotene (mg/dL) 0.16 +0.03 0.45 £ 0.07 * 0.15 £ 0.04 0.27 £0.05
TBARS (nmol/ml) 2.5+0.51 1.2+032* 2.6 +0.42 2.4 4+0.00
Malondialdehyde (nmol) 344032 20+041* 354035 3.0+ 0.31
Diene conjugates (OD units) 33.5+46 284 +4.0 33.6 £4.38 31.5+45
Angiotensin converting enzyme (IU) 108.2 £ 13.5 70.6 £ 8.5 ** 1045+ 114 92.6 £9.7

*p <0.02** p <0.01, p value was obtained by comparison of post-treatment values in the two groups and between
baseline and post-treatment values in each group by analysis of variance followed by post hoc Tukeys test.
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4. Discussion

This retrospective analysis shows, possibly for the first time in humans, that treatment with
coenzyme Q10 in patients with ejection fraction <50% in the setting of AMI may be associated with
significant reduction in left ventricular wall thickness and mass as well as in the area of wall-thickening
abnormality at the site of the infarct compared to the control group. Treatment with coenzyme
Q10 significantly attenuated the sphericity index favorably altering cardiac geometry. There was a
significant decline in end diastolic and systolic volume in the intervention group compared to changes
in the control group (Table 4). Echocardiography was performed by an external cardiologist who was
kept blind to the groups and was not aware of the trial at the time of discharge of the patients from the
hospital and 6 months after the AMI, to overcome the operator’s bias as well as inter- and intra-observer
variability of echo parameters. Left ventricular end diastolic and systolic volumes and the extent and
severity of wall-thickening abnormalities were different between coenzyme Q and placebo groups at
discharge from the hospital, however no statistically significant differences were observed. Since these
parameters were not obtained at the time of randomization, it is just possible that the placebo group
was a higher risk group compared to treatment group resulting into more aggressive remodeling
which is a limitation of our study. However, such a possibility is quite unlikely. The number of subjects
were only 55 which is a weakness of our study; although, in demonstrating such original findings,
similar numbers were also included in the carvidilol study (1 = 45) [11]. Experimental studies using
CoQ10 in AMI confirm our findings [2].

Secondly, the baseline characteristics at the time of randomization such as the presence of
heart failure, thrombolysis, infarct size based on creatinine kinase and elapsed time from symptom
onset to intervention showed no significant differences between the two groups. This study has
shown significant benefits of coenzyme Q10 on markers of remodeling as well as on left ventricular
dysfunction. These findings indicate that coenzyme Q10 had a substantial protective effect against
progressive left ventricular remodeling after AMI. Remodeling associated with AMI is characterized
by deleterious alterations of left ventricular size, shape and thickness involving the infarcted and
non-infarcted segments of the myocardium [2,10]. Infarct size, infarct healing, left ventricular
distending pressure, inotropic state, heart rate, heart rate variability and neuroendocrine activation
are important factors in the pathogenesis of remodeling [8-13]. It is possible that these factors may
have enhanced remodeling during acute ischemia, resulting in abnormal parameters of remodeling at
baseline (Table 4). Prevention of left ventricular remodeling, therefore, is a major therapeutic goal after
AMI because it delays the occurrence of heart failure. In patients with chronic heart failure, remodeling
can be reversed but in AMI, progressive remodeling is only prevented, it is surprising, therefore,
that the markers of remodeling actually improved compared to the baseline indicating that coenzyme
Q10 might protect against pathogenetic factors of remodeling. Only some of the patients received
ACE inhibitors and beta-blockers as the study was conducted earlier, which have been shown to be
beneficial following AMI. The incremental benefit of ubiquinone over and above these agents would
have produced the most interesting data. However three studies reported no benefit of ubiquinone on
existing treatment of heart failure in subjects with low ejection fraction [35-37]. In one study atrial
fibrillation was present and in two studies, the plasma levels of ubiquinone did not reach a desired
level and both patients were suffering cardiomyopathy without AMI.

