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ABSTRACT Currently the male factor is frequently encountered in
the infertility problem. Basically, the factors that cause sperm dys-
function and male infertility are environmental, physiological and ge-
netic. Excessive amount of reactive oxygen species and other oxidant
radicals have been associated with male infertility. In addition, although
semen analysis parameters appear normal in idiopathic male infertility,
it is suggested that the possible cause of infertility is oxidative stress.
Antioxidants in foods that are protective against oxidative stress in-
crease the success of assisted reproductive techniques by protecting
spermatozoa from free oxygen radicals, preventing DNA breaks caused
by free oxygen radicals, and supporting the sperm maturation process.
Coenzyme Q10 (CoQ10), which is found in every cell and has the abil-
ity to dissolve in oil, is a vitamin-like compound that acts as a coenzyme
in key enzymatic reactions in energy production in the cell. Endoge-
nous CoQ10, is significantly associated with sperm count and motility
and is shown as one of the most important antioxidants in seminal
plasma. Exogenous CoQ10 administration can be explained by its pos-
itive effects on sperm motility, its effectiveness in mitochondria and its
antioxidant effects. In this review, articles investigating the effect of
oxidative stress on infertility and the role of CoQ10, a natural antioxi-
dant vitamin in the treatment of infertility, were presented. As a result,
the positive effects of using CoQ10 as a supportive treatment in male
infertility have been shown in studies. However, more comprehensive,
long-term and pregnancy-related studies are needed.
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OZET Giiniimiizde infertilite problemi igerisinde erkek faktorii sik-
likla kargimiza ¢ikmaktadir. Temel olarak sperm fonksiyon bozuklugu
ve erkek infertilitesine neden olan faktorler ¢evresel, fizyolojik ve ge-
netiktir. Asirt miktarda bulunan reaktif oksijen tiirii ve diger oksidan ra-
dikaller erkek infertilitesi ile iliskilendirilmistir. Ayrica idiyopatik erkek
infertilitesinde semen analizi parametreleri normal goriinmesine rag-
men olas1 infertilite nedeninin oksidatif stres oldugu 6ne stiriilmektedir.
Besinlerde bulunan ve oksidatif strese kars1 koruyucu olan antioksi-
danlar spermatozoay1 serbest oksijen radikallerinden koruyarak, ser-
best oksijen radikallerinin neden oldugu DNA kirilmalarimi énleyerek,
sperm olgunlagma siirecine destek vererek yardimei tireme teknikleri-
nin basarisini artirmaktadir. Her hiicrede bulunan ve yagda ¢oziinebilme
ozelligine sahip olan koenzim Q10 (CoQ10), hiicrede enerji tiretiminde
kilit enzimatik reaksiyonlarda koenzim olarak gorev yapan vitamin ben-
zeri bir bilesiktir. Endojen CoQ10 sperm sayist ve hareketliligi ile
onemli dlgiide iliskili olup, seminal plazmada en 6nemli antioksidan-
lardan biri olarak gosterilmektedir. Eksojen CoQ10 uygulamasinin
sperm hareketliligi lizerine olumlu etkilerinin olmasi, mitokondrideki
etkinligi ve antioksidan etkileri ile agiklanabilmektedir. Bu derlemede,
oksidatif stresin infertilite lizerindeki etkisini ve infertilite tedavisinde
dogal bir antioksidan vitamin olan CoQ10’in roliinii arastiran makale-
ler incelenmistir. Sonug olarak, yapilan ¢aligmalarda genel olarak
CoQ10’in destekleyici bir tedavi olarak erkek infertilitesinde kullani-
muinin olumlu etkileri gosterilmistir. Ancak, daha kapsamli, uzun siireli
ve gebelikle ilgili sonuglarin da degerlendirildigi ¢alismalarmn yapil-
masina ihtiya¢ duyulmaktadir.

Anahtar Kelimeler: infertilite; koenzim Q10; oksidatif stress

Infertility is defined as “reproductive system dis-
ease, defined by the inability to achieve a clinical
pregnancy after a year or more of unprotected sexual
intercourse”.! 10-15% of couples worldwide face in-
fertility problem.? It is estimated that about 10-20%
of couples in Turkey are infertile, according to the

Turkey Demographic and Health Survey 2013 data,
rate of married women at the ages of 15-49 years,
who don’t have children and indicating not to have
children increased in 2013 compared to 2008 from
3.9% to 11.2%.>* Although the infertility problem
may be due to both sexes, an important part is caused
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by men, not being lower than 50%. In approxi-
mately 30-40% of these identified cases, the cause
of infertility cannot be explained, environmental
factors, lifestyle, diet and professional factors are
suggested.’

