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Q10 coenzyme supplementation effect on relative liver
weight and density in dysmetabolism and exercise (Note Il)
Efectul suplimentarii de coenzima Q10 asupra greutatii ficatului in
conditii de dismetabolism si efort fizic (Nota II)
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Abstract

Background. Data obtained on the administration of coenzyme Q10 (CoQ10) on heart weight in trained animals led us to
study the effects of administration on relative weight and density of the liver.

Aims. We aimed to study the changes induced in liver weight and volume by exercise and CoQ10 supplementation in ex-
perimental dysmetabolic conditions.

Methods. The experiment was conducted on 12 groups (n = 10 animals/group) of adult male Wistar rats, with three types
of diet: standard, high-carbohydrate, and high-fat, supplemented or not with CoQ10, sedentary or exercise trained. 6 groups
were subjected to daily exercise (swimming) for one hour per day for 4 weeks, the other half were sedentary. At the end of
the experiment, the animals were sacrificed, body weight and liver weight and volume were measured. Statistical analysis was
performed using the SPSS 20 and Excel 2010 tools.

Results. The relative liver weight was significantly influenced only by physical training. Liver density was influenced by
both physical training and CoQ10 supplementation.

Conclusions. In trained animals with a high calorie diet, a reduction of relative liver weight was observed, regardless of
CoQ10 supplementation. Sedentary animals with CoQ10 supplementation had an increased liver density, regardless of the type
of diet.
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Rezumat

Premize. Datele obtinute experimental privind administrarea de coenzima Q10 (CoQ10) asupra greutatii inimii la animalele
antrenate la efort, ne-au determinat sa studiem si efectul administrarii acesteia asupra greutatii relative si densitatii ficatului.

Obiective. Ne-am propus sa studiem modificarile greutdtii si volumului ficatului induse de efortul fizic si de suplimentarea
cu CoQ10 in conditiile dismetabolismului experimental.

Metode. Experimentul s-a desfagurat pe 12 loturi (n=10 animale/lot) de sobolani adulti masculi rasa Wistar, cu trei tipuri
antrenate la efort. 6 loturi au fost supuse efortului fizic zilnic (inot) timp de o ora zilnic pentru 4 saptamani, cealalta jumatate
fiind sedentara. La sfarsitul experimentului, animalele au fost sacrificate, s-au masurat masa corporald, greutatea hepatica,
volumul hepatic. Analiza statistica a fost facuta utilizdnd programele SPSS 20 si Excel 2010.

Rezultate. Greutatea relativa a ficatului a fost influentata semnificativ doar de antrenamentul fizic. Densitatea hepatica a fost
influentata atat de antrenamentul fizic, cat si de administrarea de CoQ10.

Concluzii. La animalele antrenate, cu dieta hipercaloricd, s-a observat reducerea greutatii relative a ficatului, indiferent de
suplimentarea sau nu cu CoQ10. La animalele sedentare, suplimentarea de CoQ10 a dus la cresterea densitatii hepatice, indi-
ferent de tipul de alimentatie.

Cuvinte cheie: efort fizic, dismetabolism postprandial, greutate hepatica relativa, densitate hepatica.

Received: 2015, April 25; Accepted for publication: 2015, May 25;

Address for correspondence: ”Iuliu Hatieganu” University of Medicine and Pharmacy Cluj-Napoca, 2nd Medical Clinic, 400006, 2"-
4t Clinicilor Street, Romania

E-mail: bogdan_a_chis@yahoo.com, chis.augustin@umfcluj.ro

Corresponding author: Bogdan Augustin Chis

Copyright © 2010 by “luliu Hatieganu” University of Medicine and Pharmacy Publishing

102



010 coenzyme supplementation effect on liver

Introduction

Morphological changes are a most faithful witness to
extrinsic aggressions on the body. Macroscopic changes
are often preceded by microscopic ones, as they are
preceded by molecular changes. The physical parameters
of weight, volume, length were among the first studied,
as their measurement is accessible to many laboratories.
The development of laboratory medicine led to their high
precision measurement, recent studies trying to standardize
several parameters in animal species and humans. Although
studies began to be conducted 200 years ago, the multitude
of experimental parameters and conditions led to current
studies in experimental models, adapted to current condi-
tions. These investigate the effect of certain diets (Saraf
Bank et al., 2015), different lifestyles (Bach et al., 2015)
and supplementation with certain food constituents or toxic
substances (Vitaglione et al., 2015; Tsirigoti et al, 2014).

