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Abstract: Objective: To investigate the clinical efficacy of coenzyme Q10 (CoQ10) plus trimetazidine (TMZ) in treat-
ing acute viral myocarditis (AVMC) and the combination’s influence on the oxidative stress markers and the pa-
tients’ quality of life (QoL). Methods: This retrospective analysis enrolled 156 patients with AVMC admitted to the
Department of Cardiology of the Affiliated Hospital of Chengdu University of Traditional Chinese Medicine between
February 2018 and February 2019. Based on the treatment method each patient was administered, the patients
were classified into a control group (n=72, CoQ10 therapy) and a combination group (n=84, CoQ10+TMZ therapy).
The clinical effectiveness was observed in the two groups two weeks after the treatment, and the changes in the
patients’ serum inflammatory factor levels, oxidative stress indexes, myocardial enzyme levels, and cardiac function
were compared. Results: The combination group had a far superior total effective rate than the control group (90.5%
vs. 77.8%, P<0.05). After the treatment, the serum inflammatory factor levels, including tumor necrosis factor-a
(TNF-a), interleukin-8 (IL-8), and C-reactive protein (CRP), decreased in both groups, and the index levels in the com-
bination group were significantly better than they were in the control group (P<0.05). The oxidative stress indicators,
such as superoxide dismutase (SOD), malondialdehyde (MDA) and nitric oxide (NO), improved more significantly in
the combination group compared to the control group (P<0.05). The myocardial zymogram creatine kinase (CK), car-
diac troponin (cTnl), creatine kinase isoenzyme MB (CK-MB), and lactate dehydrogenase (LDH) levels were reduced
in the two groups, with lower levels in the combination group. The left ventricular systolic function and the patients’
QoL were better in the combination group compared with the control group (P<0.05). Conclusions: CoQ10 plus TMZ
yields a favorable clinical effectiveness in the treatment of AVMC, and it can effectively promote cardiac function
recovery, alleviate oxidative stress and inflammatory reactions, and bolster patients’ QoL.
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Introduction shock and sudden death [5, 6]. At present, the
treatment of AVMC mainly focuses on antiviral
medicines and nourishing the myocardium,

which help to stabilize the condition. Unlike

Acute viral myocarditis (AVMC), a type of myo-
carditis mainly characterized by non-specific

interstitial inflammation of the myocardium and
induced by a myocardial virus infection of the
heart, can directly damage cardiomyocytes [1,
2]. The common viruses are the Coxsackie
virus, adenovirus, and the influenza virus [3, 4].
Clinically, AVMC is usually manifested as palpi-
tations, chest tightness, shortness of breath,
fever, and body aches. However, the disease
typically has diverse clinical presentations with
varying degrees of severity. Patients with mild
disease may present no obvious symptoms,
but those with severe disease may suffer from
severe arrhythmia, heart failure, cardiogenic

acute myocarditis, from which approximately
half of patients can recover spontaneously with
supportive therapy alone, AVYMC is a complex
process of virus-body interaction, including
viral infections, cellular immunity, free radical
damage to the myocardium, as well as cyto-
kine-mediated myocardial damage and micro-
vascular injury [7].

Today, immunomodulatory therapy has been
used to treat acute myocarditis, including im-
munoglobulin, immunoadsorption plasma sep-
aration and immunosuppression [8]. It is re-
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ported that oxidative stress modulation can
be a therapeutic target [9]. Oxidative stress
injuries play a vital part in some pathological
conditions, as an elevated reactive oxygen spe-
cies (ROS) concentration can directly lead to
lipid peroxidation, DNA damage, and increased
mitochondrial membrane permeability, as well
as exacerbated inflammatory cell infiltration,
leading to cell apoptosis [10, 11]. Coenzyme
Q10 (CoQ10) is an indispensable elements in
human life and a strong antioxidant. It is well
documented that CoQ10 is critical in mitochon-
drial respiratory chain electron transfer and
adenosine tri-phosphate (ATP) production [12,
13]. More recently, data show that CoQ10 plays
a beneficial role in cancer, diabetes, heart fail-
ure, and a wide spectrum of inflammation-
based diseases [14, 15]. Trimetazidine (TMZ)
has also been extensively used in the treat-
ment of AVMC in recent years, and it helps to
promote the energy metabolism of cardiomyo-
cytes and stabilize the condition. Meanwhile, it
can reduce the metabolite damage produced
by fatty acid B oxidation to the cardiomyocytes,
and it can maintain cells’ stable electrical activ-
ity states, so it is conducive to correcting intra-
cellular acidosis with a superior therapeutic
effect [16]. Accordingly, this study mainly inves-
tigated the efficacy of CoQ10 plus TMZ in the
treatment of AVMC and the combination’s
impacts on oxidative stress and the inflamma-
tory response as well as the patients’ quality of
life (QoL).

