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Abstract: Background: The metabolic syndrome leads to high morbidity and mortality. Almost all pathological states are associated with
oxidative stress (OS) disorders. This study evaluates the effects of Coenzyme Q10 (CoQ10) supplementation on different lifestyles, in relation to
serum and tissue OS parameters.Materials and methods: Twelve Wistar rat groups (10 rats/group) were equally divided in three types of diets:
standard (St), high fat (HF), high sugar (HS); within each diet group there was one sedentary group with CoQ10 supplementation (100 mg/kg
body weight), one sedentary without CoQ10, one trained group with CoQ10 and one trained group without CoQ10 supplementation. After 28
days blood samples were collected as follows: after 12 hours of fasting (T0), 1 hour postprandial (T1) and after 1 hour of exercise (T2) or
sedentary postprandial time (T3). Thiol groups (SH) and malondialdehyde (MDA) were determined from serum and liver homogenate. Results:
Significant changes were observed in fasting MDA for HF (p = 0.024 for training, 0.028 for CoQ10). Postprandial, OS status altered, with highest
MDA in HF sedentary non-CoQ10 group (3.92 ± 0.37 vs 2.67 ± 0.41 nmol/ml in St trained CoQ10). At T2 the untrained and non-CoQ10 groups
had the highest MDA levels (up to 22.3% vs T1, p < 0.001 in HF) as SH dropped (34.4% decrease vs T1, p < 0.001 in HF). At T3 high MDA levels
were observed, correlated with low SH (Pearson r = �0.423 overall), irrespective of the CoQ10 supplementation. CoQ10 improved the liver OS
status (MDA and SH decreased), but not the exercise, in all diets. Conclusions: CoQ10 supplementation accompanied by chronic exercise
improved the OS serum profile, irrespective of the daily diet. CoQ10 lowered liver MDA and SH concentrations.
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Introduction

Oxidative stress (OS), which has been an important
research domain over the past years, has a proven involve-
ment in all pathological states, from neurologic disorders
(degenerative as Alzheimer’s and Parkinson’s diseases [1]
or diabetes mellitus-related diseases [2]) to metabolic
changes [3] and cardio-vascular diseases [4, 5]. Natural
antioxidants can be found in all foods, but they are not
always well balanced or sufficient. Oxygen reactive species
are involved in physiological reactions, contributing to
antimicrobial fight, phagocytosis and ageing [6]. Antioxi-
dant (AO) supplementation is controversial, as no signifi-
cant role has been proven so far. Although some
pharmaceutical companies encourage the use of AO even
in acute states [7], other meta-analysis showed differ-
ent effects, a synergism with other micronutrients

supplementation being concluded. Anticariogenic effects
have been questioned, as high doses of beta- cryptoxanthin
(a synthetic beta-carotene) supplementation increases
lung-cancer prevalence in smokers [8].

Metabolic syndrome (MetS) becamea serious problemof
this century, with a prevalence of 10%to 84%, at its highest
in developed countries, where a sedentary lifestyle is an
important causeofobesity [9].Eatinghabitshavealsochan-
ged in the last decades, with diets becoming rich in calories
and low in nutritional components. This fact led the World
Health Organization to consider overfeeding malnutrition
as well, especially when a minimum standard of quality is
not reached. Postprandial dysmetabolism, as a major com-
ponent of MetS, is linked to a big number of cardiovascular
diseases and comorbidities [10], as both postprandial
hyperglycemia and hyperlipidemia are associated with OS
increase [11]. A meta-analysis on 5 studies regarding diet
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and cardiovascular risk showed an advantage to low-carbo-
hydrate diets compared to low-fat ones, even if the latter
lead to weight loss [12].

Exercise can contribute to reactive oxygen species (ROS)
production, as it involveshighoxygenconsumption (oxygen
debt at the beginning of the exercise, which is “paid” soon
after the exercise),muscle fatigue (in high intensity exercis-
ing, with calcium ions being released through type I ryan-
odine receptors) [13], dehydration and increased heart
rate. Exercise-related oxidative stress effects are less
important in trained people, along with joint and muscle
direct effect [14]. The energy required in muscle contrac-
tion can be produced either by aerobic or anaerobic path-
ways; the latter is the fastest but the least efficient and
leads tohigh reactiveoxidative species production rate [15].

