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CLINICAL STUDY
Coenzyme Q10 improves the survival and reduces
inflammatory markers in septic patients
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ABSTRACT

OBJECTIVE: This study aimed to evaluate the effect of Coenzyme Q10 (CoQ10) administration to patients in
the early phase of sepsis to determine its effect on the markers of inflammation and the clinical outcomes of
septic patients.

BACKGROUND: Previous studies showed that CoQ10 levels were decreased in septic patients and
worsening of mitochondrial dysfunction was observed.

METHODS: In this randomized controlled trial septic patients (n=40) received 100 mg CoQ10 twice a day for
seven days added to standard treatment of sepsis. As a primary endpoint levels of Interleukin 6 (IL-6), Tumor
Necrosis Factor-a (TNF-a), Glutathione peroxidase and malondialdehyde (MDA) were assessed at baseline,

third and 7th day after the intervention. Secondary endpoints included assessment of clinical scores and

in-hospital mortality.

RESULTS: There was no difference in baseline inflammatory and oxidative injury markers between the
groups. TNF-a and MDA levels decreased significantly in the CoQ10 group on the 7th day of the study
(P:0.003 for both). There was a significant difference in the in-hospital mortality in the CoQ10 group

compared to the control group (P:0.01).

CONCLUSION: These findings suggest that CoQ10 has a positive effect on clinical parameters as well as
mitochondrial dysfunction when administered in the early phase of sepsis (Tab. 2, Fig. 1, Ref. 38). Text in

PDF www.elis.sk.
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Introduction

Sepsis is a systemic inflammatory response to an infection
leading to endothelial dysfunction, impairment of microcircula-
tion, tissue hypoxia, apoptosis and finally multiple organ dysfunc-
tion and death (1). Despite the development of new strategies and
antibiotics, the overall mortality rate of sepsis is still high and has
not been reduced significantly over the last decade (2, 3). During
sepsis, the inflammatory response caused by excessive secretion
of pro-inflammatory mediators, such as Tumor Necrosis Factor-a
(TNF-a), and reactive oxygen species (ROS) mainly induced by
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bacterial endotoxin, induce changes in cellular metabolism, par-
ticularly mitochondrial dysfunction (4-6). Immune cells use ROS
in order to support their functions and therefore need adequate
levels of antioxidant defenses in order to avoid the harmful effect
of an excessive production of ROS. The endogenous antioxidant
systems themselves can also be affected by oxidative stress via
oxidation and peroxidation of the component enzymes. Oxidative
stress mediated damage to mitochondrial DNA can lead to a cycle
of ROS production and further mitochondrial damage. Also, the
antioxidant system becomes completely overwhelmed and even-
tually cell death occurs, leading to multiple organ dysfunction
(7-9). Recent reviews emphasize the importance of mitochondrial-
targeted antioxidants in sepsis (10-12).

Coenzyme Q10 (CoQ10), also known as ubiquinone, plays a
critical role in the mitochondrial respiratory chain for ATP produc-
tion. CoQ10 is a lipophilic mobile electron carrier that is located
in the inner mitochondrial membrane. The mitochondrial electron
transport chain contains two transporters (CoQ10 and cytochrome
C) and four complexes (I-IV) (13). CoQ10 has been reported to
have the ability to act as an effective antioxidant. CoQ10 prevents
peroxidation damage to cell membranes, regenerates a-tocopherol,
maintains thiol levels and controls mitochondrial transition pore
opening which is involved in apoptosis (14—16).