Methods
Baseline patient data

The clinical data of 156 patients with AVMC
treated in the Affiliated Hospital of Chengdu
University of Traditional Chinese Medicine from
February 2018 to February 2019 were ana-
lyzed retrospectively. Based on the different
treatment methods, they were classified into a
control group (n=72) for CoQ10 therapy and a
combination group (n=84) for Co0Q10+TMZ ther-
apy. All the enrolled patients showed abnormal
ST segments using electrocardiograms (ECQ),
decreased systolic function using ultrasound,
and a positive virus etiology. The exclusion cri-
teria were acute decompensated heart failure,
severe arrhythmia, shock, advanced liver dis-
ease, or autoimmune diseases. This study was
approved by the hospital ethics committee
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(20181124). Written informed consent was
obtained before each patient’s enrolment in
the study.

Treatment methods

All the patients were diagnosed promptly after
their admission and were administered symp-
tomatic routine treatment (bed rest, low-flow
oxygen inhalation, multifunctional ECG monitor-
ing, high-dose vitamin C, energy supplementa-
tion, etc.). In addition to this treatment, the
patients in the control group were adminis-
tered 10 mg CoQ10 (Shanghai Meiyou Phar-
maceutical Co., Ltd., China, H19999182) 3
times a day for 2 weeks. Meanwhile, the pa-
tients in the combination group were adminis-
tered 20 mg TMZ (Shanxi Challenge & Young
Pharmaceutical Group Co., Ltd., China, H2012-
3233) 3 times a day for 2 weeks in addition to
the treatment administered to the control
group.

Endpoints

(1) Efficacy evaluation: “Markedly effective”
indicated the disappearance of the clinical
symptoms, with the ECG, heart examination,
and laboratory examination results falling with-
in the standard reference range. “Effective”
indicated the remission of the clinical symp-
toms, with the ECG and heart examination indi-
cating a significant improvement, and most of
the laboratory examination indexes fell within
the standard reference range. “Ineffective”
indicated no improvement. Total effective rate
= (markedly effective + effective) cases/total
cases x 100%. (2) Fasting blood samples were
collected from the patients at admission and
at two weeks after the treatment. After cen-
trifugation at 3000 x g for 20 min, serum was
collected for the determination of superoxide
dismutase (SOD; Cat. No. AO01-1-2) and malo-
ndialdehyde (MDA; Cat. No. A003-1-2) using
xanthine oxidase method and nitric oxide (NO;
Cat. No. A012-1-2) using the nitrate reductase
method, with the kits all purchased from
Nanjing Jiancheng Bioengineering Institute,
China. (3) The serum tumor necrosis factor-a
(TNF-o; Cat. No. FEK1121) and interleukin-8
(IL-8; Cat. No. EK0413) levels were measured
using ELISA, and the C-reactive protein (CRP;
Cat. No. EK1316) was determined using immu-
noturbidimetry, with the kits all provided by
Wuhan Doctor Biotech Co., Ltd., China. (4) The
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Table 1. General information