Kuklinski et al. [7] studied 61 patients with AMI randomized to receive either coenzyme Q10
(100 mg/day) with 100 mg of selenium or placebo for a period of one year. The treatment group
showed no prolongation of the Q-T-interval whereas in the placebo group, 40% of subjects showed
prolongation of the corrected Q-T-interval of greater than 440 milliseconds which is an indicator
of heart rate variability and a risk factor of sudden cardiac death. There were more deaths in the
intervention group compared to the control group after one year of follow up (6 vs. 1). Neither this
study nor other studies examined the influence of coenzyme QIO on systolic and diastolic dysfunction
in the setting of AMI. However, several studies [14-20] have demonstrated the beneficial effects of
coenzyme Q10 in chronic heart failure with predominant systolic dysfunction. Seven of these were
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double blind, placebo-controlled trials from 14 to 641 patients treated with coenzyme Q10 in doses
from 60-200 mg/day for 1-12 months. In 5 of the studies, left ventricular ejection fraction has been
evaluated either by systolic time intervals, impedence cardiography, randionuclide ventriculography
or echocardiography. One study showed no benefit, in which a patient had atrial fibrillation [35].
In another study in which ejection fraction was very low, <25%, no benefit was noted with coenzyme
Q10 or ACE-inhibitors [36]. The change in left ventricular function was large in the coenzyme Q10
group because treatment was given earliest during the development of the dysfunction which leads to
chronic heart failure.

Munkholm et al. [14] administered coenzyme Q10 (200 mg/day) or placebo in 22 patients
(including 16 patients of post-AMI) with heart failure for 12 weeks in a randomized, double-blind,
controlled fashion. Left ventricular ejection fraction was <45% and left ventricular internal diameter
in diastole was >60 mm. After 12 week, there was a significant decrease in mean pulmonary artery
pressure at rest and mean capillary wedge pressure at work and a significant increase in stroke index at
rest and work. The decrease in mean pulmonary artery pressure at work was insignificant, although no
changes were noted in the placebo group. These findings indicate improvement in left ventricular
function, although, no benefit was observed in ejection fraction in the coenzyme Q10 group compared
to the control group.

Coenzyme Q10 is a potent antioxidant bio-energetic and ATP-sparing agent which is very rich
in mitochondria of cardiac myocytes [14-22]. Treatment with coenzyme Q10 was associated with
significant decrease in all the parameters of oxidative damage, ACE level and an increase in antioxidant
vitamins as well as beneficial effects on heart rate and blood pressure (Tables 3 and 5). The increase
in antioxidant vitamins may occur as a recovery, from acute illness, due to their sparing in both the
groups. The underlying mechanism of attenuation of remodeling by coenzyme Q10 in the setting of
AMI appears to be multifactorial. It is possible that decreases in myocardial oxygen consumption,
left ventricular load, neuro-hormonal activation, oxidative stress and hypertrophy and repair of
coenzyme Q10 deficiency may combine to produce these beneficial effects of coenzyme Q10 [8-19].
There was a substantial benefit on left ventricular function and geometry, although the number of
cases was small. Moreover, coenzyme Q10 was started on average after 42 h of the onset of chest pain
and the echocardiogram was not performed until days 5-10, it may be implied that this magnitude of
the effects of coenzyme Q10 is underestimated in our study.

