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ABSTRACT

In this study, the effect of coenzyme Q10 (CoQ10) on nitric oxide (NO) and total
antioxidant (TAS) capacity in rats for which experimentally hypothyroidism was induced
through PTU was investigated. A total of 32 healthy male Wistar Albino rats weighing
300-350g, approximately 12 weeks old, were used as animal material in the study. . Rats
were divided into 4 experimental groups as control (K), Coenzyme Q10 (C),
Hypothyroidism (H), and Coenzyme Q10 + Hypothyroidism (CH). During the trial period
of three weeks, 3mg CoQ10 (10mg/kg/day) was dissolved in 0.3 ml of maize oil and
intraperitoneally administered for each animal in group C. In group H, PTU has added to
drinking water daily at a weight/volume (w/v) ratio of %0.05. In the HC group,
coenzyme Q10 was administered intraperitoneally and PTU was administered with
drinking water at a rate of %0.05. TT4, TT3, and TSH levels were determined in serum
samples and NO and TAS levels in plasma samples. In the present study; the highest
plasma NO level among the groups was determined in group H (p<0.05) and there was
no significant difference between other groups (H, C, HC) (p>0.05). The plasma TAS value
of group H was found to be significantly higher than the same value in the K, C and HC
groups (p<0.05). The plasma TAS level in group C had no difference from the same value
in the HC group (p>0.05), although it was higher than the same value of group K
(p<0.05). As a result, it was found to cause oxidative stress in hypothyroidism-induced
rats with a particular increase in plasma NO levels, and CoQ10 was found to be effective
in normalizing the increased plasma NO level due to hypothyroidism.

Keywords: Hypothyroidism, coenzyme Q10, nitric oxide, total antioxidant capacity, rats

DOI: https://doi.org/10.30704/http-www-jivs-net.851210

To cite this article: Yazici, C., Kegeci T., Hatipoglu, D. (2021). The effect of coenzyme Q10 on blood plasma nitric oxide and

total antioxidant capacity levels in hypothyroidism-induced rats. Journal of Istanbul Veterinary Sciences, 5(1), 19-26.
Abbreviated Title: J. istanbul vet. sci.

Introduction

One-third of the world's population lives in the region
where iodine deficiency is present, and its effects on
the neurological development of fetuses and children
in cases where iodine deficiency is severe are well
known (Zimmermann, 2009). Moreover, the possible
effects of iodine deficiency during pregnancy on the
cognitive development of fetus have also been
increasingly recognized in recent years (Bath et al.,
2013). Changes in food and agricultural practices since
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the 1950s have caused iodine deficiency to come back
to the agenda even in countries where iodine was
previously believed to be sufficient, including some
developed countries (Taylor et al., 2014).
Hypothyroidism, also known as a condition in which
the thyroid gland is unable to produce as many
hormones as necessary, can be caused by the thyroid
gland (primary hypothyroidism), the pituitary gland
(secondary hypothyroidism), or the hypothalamus
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(tertiary hypothyroidism) (Schmid et al., 2006). The
most common cause of primary hypothyroidism is
severe iodine deficiency (Taylor et al., 2018).

The thyroid hormones, thyroxine (T4) and
triiodothyronine (T3) play a critical role in growth and
development and regulate the basic metabolic
processes that affect almost every organ system in
adults (Biondi & Cooper, 2019). Thyroid hormones
affect metabolic processes, especially due to changes
in ATP metabolism. ATP production, along with other
related processes including apoptosis triggering, redox
signalling, and intracellular Ca+2 regulation, is
primarily driven by mitochondria (Scheffler, 2011). In
this respect, hypothyroidism is known to reduce
oxygen consumption and promote low metabolism,
which causes impairments in hemodynamic, heart and
kidney function, as well as lipid metabolism (Franco et
al., 2011). Whether T3 and T4 regulate the expression
of various membrane-associated respiratory enzymes
and metabolite transporters in mitochondria is still
controversial.(Paradies et al., 1994; Scheffler, 2011,
Schonfeld et al., 1997). Hypothyroidism also affects
the expression of mitochondrial proteins from the
respiratory chain and decreases coenzyme Q10
(CoQ10) levels, as well as the antioxidant capacity of
mitochondria (Fernandez-Vizarra et al., 2008; Venditti
et al., 2003).

CoQ10 is a fat-soluble vitamin-like compound that
can be found in any cell, acting as a coenzyme in
enzymatic reactions that occur during energy
production in cells (Stocker, 2007). CoQ10, also known
as ‘Ubiquinone’, is found in all tissues in the body,
even if its amount is variable, and has a role in all
oxidative reactions (Saini, 2011). CoQ10 plays an
important role in electron transport and ATP synthesis
in mitochondria. There may also be a decrease in the
amount of CoQ10, as oxidative damage may occur in
patients with both hyperthyroidism and
hypothyroidism (Mancini et al., 2011). CoQ10 plays a
very important role in the body since it is involved in
ATP synthesis and is essential for the health of every
tissue and cell in the body. It also has an important
antioxidant function (Santoro, 2020).