Q10 coenzyme (CoQ10) is one of the most powerful
natural antioxidants. Even if OS markers found in MetS
patientswere high andassociatedwithwaist circumference
and blood pressure, CoQ10 levels failed to show any corre-
lation [16]. However, other studies found that small doses
of CoQ10 can improve insulin resistance and pancre-
atic β-cells function, but not the fasting glucose and the
lipids profile [17]. Only low doses of CoQ10 were used on
humans, up to 400 mg/day. On animals, doses up to
2400mg/kg of body weight were used and no behavioral,
biochemistry or histological alterations were observed.
The latest studies showamoderate effect ofCoQ10 supple-
mentation on heart failure [18] and maybe higher doses
would be necessary for serumefficient concentrations [19].

Several diets were studied, such as Mediterranean, fish-
based –withprovenbeneficial effect onOSstatus –but there
was no consensus on the necessary amount of antioxidants,
as any antioxidant can act as an oxidant in high amounts.
However, the effects of antioxidant supplementation are
not well known when lifestyle changes are also involved;
therefore the aim of our study was to evaluate the role of
AOsupplementationwith highdoses ofCoQ10 in combina-
tion with different lifestyles in rats. Our study included rats
with sedentary or active lifestyles, normal or high-calories
diets, with or without CoQ10 supplementation. To our
knowledge, this is the first study conducted on animals
which analyzes several lifestyles with metabolic syndrome
as a potential outcome.

Methods

Ethics

The study has been approved by the Ethics Comity of “Iuliu
Hatieganu” University of Medicine and Pharmacy in Cluj
Napoca (no 401/October 5th 2011). The animals were

treated in accordance with the International Harmo-
nization of Nomenclature and Diagnostic Criteria of
Global Open Registry Nomenclature Information System
(goRENI-INHAND) standards and they were sacrificed
accordingly [20].

Study design

The experiment was conducted on 120 Wistar male rats
(Rattus norvegicus, Rodentia: Muridae) divided into 12
groups (10 rats/group), weight of 200 ± 20 grams, aged
10 ± 1 weeks. Animals were housed in plastic cages with a
constant room temperature of 21 ± 1 �C, 12 hours of light/
dark cycle, and water was provided ad-libitum.

Each of the 12 groups were divided into 3 types of diet –
standard, high sugar and high fat – with two subgroups for
each diet type – one subgroup was sedentary (E�), while
the other one performed exercise (E+) (as shown in
Fig. 1). The same criteria were used for the CoQ10 supple-
mented groups. Each animal was supplemented with 100
mg/kg of body weight of CoQ10 daily. CoQ10 had a con-
centration of over 98% and was delivered from Cosphatec
Hamburg, Germany.

High sugar and high fat diets were obtained through oral
gavage of 2ml of glucose 75% syrup (1.5 grams of pure glu-
cose) and 2 ml of pig lard, respectively. The animals were
fed at the samehour eachday – 8:00AM.Exercise involved
swimming for 1 hour each morning (in wide and deep,
slightly turbulent water containers to avoid escaping, bob-
bing or floating) at the same time, after eating [21]. The ani-
mals were harvested 1 ml of blood from the retro-orbital
sinus after 12 hours of fasting (T0), 60minutes after eating
(T1) and 60 minutes after postprandial exercise (T2). In
order to evaluate the postprandial sedentary time, a supple-
mentary determination was made (T3), 2 hours postpran-
dial, with no exercise, in all groups.

At the end of the experiments, the animals were eutha-
nized by cervical dislocation. The liver was harvested in
the first minutes after death and homogenized. The thiol
groups (SH) and malondialdehyde (MDA) from the blood
samples were extracted from liver homogenate as well.

Metabolic syndrome was considered if weight gain, ele-
vated plasma glucose (G), triglycerides (TG) and low
HDL-Cholesterol (HDL) levels were obtained [22].

Biochemical determinations

MDA was extracted from the supernatant with thiobarbi-
turic acid in equal quantities trough spectrophotometry on
double beam UV-VIS V-530 from JASCO Hachioji, Tokyo,
Japan [23]. SH were determined through Ellman reagent
(5 5’-dithiobis(2-nitrobenzoic acid)) from Merck KgaA
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Gernsheim, Germany [24]. The same methods were used
for liver homogenate.