Since increased activity of angiotensin II is the major factor responsible for heart failure, it is
possible that coenzyme Q10 may benefit by decreasing ACE level and angiotensin II levels in patients
with left ventricular dysfunction [38]. It is not clear how coenzyme Q10, which is normally rich in
kidneys and adrenals, decreases ACE levels. It seems that repair of the deficit evoked by an acute
event or increased availability of coenzyme Q10 may have modulated renin-angiotensin-aldosterone
activity resulting in a decrease in ACE levels. It is possible, therefore, that in the presence of a full
dose of ACE inhibitors, coenzyme Q10 may be less effective, since the greatest impact may be lost
due to down regulation of the neuro-hormonal toxicity by the ACE inhibitors. However, the direct
effect of coenzyme Q10 on mitochondrial function of kidneys, adrenals, brain and heart appears to be
much greater than the indirect benefit due to reduction in ACE levels which is additive or synergestic.
A single intravenous injection of solubilized coenzyme Q10 (30 mg/kg) at minute 60 effectively limited
left ventricular damage and deterioration of function after coronary ligation in rats, which further
confirms our results [39]. In a clinical study, patients with electrocardiographic ST segment elevation
AMI, who had higher plasma coenzyme Q10 level, 1 month after primary angioplasty revealed better
left ventricular (LV) performance at 6-month follow-up [40]. A higher plasma coenzyme Q10 level
was associated with lower grade inflammatory and oxidative stress status indicating that plasma
coenzyme Q10 level may serve as a novel prognostic biomarker of left ventricular systolic function
after revascularization therapy for AML

Since coenzyme Q10 is the treatment of choice in patients with heart failure due to myocardial
infarction [14-18], the possibility of early institution of coenzyme Q10 in the treatment of high risk
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patients may be of significant advantage. The results of our study and the role of coenzyme Q10 in
heart failure [14-18] indicate that it is uniquely suitable for the management of high-risk patients
of AMI. Treatment with coenzyme Q10 also repairs its deficiency which is common among these
patients [14,15]. More studies in a large number of patients, in particular using 3D echocardiography,
would be necessary to confirm our findings that coenzyme Q10 can prevent heart failure.

The dosage of coenzyme Q10 was 120 mg/day because it was a commonly administered dosage
used in all previous studies showing clinical benefit in AMI and chronic heart failure [6,7]. There was
no trial showing the use of higher doses of 200-600 mg/day of coenzyme Q10 in heart failure or AML
Later studies revealed that the highest levels of coenzyme Q10 are observed when dosage is 100 mg
taken in the morning and 100 mg in the evening [41]. Coenzyme Q10 is more effective if patients have
a pre-existing deficiency of coenzyme Q10 in the tissues [42—-44]. In a later study in patients with heart
failure, higher dose of coenzyme Q10 (300 mg/day) showed significant decline on left ventricular
function and cardiovascular events [44]. Heart failure has become a public health problem in every
country of the world, hence further therapeutic advances are needed to prevent it [45,46].

5. Limitations

Due to a smaller number of cases, the study strength is optimal and it has limitations taking
into account magnitude and sources of potential bias or imprecision in both directions. No attempt
was undertaken to see whether CoQ10 interferes with the assay to determine ACE activity, due to
our ignorance, which is a limitation of this study. Assays of plasma levels of CoQ10 and other B
vitamins were not available in our laboratory, which is a limitation of this study. The control group
was administered B vitamins, because the ethics committee did not allow us to give an inactive
placebo, which is a limitation of this study. B vitamins are known to provide some marginal benefits in
decreasing homocysteines.

6. Conclusions

In brief, the findings suggest that treatment with coenzyme Q10, administered early after AMI,
may be protective against left ventricular remodeling in patients with persistent left ventricular
dysfunction. The decline in ACE levels on treatment with coenzyme Q10 is a novel finding.

Author Contributions: R.B.S. conceived, designed and conducted the study. ].F., V.M., and D.P. helped in writing
the paper.

Funding: Acknowledgements are due to Tishcon Corporation, Westbury, NY, USA, and the Centre of Nutrition
and Heart for providing the financial support.

Conflicts of Interest: The authors declare no conflict of interest. The founding sponsors had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and in the
decision to publish the results.

References

1.  Cohn, ].N,; Ferrari, R.; Sharpe, N. Cardiac remodeling—Concepts and clinical implications: A consensus
paper from an international forum on cardiac remodeling. Behalf of an International Forum on Cardiac
Remodeling. . Am. Coll. Cardiol. 2000, 35, 569-582. [CrossRef]

2. Ulla, A.; Mohamed, M.K.; Sikder, B.; Rahman, A.T.; Sumi, FA.; Hossain, M.; Mahmud, H.; Rahman, G.M.S.;
Alam, M.A. Coenzyme Q10 prevents oxidative stress and fibrosis in isoprenaline induced cardiac remodeling
in aged rats. BMC Pharmacol. Toxicol. 2017, 18, 29. [CrossRef] [PubMed]

3.  Singh, R.B.; Niaz, M.A,; Rastogi, S.S.; Sharma, J.P.; Kumar, R.; Bishnoi, I.; Beegom, R. Plasma levels of
antioxidant vitamins and oxidative stress in patients with suspected acute myocardial infarction. Acta Cardiol.
1994, 49, 411-452.