bodily pain, general health,

Control group  Combination " o vitality, §ocial functioning,
(n=72) group (n=84) X role—emotlpnal, and mental
Gender [n (%)] 0.3564 0.5505 :ea'th' W('jth at :Olta' of _;6
items and a total possible
Mal 42 (58.3 45 (53.6 .
F @ el 30(41 7) 39 (46 4) score of 100 points for each
emaie (41.7) (46.4) dimension. A higher score
Age (years) 47.66+4.51 48.01+4.84 0.4646 0.6429 was associated with less
Course of disease (d) 30.8+1.7 31.2+1.9 1.3756 0.1709
NYHA classification 0.1885 0.9101 Statistical processing
| 16 (22.2) 21 (25.0) L
SPSS 22.0 statistical soft-
! s1(43.d) 34 (40.5) ware and GraphPad Prism
i _ 22347 29349 8.0 were utilized for the
Disease grading 0.2966 0.8622 statistical analysis and the
Mild 22 (30.6) 29 (34.5) data visualization, respec-
Moderate 33 (45.8) 37 (44.1) tively. Measurement and co-
Severe 17 (23.6) 18 (21.4) unting data were expressed
TC (mmol/L) 3.84+1.03  3.97+1.21 0.7159 0.4751 as the means t+ standard
TG (mmol/L) 1.7940.38 1.84+0.47 0.7226 0.4710 deviation and percentages
o L
BUN (mmol/L) 5.11+40.78  5.14+0.81 0.2346 0.8148 (%) Z”d CompalredT”S'”g '”de(;
SCr (u(r (/L) 81.57+8.74 82.76+9.14 0.8272 0.4094 pen ent samples teStS. an
Chi-square tests respectively,
with P<0.05 as the signifi-
Table 2. Clinical efficacy of the two groups of patients cance level and 95% as the
confidence interval (ClI).
Markedly . ) Total
ffecti Effective Ineffective ffocti "
effective elrrective rate Results
Control group (n=72) 29 (40.3) 27 (37.5) 16 (22.2) 56 (77.8)
Combination group (n=84) 50 (59.5) 26 (31.0) 8(9.5) 76 (90.5) Baseline patient data in the
X/t 4.8021 two groups
p 0.0284

creatine kinase (CK; Cat. No. E-EL-H1433c),
creatine kinase isoenzyme MB (CK-MB; Cat.
No. E-EL-H1434c), cardiac troponin (cTnl; Cat.
No. E-EL-HO646¢) and lactate dehydrogenase
(LDH; Cat. No. E-EL-HO556¢) levels were deter-
mined using ELISA, with the kits all provided
by Wuhan Elabscience Co., Ltd., China. (5)
Cardiac function: The left ventricular end-dia-
stolic diameters (LVDd), the left ventricular ej-
ection fractions (LVEF), the left ventricular short
axis shortening rates (LVFS), and the early and
late ventricular filling velocity ratios (the E/A
ratios) were measured using a Philips IE33
Color Doppler Ultrasound Scanner (Shanghai
Huanxi Medical Equipment Co., Ltd., China,
HCO0605679) before and after the treatment.
(6) Quality of life (QoL): The Short-Form 36 ltem
Health Survey (SF-36) [17] was used to score
the QoL of patients from the eight dimensions
of physical functioning, including role-physical,
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The clinical data of the two
groups of patients were col-
lected. The male to female ratio in the control
group was 42:30, and the average age was
(47.66%4.51) years old. The combination group
consisted of 45 males and 39 females with an
average age of (48.01+4.84) years old. There
were no statistically significant differences in
terms of gender, age, body mass index (BMI),
course of disease, New York Heart Association
(NYHA) classification, disease grading, total
cholesterol (TC), triglyceride (TG), blood urea
nitrogen (BUN), or serum creatinine (SCr)
between the two groups (P>0.05) (Table 1).

Comparison of the clinical efficacy between
the two groups

The number of markedly effective, effective
and ineffective cases were 29, 27, and 16
respectively in the control group, and they were
50, 26, and 8 in the combination group. The
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Figure 1. Changes in the oxidative stress indicators. A. SOD activity; B. MDA levels; C. NO levels; "**P<0.001.
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Figure 2. Comparison of the inflammatory factors. A. TNF-a levels; B. IL-8 levels; C. CRP levels; “*P<0.001.

total effective rate in combination group was
significantly higher than it was in the control
group after the treatment (90.5% vs. 77.8%
P<0.05) (Table 2).

The oxidative stress indicator levels in the two
groups

The serum oxidative stress indexes differed
insignificantly between the two groups before
the treatment (P>0.05). After the treatment,
the SOD increased but the MDA and NO
decreased, with more evidently improved
parameters in the combination group com-
pared with the control group (P<0.05) (Figure
1).

Comparison of the inflammatory factors be-
tween the two groups

The inflammatory cytokines CRP, TNF-&, and
IL-8 showed no significant differences between
the two groups before the treatment (P>0.05),
but the inflammatory cytokine levels were
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reduced significantly after the treatment, espe-
cially in the combination group (P<0.05) (Figure
2).