CoQ10 is primarily synthesized endogenously in the endo-
plasmic reticulum; however, a small portion of CoQ10 may be
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obtained from dietary sources. Therefore, low CoQ10 levels may
result from impairment in CoQ10 synthesis, decreased dietary in-
take or increased requirement such as states of increased oxidative
stress (17). Previous studies have shown that CoQ10 levels de-
crease in septic patients compared to healthy subjects (18). Also,
CoQ10 levels were inversely associated with levels of vascular
endothelial markers and inflammatory molecules. In many stud-
ies, the levels of pro-inflammatory cytokines such as TNF-a and
Interleukin-6 (IL-6) have been shown to decrease significantly
following CoQ10 supplementation (19-21). So, if there is a deficit
in CoQ10 during sepsis, CoQ10) could be therapeutically used in
the prevention and treatment of sepsis associated multi organ fail-
ure to boost mitochondrial function and to mitigate cellular dam-
age caused by oxidative stress. Some animal models have been
used to test the impact of CoQ10 on the consequences of sepsis.
Injection of CoQ10 into the rostral ventrolateral medulla (med-
ullary origin of sympathetic vasomotor tone) of rats diminished
mortality and lipopolysaccharide-induced hypotension during
exposure to lipopolysaccharide (22). Doninno et al (23), in a pi-
lot trial, showed that administration of exogenous Ubiquinol (the
reduced form of CoQ10) could increase plasma CoQ10 levels and
improve mitochondrial function in patients with severe sepsis or
septic shock. In one hand, this result is interesting because it is
the first report of low CoQ10 levels in patients with septic shock.
On the other hand, the main limitation of this study is that it is
a post hoc analysis of a prospective randomized trial of simvas-
tatin versus placebo in patients with septic shock. However, as
mentioned by the authors, the sample size for this study is small
and larger prospective observational trials measuring CoQ10 in
patients with septic shock are required. But do these low CoQ10
levels imply CoQ10 supplementation in patients with sepsis? This
study aimed to evaluate the effects of CoQ10 supplementation in
patients in early stage of sepsis to determine its effects on mark-
ers of inflammation and oxidative injury as well as the clinical
outcome of septic patients.

Methods

A prospective, randomized controlled trial was undertaken in a
single center from September 2016 to March 2017. The study popu-
lation consisted of consecutive patients admitted to the Intensive
Care Units (ICU) of Alzahra hospital, a tertiary-level university
affiliated hospital. The ethic committee of University of Medical
Sciences approved the study. Informed consent was obtained from
patients or next of kin or appropriate surrogate before participa-
tion in the study. The study was registered with the Registry of
Clinical Trials (IRCT201504051497N4).

During the study period, all patients admitted to the ICU were
screened for study eligibility and randomly assigned to one of the
groups. Inclusion criteria were: age > 18 years; having two or more
of the four systemic inflammatory syndrome (SIRS) criteria (24)
(defined as the following conditions: heart rate > 90 beat/min,
respiratory rate > 20 breath/min or PaCO2 < 32 mmHg, white
blood cells (WBC) > 12,000 cell/mm?, or < 4000 cell/mm?, or >
10 % immature [band] cells): suspected or confirmed infection

(pneumonia, peritonitis, pyelonephritis and so on): and APACHE
II (acute physiology and chronic health evaluation) score more
than 15 at the admission.

Exclusion criteria were coagulopathy (International Normal-
ized Ratio [INR] > 2), current use of CoQ10 or any other anti-
oxidant, inability to receive enteral medication, pregnancy, cur-
rent participation in other studies, and end-stage or DNR (do not
resuscitate) patients.

Eligible patients were enrolled, received CoQ10 100mg twice
daily for 7 days. The dose was chosen based on the previous trial
which showed that a dose of 200 mg was well-tolerated in septic
patients. Patients in the control group received standard treatment
for sepsis without supplementation with CoQ10 or other antioxi-
dants. According to the latest international guidelines (24, 25),
standard treatments for sepsis were implemented as follows for
both groups: early resuscitation within the first 6 hours of admis-
sion, appropriate diagnostic studies to ascertain causative organ-
isms, early administration of broad-spectrum antibiotic therapy
and reassessment of antibiotic therapy with microbiologic tests
and clinical data to narrow the coverage.