4. Grech, E.D,; Jackson, M.; Ramsdale, D.R. Reperfusion injury after acute myocardial infarction. Br. Med. ].
1995, 310, 477-478. [CrossRef]


http://dx.doi.org/10.1016/S0735-1097(99)00630-0
http://dx.doi.org/10.1186/s40360-017-0136-7
http://www.ncbi.nlm.nih.gov/pubmed/28427467
http://dx.doi.org/10.1136/bmj.310.6978.477

Antioxidants 2018, 7, 99 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Singh, R.B.; Wander, G.S.; Rastogi, A.; Shukla, PK.; Mittal, A.; Sharma, J.P.; Mehrotra, S.K.; Kapoor, R.;
Chopra, R.K. Randomized, double blind, placebo controlled trial of coenzyme Q10 in patients with acute
myocardial infarction. Cardiovasc. Drug Ther. 1998, 12, 347-353. [CrossRef]

Langsjoen, PH.; Langsjoen, A.M. Overview of the use of coenzyme Q10 in cardiovascular disease. Biofactors
1999, 9, 273-284. [CrossRef] [PubMed]

Kuklinski, B.; Weissenbacher, E.; Fahnrich, A. Coenzyme Q10 and antioxidants in acute myocardial infarction.
Mol. Asp. Med. 1994, 15, s143-s147. [CrossRef]

Hill, M.E,; Singal, PK. Antioxidant and oxidative stress changes during heart failure subsequent to myocardial
infarction in rats. Am. J. Pathol. 1996, 148, 291-300. [PubMed]

Mckay, R.G.; Pfeffer, M.A.; Pasternak, R.C. Left ventricular remodeling following myocardial infarction:
A corollary to infarct expansion. Circulation 1986, 74, 693-702. [CrossRef] [PubMed]

Litwin, S.E.; Sarah, K.E.; Morgan, ].P.; Douglas, P.S. Serial echocardiographic assessment of left ventricular
geometry and function after large myocardial infarction in the rat. Circulation 1994, 89, 345-354. [CrossRef]
[PubMed]

Senior, R.; Basu, S.; Kinsey, C.; Schaeffer, S.; Lahiri, A. Carvidilol prevents remodeling in patients with left
ventricular dysfunction after acute myocardial infarction. Am. Heart ]. 1999, 137, 646—652. [CrossRef]
Khaper, N.; Singal, PK. Effects of after load reducing drugs on the pathogenesis of antioxidant changes and
congestive heart failure in rats. . Am. Coll. Cardiol. 1997, 219, 856-861. [CrossRef]

Dhalla, A.K.; Hill, M.; Singal, PX. Role of oxidative stress in the transition of hypertrophy to heart failure.
J. Am. Coll. Cardiol. 1996, 28, 506-514. [CrossRef]

Munkholm, H.; Hansen, H.U.T.; Rasmusen, K. Coenzyme Q10 treatment in serious heart failure. Biofactors
1999, 9, 285-289. [CrossRef] [PubMed]

Folkers, K.; Littarru, G.P.; Ho, L.; Runge, T.M.; Havannonda, S.; Cooley, D. Evidence for a deficiency of
coenzyme Q10 in human heart disease. Int. Z. Vitaminforsch. 1970, 40, 380-390. [PubMed]

Morisco, C.; Trimuco, B.; Condorelh, M. Effect of coenzyme therapy in patients with congestive heart failure:
A long term multicentre randomized study. Clin. Investig. 1993, 71, S134-5136. [CrossRef] [PubMed]

Soja, A.M.; Mortensen, S.A. Treatment of congestive heart failure with coenzyme Q10 illuminated by
metaanalysis of clinical trials. Mol. Asp. Med. 1997, 18, 159-168. [CrossRef]

Swedberg, K.; Hoffman-Bang, C.; Rehnqvist, N.; Astrom, H. Coenzyme Q10 as adjunctive in treatment of
congestive heart failure. J. Card. Fail. 1995, 1, 101-107.