Basically, the factors that cause sperm dysfunc-
tion and male infertility are environmental, physio-
logical and genetic. In determining male infertility,
semen analysis is performed, and sperm concentra-
tion and / or motility and / or morphology are evalu-
ated. Oligozoospermia is a medical situation
characterized by low sperm count and quality and is
responsible for 90% of male infertility.® In a study,
excessive amount of reactive oxygen species (ROS)
and other oxidants have been related with male in-
fertility.” In addition, although semen analysis pa-
rameters appear normal in idiopathic male infertility,
it is reported that the possible cause of infertility is
oxidative stress. The increase in oxidants can occur
due to a specific or nonspecific reaction between ad-
jacent cellular components such as unsaturated fatty
acids, DNA and proteins.® Due to the unsaturated
fatty acids contained in the sperm, it is highly sus-
ceptible to oxidation and spermatogenic cells with
oxidative damaged DNA cause the development of
infertility.

It is stated that oxidative stress is associated with
male infertility. However, the use of antioxidants in
the treatment of infertility is under discussion and is
suggested to be a “complementary” treatment instead
of a physiopathological treatment.” In this review, ar-
ticles investigating the effect of oxidative stress on
infertility and also the effect of coenzyme Q10
(CoQ10), a natural antioxidant vitamin in the treat-
ment of infertility, were presented.

I OXIDATIVE STRESS

Oxidative stress is defined as the disruption of the ox-
idative balance in the body because of the inadequate
antioxidant defense mechanism and increased ROS
levels such as superoxide and hydroxyl radical and
hydrogen peroxide.® ROS are agents carrying a free
radical and one or more unpaired electron and that
are reactive oxidizing and they play a role in various
signaling mechanisms. Although ROS are normally
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TABLE 1: Factors causing the formation of infertility in men.

Factors that frequently cause infertility in men
+ Varicocele

+ |diopathic-unexplained infertility

+ Obstruction

+ Undescended testicle

+ Immunological mechanisms

+ Ejaculation disorder

+ Testicular failure

+ Drug-radiation effect

+ Endocrine disorders

produced during mitochondrial respiration, high lev-
els of ROS can cause serious diseases by interacting
with lipids, proteins and DNA, it is even associated
with many disease, such as cancer, rheumatic dis-
eases (arthritis, etc.), aging, toxin exposure, physical
damage, infection and inflammation.*!°

Excessive amount of free oxygen radicals su-
peroxide anion, hydrogen peroxide, peroxyl radicals
and reactive hydroxyl radicals, especially nitric oxide
(NO) and peroxynitrite anion, have important effects
on reproductive and sperm functions.!® Sperm pro-
duction requires low levels of hydrogen peroxide and
normal limits of ROS for sperm capacitation during
fertilization. However, the emergence or progression
of many of the factors that cause infertility formation
in men is related to ROS and genetic and environ-
mental factors are also significant (Table 1).!:12

Spermatozoa superoxide anion produces various
types of ROS, including hydrogen peroxide and NO.
Produced in small quantities, ROS plays a function-
ally important role in directing the tyrosine phospho-
rylation steps associated with sperm capacitation
(cellular changes required for the development of fer-
tilization ability in sperm). ROS is thought to have a
positive effect on spermatozoa, thanks to its ability
to affect intracellular levels of cAMP on phosphory-
lation of tyrosine. Also, ROS, especially hydrogen
peroxide, may increase tyrosine phosphorylation by
selectively suppressing tyrosine phosphatase activity.
However, it has been reported that high ROS levels
are harmful for gametes and endanger the functions
of gametes due to lipid peroxidation, protein damage
and DNA strand breakage.’ In some pathological con-
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ditions, levels of ROS occurring in spermatozoa pass
over sperm antioxidant defenses, which may lead to
oxidative stress and then infertility."* It has been sug-
gested that oxidative stress can impair not only the
ability of sperm to fertilize, but also the ability to pro-
mote the development of a healthy embryo. In addi-
tion, DNA damage in human spermatozoa is reported
to correlate with increasing low rates and developing
morbidity in infants.” With the increase in ROS pro-
duction, the negative effect of oxidative stress on re-
productive health increases. Therefore, antioxidant
capacity should be at an enough level against the ox-
idants formed. Mechanisms related to possible bene-
ficial effects of antioxidant use should be investigated
and their therapeutic potential should be determined
to prevent the negative effects of oxidative stress.”