Considering that hypothyroidism is a serious
problem in our country and throughout the world in
the case of experimentally hypothyroidism-induced
rats, the extent to which CoQ10 will affect blood
plasma thyroid hormone levels and levels of nitric
oxide and total antioxidant capacity parameters
planned to be investigated to contribute to the
relevant information.

Materials and Methods

Animal Material: In the study, a total of 32 healthy
male Wistar Albino rats, approximately 12 weeks old,
weighing 300-350 g, obtained from S.U Experimental
Medicine Research and Administration Center were
used. In the experiment, which included a 10-day
adaptation and 3-week main study period, the rats
were provided with suitable living conditions in the
form of 22 + -2°C room temperature, \ 50% + -10
relative humidity and 12/12 night and daylight period.
In the study, the average amount of water that rats
can drink daily (average 50 ml/day/rat) was
determined and their water was refreshed daily. The
animals were fed with standard rat feed ad libitum.
During the research period, rats hosted in 8 separate
cages and 4 in each cage were divided into 4 trial
groups: control  (K), coenzyme Q10 (C),
hypothyroidism (H) and Coenzyme Q10+
hypothyroidism (CH).

Control Group (K): no administration was made to the
animals in this group, and during the study, their feed
was given as ad libitum, while daily drinking water was
given in a determined amount.

Coenzyme Q10 Group (C): rats in this group were
administered intraperitoneally during the trial,
dissolving in 0.3 ml of maize oil, approximately 3mg
CoQ10 (TCl, C1971) (10mg/kg/day) per animal
according to their alive weight (Singh et al., 2000).
Hypothyroidism Group (H): 6-N-propyl-2-thiouracil
(PTU) (brand; SIGMA p3755) was added to drinking
water daily at a rate of \%0.05 weight/volume (w/v)
during the trial to induce hypothyroidism in rats (Das
& Chainy, 2001).

Hypothyroidism + Coenzyme Q10 Group (HC): animals
in this group were intraperitoneally administered
coenzyme Q10 dissolved in maize oil in the amount of
10mg/kg/day during the trial.%0.05 PTU was added to
drinking water.

At the end of the administration period, blood
was taken separately and in sufficient quantities from
rats in groups to EDTA and serum tubes with cardiac
puncture under general anaesthesia performed with
70 mg/kg ketamine + 5 mg/kg Rompun. Blood samples
were centrifuged at +4 2C at 3500 rpm to obtain
plasma (Hettich Rotina 35 R). Serum and plasma
samples were stored at -20 °C until they were
analyzed. The obtained serum samples of total
thyroxine, total triiodothyronine, Thyroid Stimulating
Hormone (TSH); Nitric Oxide (NO) and Total
Antioxidant Capacity (TAC) levels were determined
from plasma samples. The lives of the blood-drawn
animals were ended by cervical dislocation, which was
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The research was approved by the animal
experiments Ethics Committee of Selcuk University
Experimental Medicine Practice and Research Center
on 28.12.2018 with decision n0.2018-49.

From the serum samples taken, TSH, TT4 and total
TT3 levels were measured by Kemuliminescence
measurement method in Abbot Architect 2000
analyzer, Abbott kits were used for measurements
Plasma nitric oxide (Cayman, 780001) and total
antioxidant capacity (Tas, Red Assay Diagnostics®)
levels of animals in trial groups were determined by
the spectrophotometric method by reading
absorbency values under commercial kit prospectuses
using Biotek brand LX800 model Elisa device and
Cayman brand test kits (Messerah et al., 2011)
(Messarah et al. 2010).

Statistical analysis of the data obtained at the end
of the research SPSS 18.0 (SPSS, Inc. Chicago, IL, USA)
was performed using. Variance analysis was
performed to determine the importance of the
differences between the trial groups, and Duncan
multiple comparison tests were performed for
posthoc analyses.

Results

In the study, serum thyroid-stimulating hormone
(TSH), total thyroxine (TT4) and triiodothyronine levels
(TT3) and plasma nitric oxide (NO) and total
antioxidant capacity (TAS) values were determined in
all four groups are shown in Table 1.

Considering the TSH, TT4 and TT3 values in the
study, it is seen that PTU administration causes
hypothyroidism in the hypothyroid (H) and
hypothyroid + coenzyme Q10 (HC) groups. Serum TSH
levels in the H and HC groups were higher (p <0.05)
than the control (K) and coenzyme Q10 (C) groups
(Table 1), and serum TT4 and TT3 values, which are
the main thyroid hormones affecting tissues, were
both H and TT3. The lower amount of rats in HC
groups compared to other groups confirms this (Table
1).