Shi, H.; Noguchi, N.; Niki, E. Dynamics of antioxidant action of ubiquinol; a reappraisal. Biofactors 1999, 9,
141-148. [CrossRef] [PubMed]

Mortensen, S.A.; Leth, A.; Agner, E.; Rohde, M. Coenzyme Q10: Clinical benefits with biochemical correlates
suggesting a scientific breakthrough in the management of chronic heart failure. Int. J. Tissue React. 1990, 12,
155-162. [PubMed]

Beyer, R. An analysis of coenzyme Q in free radical generation and as an antioxidant. Biochem. Cell Biol. 1992,
70, 390-403. [CrossRef] [PubMed]

Niibori, K.; Wroblewski, K.P.; Yokoyama, H.; Juan, A.; Crestanello, J.A.; Whitman, G.J.R. Bioenergetic effect of
liposomal coenzyme Q10 on myocardial ischaemia reperfusion injury. Biofactors 1999, 9, 307-313. [CrossRef]
[PubMed]

Reichek, N.; Helak, J.; Plappert, T.; Sutton, M.].; Weber, K.T. Anatomic validation of left ventricular mass
estimates from clinical two-dimentional echocardiography: Initial results. Circulation 1983, 67, 348-352.
[CrossRef] [PubMed]

Choy, A.M,; Darbar, D.; Lang, C.C.; Pringle, T.H.; MCNeill, G.P.; Kennedy, N.S. Detection of left ventricular
dysfunction after acute myocardial infarction-comparison of clinical, echocardiographic, and neurohumoral
methods. Br. Heart J. 1994, 72, 16-22. [CrossRef] [PubMed]

Willenbeimer, R.B.; Israelsson, B.A.; Cline, C.M.; Erhardt, L.R. Simplified echocardiography in the diagnosis
of heart failure. Scand. Cardiovasc. J. 1997, 31, 9-16. [CrossRef]

Schiller, N.B.; Acquatella, H.; Ports, T.A.; Drew, D.; Goerke, ].; Ringertz, H.; Silverman, N.H.; Brundage, B.;
Botvinick, E.H.; Boswell, R.; et al. Left ventricular volume from paired biplane two-dimensional
echocardiography. Circulation 1979, 60, 547-555. [CrossRef] [PubMed]

Miyitake, K.; Okamoto, M.; Minoshita, N. Augmentation of atrial contribution to left ventricular inflow with
ageing as assessed by intracardiac Doppler flowmetry. Am. . Cardiol. 1984, 53, 586-589. [CrossRef]