Statistical analysis

GroupsizewasdeterminedusingMead’s resourceequation
and Cohen’s d table for a power of the study of 0.8. All the
groups were considered independent groups and average,
median, standard deviation and standard error were com-
puted at each moment. For 2 normal distribution groups
comparison we used the student t test, whereas for more
than 3 groupsWilkoxon or Friedman tests were run. If nor-
mal distribution criteria were not met, Mann-Whitney and
Krushal-Wallis tests were used instead. Pearson’s correla-
tion r was also computed and ANOVA general linearmodel
test for repeated measurements (GLM-RM) was run for
moments’ comparison. Bonferoni post hoc testwas applied.
Statistical significant p was considered at 0.05. F-statistic
value for univariate ANOVA was also computed for each
group as high significance is correlatedwith high F. Statisti-
cal analysis was performed using SPSS 17 and Microsoft
Excel 2010 software.

Results

Metabolic syndrome

In high-fat, high-calorie diets, sedentary groups and the
groups without CoQ10 supplementation had higher body
weight at the end of the experiment compared to trained
and CoQ10 supplemented groups, with statistical signifi-
cance for training (Table 1). Also, fasting glucose was sig-
nificantly higher in high-sugar and high-fat diets (p <
0.001), while HDL-C levels were lower and TG serum

concentrations higher. Between the same diet groups, fast-
ing glucose was influenced only by chronic exercise, while
CoQ10 supplementation and training significantly reduced
fasting HDL-C and TG, especially in high-calorie diets (p <
0.05).

Standard diet

Serum MDA had increased levels in all moments, with the
highest values in T2 and the lowest in T3 (Table 2). Univari-
ate analysis for T0 showed no statistical significance for
exercise (F = 1.802, p = 0.188) or CoQ10 supplementation
(F = 1.201, p = 0.280). ANOVA GLM-RM showed that both
chronic exercise and CoQ10 supplementation changed the
oxidant profile (F = 17.124, p < 0.001 and F = 13.820,
p = 0.001, respectively). SH increased in T1, but decreased
in T2 and T3. CoQ10 supplementation changed the T0 val-
ues (F = 88.668, p <0.001) but not for chronic exercise (F =
3.033, p = 0.090). Both physical training and CoQ10 sup-
plementation changed the SH profile (F = 41.102.823, p <
0.001 and F = 546.913, p < 0.001, respectively in ANOVA
GLM-RM). LiverMDAwas slightly higher in trained groups
(F=2.538, p =0.120) and lower in theCoQ10 supplemented
groups (F = 22.457, p < 0.001). SH decreased in trained
groups (F = 0.808, p = 0.375) but were significantly lower
in CoQ10 supplemented groups (F = 64.308, p < 0.001).
Liver MDA and SH were moderately correlated (r =
0.465, p = 0.003).

High sugar diet

MDAvalues inT0were lower in trained andCoQ10 supple-
mented groups (Table 2) but with no statistical significance
(p = 0.064 and p = 0.119 respectively). In T1 and T2 there
was an increase of MDA values, which decreased in T3.

Figure 1. Animal groups distribution. E+ exercise daily, E- sedentary; St – standard diet, HS – high sugar diet, HF – high fat diet.
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GLM-RM showed increase significance for exercise (F =
26.056, p < 0.001) and CoQ10 supplementation (F =
25.266, p =0.001). SHwere lower in trained (F = 8.448, p =
0.006) andCoQ10groups (F= 118.721, p<0.001), higher in
T1 but decreased inT2 andT3 aswell (F = 38.207, p <0.001
and F = 392.633, p <0.001 in GLM-RM respectively). Liver
MDAwas lower inCoQ10groups (F=35.151, p <0.001) and
slightly higher in trained groups (F = 1.229, p =0.275). Liver
SH decreased strongly in CoQ10 supplemented groups (F =
67.741, p < 0.001) and less in trained ones (F = 4.397, p =
0.043). Tissue MDA and SH were moderately correlated
(r = 0.436, p = 0.006).

High fat diet

Serum MDA in T0 was lower in trained (F = 5.594, p =
0.024) and CoQ10 supplemented groups (F = 5.222, p =
0.028), and increased in T1 and T2 (Table 3) but decreased
in T3 for all the groups, especially in trained (F = 37.914, p <
0.001) and CoQ10 supplemented ones (F = 48.446, p <
0.001). T0 also had higher SH levels in trained (F = 6.741,
p = 0.014) and CoQ10 groups (F = 110.335, p < 0.001),
which increased in T1 and decreased in T2 and T3 (F =
280.763, p < 0.001 and F = 28.613, p < 0.001 in ANOVA
GLM-RM test, respectively). Liver MDA was lower in
CoQ10 groups (F = 36.812, p < 0.001), chronic exercise
could not significantly change the tissue concentrations (F
= 0.894, p = 0.351). Tissue SH were notably lower in
CoQ10 groups (F = 36.410, p < 0.001). No correlation was
found between MDA and SH liver concentrations when
comparing the 2 groups with HF diet.