The highest mean serum TT4 and TT3 levels
recorded among the trial groups in the study were
observed in Group K, which was significant (p<0.05)
compared to those of other groups (C, H and HC).
While there was no difference between the H and HC
groups in terms of these values (p>0.05), serum TT4
and TT3 levels in Group C were lower than in Group K
(p<0.05) and higher than in the H and HC groups
(p<0.05) (Table 1).

The highest mean serum recorded among the trial
groups in the study was observed in group K, which
was significantly higher (p<0.05) than those of other
groups (C, H and HC). While there was no difference
between H and HC groups in terms of these values
(p>0.05), serum TT4 and TT3 levels in group C were
lower (p<0.05) than in group K, and higher than in H
and HC groups (p<0.05) (Table 1).

When plasma NO levels were taken into account,
it was found that the highest value among groups was
in group H with hypothyroidism (p<0.05), while
plasma NO levels did not differ significantly among
other groups (H, C, HC) (p>0.05) (Table1l).

In the study, it was determined that the plasma
TAS value of group H was considerably higher than the
same value in the K, C and HC groups (p<0.05). The
plasma TAS level in group C was recorded as showing
no significant difference (p>0.05) than in the HC
group, although the K group had higher amounts
(p<0.05) than the same value (Table 1).

Discussion

Since thyroid hormones affect the metabolic activities
of a living thing, the development and growth of
tissues, and the rate at which nutrients are used to
provide energy, (Mortezaee et al.,, 2019; Pascual &
Aranda, 2012), when the secretion of the thyroid
hormones decreases, the functions of almost all
systems in the body are affected, metabolic activities
are disrupted and hypothyroidism occurs (Hall & Hall,
2020).

Table 1. Serum means TSH, TT,, TT3 levels and NO and TAS values for all groups.

Control Hypothyroidism Coenzyme Q10 Hypothyroidism + CoQ10
TSH (uIU/ml) 2.45 +0,055° 23.28 +2.17° 1.80 +0.42° 18.82 +1.33°
TT, (ng/dl) 2.41+0.07° 0.26 + 0.14° 2.08+0.12° 0.12 +0.01°
TT; (ng/ml) 0.33+0.18° 0.02 + 0.003° 0.20 + 0.05° 0.02 +0.01°
NO (uM) 51.5 + 3.62" 87.1+6.24° 57.5 % 6.93" 64.0 + 4.14°
TAS (mmol/l) 9.47 +0.85° 15.87 + 0.68° 12.91+1.33° 10.42 +0.94"

CoQ10 = coenzyme Q10, TSH =thyroid-stimulating hormone, TT, = total

thyroxine, TT;= triiodothyronine

levels, NO = nitric oxide, TAS = total antioxidant capacity .
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In experimental studies conducted to investigate the
effects of hypothyroidism, various anti-thyroid agents
that inhibit thyroid hormone synthesis are used.
Among these, one of the most widely used is
propylthiouracil (PTU). PTU acts by inhibiting the
activation of iodine and its binding to tyrosine by
inhibiting the tyrosine peroxidase enzyme in the
thyroid gland, by preventing the binding of
monoiodotyrosine and diiodotyrosine to each other,
and by inhibiting the conversion of T4 to T3 with
deiodinase inhibition in the periphery. (Cooper et al.,
1983). In this study, PTU was administered to rats in
the H and HC groups, and it was determined that PTU
administration induced hypothyroidism in animals in
these groups (Table 1).

According to the findings obtained in the study,
the increase in serum TSH level (p<0.05), decreased
TT4 and TT3 levels (p<0.05) in the H and HC groups
administered in PTU compared to groups K and C
experimentally shows that hypothyroidism was
induced.

CoQ10 is a powerful antioxidant in all cells, with
electron carrier properties in the electron transport
chain. It is synthesized in the body under normal
physiological conditions and the amount is sufficient
for the body. But various diseases, ageing and
degenerative processes can lead to an insufficient
amount of CoQ10 synthesized in the body(Bhagavan
et al., 2007; Quiles et al., 2020; Sawashita et al., 2020).
Therefore, its increasing use as a food supplement is
becoming more and more common and is the subject
of scientific research in this direction (Gholnari et al.,
2018; Jorat et al., 2019; Lee et al., 2012).