Coenzyme Q10 (CoQ10) is a fat-soluble benzoquinone,
whose major role is the production of ATP in the
mitochondrial respiratory chain (Crane et al., 1989). The
most important quantities have been found in the heart and
liver, but its presence is felt in all animal cells, which could
not function without it; its absence could even induce
apoptosis (Aberg et al., 1992; Folkers et al., 1991). The
level of fat solubility determines its absorbance in the
small intestine (Bhagavan et al., 2006). In addition to the
regeneration of other antioxidants (vitamin E) (Comes,
2001), it has roles in the cardiovascular system (local anti-
inflammatory, reduction of LDL-cholesterol) (Singh et al.,
2003; Bryce, 2013; Maidell, 1991).

Hypothesis

Experimental data obtained on the effect of CoQ10 on
heart weight in physically trained animals subjected to a
high-calorie diet to achieve metabolic syndrome and the
role of the liver in CoQ10 synthesis, synthesis boosted by
vitamin E and selenium, the importance of a balanced diet
to ensure the necessary CoQ10 in the body led us to study
the effect of CoQ10 supplementation on the relative weight
and density of the liver.

Objectives

We experimentally studied the effect of CoQ10
supplementation on relative weight and density of the
liver in trained animals, in whom metabolic syndrome was
induced by high-calorie (high-carbohydrate and high-fat)
diets.

Materials and methods

The study was approved by the Bioethics Committee
of the University of Medicine and Pharmacy Cluj-Napoca
No 401/5.10.2011. The research was conducted on 120
adult Wistar rats from the biobase of the Department of
Physiology of UMPh Cluj-Napoca. The animals were
acclimated one week prior to the experiment to adequate
vivarium conditions.

Research protocol

a) Period and place of the research

The experiment lasted for 28 days, during October-
November 2012, and was carried out in the experimental

laboratory of the Department of Physiology of UMPh Cluj-
Napoca.

b) Subjects and groups

The following groups were included in the study:

Group I - control, standard diet, sedentary;

Group II - control, standard diet, exercise trained;

Group III - high-carbohydrate diet, sedentary;

Group IV - high-carbohydrate diet, exercise trained;

Group V - high-fat diet, sedentary;

Group VI - high-fat diet, exercise trained.

Group VII - control, standard diet, CoQ10 gavage,
sedentary;

Group VIII - control, standard diet, CoQ10 gavage,
exercise trained;

Group IX - high-carbohydrate diet, CoQ10 gavage,
sedentary;

Group X - high-carbohydrate diet, CoQ10 gavage,
exercise trained;

Group XI - high-fat diet, CoQ10 gavage, sedentary;

Group XII - high-fat diet, CoQ10 gavage, exercise
trained.

At the end, all animals were euthanized and the heart
was harvested according to goRENI standards (1).

The animals received three types of diet: standard diet
(20 g/day/rat granulated fodder, Cantacuzino Institute,
Bucharest, oropharyngeal gavage of 2 ml saline to simulate
the stress of gavage), high-carbohydrate diet (standard diet
+ oropharyngeal gavage of 2 ml glucose syrup 75%) or
high-fat diet (standard diet + gavage of 2 ml pork lard). The
animals received water ad libitum. CoQ10 supplementation
was done by oropharyngeal gavage of pure CoQIl0 in
suspension, delivered by Alevia Romania, at a dose of 100
mg/kg body weight.

¢) Applied tests

The aerobic capacity was determined based on 60
minutes swimming in a pool with an open area larger than
1000 cm?, 40 cm water depth, to avoid interference of the
animals with each other (Kregel, 2006).