http://dx.doi.org/10.1023/A:1007764616025
http://dx.doi.org/10.1002/biof.5520090224
http://www.ncbi.nlm.nih.gov/pubmed/10416041
http://dx.doi.org/10.1016/0098-2997(94)90023-X
http://www.ncbi.nlm.nih.gov/pubmed/8546218
http://dx.doi.org/10.1161/01.CIR.74.4.693
http://www.ncbi.nlm.nih.gov/pubmed/3757183
http://dx.doi.org/10.1161/01.CIR.89.1.345
http://www.ncbi.nlm.nih.gov/pubmed/8281668
http://dx.doi.org/10.1016/S0002-8703(99)70217-6
http://dx.doi.org/10.1016/S0735-1097(96)00574-8
http://dx.doi.org/10.1016/0735-1097(96)00140-4
http://dx.doi.org/10.1002/biof.5520090225
http://www.ncbi.nlm.nih.gov/pubmed/10416042
http://www.ncbi.nlm.nih.gov/pubmed/5450999
http://dx.doi.org/10.1007/BF00226854
http://www.ncbi.nlm.nih.gov/pubmed/8241697
http://dx.doi.org/10.1016/S0098-2997(97)00042-3
http://dx.doi.org/10.1002/biof.5520090208
http://www.ncbi.nlm.nih.gov/pubmed/10416025
http://www.ncbi.nlm.nih.gov/pubmed/2276893
http://dx.doi.org/10.1139/o92-061
http://www.ncbi.nlm.nih.gov/pubmed/1333230
http://dx.doi.org/10.1002/biof.5520090228
http://www.ncbi.nlm.nih.gov/pubmed/10416045
http://dx.doi.org/10.1161/01.CIR.67.2.348
http://www.ncbi.nlm.nih.gov/pubmed/6848224
http://dx.doi.org/10.1136/hrt.72.1.16
http://www.ncbi.nlm.nih.gov/pubmed/7741839
http://dx.doi.org/10.3109/14017439709058063
http://dx.doi.org/10.1161/01.CIR.60.3.547
http://www.ncbi.nlm.nih.gov/pubmed/455617
http://dx.doi.org/10.1016/0002-9149(84)90035-3

Antioxidants 2018, 7, 99 11 of 11

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Vasan, R.S.; Benjamin, E.J.; Levy, D. Prevalence, clinical features and prognosis of diastolic heart failure:
An epidemiologic perspective. J. Am. Coll. Cardiol. 1995, 26, 1565-1574. [CrossRef]

Brubacher, G.; Vuilleumier, J.P.; Inairtis, H.C. Roth Meds. Vitamin C: Clinical Biochemistry. Principles and
Methods; de Gniyter: Berlin, Germany, 1974; Volume 2, pp. 989-997.

Vuilleumier, J.P,; Keller, H.E.; Gysel, D.; Hunziker, F. Clinical chemical methods for the routine assessment of
the vitamin status in human population, part 1. The fat soluble vitamin A, E and beta-carotene. Int. J. Vitam.
Nutr. Res. 1983, 58, 265-272.

Esterbaur, H.; Cheeseman, K. Determination of aldehyde peroxidation products MDA and 4 hydroxynonenal.
Method Enzym. 1990, 186, 407-421.

Niato, C.; Kawamura, M.; Yamamoto, Y. Lipid peroxides as the initiating factor of atherosclerosis. Ann. N. Y.
Acad. Sci. 1993, 676, 27-45. [CrossRef]

Lunec, J.; Hallovan, S.P.; White, A.G.; Dormandy, T.L. Free radical oxidation (peroxidation) products in
serum and synovial fluids in rheumatoid arthritis. J. Rheumatol. 1981, 8, 233-245. [PubMed]

Kessler, G. Angiotensin converting enzyme. In Methods in Clinical Chemistry; Pesce, A.T., Kaplan, L.A., Eds.;
Mosby-year Book Inc.: St. Louis, MO, USA, 1987; Chapter 123, pp. 935-943.

Permanetter, B.; Rossy, W.; Klein, G.; Weingartner, E,; Seidl, K.F.; Blomer, H. Ubiquinone (coenzyme Q10) in
the long term treatment of cardiomyopathy. Eur. Heart ]. 1992, 13, 1528-1533. [CrossRef] [PubMed]
Watson, P.S.; Scalia, G.M.; Galbraith, A.; Burstow, D.J.; Bett, N.; Aroney, C.N. Lack of effect of coenzyme Q
on left ventricular function in patients with congestive heart failure. . Am. Coll. Cardiol. 1999, 33, 1549-1552.
[CrossRef]

Ithatta, M.; Alexander, B.S.; Krichten, C.M.; Freudenberger, R.; Robinson, S.W.; Gottlieb, S.S. The effect of
coenzyme Q10 in patients with congestive heart failure. Ann. Intern. Med. 2000, 132, 636—640.