CoQ10 can also be used frequently in some
endocrinological disorders (Mancini et al., 2011). Since
thyroid hormones have common biosynthesis
pathways through CoQ10 and tyrosine amino acid, it is
common for tight interactions between the hormones
of the endocrine glands in question and CoQl10
(Sayiner & Kismali, 2016). Metabolic stress caused by
a slowing basal metabolic rate in the case of
hypothyroidism and an increased basal metabolic rate
in the case of hyperthyroidism affects all systems of
the body (Venditti & Di Meo, 2006). In cases where
metabolic stress and free radical production
increased, CoQ10 was found to decrease. (Bhagavan &
Chopra, 2006). Therefore, concerning thyroid health,
it is thought that CoQl0 supplementation in a
controlled manner may be beneficial in people with
both hyperthyroidism and hypothyroidism (Saini,
2011).

Different findings in various studies on the effect
of CoQ10 on hypothyroidism are notable (Mancini et

al.,, 1989; Mancini et al., 2011; Ogura et al., 1980;
Pandolfi et al., 1994; Resch et al., 2002; Saini, 2011).
Mancini et al. (1989) report that CoQ10 levels in the
blood show a significant inverse relationship with
thyroid hormone levels in patients with hyper or
hypothyroidism. In another study carried out by the
same researchers (Mancini et al. 2011), they noted
that due to oxidative damage in patients with both
hyperthyroidism and hypothyroidism, there may be a
decrease in the amount of CoQl0 that plays an
important role in electron transport and ATP synthesis
in mitochondria. In comparison to people with
hyperthyroidism and hypothyroidism, there are also
studies indicating that although serum CoQ10 levels in
hyperthyroidism are lower than euthyroidism and
hypothyroid subjects, there is no significant difference
in hypothyroidism than euthyroidism which reports
that the decrease in coql0 level of hyperthyroidism is
more than hypothyroidism, on the other hand, it has
been emphasized that oxidative stress increases in
both hyperthyroidism and hypothyroidism, and that
negative changes in the enzymatic and non-enzymatic
antioxidant system can have a significant impact
(Resch et al., 2002)

In this study, the serum TSH, TT4 and TT3 levels of
the C group given CoQ10 did not show a significant
difference compared to the control group (p> 0.05),
the serum TSH level in the HC group given CoQ10 with
PTU was higher than the control group (p <0.05), The
low levels of TT4 and TT3 (p <0.05) suggested that
CoQ10 was not effective in correcting serum TSH, TT4
and TT3 levels due to hypothyroidism under the
conditions in this study (Table 1).

The most important production site of free
oxygen radicals in cells is mitochondria (Brown &
Borutaite, 2012; Di Meo et al., 2016), therefore, it is
inevitable that increases and decreases in levels of
thyroid hormones affect the production of free
oxygen radicals (Chainy & Sahoo, 2020). Because
thyroid hormones make significant changes in the
activity and number of certain respiratory chain
components in the mitochondria in tissues (Guerrero
et al.,, 1999)significant changes in the oxidant and
antioxidant systems of the body occur in both
hyperthyroidism and hypothyroidism (Hosseini-Zijoud
et al.,, 2016; Mancini et al., 2011; Resch et al., 2002)
Increased metabolic rate with the effect of thyroid
hormones accelerates electron transport in
mitochondria, which increases superoxide production.
Superoxide radicals lead to the formation of many
other reactive oxygen species (Freinbichler et al.,
2011). Thus, the acceleration of all metabolic events in
hyperthyroidism leads to lipid peroxidation, increasing
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oxidative metabolism (Joshi et al., 2018; Venediktova
et al., 2020). In hypothyroidism, since the metabolic
rate slows down, oxidative byproducts are also
expected to decrease (Joshi et al., 2018; Pereira et al.,
1994), in contrast, there are also studies showing
increased oxidative stress (Costantini et al., 1998;
Yilmaz et al, 2003). In case of hypothyroidism,
oxidized lipoproteins in the hydrolysis of lipid peroxide
which serum paraoxonase (PON-1) activity recorded
when the decrease occurred, hypothyroidism
observed in lipid peroxidation, serum PON-1 enzyme
activity and an increase in the reduction of LDL
cholesterol to undergo oxidation quickly discussed it
with (Sarandol et al., 2006). In this study, compared to
the control group, the high plasma NO level (p<0.05),
which is one of the oxidative stress indicators in
hypothyroidism induced rats, supports this view
(Table 1). Similarly, Verma et al. (2013) in a study
conducted in humans, did not record that serum NO
levels increased in those with hypothyroidism
compared to controls (Verma et al., 2013). In contrast,
plasma NO levels are not affected in the case of
hypothyroidism (Hermenegildo et al., 2002). These
different findings among some studies may be due to
differences in tissue and organ sensitivity,
measurement methods, animal species and
administration methods (Messerah et al., 2011).
CoQ10, which joins the mitochondrial respiratory
system as an antioxidant, protects cells and tissues
from the harmful effects of free radicals (Cooke et al.,
2008). It performs this function by acting as a
coenzyme of three mitochondrial enzymes (complex |,
I, 1l) (Littarru & Tiano, 2010). Furthermore, the quinol
form of CoQ10 plays a potential antioxidant role by
directly suppressing free radicals in the inner
membrane of the mitochondria or by reducing the a -
tocopherol radical (Kwong et al., 2002). Paunovi¢ et al
(2017) report that CoQ10 administration strengthens
erythrocyte antioxidant capacity by clearing ROS of
the toxic effects of cadmium and interrupting lipid
peroxidation (Paunovi¢ et al., 2017). Gholami et al
(2018) CoQ10 supplementation in women with Type 2
diabetes, adiponectin concentrations and the level of
MDA including the fall of adiponectin/leptin ratio
were effective in increasing observed (Gholami et al.,
2018). In Moazen et al (2015), they noted that the
concentration of MDA, a marker of oxidative stress,
decreased with the administration of CoQ10 (Moazen
et al., 2015). Although the plasma NO level of the HC
group is dramatically lower than the H Group (p<0.05),
it can be concluded that CoQ10 administered to
hypothyroidism-induced animals is effective in
correcting the changing no level due to