The measured indicators were: absolute animal weight
expressed in grams at the beginning (T0) and at the end
of the experiment (T28), using a Kern Germany KB650-
2NM electronic balance, relative liver weight in grams/100
g body weight using an electronic laboratory scale to 2
decimal places (MH-Series Pocket Scale/MH-100 100
g/0.01g).

d) Statistical processing

Statistical data analysis was performed using the
SPSS.20 and Excel 2010 tools. Parametric tests were
used for groups which were supposed to have a normal
distribution, and those with a non-normal distribution were
taken into account with their logarithmic values. Student
t test, ANOVA, Pearson correlation coefficient were
calculated.

Results

Relative liver weight

Table I shows a decrease in the relative weight of the liver
both in the exercise trained and CoQ10 supplementation
groups. Statistical significance was high in the trained
group (a decrease of 7.71%, p <0.001) compared to the
CoQ10 supplemented group, where the magnitude of the
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changes was of borderline significance (a decrease of 3.3%,
p = 0.06) (Table I). The groups were considered sedentary
and non-supplemented with CoQ10 (I, III, V), sedentary
and supplemented with CoQ10 (VII, IX, XI) or trained
without CoQ10 supplementation (II, IV, VI) or with CoQ10
supplementation (VIII, X, XII). There is a cumulative effect
of exercise and CoQ10 supplementation on relative liver
weight decrease, the groups trained and supplemented with
CoQ10 having the lowest relative weight of the liver.

Table II shows an increase in relative liver weight with
increased caloric intake. A decline was also observed when
CoQ10 was administered. Sedentary groups had at the time
of euthanasia a higher relative liver weight than the trained
groups.

In the case of the standard diet (group I), the
administration of CoQ10 (group VII) or exercise training
(group II), although resulting in a decrease of relative
weight, was not significant. The most important change
was induced by administration of CoQ10 in the sedentary
group (p = 0.076).

In the high-carbohydrate diet, exercise training only
resulted in a significant decrease of relative liver weight.
The changes were significant both for groups without
CoQ10 supplementation (group IV vs group III, a 8.47%
decrease, p = 0.036) and supplemented with Q10 (group
X vs group IX, a 14.34% decrease, p = 0.025), where the
most significant change was observed.

In the high-fat diet, exercise only had a statistically
significant effect on relative liver weight, both for the
groups without CoQ10 supplementation (group VI vs
group V, a 7.26% decrease, p = 0.009) and in the case of
CoQ10 supplementation (group XII vs group XI, a 5.75%
change, p = 0.015). CoQ10 supplementation in sedentary
animals did not lead to significant changes.

Liver density

Table III shows an increase of liver density both in the
CQ10 supplemented and in the exercise trained groups. The
most important changes occurred in the exercise trained

groups supplemented with CoQ10.

Both exercise and CoQ10 supplementation resulted in
significant liver density changes (an increase of 4.44%, p
= (.004 for exercise, an increase of 5.75%, p = 0.001 for
CoQ10 supplementation).

In the standard diet, liver density was also significantly
altered by the administration of CoQ10 in the sedentary
group (group VII vs group I, an 8.62% increased density,
p = 0.019). CoQ10 supplementation in the trained groups
was also important, but of borderline significance (group
VIII vs group 11, a 5.97% increase, p = 0.058).

In the high-carbohydrate diet, there was an increase
only in the sedentary group supplemented with CoQ10
(group IX vs group III, 7.02%, p = 0.013) and in the
exercise trained group without CoQ10 supplementation
(group IV vs group III, 22%, p = 0.006).

In the high-fat diet, liver density increased only in the
sedentary group with CoQ10 supplementation (group XI
vs group V, 7.02%, p = 0.013) or in the exercise trained
group without CoQ10 (group VI vs group V, 6.22%, p =
0.006. CoQ10 supplementation in the trained groups did
not induce significant changes (Table IV).

The analysis of the correlation between average daily
weight gain and liver density showed a negative Pearson
coefficient (-0.386) with a high statistical significance (p
<< 0.001). Thus, a greater weight gain is associated with
decreased liver density.