Cardiac function changes in the two groups

No significant differences were observed in the
LvDd, LVFS, and E/A ratios between the two
groups before and after the treatment. On the
other hand, the LVEF, an evaluation of the sys-
tolic function, was improved in both groups
after the treatment, and the LVEF level in the
combination group was significantly higher
than it was in the control group (P<0.05) (Table
3).

Comparison of the myocardial zymograms
between the two groups

Before the treatment, the myocardial zymo-
gram (CK, CK-MB, cTnl and LDH) showed no sig-
nificant difference between the two groups
(P>0.05). After the treatment, the CK, CK-MB,
cinl, and LDH levels were reduced in both
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Table 3. Changes in the cardiac function

LvVDd (mm) E/A ratio
Before treatment After treatment Before treatment After treatment
Control group (n=72) 48.26+4.37 50.59+4.02 1.58+0.19 1.59+0.14
Combination group (n=84) 49.03+4.68 51.15+3.87 1.61+0.22 1.57+0.17
X%/t 1.0561 0.8850 0.9036 0.7938
P 0.2926 0.3775 0.3676 0.4285
LVEF (%) LVFS (%)
Before treatment After treatment Before treatment After treatment
Control group (n=72) 46.57+4.81 60.87+5.05 25.64+1.51 26.87+1.69
Combination group (n=84) 45.87+5.12 66.84+5.37 26.07+1.74 27.11+2.01
X2/t 0.8753 71144 1.6346 0.7994
P 0.3828 <0.0001 0.1042 0.4253
A ) (et B g Control Discussion
[J Combination . (i(;r:binalinn
oo —_ o AVMC, a serious cardiovascu-
— lar disease, mainly refers to
_ H S localized or diffuse acute in-
s 2 flammatory lesions of the my-
% 2 ol ocardium caused by a viral
& infection. Patients with AVMC
often also suffer from different
& o types of ECG abnormalities,
& & & including ST-T changes, sinus
o Q’f é‘“ tachycardia, ventricular prema-
o ture beat rate, and other ch-
c o on D o o aracteristic differences [18].
ek Lt Affected by the virus, they suf-
e 250 fer from cardiomyocyte dam-
! 200- age, which further invades the
3 gm_ surrounding small blood ves-
£ = sels and produces a large num-
£ e ber of oxygen free radicals,
50 resulting in an imbalance of
ol the myocardial immune func-

Figure 3. Comparison of the myocardial zymograms. A. CK levels; B. CK-MB

levels; C. cTnl levels; D. LDH levels; ***P<0.001.

groups, especially in the combination group
(P<0.05) (Figure 3).

QoL of the patients in the two groups

The combination group scored higher in role-
emotional, somatic functioning, role-physical,
social functioning, vitality, bodily pain, mental
health and general health than the control
group after the treatment (P<0.05) (Table 4).
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tion and the inflammatory cell
infiltration. As such, the cardio-
myocytes become degenerat-
ed, necrotic, and fibrous, even-
tually causing myocardial injury
[19, 20]. For patients with viral
myocarditis, elevated myocar-
dial energy consumption directly leads to ener-
gy depletion, and at the same time, cardiac
hypertrophy can occur, which aggravates the
myocardial energy consumption [21]. If not
treated in time, the disease will continue to
progress, seriously threatening the patients’
lives. Clinically, however, there is currently no
specific medicine for the treatment of this dis-
ease. Instead, the patients are instructed to
rest and undergo treatment to improve their

Am J Transl Res 2021;13(12):13854-13861
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Table 4. Quality of life scores

Role- Somatic Role-
emotional functioning physical

Social Mental General
functioning

Vitality  Bodily pain | health

Control group (n=72)

85.15+7.16 82.48+6.47  83.74%7.02
Combination group (n=84) 92.26+6.57 90.15+5.71  91.54+6.15
X%/t 6.4644 7.8015 7.3973
P <0.0001 <0.0001 <0.0001

80.97+4.61 84.14+5.97 79.15+3.84 84.26+4.15 82.48+4.26

90.87+£5.12 92.46+6.07 89.71+4.26 93.87+5.71 91.84+3.39
12.6020 8.56995 16.1483 11.8465 15.2732
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001

cardiomyocyte metabolism and to treat their
complications. Most of the treatment options
for viral myocarditis, in addition to standard
supportive care, focus on immunosuppression,
anti-inflammatories, and the anti-oxidative str-
ess responses [22, 23]. CoQ10 and TMZ have
established a good foundation for the treat-
ment of chronic heart failure, stable coronary
artery disease, and peripheral artery disease
[24, 25].