Venous blood was collected before administration of study
drug (day 1) and at 3rd and 7th days thereafter. Samples were
centrifuged at 1500 rpm for 15 minutes to remove cells and cel-
lular debris. The plasma was stored at —80 °C until the time of
analysis. Levels of IL-6, TNF-a, and glutathione peroxidase were
measured by commercially available enzyme-linked immunosor-
bent assay (ELISA) kits (Zell Bio and IBL international, Germany)
and malondialdehyde (MDA) level was determined by spectro-
photometric analysis kit (ZellBio, Germany) according to manu-
facturer’s instructions.

Upon enrollment, we recorded demographic data, admission
diagnosis, vital signs, clinical laboratory values, and calculated
the APACHE II score. Vital signs and laboratory values were also
collected at all subsequent time points and outcome data, includ-
ing length of ICU stay, length of hospital stay and mortality were
collected at patient discharge.

Sequential organ failure assessment score (SOFA score) and
Simplified Acute Physiology Score (SAPS) II were calculated at
studied time point.

The primary endpoint of the study was assessment of inflam-
mation via IL-6 and TNF-a measurements and assessment of
changes in oxidative injury via glutathione peroxidase and MDA.

The secondary endpoints were assessment of clinical out-
comes, including SOFA and SAPS II scores and length of ICU
stay and in-hospital mortality.

According to the systematic review by Zhai et al (21), CoQ10
supplementation significantly decreased TNF-a level by 0.45 pg/
ml [MD =-0.45, 95% CI (-0.67 to —0.24) pg/ml, I> = 0 %]. As-
suming an alpha of 0.05, a power of 0.80 and a standard deviation
of 0.6 (26), with a drop-out rate of 10 %, we estimated a sample
size of 30 patients in each arm of the study. The formula used
was as follows:

n=[(Z,, +Z)" % {2067}) (ul - w2y
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n=142

Assessed for eligibility

Excluded, n=85
Not meeting inclusion criteria, n=70

End stage patients (n=27)
Inability to receive enteral
medication (n=11)
Coagulopathy (n=10)

Current participation in
other studies (n=9)
Current use of CoQ10 or
any other antioxidant (n=9)
Pregnancy (n=4)

Randomized (n=57)

Refuse to participate (n=15)

Coenzyme Q10

Completed trial = 20
Discontinue intervention
Lost to follow up 8
Consent withdrawal 1

Control (n=28)

Completed trial = 20
Discontinue intervention
Lost to follow up 6
Consent withdrawal 2

Fig. 1. Progress through the stages of the trial.

Statistical analysis

The baseline characteristics and laboratory data presented as
the means and standard deviations (SD) for continuous variables
and as frequencies and percentages for categorical variables. Anal-
ysis of variance (ANOVA) and analysis of covariance (ANCOVA)
were used for comparison of values between the groups in each
day with later test being used for control of the effects of baseline
values. Fisher’s exact test was used for comparison of clinical
outcome between the groups. A value of p < 0.05 was considered
statistically significant. All analyses were performed using SPSS
statistics software V23.0 (SPSS Inc; Chicago, IL, USA).

Results

During the study period, 142 consecutive patients admitted to
the ICU were screened and 40 met criteria for enrollment. Figure
1 reports the trial implementation profile according to the con-
solidated standard of reporting trials. Of 142 patients who were
assessed for eligibility, 57 were randomly assigned (29 patients
to Co Q10 and 28 patients to Control group) with a ratio of 1:1.
Twenty patients in each group completed the protocol. Reasons for
interrupting treatment are reported in Figure 1. For eight patients
in the intervention group and four patients in the control group, the
blood samples couldn’t be obtained at the measurement time of the
study and so these patients were considered as lost to follow up.

The baseline characteristics including age, gender, admission
diagnosis and APACHE 1I score (p > 0.05) were similar in both
groups (Tab. 1).

There was no difference in baseline inflammatory and oxi-
dative markers between the groups. IL-6 levels decreased in the
CoQ10 group on the third and the 7th day of the study as com-
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pared to the control group and baseline, but not significantly (p:
0.22). TNF-a, and MDA levels decreased significantly (p: 0.00 and
p: 0.003, respectively) in the CoQ10 group on the 7th day of the
study compared to the control group and baseline. There was no
difference between the CoQ10 and the control groups in the levels
of glutathione peroxidase over time (: 0.1) (Tab. 2).