Liver density is negatively correlated (Pearson
coefficient = -0.204) with relative liver weight (p =
0.025). A high liver mass will be related to its low density.

The correlation between the relative weight of the
liver and daily weight gain was significant (p = 0.017), the
correlation is positive in this case. A greater weight gain
will result in an increase of relative liver weight.

Discussions

Both CoQ10 administration and physical exercise
decreased the relative weight of the liver. Statistical

Table 1
Comparison of the effect of exercise or CoQ10 supplementation on relative liver weight (in grams liver/100 g body weight).
Group A Group B
Group Group Standard Standard Student
A B Average . Average . t test
deviation deviation
Without CoQ10 With CoQ10 3.169748 0.265721 3.065261 0.333573 0.06
Sedentary Trained 3.242730 0.282588 2.992278 0.275098 <0.001
Table 11

Comparison of the relative liver weight (in grams liver/100 g body weight) depending on diet,

physical training and CoQ10 supplementation.

Group A Group B

Grzup Gr]gup Standard Standard Student
Average deviati Average L. t test
eviation deviation

I I 3.152082 0.096284  2.994298 0.301944 0.133

I Vil 3.152082 0.096284  3.012815 0.213548 0.076

I VIII 2.994298 0.301944  2.860250  0.177023 0.242

VII VIII 3.012815 0.213548 2.860250  0.177023 0.099
I v 3.295603 0.170015 3.016680  0.351265 0.036

11 IX 3.295603 0.170015 3.341573 0.495779 0.785

v X 3.016680  0.351265 2.862731 0.373326 0.355

IX X 3.341573 0.495779 2.862731 0.373326 0.025

\% VI 3.403362 0.23965 3.156461 0.117000 0.009

\% XI 3.403362 0.23965 3.250947 0.161004 0.112

VI XII 3.156461 0.117000 3.063248 0.151433 0.141
XI XII 3.250947  0.161004  3.063248 0.151433 0.015
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significance was high in the case of exercise training
(a 7.71% decrease, p < 0.001) compared to CoQ10
supplementation, where the magnitude of the changes
was of borderline significance (a 3.3% decrease, p =
0.06). Concerning liver density, both exercise and CoQ10
administration led to significant changes (a 4.44% increase,
p = 0.004 in the case of exercise, a 5.75% increase, p =
0.001 in CoQ10 supplementation).

Standard diet

In the standard diet, administration of CoQIl10 or
physical exercise, though leading to a relative liver weight
loss, was not significant. The most important change was
induced by administration of CoQ10 to the sedentary group
(p = 0.076). Hepatic density was significantly changed by
administration of CoQ10 to the sedentary group (an 8.62%
increased density, p = 0.019). CoQ10 supplementation
in the trained groups was important, but of borderline
significance (up to 5.97%, p = 0.058).

High-carbohydrate diet

In the high-carbohydrate diet, exercise training resulted
in a significant decrease of relative liver weight. The
changes were significant both for groups without
CoQ10 (a decrease of 8.47%, p = 0.036) and for the
groups supplemented with Q10 (a decrease of 14.34%,
p = 0.025). Liver density increased only in sedentary
groups with CoQ10 supplementation (7.02%, p = 0.013)
and by physical training (6.22%, p = 0.006) without

CoQ10. CoQ10 supplementation in the sedentary groups
did not involve significant changes.

High-fat diet

In the high-fat diet, exercise training had a statistically
significant effect on relative liver weight, both for the groups
without CoQ10 (a decrease of 7.26%, p = 0.009) and in
those supplemented with CoQ10 (5.75%, p = 0.015). The
administration of CoQ10, unaccompanied by physical
training, did not lead to significant changes. Hepatic density
was influenced only in the sedentary groups, by CoQ10
administration (an increase of 7.76%, p <<0,001) and by
physical training (an increase of 8.21%, p = 0.002). There
is a slight difference in favor of exercise.