Rostprandial sedentary time

At 2 hours postprandial (T3), with no prior exercise, a diver-
gent trend was observed in serum OS parameters (high
MDAand low SH), with negative correlation between these
parameters (Pearson r =�0.423 overall, with lowest corre-
lation in standard diet group and higher in high-calorie
diet), irrespective of the CoQ10 supplementation (Fig. 2).

Discussion

Metabolic syndrome was obtained through high-calorie
diets in sedentary groups. Chronic exercise managed to
reduce the significance of these changes, whileCoQ10 sup-
plementation had a rather cumulative effect, better
observed in high fat and high sugar diets. No significant
changes were found in fasting MDA serum concentrations
in standard diet. CoQ10 supplementation managed toTa
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induce a significant OS status drop during high-calorie
diets, while training had a similar effect only in high-fat
ones. It hasbeenobserved that themorecalories, thehigher
the number of factors that can change theOS status and the
stronger their effects, showing multiple ways of interfering
with diet induced metabolic changes. The best antioxidant
status was observed in the trained and CoQ10 supple-
mented group, for standard diet. The analysis of post-
menopausal women without diabetes, made by by
Kitabchi et al., showed that there is a difference between
the high-protein diet and the high-carbohydrate diet
regarding OS and inflammation, most probably due to
β-cell function stimulation, insulin sensitivity increase,with
consecutive protection against oxidative stress, cardio-vas-
cular risk factors, and also improvement in adiponectin
levels [25]. Several other studies showed that CoQ10 sup-
plementation reduced MDA and total antioxidant capacity
in diabetes mellitus patients, including the ones with onset
coronary heart disease [17, 26], but with no other proof of
adiponectin involvement. Our study did not include rats
with diabetes, but the first components of metabolic syn-
drome (overweight and dysmetabolism) were reached.

60minutes after eating, before exercising, all groups had
higher serumMDA levels, in response to postprandial lipid
peroxidation and protein glycation, which led to oxidative
stress and its subsequent complications [27]. The lowest
OS response was found in the trained group with standard
diet and CoQ10 supplementation. As the postprandial

MDA serum values were the highest in high fat diet groups,
postprandial OS seems to be associated with the calorie
intake, as the energy needed for digestion, lipid peroxida-
tion and protein glycation is also higher. After eating, there
was an increase in serum SH concentrations, along with
higherMDA, as a result to OS productionwhile eating. This
antioxidant response was higher for CoQ10 supplemented
groups and proportional to the calorie intake. Fisher et al.
found that high-dextrose diet as a post-exercise energy
rebalance did not change the fasting OS in young healthy
males, as the glucose metabolism is considered adequate,
with no insulin secretion impairment or peripheral resis-
tance [28]. Our study reached the same conclusion for the
group with standard diet and postprandial exercise, but in
chronic high-calorie diets, especially in high-fat diets, the
changes of OS were significant, possibly because of high
amount of sugar/fat per serving.

After60minutes of swimming, serumMDAhas thehigh-
est increase in untrained and non-CoQ10 groups, as a con-
sequence of acute exercise-induced OS. The slowest
antioxidant response was observed in high-calorie diets.
After acute exercise, SH dropped trough antioxidants con-
sumptionas a response toMDAhigher levels.This decrease
is also more significant in untrained and non-CoQ10
groups, as there is a lower antioxidants reserve. Studying
OS along with exercise is widely spread in the literature.
MDA, as an OSmarker, is highly sensitive between TBARS
(thiobarbituric acid reactive species), as they are all
involved in thecarbohydrateoxidation. It’sbeenshownthat
physical training can help muscle fibers adapt to OS [29].
Although harvesting blood itself can generate OS, there is
evidence that lipid peroxidation can be produced by exer-
cise as well [30]. These processes are held mainly in mito-
chondria involving NFkappaB (nuclear factor kappa B)
and protein activated mitogen kinase [31]. Although other
studies found no significant changes in MDA levels during
standard exercise (along with other respiratory hydrocar-
bons) [32], our study involves chronic lifestyle changes –

such as the diets – with consequent different antioxidant
response. We also considered antioxidant supplementa-
tion.Cookeetal. foundasignificant effectofCoQ10 supple-
mentation on lowering OS during and after exercise, when
physical chronic training was considered [33]. AlongMDA,
another lipid oxidation marker could be the isoprostane F2
(with its 4 classes), which doesn’t need cyclooxygenase for
oxidation, but it is only applicable in high intensity acute
exercise [34]. Our study involves chronic exercise, the only
bout of acute unique exercise being used for sedentary
groups, where high OS response has been observed.