There was no difference in ICU length of stay (42.5 +
32.4 in CoQ10 group versus 39.5 + 24.2 in the control group;
p: 0.74). There was a significant difference in the in-hospital
mortality between patients receiving CoQ10 versus control
group (4 (20 %) versus 13 (655); p: 0.01). Compared to con-
trols, CoQ10 was not effective in improving SOFA (p: 0.55)
and SAPS 1II (p: 0.7) scores during the study period (Tab. 2).

Tab. 1. Baseline and patient characteristics.

Variables Co (31: 0 2g(;oup Cor;tril 2g(r)oup
Age in years, mean =SD 47.8+£22 55.6x19.4
Males, number (percentage) 17 (85) 14(70)
APACHE II score, mean +£SD 15.3+5.2 16.4+6.4
ICU length of stay, mean +SD 42.5+32.4 39.5+24.2
Mortality, number (percentage) 4(20) 13(65)
Admission diagnosis, number (percentage)
Multiple Trauma 6(30) 4(20)
ARDS 1(5) 5(25)
ICH 3(15) 3(15)
Pneumonia 2 (10) 0 (0(
Hydrocephalus 0(0) 2 (10)
Post-operative 4 (20) 1(5)
Pancreatitis 0(0) 2 (10)
Other 4 (20) 3(15)

ARDS - acute respiratory distress syndrome, ICH — intracerebral hemorrhage



Tab. 2. Clinical scores and measured biomarkers in study patients.

95% confidence interval

Day 7

P value

P value Day 3
ANOVA

ANOVA*

Day 1

Variables

Effect size

Co Q10 Control ANOVA ANCOVA Lower Upper

6.5+2.9
44.4+18.1

ANCOVA**

Control

Co Q10
6.4£2.5
46.9+15.2

Control

Co Q10
6.8:1.7
45.9+14.4
41.9+24.4

mean =SD
SOFA score

0.94
0.92
0.82
0.94
0.65
0.97

7.8

55.6

6.6
455

0.55
0.7

0.4
0.

7.242.5
55.6+17.8

0.97

0.08
0.11

7.6x1.7
54.8+15.7
30.5+19.1
50.5+12.1

0.006
0.057

8.5+1.8

05

55.4+16.2
36.3+22.3

SAPS score

39.8

0.31 0.22 29.1
0.003

0.001

36.8423.2
47.3+11.5

30+18.1

0.9
0.1

1
0.02
0.34

30.9+24.9
40.3+14.4
22.1423.3

0.45
0.09

IL-6, Pg/ml

50.8

43

2
6129.2

35.3+8.8
GSH-PX — glutathione peroxidase, IL — interleukin, MDA — malondialdehyde, SAPS — simplified acute physiology score, SOFA — sequential organ failure assessment , *ANOVA — analysis of variance, ANCOVA — analysis of covariance

12.4+15.8

59.6+16.8

48.2424.5

31.8429.1
6598.3+1400.5 6698.4+716.4

TNF-0, Pg/ml

36.8

0.003 0.003

0.1

28.8+20 0.25 42.8+39.3
0.034

1

0.8

31.5425.2

MDA, ng/ml

6898.3

5868+2144.6  6758.6+965.5

0.06

6128+1957.8  7031.3+£723.7

GSH-Px, U/ml
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Discussion

The current study has shown
that CoQ10 supplementation at the
early stage of sepsis diagnosis and
as addition to standard treatment
of sepsis could reduce the levels of
inflammatory and oxidative mar-
kers as well as mortality rates in
septic patients.