hypothyroidism (Table 1). In parallel with AL-Megrin
et al (2020) declarations that the administration of
CoQ10 in rats increases the body's antioxidant
capacity (AL-Megrin et al., 2020), in this study, the
plasma TAS of Group C given CoQ10 was found to be
higher than that of the control group (p<0.05). At the
same time, the presence of plasma TAS levels in
hypothyroidism-induced rats in Group H in the study
in higher amounts than rats in groups K, C and HC
(p<0.05) may indicate that the body's total antioxidant
capacity may have increased due to increased
oxidative stress in hypothyroidism (Table 1).

Conclusion and Recommendations

There are many studies with different results
regarding the effect of hypothyroidism on the oxidant
and antioxidant system and the effect of CoQ10 on
the correction of oxidative damage that may occur in
hypothyroidism. It is thought that different data,
which can be found even in the same tissue and
parameters in the literature, may depend on the
species, age of the animals, and the different
administration methods used (addition to drinking
water, intraperitoneal or subcutaneous injections,
different anti-thyroid drugs, dosage regimen and
duration). Therefore, the relationship between
hypothyroidism and oxidative stress and the effect of
CoQ10 needs to be studied in more comprehensive
research.

In this study, plasma NO and TAS parameters
examined within the framework of research
opportunities also presented information in harmony
with some, although they differed from some
literature data. Especially when plasma NO and TAS
values are taken into consideration, the results
obtained indicate that although oxidative stress
increases in hypothyroidism, the addition of CoQ10
may be an effective agent in eliminating oxidative
stress formed as an antioxidant.

Financial resource
This work was supported by BAP within the scope of
the project numbered 19202014.

Conflict of interest
Author has no conflict of interest to declare.

23



Yazici et al., 2021 / Journal of Istanbul Veterinary Sciences. Volume 5, Issue 1, pp: 19-26

References

AL-Megrin, W. A,, Soliman, D., Kassab, R. B., Metwally,
D. M., Ahmed E. Abdel Moneim, & El-Khadragy, M.
F. (2020). Coenzyme Q10 Activates the Antioxidant
Machinery and Inhibits the Inflammatory and
Apoptotic Cascades Against Lead Acetate-Induced
Renal Injury in Rats. Frontiers in Physiology,7,11:64.

Bath, S. C., Steer, C. D., Golding, J., Emmett, P.,, &
Rayman, M. P. (2013). Effect of inadequate iodine
status in UK pregnant women on cognitive
outcomes in their children: results from the Avon
Longitudinal Study of Parents and Children
(ALSPAC). The Lancet, 382(9889), 331-337.

Bhagavan, H. N., Chopra, R. K., Craft, N. E.,
Chitchumroonchokchai, C., & Failla, M. L. (2007).
Assessment of coenzyme Q10 absorption using an in
vitro digestion-Caco-2 cell model. International
Journal of Pharmaceutics, 333(1), 112-117.

Biondi, B., & Cooper, D. S. (2019). Thyroid hormone
therapy for hypothyroidism. Endocrine, 66(1), 18-26.

Brown, G. C., & Borutaite, V. (2012). There is no
evidence that mitochondria are the main source of
reactive oxygen species in mammalian cells.
Mitochondrion, 12(1), 1-4.

Chainy, G. B., & Sahoo, D. K. (2020). Hormones and
oxidative stress: an overview. Free Radical Research,
54(1), 1-26.

Cooke, M., losia, M., Buford, T., Shelmadine, B.,
Hudson, G., Kerksick, C., Rasmussen, C., Greenwood,
M., Leutholtz, B., & Willoughby, D. (2008). Effects of
acute and 14-day coenzyme Q10 supplementation
on exercise performance in both trained and
untrained individuals. Journal of the International
Society of Sports Nutrition, 5(1), 8.