In the case of groups with sedentary status after eating
(T3,2hours postprandial)weobtainedabetter postprandial
oxidant status, as we did in previous trained and CoQ10
supplemented groups. Antioxidant supplementation

Figure 2. Serum parameters of oxidative stress without postprandial
exercise (CoQ10 status not considered). n = 20, St – standard diet,
HS – high sugar diet, HF – high fat diet, E- for chronic sedentary and
E+ for trained groups. Malondialdehyde (MDA) in nmol/ml, thiol
groups (SH) in μmol/ml � 10; box plots ± standard deviation.
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brought OS status in high-calorie diets to similar values
as those seen in standard diets. Antioxidant capacity
decreased by consumption compared to T1, less in trained
and CoQ10 groups and more in high calories diets. Post-
prandial oxidative stress has been adressed in few studies,
most of themonMediterranean diet in elderly, where small
doses of CoQ10 supplementation came to amplify the OS
reduction [35, 36], with higher increase in capillary flow
and in nitric oxide levels, lower lipid peroxidation and post-
prandial glutathione peroxidase activity reduction. Our
study was similar to these studies, involving three types of
diets, and also concluding the benefits of antioxidant
(CoQ10) supplementation in postprandial antioxidant
activity. Even in an occasionally postprandial sedentary
time, as T3 for the trained groups, the antioxidant capacity
maintains better values than in sedentary groups.

Tissue concentrations of OS parameters were similar to
the serum findings. We obtained lower liver MDA values
in CoQ10 groups and slightly higher values in trained rats,
hence concluding that antioxidant supplementation can
change the tissueconcentrationsofOS,butexercisecannot.
This also shows a better role of chronic exercise in serum
oxidant-antioxidant balance. SH were lower in trained
and CoQ10 groups, as the antioxidant levels dropped, as a
result of chronic intracellular consumption. Highest OS
parameters were found in high-calorie diets, but the corre-
lation between themwas lower, showing that other param-
eters are involved in the tissue antioxidant response. High
fat meals increased liver MDA in previous studies [37],
but no correlationwas found to this point in oxidant/antiox-
idant capacity. The high OS levels found in the liver of the
high-calorie fed rats suggest higher local lipid peroxidation.
Liver steatosis, found inMetS, is a source for this peroxida-
tion, and its products can have harmful effects on the
hepatic cells. The oxygen reactive species produced will
interfere with themitochondrial respiratory chain and con-
sequently with supplementary OS production, additional
liverdisorders, aggravationofmetabolic syndromefeatures
or even apoptosis or necrosis of the cell with final fibrosis
[38]. The same conclusion was drawn from our study: as
the caloric intake rises, so does the MDA and SH levels in
the liver. CoQ10 supplementation managed to reduce this
increase, but not the exercise itself.

In this study, MetS was obtained through sedentarism
and high-calorie diets. Antioxidant supplementation man-
aged to reduce the effects of MetS, and along with chronic
exercise, the OS status to values similar to the ones found
in standard diets. This study shows the importance of
CoQ10 supplementation in different lifestyles, especially
in the ones that can lead to obesity and metabolic changes.

Considering that there is an exact amount of each nutri-
ent needed for a healthy life, this study demonstrates that
high amounts of antioxidants are required to interfere with

the metabolic changes inMetS and its leading lifestyles. As
no such high dosage is available for human use, it would be
necessary to involvemore antioxidants rather than just one.
This could be possible by combining different antioxidants
with potential additive effects.

Limits of the study

This study evaluated only one type of standard exercise, as
anaerobic exercise is more efficient in weight loss. Swim-
ming can be considered anaerobic only for the first days,
when the animals are not yet adapted to daily exercise
[39]. Someauthors considered theamountof time to induce
diet related cardiovascular risk up to six weeks [40]. Our
study was conducted during 28 days, enough to induce
weight gain and metabolic disorders, as the first compo-
nents of MetS. Also we determined two OS markers (one
out of the TBARS and one from antioxidant capacity), and
the results were interpreted accordingly, with high signifi-
cance level.