Oldroyd, K.G.; Pye, M.P;; Ray, S.G.; Christie, J.; Cobbe, S.M.; Dargie, H.J. Effects of early captopril
administration on infarct expansion, left ventricular remodeling and exercise capacity after acute myocardial
infarction. J. Am. Coll. Cardiol. 1991, 68, 713-718. [CrossRef]

Ivanov, A.; Tokareva, O.; Gorodetskaya, E.; Kalenikova, E.; Medvedev, O. Cardioprotection with intravenous
injection of coenzyme Q10 is limited by time of administration after onset of myocardial infarction in rats.
J. Clin. Exp. Cardiol. 2014, 5, 299. [CrossRef]

Huang, C.H.; Kuo, C.L.; Huang, C.S.; Tseng, W.M,; Lian, I.B.; Chang, C.C.; Liu, C.S. High plasma coenzyme
Q10 concentration is correlated with good left ventricular performance after primary angioplasty in patients
with acute myocardial infarction. Medicine 2016, 95, e4501. [CrossRef] [PubMed]

Singh, R.B.; Niaz, M.A.; Kumar, A.; Moesgaard, S.; Littaru, G.P. Effect on absorption and oxidative stress
of different oral Coenzyme Q10 dosages and intake strategy in healthy men. BioFactors 2005, 25, 219-224.
[CrossRef] [PubMed]

Singh, R.B.; Fedacko, J.; Sharma, J.P.; Vargova, V.; Sharma, M.M.; De Meester, F.; Otsuka, K. Association of
inflammation, heavy meals, magnesium, nitrite, and coenzyme Q10 deficiency and circadian rhythms with
risk of acute coronary syndromes. World Heart ]. 2010, 2, 219-228.

Gvozdjakova, A.; Takahashi, T.; Singh, R.B.; De Meester, E; Wilson, D.W.; Crane, FEL. New roles of coenzyme
Q10 in cardiovascular diseases, discovered by a single group. World Heart ]. 2013, 5, 159-171.

Mortensen, S.A.; Rosenfeldt, F.; Kumar, A.; Dolliner, P; Filipiak, K.J.; Pella, D.; Alehagen, U.; Steurer, G.;
Littarru, G.P. Q-SYMBIO Study Investigators. The effects of coenzyme Q10 on morbidity and mortality
in patients with chronic heart failure: Results From Q-SYMBIO: A Randomized Double-Blind Trial.
JACC Heart Fail. 2014, 2, 641-649. [CrossRef] [PubMed]

Roever, L.; Palandri Chagas, A.C. Cardiac remodeling: New insights in physiological and pathological
adaptations. Front. Physiol. 2017, 8, 751. [CrossRef] [PubMed]

Metra, M.; Teerlink, J.R. Heart failure. Lancet 2017, 390, 1981-1995. [CrossRef]

® © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/0735-1097(95)00381-9
http://dx.doi.org/10.1111/j.1749-6632.1993.tb38723.x
http://www.ncbi.nlm.nih.gov/pubmed/7230155
http://dx.doi.org/10.1093/oxfordjournals.eurheartj.a060096
http://www.ncbi.nlm.nih.gov/pubmed/1464342
http://dx.doi.org/10.1016/S0735-1097(99)00064-9
http://dx.doi.org/10.1016/0002-9149(91)90641-W
http://dx.doi.org/10.4172/2155-9880.1000299
http://dx.doi.org/10.1097/MD.0000000000004501
http://www.ncbi.nlm.nih.gov/pubmed/27495100
http://dx.doi.org/10.1002/biof.5520250127
http://www.ncbi.nlm.nih.gov/pubmed/16873950
http://dx.doi.org/10.1016/j.jchf.2014.06.008
http://www.ncbi.nlm.nih.gov/pubmed/25282031
http://dx.doi.org/10.3389/fphys.2017.00751
http://www.ncbi.nlm.nih.gov/pubmed/29018366
http://dx.doi.org/10.1016/S0140-6736(17)31071-1
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Subjects and Methods 
	Two-Dimensional Echocardiography 
	Laboratory Data 
	Statistical Analysis 

	Results 
	Discussion 
	Limitations 
	Conclusions 
	References