I ANTIOXIDANTS

Antioxidants represent a wide range of products be-
cause many chemical structures have antioxidant ac-
tivity directly or indirectly. Definition of antioxidants
related to “dietary antioxidants” is; “a compound that
significantly reduces the negative impact of ROS, re-
active nitrogen species, or both, on normal physio-
logical mechanism in men”.!* Antioxidant contents
and bioavailability of foods may differ according to
the type of food, harvest time and methods, climate
and storage conditions, preparation method and con-
sumption habits of individuals. Antioxidants are di-
vided into two groups, enzymatic and non-enzymatic.
Superoxide dismutase (SOD), catalase (CAT), glu-
tathione peroxidase (GSH-Px), glutathione reductase
(GR) and glucose 6-phosphate dehydrogenase
(G6PD) enzymatic; Minerals (Se, Zn), vitamins (A,
C, K and E), carotenoids (B-carotene, lycopene,
lutein, zeaxanthin), organosulfur compounds (allium,
allyl sulfite, indoles), low molecular weight antioxi-
dants (GSH-Px, uric acid), antioxidant co-factors (co-
enzyme Q10) and polyphenols are grouped
non-enzymatically.”® In addition to being protective
against many diseases by preventing oxidative stress
of antioxidants in foods, it increases the success of
assisted reproductive techniques by protecting sper-
matozoa from free oxygen radicals, by preventing
DNA breaks caused by free oxygen radicals.”!” In ad-
dition to CAT, SOD, GR and GSH-Px, seminal
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plasma contains non-enzymatic antioxidants such as
ascorbate, albumin, urate, pyruvate, glutathione, vi-
tamin E, vitamin A, ubiquinol and hypothaurine.'®

Another important source of sperm oxidative
stress is sperm use during assisted reproductive tech-
niques and cryopreservation procedures.!” In an in
vitro study, it has been reported that it is imperative
to prevent oxidative stress in order to store the sperm
by freezing and then use them in assisted reproduc-
tion. It has been stated that the use of suitable an-
tioxidants for sperm media has positive effects on the
evaluation of abilities of embryos produced in vitro.'3
Although antioxidant use shows that it improves
semen quality in subfertile men, there is still no
definitive evidence that this treatment leads to an in-
crease in pregnancy rates, but it is still controversial
whether it affects the developmental adequacy of the
embryo as a result of fertilization.!>!®

I COENZYME Q10

WHAT IS CoQ10?

CoQ10 (Ubiquinol-10 and / or ubiquinon-10) is a vi-
tamin-like compound that acts as a coenzyme in key
enzymatic reactions in energy production, which is
present in every cell and has a fat-soluble property.
CoQ10 is present in tissues as ubiquinol-10 (reduced
form) and ubiquinon-10 (oxidized form). Ubiquinone
and ubiquinol are derived from “ubiquitous quinine”,
which means “in everywhere” in Latin because it is
present in all cells. CoQ10 has a chemical formula
that shares the common benzoquinone ring with an
isoprenoid side chain. In humans and several other
mammal species, this structure is called CoQ10 be-
cause the side chain consists of ten isoprene units.'**

CoQ10, a member of the ubiquinon family, is a
compound that can be synthesized in humans and all
animals. It acts as a coenzyme in the activities of en-
zyme systems (complex I, I and III) in the reduction-
oxidation reactions in the electron transfer system
(ETS). Thanks to the quinone group in the CoQ10
structure, it acts as an electron carrier and by adding
the electrons and protons it carries to the quinone
ring, it turns into hydroxyquinone. It also allows elec-
trons to be carried from complex I and II to com-
plex II1, while ATP production takes place. With this
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mechanism, CoQ10 plays an important role in en-
ergy production.?'?? Another task of CoQ10 is that
it interacts with free radicals and acts as an antioxi-
dant, preventing lipid peroxidation and biomolecule
damage. It also takes part in the regeneration of
other antioxidants. In addition, it is stated that
CoQ10 has functions in ensuring membrane stabil-
ity, cell signal, gene expression, cell growth and
apoptosis control.??

CoQ10 SOURCES

CoQ10, which is found in 2 sources as exogenous and
endogenous, is synthesized in a common pathway
with cholesterol biosynthesis with acetyl-CoA and
exogenous tyrosine amino acid. Vitamin By is needed
for tyrosine to participate in the synthesis of CoQ10.
Endogenous CoQ10 is found in human tissues mostly
in the heart, liver and kidney, and the least in lung tis-
sues."” Exogenous CoQ10 is taken with diet. CoQ10
is available in different amounts in all vegetable and
animal foods, such as beef, chicken, trout, broccoli,
soybeans. CoQ10 is a substance with low bioavail-
ability due to its large molecular mass and low water
solubility. Although there is no specific intake rec-
ommended for CoQ10, the amount taken from food
is estimated to be around 10 mg.?