Conclusions

CoQ10 supplementation and chronic exercise improved
diet-related and exercise-induced OS. The higher the daily
calorie intake, themore significant the antioxidant effect of
CoQ10, as the most desired effect is found in high fat diet.
Chronic exercise along with CoQ10 supplementation ame-
liorates the OS balance in sedentary postprandial case.
CoQ10 supplementation reduced liver MDA and SH, with
the highest significance in high-calorie diets, while chronic
exercise did not induce significant changes.

References

1. Patel, V.P., & Chu, C.T. (2011) Nuclear transport, oxidative
stress, and neurodegeneration. Int J Clin Exp Pathol. 4, 215–
229.

2. Forsberg, E., Xu, C., Grünler, J., Frostegård, J., Tekle, M.,
Brismar, K., & Kärvested, L. (2015) Coenzyme Q10 and
oxidative stress, the association with peripheral sensory
neuropathy and cardiovascular disease in type 2 diabetes
mellitus. J Diabetes Complications. 29, 1152–1158.

3. Niklowitz, P., Onur, S., Fischer, A., Laudes, M., Palussen, M.,
Menke, T., & Döring, F. (2016) Coenzyme Q10 serum concen-
tration and redox status in European adults: influence of age,
sex, and lipoprotein concentration. J Clin Biochem Nutr. 58,
240–245.

4. Ramond, A., Godin-Ribuot, D., Ribuot, C., Totoson, P.,
Koritchneva, I., Cachot, S., Levy, P., & Joyeux-Faure, M.
(2011) Oxidative stress mediates cardiac infarction aggrava-
tion induced by intermittent hypoxia. Fundam Clin Pharmacol.
27, 252–261.

�2019 Hogrefe Int J Vitam Nutr Res (2020), 90 (1–2), 33–41

B. A. Chis et al., Q10 coenzyme in metabolic syndrome in rats 39



5. Alehagen, U., Alexander, J., & Aaseth, J. (2016) Supplemen-
tation with Selenium and Coenzyme Q10 Reduces Cardiovas-
cular Mortality in Elderly with Low Selenium Status. A
Secondary Analysis of a Randomised Clinical Trial. PLoS
One. 11, e0157541.

6. Gems, D., & Partridge, L. (2008) Stress-response hormesis
and aging: “that which does not kill us makes us stronger”.
Cell Metab. 7, 200–203.

7. Fong, J.J., & Rhoney, D.H. (2006) NXY-059: review of neuro-
protective potential for acute stroke. Ann Pharmacother. 40,
461–471.

8. Pryor, W.A. (2000) Vitamin E and heart disease: basic science
to clinical intervention trials. Free Radic Biol Med. 28, 141–
164.

9. Kaur, J. (2014) A comprehensive Review on metabolic syn-
drome. Cardiology Research and Practice. 2014, 943162. doi:
10.1155/2014/943162

10. Bell, D.S., O’Keefe, J.H., & Jellinger, P. (2008) Postprandial
dysmetabolism: the missing link between diabetes and
cardiovascular events? Endocr Pract. 14, 112–124.

11. Garber, A.J. (2012) Postprandial dysmetabolism and the
heart. Heart Fail Clin. 8, 563–573.

12. Nordmann, A.J., Nordmann, A., Briel, M., Keller, U., Yancy, W.
S. Jr, Brehm, B.J., & Bucher, H.C. (2006) Effects of low-
carbohydrate vs low-fat diets on weight loss and cardiovas-
cular risk factors: a meta-analysis of randomized controlled
trials. Arch Intern Med. 166, 285–293.

13. Bellinger, A.M., Reiken, S., Dura, M., Murphy, P.W., Deng, S.X.,
Landry, D.W., Nieman, D., Lehnart, S.E., Samaru, M., La
Campagne, A., & Marks, A.R. (2008) Remodeling of ryanodine
receptor complex causes “leaky” channels: A molecular
mechanism for decreased exercise capacity. Proceedings of
the National Academy of Sciences of the United States of
America. 105, 2198–2202.

14. Sies, H. (1997) Oxidative stress. Oxidants and antioxidants.
Experim Physiol. 82, 291–295.

15. Radak, Z., Suzuki, K., Higuchi, M., Balogh, L., Boldogh, I., &
Koltai, E. (2016) Physical exercise, reactive oxygen species
and neuroprotection. Free Radical Biology and Medicine. 98,
187–196.