Cooper, D. S., Kieffer, D., Halpern, R., Saxe, V., Mover,
H., Maloof, F., & Ridgway, E. C. (1983).
Propylthiouracil (PTU) Pharmacology in the rat,ll.
effects of PTU on thyroid function. Endocrinology,
113(3), 921-928.

Costantini, F., Pierdomenico, S. D., Cesare, D. D., De
Remigis, P., Bucciarelli, T., Bittolo-Bon, G., Cazzolato,
G., Nubile, G., Guagnano, M. T., & Sensi, S. (1998).
Effect of thyroid function on LDL oxidation.
Arteriosclerosis, thrombosis, and vascular biology,
18(5), 732-737.

Das, K., & Chainy, G. (2001). Modulation of rat liver
mitochondrial antioxidant defence system by
thyroid hormone. Biochimica et Biophysica Acta
(BBA)-Molecular Basis of Disease, 1537(1), 1-13.

Di Meo, S., Reed, T. T., Venditti, P., & Victor, V. M.
(2016). Role of ROS and RNS sources in physiological
and pathological conditions. Oxidative Medicine and
Cellular Longevity, 2016.

Fernandez-Vizarra, E., Enriquez, J. A., Pérez-Martos, A.,
Montoya, J., & Ferndndez-Silva, P. (2008).
Mitochondrial gene expression is regulated at
multiple levels and differentially in the heart and
liver by thyroid hormones. Current Genetics, 54(1),
13.

Franco, M., Chdvez, E., & Pérez-Méndez, O. (2011).
Pleiotropic effects of thyroid hormones: learning
from hypothyroidism. Journal of thyroid research,
2011, 321030-321030.

Freinbichler, W., Colivicchi, M. A., Stefanini, C., Bianchi,
L., Ballini, C., Misini, B., Weinberger, P., Linert, W.,
Vareslija, D., & Tipton, K. F. (2011). Highly reactive
oxygen species: detection, formation, and possible
functions. Cellular and Molecular Life Sciences, 68
(12), 2067-2079.

Gholami, M., Zarei, P., Sadeghi Sedeh, B., Rafiei, F., &
Khosrowbeygi, A. (2018). Effects of coenzyme Q10
supplementation on serum values of adiponectin,
leptin, 8-isoprostane and malondialdehyde in
women with type 2 diabetes. Gynecological
Endocrinology, 34(12), 1059-1063.

Gholnari, T., Aghadavod, E., Soleimani, A., Hamidi, G.
A., Sharifi, N.,, & Asemi, Z. (2018). The effects of

coenzyme ql0 supplementation on glucose
metabolism, lipid profiles, inflammation, and
oxidative stress in patients with diabetic

nephropathy: a randomized, double-blind, placebo-
controlled trial. Journal of the American College of
Nutrition, 37(3), 188-193.

Guerrero, A., Pamplona, R., Portero-Otin, M., Barja, G.,
& Lopez-Torres, M. (1999). Effect of thyroid status
on lipid composition and peroxidation in the mouse
liver. Free Radical Biology and Medicine, 26(1-2), 73-
80.

Hall, J. E., & Hall, M. E. (2020). Guyton and Hall
textbook of medical physiology e-Book. Elsevier
Health Sciences.

Hermenegildo, C., Medina, P., Peiré, M., Segarra, G.,
Vila, J. M., Ortega, J. n., & Lluch, S. (2002). Plasma
concentration of asymmetric dimethylarginine, an
endogenous inhibitor of nitric oxide synthase, is
elevated in hyperthyroid patients. The Journal of
Clinical Endocrinology & Metabolism, 87(12), 5636-
5640.

24



Ahu Demirtas, 2021 / Journal of Istanbul Veterinary Sciences. Volume 5, Issue 1, pp: 13-18

Hosseini-Zijoud, S.-M., Ebadi, S. A., Goodarzi, M. T.,
Hedayati, M., Abbasalipourkabir, R., Mahjoob, M. P.,
Poorolajal, J., Zicker, F., & Sheikh, N. (2016). Lipid
peroxidation and antioxidant status in patients with
medullary thyroid carcinoma: A case-control study.
Journal of clinical and diagnostic research, 10(2),
BCO4.

Jorat, M. V., Tabrizi, R.,, Kolahdooz, F., Akbari, M.,
Salami, M., Heydari, S. T., & Asemi, Z. (2019). The
effects of coenzyme Q10 supplementation on
biomarkers of inflammation and oxidative stress in
among coronary artery disease: A systematic review
and meta-analysis of randomized controlled trials.
Inflammopharmacology, 27(2), 233-248.