Correlation between weight gain, density and relative
weight of the liver

There is a significant negative correlation between
average daily weight gain and liver density. Thus, as
daily weight gain increases, liver density decreases. Also,
weight gain is positively correlated with relative liver
weight increase. A more marked increase in weight gain is
associated with a parallel increase in liver weight with the
decrease of liver density. This change is consistent with the
conclusion that an increased mass index is associated with
an increased incidence and intensity of hepatic lipid load or
the occurrence of hepatic steatosis. In this experiment, the
increase in liver weight was also correlated with decreased
liver density. Thus, in all groups, increased relative liver

Table 111
Comparison of the effect of exercise or CoQ10 supplementation on liver density.
Group A Group B
Group Group pStandard pStandard Student
A B Average doviati Average . t test
eviation deviation
Without CoQ10 With CoQ10 1.164105 0.078521 1.231191 0.110235 <0.001
Sedentary Trained 1.171389 0.081670 1.223907 0.111952 0.004
Table IV
Comparison of liver density depending on diet, physical activity and CoQ10 supplementation.
Group Group Group A Group B Student
A B Average Star}dgrd Average Stal?de.lrd t test
g d g
eviation deviation
1 1T 1.164260 0.098013 1.221144 0.088020 0.189
I Vil 1.164260 0.098013 1.259991 0.064010 0.019
1I VIII 1.221144 0.088020 1.294209 0.072963 0.058
VII VIII 1.259991 0.064010 1.294209 0.072963 0.280
11 v 1.124460 0.042699 1.194241 0.056358 0.006
1T IX 1.124460 0.042699 1.203956 0.080840 0.013
v X 1.194241 0.056358 1.238237 0.212031 0.534
IX X 1.203956 0.080840 1.238237 0.212031 0.639
\% VI 1.095032 0.046097 1.185494 0.061323 0.002
\% XI 1.095032 0.046097 1.180633 0.023666 <0.001
VI XII 1.185494 0.061323 1.210118 0.092956 0.493
X1 XII 1.180633 0.023666 1.210118 0.092956 0.344
Table V

Correlation of liver density, relative weight and weight gain.

The measured . Liver Average daily Relative liver
. Statistical test : . . .
variable density weight gain weight
Liver density Pearson correlation 1 -.386™ -.204"
Sig. (2-tailed) .000 .025
Average daily Pearson correlation -.386™ 1 217
weight gain Sig. (2-tailed) .000 .017
Relative liver Pearson correlation -204" 217 1
weight Sig. (2-tailed) .025 .017

** Correlation significant at the 0.01 level (2-tailed)
* Correlation significant at the 0.05 level (2-tailed)
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weight can be seen as a consequence of hepatic steatosis.

CoQ10 supplementation has been shown to reduce
oxidative stress and oxidative stress-related injuries in
the liver (including hepatomegaly) in various animal
models(Ubohetal.,2009; McNulty etal.,2008). Antioxidant
supplementation has been shown to be useful in various
types of hepatomegaly in humans (Stewart etal., 2007). The
effect may be a consequence of the reduction of hepatic
glutathione peroxidase activity and necroinflammatory
activity associated with oxidative stress. It has been
postulated that antioxidant supplementation may prevent
liver ethanol related cirrhosis and hepatomegaly (steatosis)
induced by a high-fat diet (Soylu et al., 2006). Thus, a high
calorie diet could lead to a decreased hepatic synthesis of
CoQ10, which would justify its supplementation in high-
calorie diets, in obesity or metabolic syndrome.

Conclusions

1. CoQ10 supplementation leads to hepatic density
increases in sedentary animals, in normal or high calorie
diets.

2. CoQI10 supplementation does not induce changes
in relative liver weight and density in trained animals
receiving normal or high calorie diets.

3. Average daily weight gain is negatively correlated
with liver density and positively correlated with relative
liver weight.

4. Hepatic density is negatively correlated with relative
liver weight.

Conflicts of interest
There are no conflicts of interest.

Acknowledgments
This article uses partial results of the first author’s personal
research as part of his doctoral studies.