16. Ercan, H., Kiyici, A., Marakoglu, K., & Oncel, M. (2016)
8-Isoprostane and Coenzyme Q10 Levels in Patients with
Metabolic Syndrome. Metab Syndr Relat Disord. 14, 318–
321.

17. Raygan, F., Rezavandi, Z., Dadkhah Tehrani, S., Farrokhian, A.,
& Asemi, Z. (2016) The effects of coenzyme Q10 administra-
tion on glucose homeostasis parameters, lipid profiles,
biomarkers of inflammation and oxidative stress in patients
with metabolic syndrome. Eur J Nutr. 55, 2357–2364.

18. Cicero, A.F., Morbini, M., Rosticci, M., D’addato, S., Grandi, E.,
& Borghi, C. (2016) Middle-term dietary supplementation with
red yeast rice plus coenzyme Q10 improves lipid pattern,
endothelial reactivity and arterial stiffness in moderately
hypercholesterolemics. J Hypertens. 34, e109–e110.

19. Hosoe, K., Kitano, M., Kishida, H., Kubo, H., Fujii, K., &
Kitahara, M. (2007) Study on safety and bioavailability of
ubiquinol (Kaneka QHTM) after single and 4-week multiple oral
administration to healthy volunteers. Regul Toxicol Pharma-
col. 47, 19–28.

20. The University of Texas at Austin. Institutional Animal Care
and Use Committee: Guidelines for the Use of Cervical
Dislocation for Rodent Euthanasia.http://www.utexas.edu/
research/rsc/iacuc/forms/guideline04.pdf

21. Kregel, K.C. (2006) Exercise protocols using rats and mice. In
American phisiology Society: Resource book for the design of
animal exercise protocols (pp. 23–57). http://www.the-aps.

org/mm/SciencePolicy/AnimalResearch/Publications/Animal-
Exercise-Protocols/book14824.pdf

22. Alberti, K.G.M.M., Eckel, R.H., Grundy, S.M., Zimmet, P.Z.,
Cleeman, J.I., Donato, K.A., Fruchart, J.C., James, W.P.T.,
Loria, C.M., & Smith, S.C. (2009) Harmonizing the Metabolic
Syndrome. Circulation. 120, 1640–1645.

23. Esterbauer, H., & Chjeeseman, K. (1994) Determination of
aldehydic lipid peroxidation products: malonaldehyde and
4-hydroxynonenal. In Met in Enzymol. 186, 406–413.

24. Hu, M.L. (1994) Measurement of protein thiol groups and
glutathione in plasma. In Methods in Enzymology (vol. 233,
pp. 380–384). Academic Press.

25. Kitabchi, A.E., McDaniel, K.A., Jim, Y., Wan, R.D., Tylavsky, F.A.,
Jacovino, C.A., Sands, C.W., Nyenwe, E.A., & Stents, F.B. (2013)
Effects of High-Protein Versus High-Carbohydrate Diets on
Markers of β-Cell Function, Oxidative Stress, Lipid peroxida-
tion, Proinflammatory Cytokines, and Adipokines in Obese,
Premenopausal Women Without Diabetes. A randomized
controlled trial. Diabetes Care. 36, 1919–1925.

26. Moazen, M., Mazloom, Z., Ahmadi, A., Dabbaghmanesh, M.H.,
& Roosta, S. (2015) Effect of coenzyme Q10 on glycaemic
control, oxidative stress and adiponectin in type 2 diabetes. J
Pak Med Assoc. 65, 404–408.

27. Fatani, S.H., Babakr, A.T., NourEldin, E.M., & Almarzouki, A.A.
(2016) Lipid peroxidation is associated with poor control of
type-2 diabetes mellitus. Diabetes Metab Syndr. 10, S64–
S67.

28. Fisher-Wellman, K.H., & Bloomer, R.J. (2010) Lack of effect of
a high-calorie dextrose or maltodextrin meal on postprandial
oxidative stress in healthy young men. Int J Sport Nutr Exerc
Metab. 20, 393–400.

29. Leeuwenburgh, C., & Heinecke, J.W. (2001) Oxidative stress
and antioxidants in exercise. Curr Med Chem. 8, 829–838.

30. Chis�, B.A., Giurgea, N., Daicoviciu, D., & Mures�an, A. (2011)
Oxidative stress implications in exercise physiology in exper-
imental induced postprandial dismetabolism. Clujul Medical.
84, 23–27.