Joshi, B., Singh, S., Saini, A., Gupta, S., & Vanishree, B.
(2018). A study of lipid peroxidation and total
antioxidant  capacity in  hyperthyroid and
hypothyroid female subjects. Galore International
Journal of Health Sciences and Research, 3(4), 1-8.

Kwong, L. K., Kamzalov, S., Rebrin, I., Bayne, A.-C. V.,
Jana, C. K., Morris, P., Forster, M. J., & Sohal, R. S.
(2002). Effects of coenzyme Q10 administration on
its tissue concentrations, mitochondrial oxidant
generation, and oxidative stress in the rat. Free
Radical Biology and Medicine, 33(5), 627-638.

Lee, B.-J., Huang, Y.-C., Chen, S.-J., & Lin, P.-T. (2012).
Coenzyme Q10 supplementation reduces oxidative
stress and increases antioxidant enzyme activity in
patients with coronary artery disease. Nutrition, 28
(3), 250-255.

Littarru, G. P., & Tiano, L. (2010). Clinical aspects of
coenzyme Q10: an update. Nutrition, 26(3), 250-
254,

Mancini, A., De Marinis, L., Calabro, F., Sciuto, R.,
Oradei, A., Lippa, S., Sandric, S., Littarru, G., &
Barbarino, A. (1989). Evaluation of metabolic status
in amiodarone-induced thyroid disorders: plasma
coenzyme Q 10 determination. Journal of
Endocrinological investigation, 12(8), 511-516.

Mancini, A., Festa, R., Raimondo, S., Pontecorvi, A., &
Littarru, G. P. (2011). Hormonal influence on
coenzyme Q10 levels in blood plasma. International
Journal of Molecular Sciences, 12(12), 9216-9225.

Messerah, M., Saoudi, M., Boumendjel, A., Baulakoud,
M., & El Feki, A. (2011). Oxidative stress induced by
thyroid dysfunction in rat erythrocytes and hearth.
Environmental Toxicology and Pharmacology, 31, 33
-41.

Moazen, M., Mazloom, Z., Ahmadi, A.,
Dabbaghmanesh, M., & Roosta, S. (2015). Effect of
coenzyme Q10 on glycaemic control, oxidative
stress and adiponectin in type 2 diabetes. Journal of

Pakistan Medical Association, 65(4), 404-408.

Mortezaee, K., Ahmadi, A., Haghi-Aminjan, H,,
Khanlarkhani, N., Salehi, E., Shabani Nashtaei, M.,
Farhood, B., Najafi, M., & Sahebkar, A. (2019).
Thyroid  function following  breast cancer
chemotherapy: A systematic review. Journal
of Cellular Biochemistry, 120(8), 12101-12107.

Ogura, F., Morii, H., Ohno, M., Ueno, T., Kitabatake, S.,
Hamada, N., & Ito, K. (1980). Serum coenzyme Q10
levels in thyroid disorders. Hormone and Metabolic
Research, 12(10), 537-540.

Pandolfi, C., Ferrari, D., Stanic, I., & Pellegrini, L. (1994).
Circulating levels of CoQ10 in hypo-and
hyperthyroidism. Minerva Endocrinologica, 19(3),
139-142.

Paradies, G., Ruggiero, F., Petrosillo, G. &
Quagliariello, E. (1994). Enhanced cytochrome
oxidase activity and modification of lipids in heart
mitochondria from hyperthyroid rats. Biochimica et
Biophysica Acta (BBA)-Molecular Basis of Disease,
1225(2), 165-170.

Pascual, A., & Aranda, A. (2012). Thyroid hormone
receptors, cell growth and differentiation.
Biochimica et Biophysica Acta, 1830.

Paunovi¢, M. G., Mati¢, M. M., Ognjanovié, B. I, &
Sai¢i¢, Z. S. (2017). Antioxidative and
haematoprotective activity of coenzyme Q10 and
vitamin E against cadmium-induced oxidative stress
in Wistar rats. Toxicology and Industrial Health, 33
(10), 746-756.

Pereira, B., Rosa, L. C., Safi, D., Bechara, E., & Curi, R.
(1994). Control of superoxide dismutase, catalase
and glutathione peroxidase activities in rat lymphoid
organs by thyroid hormones. Journal of
Endocrinology, 140(1), 73-77.

Quiles, J. L., Varela-Lépez, A., Navarro-Hortal, M. D., &
Battino, M. (2020). Coenzyme Q, mtDNA and
Mitochondrial Dysfunction During Aging. In G. Lopez
Lluch (Ed.), Coenzyme Q in Aging (pp. 191-225).
Cham, Switzerland: Springer International
Publishing.