References

Aberg F, Appelkvist EL, Dallner G, Ernster L. Distribution and
redox state of ubiquinones in rat and human tissues. Archives
of biochemistry and biophysics. 1992;295(2):230-234.

Bach CW, Brown AF, Kinsey AW, Ormsbee MJ. Anthropometric
Characteristics and Performance Capabilities of Highly-
Trained Motocross Athletes Compared to Physically Active
Men. J Strength Cond Res. 2015 May 16. [Epub ahead of
print]

Bhagavan HN, Chopra RK. Coenzyme Q,: Absorption, tissue
uptake, metabolism and pharmacokinetics. Free Radical
Research 2006;40(5):445-453.

Bryce W. Antioxidantii. Retetd pentru viata. Ed Curtea Veche.
Bucuresti, 2013,88-89.

Comes L: Antioxidantii in bolile cardiovasculare. In Dejica D
(sub red.) Antioxidanti si terapie antioxidanta. Ed. Casa Cartii
de Stiintd, Cluj-Napoca, 2001, cap 13, 420-423

Crane FL, Hatefi Y, Lester RI. Isolation of a quinone from beef
heart mitochondria. Biochim Biophys Acta, 1989,1000:362-
363.

Folkers K, Yamagami T, Littarru GP. Eds. Biomedical and Clinical
Aspects of Coenzyme Q. Vol. 6, Elsevier, Amsterdam,
1991,1-555.

Maidell E. Biblia Vitaminelor. Ed. Elit Bucuresti, 2006, 246.

McNulty H, Jacob RF, Mason RP. Biological activity of
carotenoids related to distinct membrane physiochemical
interactions. Am. J. Cardiol. 2008;101(10A):20D-29D. doi:
10.1016/j.amjcard.2008.02.004.

Singh RB, Neki NS, Kartikey K, Pella D, Kumar A et al. Effect
of coenzyme Q10 on risk of atherosclerosis in patients with
recent myocardial infarction. Mol Cell Biochem. 2003;246(1-
2):75-82.

Saraf-Bank S, Esmaillzadeh A, Faghihimani E, Azadbakht L.
Effects of Legume-Enriched Diet on Cardiometabolic Risk
Factors among Individuals at Risk for Diabetes: A Crossover
Study. J Am Coll Nutr. 2015 Mar 11:1-10. [Epub ahead of
print]

Soylu AR, Altaner S, Aydodu N, Basaran US, Tarcin O et al.
Effects of vitamins E and C supplementation on hepatic
glutathione peroxidase activity and tissue injury associated
with ethanol ingestion in malnourished rats. Curr Ther Res
Clin Exp. 2006;67(2):118-137.

Stewart S, Prince M, Bassendine M, Hudson M, James O, Jones
D et al. A randomized trial of antioxidant therapy alone or
with corticosteroids in acute alcoholic hepatitis. J Hepatol
2007;47(2):277-283.

Tsirigoti L, Kontogianni MD, Darema M, latridi V, Altanis N et
al. Exploring associations between anthropometric indices
and graft function in patients receiving renal transplant. J
Hum Nutr Diet. 2014 Dec 18. doi: 10.1111/jhn.12289. [Epub
ahead of print]

Uboh FE, Ebong PE, Umoh IB. Comparative hepatoprotective
effect of vitamins A and E against gasoline vapor toxicity in
male and female rats. Gastroenterol Res, 2009;2(5):295-302.

Vitaglione P, Mennella I, Ferracane R, Rivellese AA, Giacco R
et al. Whole-grain wheat consumption reduces inflammation
in a randomized controlled trial on overweight and obese
subjects with unhealthy dietary and lifestyle behaviors: role
of polyphenols bound to cereal dietary fiber. Am J Clin Nutr.
2015;101(2):251-261. doi: 10.3945/ajcn.114.088120.

Websites

(1) Revised guides for organ sampling and trimming in rats
and mice. Available at: http://reni.item.fraunhofer.de/reni/
trimming/index.php accessed on 1 April 2015

106