As mentioned earlier, seve-
ral studies have demonstrated
that CoQ10 levels are low during
sepsis (18, 27, 28); CoQ10 plays
an essential role in the electron
transport chain as the carrier of
electrons from complexes I and
II to complex III. Disruption of
this mechanism can compromise
oxidative phosphorylation in the
mitochondria, thereby leading to
decreased levels of cellular ATP
production. So, CoQ10 supple-
mentation could be used in the pre-
vention and treatment of sepsis-
associated multiple organ failure
to boost mitochondrial function
and to mitigate cellular damage
caused by oxidative stress. Multi-
ple rat models have shown benefi-
cial impact of CoQ10 in sepsis and
have found decreased oxidative
stress, prevention of mitochondrial
damage, less renal and acute liver
dysfunction, and neuroprotective
effects (12,29, 30). Donnino et al.,
conducted two studies. In the first
(18) they provided original data
suggesting a CoQ10 deficiency
in patients with septic shock. In
the second study (23) which was
a randomized, double-blind, pla-
cebo-controlled, pilot trial, they
administered 200 mg of enteral
ubiquinol or placebo twice daily
for up to seven days to 38 patients
with severe sepsis or septic shock.
The results showed that plasma
CoQ10 levels increased in patients
who received ubiquinol. The other
markers including vascular en-
dothelial function, mitochondrial
dysfunction, and inflammation re-
vealed no statistically significant
difference between the ubiquinol

and the placebo groups. The clinical outcomes were not evalu-
ated in this study.

Following the initial host and microbial interaction in the
sepsis process, inflammatory cytokines (such as TNF-a, IL-6 and
IL-8) are released by activating macrophages and CD4 T cells
within the first hour after infection. To prevent severe damage,
anti-inflammatory mediators (such as IL-10) and antioxidants are
released. The endogenous antioxidants become overwhelmed and
the vicious cycle of oxidant production leads to progression of
sepsis to severe sepsis, multiple organ failure, and septic shock.
Therefore, intervention to potentiate the endogenous antioxidants
and mitigate oxidative stress at early stage of sepsis may play a
significant role in the prevention of multi- organ dysfunction and
disease progression in sepsis (9, 31, 32). In this study, CoQ10
supplementation at early phase of sepsis significantly reduced in-
flammatory markers in patients who received CoQ10. The mor-
tality rates were reduced in these patients as well. We should con-
sider that CoQ10 was added as an adjunct tto standard treatment
of sepsis in our study. Therefore, the lowest mortality rate in the
CoQ10 group compared to the control group could be a result of
addition of CoQ10; however, our sample size was small and our
study was not placebo-controlled, so we should interpret this re-
sult cautiously. The two clinical scores (SOFA and SAPS) didn’t
change significantly between groups, although, slightly decreased
in the CoQ10 group.

One of the main problems in sepsis are oxygen extraction and
consumption. Many studies focused on macrocirculatory resuscita-
tion (means aggressive management with fluids, blood transfusion
and inotropic agents) in the earliest stage of sepsis, but still demon-
strate multisystem organ dysfunction and shock (33-35). The
recent researches in sepsis are focusing on two separate mecha-
nism. The first is the role of the microcirculation in the body and
the mixed response of various circulatory beds to sepsis (36-38).
The second is that the cells and mitochondria receiving adequate
perfusion and oxygenation may still have a decreased ability to
properly utilize energy to form ATP, referred to as cytopenic hy-
poxia, which can lead to profound metabolic alterations and the
ability to supply energy to the tissues. Therefore, improving tissue
oxygenation through disruption of the mechanisms that comprise
oxidative phosphorylation in the mitochondria, could be a possible
mechanism of CoQ10 in the reduction of inflammatory markers
and mortality in septic patients.

Fortunately, we didn’t observe any adverse effect from CoQ10
supplementation in this study and it could be a safe adjunct to other
standard treatments of sepsis.

The duration of therapy was relatively short (maximum of
seven days), and a longer duration and follow-up period may be
needed, especially for long-term patient-centered outcomes.

Conclusion
In conclusion, despite some limitations of this study, especially
the small sample size, CoQ10 supplementation shows positive ef-

fects on clinical outcomes of patients with sepsis, when adminis-
tered at early phase of sepsis and as an adjunct to standard treatment
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of sepsis. This study is a new step towards other studies, testing
CoQ10 as a potential agent for patients at early phase of sepsis.
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