Resch, U., Helsel, G., Tatzber, F., & Sinzinger, H. (2002).
Antioxidant status in thyroid dysfunction. Clinical
Chemistry and Laboratory Medicine, 40(11), 1132-
1134.

Saini, R. (2011). Coenzyme Q10: The essential nutrient.
Journal of Pharmacy and Bioallied Sciences, 3(3),
466-467.

Santoro, M. M. (2020). The Antioxidant Role of Non-
mitochondrial CoQ10: Mystery solved! Cell
Metabolism, 31(1), 13-15.

25



Ahu Demirtas, 2021 / Journal of Istanbul Veterinary Sciences. Volume 5, Issue 1, pp: 13-18

Sarandol, A., Sarandol, E., Eker, S. S., Karaagac, E. U.,
Hizli, B. Z., Dirican, M., & Kirli, S. (2006). Oxidation of
apolipoprotein B-containing lipoproteins and serum
paraoxonase/arylesterase  activities in  major
depressive  disorder.  Progress in  Neuro-
Psychopharmacology and Biological Psychiatry, 30
(6), 1103-1108.

Sawashita, J., Zhe, X., & Higuchi, K. (2020). Reduced
coenzyme Q10 decelerates senescence and age-
related hearing loss in senescence-accelerated mice
by activating mitochondrial functions. In G. Lépez
Lluch (Ed.), Coenzyme Q in Aging (pp. 169-187).

Cham, Switzerland: Springer International
Publishing.
Sayiner, S., & Kismali, G. (2016). Koenzim Q ve

hastaliklar ile iliskisi. Atatiirk Universitesi Veteriner
Bilimleri Dergisi, 11(2).

Scheffler, I. E. (2011). Mitochondria. New Jersey, US:
John Wiley & Sons.

Schmid, C., Zwimpfer, C., Brandle, M., Krayenbdihl, P.-
A., Zapf, J., & Wiesli, P. (2006). Effect of thyroxine
replacement on serum IGF-I, IGFBP-3 and the acid-
labile subunit in patients with hypothyroidism and
hypopituitarism. Clinical Endocrinology, 65(6), 706-
711.

Schonfeld, P., Wiéckowski, M. R., & Wojtczak, L. (1997).
Thyroid hormone-induced expression of the ADP/
ATP carrier and its effect on fatty acid-induced
uncoupling of oxidative phosphorylation. FEBS
letters, 416(1), 19-22.

Singh, R. B., Shinde, S. N., Chopra, R. K., Niaz, M. A,,
Thakur, A. S., & Onouchi, Z. (2000). Effect of
coenzyme Q10 on experimental atherosclerosis and
chemical composition and quality of atheroma in
rabbits. Atherosclerosis, 148(2), 275-282.

Stocker, R. (2007). Coenzyme Q10. Reviewed, Linus
Pauling Institute Micronutrient Research for

Optimum Health.

Taylor, P. N., Albrecht, D., Scholz, A., Gutierrez-Buey,
G., Lazarus, J. H.,, Dayan, C. M., & Okosieme, O. E.
(2018). Global epidemiology of hyperthyroidism and
hypothyroidism. Nature Reviews Endocrinology, 14
(5), 301.

Taylor, P. N., Okosieme, O. E., Dayan, C. M., & Lazarus,
J. H. (2014). Impact of iodine supplementation in
mild-to-moderate iodine deficiency: systematic
review and meta-analysis. European Journal of
Endocrinology, 170(1), 1-15.

Venditti, P., De Rosa, R., & Di Meo, S. (2003). Effect of
thyroid state on susceptibility to oxidants and
swelling of mitochondria from rat tissues. Free
Radical Biology and Medicine, 35(5), 485-494.

Venditti, P., & Di Meo, S. (2006). Thyroid hormone-
induced oxidative stress. Cellular and Molecular Life
Sciences, 63(4), 414-434.

Venediktova, N. |, Mashchenko, O. V., Talanov, E. Y.,
Belosludtseva, N. V., & Mironova, G. D. (2020).
Energy metabolism and oxidative status of rat liver
mitochondria in conditions of experimentally
induced hyperthyroidism. Mitochondrion, 52,190-
196.

Verma, M., Dahiya, K., Ghalaut, V. S., Soni, A., Singh, J.,
& Dhupper, V. (2013). Comparative study of
ischemia modified albumin and nitric oxide in
hyperthyroidism. American Journal of Physiology,
Biochemistry and Pharmacology, 3(1), 1-4.

Yilmaz, S., Ozan, S., Benzer, F., & Canatan, H. (2003).
Oxidative damage and antioxidant enzyme activities

in experimental hypothyroidism. Cell
Biochemistry and Function, 21(4),325-230.
Zimmermann, M. B. (2009). lodine Deficiency.

Endocrine Reviews, 30(4), 376-408.

26