This study mainly observed the efficacy of
CoQ10 plus TMZ in the treatment of AVMC. The
results indicated that the total effective rate
of the combination group was significantly high-
er than the total effective rate in the control
group. Moreover, the serum inflammatory fac-
tor levels decreased significantly in both
groups, and the indexes in the combination
group were better than the indexes in the con-
trol group. After the episode, AVMC patients will
experience changes in their cellular immune T
lymphocyte subsets, which promote the syn-
thesis and secretion of inflammatory cytokines
in large quantities, resulting in sustained myo-
cardial injury, an important mechanism for
the transformation into cardiomyopathy [26].
Evidence has shown that CoQ10 can stabilize
the mitochondrial calcium-dependent ion
channels, reduce the cell energy consumption,
and inhibit myocardial apoptosis [27]. As to
TMZ, it is a kind of cell protection drug that not
only suppress the B-oxidation of free fatty
acids, it also inhibits the formation of ROS and
hydrogen peroxide anions and reduces the
inflammatory infiltration [28]. Therefore, the
combination of the two can better reduce the
patients’ inflammatory cytokine levels.

When AVMC occurs, the activity of the anti-
free radical enzymes in the myocardial tissue
decreases, which in turn leads to an incom-
plete scavenging of the excess free radicals,
resulting in a massive accumulation of free
radicals and enhanced lipid peroxidation, which
damages the cardiomyocytes [29]. MDA is
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an intermediate product of lipid peroxidation,
and its increase indicates enhanced lipid per-
oxidation [30]. Under pathological conditions,
inflammatory cell infiltration and myocardial
ischemia produce a flood of oxygen free radi-
cals, and SOD is consumed in large quantities.
As a result, the mass of oxygen free radicals
accumulated in the body cannot be eliminated
in time, which induces a series of lipid peroxida-
tion reactions and leads to an increase in MDA.
And enhanced lipid peroxidation and excessive
NO can reduce the SOD scavenging activity
[31]. In this study, the oxidative stress index lev-
els in the combination group were significantly
improved after the treatment. Moreover, the
post-treatment myocardial function and left
ventricular systolic function in the combination
group were better than they were in the control
group. CK and CK-MB are important indicators
of myocardial injury, and they can reflect the
degree of myocardial cell injury to a certain
extent [32]. CTnl is unique to the myocardium
and can detect minor injuries. When the myo-
cardium is damaged, its level can rise rapidly,
so it is closely related to patient prognosis [33].
The study by Huynh et al. showed that CoQ10
can alleviate oxidative stress and left ventricu-
lar diastolic dysfunction and promotes the
remodeling of the diabetic heart [34], which
agrees with our research. And similarly, in
the study of Shao et al., CoQ10 combined with
TMZ ameliorated the biochemical markers of
myocardial injury in patients with AVMC [35].
The reason behind it, we speculate, may be
that CoQ10 has a highly effective antioxidant
effect, so it can mitigate the oxidative stress
injuries caused by myocarditis and prevent the
formation of lipid peroxidation free radicals and
reduce lipid peroxidation damage by affecting
the initiation process of lipid peroxidation. At
the same time, TMZ can reduce free radical
damage and myocardial oxygen consumption,
alleviate ischemia and hypoxic response, and
improve left ventricular systolic function.
Therefore, the combination of the two may
exert a synergistic effect to reduce oxidative
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stress injuries, thereby effectively improving
patients’ cardiac function and accelerating
patients’ recoveries. The difference with the
preceding research is that we enrolled 156
patients into a control group who received
CoQ10 only and a combination group who were
treated with CoQ10 combined with TMZ. More-
over, the QoL of patients after the treatment
was investigated. The data show that the QoL
of the patients in the combination group was
also better than the QoL in the control group,
suggesting that the combined use of the two
drugs can improve patients’ quality of life.
Nevertheless, there are still some shortcom-
ings to this study. First, we did not observe the
cardiac function changes in the patients at
different time periods. Second, basic experi-
ments are needed to explore the specific mech-
anism of CoQ10 and TMZ in AVMC. These are
the key future research directions.

To sum up, CoQ10 plus TMZ is more effective
at treating AVMC, and the combination can
effectively play an anti-inflammatory role,
reducing myocardial injuries and improving
patients’ QoL.
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