31. Ji, L.L. (2008) Modulation of skeletal muscle antioxidant
defense by exercise: Role of redox signaling. Free Radic Biol
Med. 44, 142–152.

32. Di Massimo, C., Scarpelli, P., & Tozzi-Ciancarelli, M.G. (2004)
Possible involvement of oxidative stress in exercise mediated
platelet activation. Clin Hemorheol Microcirc. 30, 313–316.

33. Cooke, M., Iosia, M., Buford, T., Shelmadine, B., Hudson, G.,
Kerksick, C., Rasmussen, C., Greenwood, M., Leutholtz, B.,
Willoughby, D., & Kreider, R. (2008) Effects of acute and 14-
day coenzyme Q10 supplementation on exercise performance
in both trained and untrained individuals. J Int Soc of Sports
Nutr. 8. doi: 10.1186/1550-2783-5-8

34. Milne, G.L., Yin, H., Brooks, J.D., Sanchez, S., Jackson
Roberts, L. 2nd, & Morrow, J.D. (2007) Quantification of
F2-isoprostanes in biological fluids as a measure of oxidative
stress. Methods Enzymol. 433, 113–126.

35. Yubero-Serrano, E.M., Delgado-Casado, N., Delgado-Lista, J.,
Perez-Martinez, P., Tasset-Cuevas, I., Santos-Gonzalez, M.,
Caballero, J., Garcia-Rios, A., Marin, C., Gutierrez-Mariscal, F.
M., Fuentes, F., Villalba, J.M., Tunez, I., Perez-Jimenez, F., &
Lopez-Miranda, J. (2011) Postprandial antioxidant effect of
the Mediterranean diet supplemented with coenzyme Q10 in
elderly men and women. Age (Dordr). 33, 579–590.

36. Yubero-Serrano, E.M., Gonzalez-Guardia, L., Rangel-Zuñiga,
O., Delgado-Casado, N., Delgado-Lista, J., Perez-Martinez, P.,
Garcia-Rios, A., Caballero, J., Marin, C., Gutierrez-Mariscal, F.
M., Tinahones, F.J., Villalba, J.M., Tunez, I., Perez-Jimenez, F.,
& Lopez-Miranda, J. (2013) Postprandial antioxidant gene
expression is modified by Mediterranean diet supplemented

Int J Vitam Nutr Res (2020), 90 (1–2), 33–41 �2019 Hogrefe

40 B. A. Chis et al., Q10 coenzyme in metabolic syndrome in rats



with coenzyme Q(10) in elderly men and women. Age (Dordr).
35, 159–170.

37. Liu, Y., Song, A., Zang, S., Wang, C., Song, G., Li, X., Zhu, Y., Yu,
X., Li, L., Wang, Y., & Duan, L. (2015) Jinlida reduces insulin
resistance and ameliorates liver oxidative stress in high-fat
fed rats. J Ethnopharmacol. 162, 244–252.

38. Milagro, F.I., Campión, J., & Martínez, J.A. (2006) Weight gain
induced by high-fat feeding involves increased liver oxidative
stress. Obesity. 14, 1118–1123.

39. Boutcher, S.H. (2011) High-Intensity Intermittent Exercise and
Fat Loss. Journal of Obesity. 868305. doi: 10.1155/2011/
868305

40. Munshi, R.P., Joshi, S.G., & Rane, B.N. (2014) Development of
an experimental diet model in rats to study hyperlipidemia
and insulin resistance, markers for coronary heart disease.
Indian Journal of Pharmacology. 46, 270–276.

Acknowledgments
This work is part of the PhD thesis of dr. Bogdan Augustin Chis. Dr. Ana
Florica Chis was involved in experimental work. Prof. Muresan was
involved in study design, and prof. Fodor conducted the data
interpretation and the publication work.

Conflict of interest
The authors declare that there are no conflicts of interest.

Bogdan Augustin Chis, MD, PhD
Assistant professor
2nd Internal Medicine Department
Cluj County Emergency Hospital
“Iuliu Hatieganu” University of Medicine and Pharmacy
Clinicilor 2-4 street
Cluj-Napoca
Romania, 400006

bogdan_a_chis@yahoo.com

�2019 Hogrefe Int J Vitam Nutr Res (2020), 90 (1–2), 33–41

B. A. Chis et al., Q10 coenzyme in metabolic syndrome in rats 41



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2540 2540]
  /PageSize [612.000 792.000]
>> setpagedevice