The amount of CoQ10 in the body decreases due
to aging and some diseases. For this reason, the use of
CoQ10 as a supplement has become very popular in
recent years. It is stated that the use of CoQ10, which
is frequently used as an energy enhancer in the body,
can be effective as a support in the treatment of mus-
cle strengthening, immune system, blood pressure,
diabetes, cardiovascular and neurodegenerative dis-
eases.” In recent years, it has been reported that an-
tioxidant supplements may be beneficial in problems
related to the reproductive system and it is stated that
the use of CoQ10 as a supplement may have benefi-
cial effects in male infertility due to its antioxidant
properties.’?*?3

CELL AGING-MITOCHONDRIAL FOODS

Whether the aging duration in reproductive system
functions can be changed is an important issue. It is
reported that a mechanism that can increase mito-
chondrial activity and energy production can improve
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pregnancy outcomes in elderly women. Mitochon-
drial nutrients have been successfully used to treat
conditions associated with reduced energy produc-
tion in the mitochondria and are suggested to be
highly reliable for both mother and embryo. Supple-
mentation of mitochondrial foods such as r-alpha
lipoic acid (ALA) and CoQ10 can decrease the risk of
chromosomal aneuploidy due to oocyte aging
through increased energy for thrombomy and chro-
mosomal separation. Therefore, it is thought that “mi-
tochondrial nutrition” will have an important effect
in the diet of elderly women.

The term of “mitochondrial nutrition” shows that
it may be possible to increase the mitochondrial ac-
tivity in several tissues to affect the whole organism
by adding the essential cofactors, energy boosters and
antioxidants to the diet. Many cofactors and coen-
zymes that are essential for chemical reactions oc-
curring in mitochondria are included in the diet.
Although it is not required directly for chemical re-
actions, antioxidants are reported to be beneficial be-
cause they are responsible for reducing ROS
accumulation which are harmful derivatives of oxy-
gen metabolism also, has the potential to damage in-
tracellular proteins and mitochondrial membranes. As
a nutritional cofactor, energy enhancer and antioxi-
dant, today, the most focused on CoQ10, C, E and B¢
vitamins, selenium, catechins, carnitine, proantho-
cyanidins, ALA.*

The beneficial effects of carnitine and CoQ10
have been demonstrated in many organ systems in
animals. When both of carnitine and CoQ10 use were
examined in humans, both showed their ability to en-
hance mitochondrial function and reduce oxidative
damage. Antioxidants such as proanthocyanidins, cat-
echins, N-acetylcysteine and vitamin E have been
shown to have beneficial effect the mitochondrial
function on reproductive cells and various organ sys-
tems, including sperm and oocytes.”’

With aging in the human body, a decrease in
CoQ10 concentration occurs in the tissues. In a study,
the effects of CoQ10 insufficiency on ROS produc-
tion, cell viability and mitochondrial activity were ex-
amined, and high deficiency (less than 20% of
normal) was shown to be a significant bioenergetic
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problem.?® Age-related CoQ10 deficiency is gener-
ally seen as moderate insufficiency (30-45% of nor-
mal) and creates a pronounced bioenergetic problem.
However, increased ROS production, cell death and
lipid oxidation has been reported. CoQ10 support
given to these patients normalized the bioenergetic
state and oxidative balance in fibroblasts.”” Another
study concluded that antioxidants such as L-carnitine
(LC) and CoQ10 have beneficial effects on sperm pa-
rameters.*’

As a result, the data available to humans are
often inadequate, although positive, making it diffi-
cult to determine effectiveness and safety.?’ Large
sample, randomized and controlled studies are
needed to examine the impact of mitochondrial nu-
trients on reproductive problems.

MALE INFERTILITY

Endogenous CoQ10, one of the primary antioxidants
in seminal plasma, is significantly associated with
sperm motility and count. It is stated that sperm
motility increases with exogenous CoQ10 applica-
tion.” CoQ10 plays a role in mitochondrial bioener-
getics, which is important in sperm maturation as it
functions in ETS in mitochondria.’! Although some
studies have shown that CoQ10 has a beneficial effect
in increasing sperm motility and concentration, there
was no difference in pregnancy rates.**3* A more re-
cent study showed that CoQ10 is effective in en-
hanced semen parameters in men individuals with
varicocele.>® Two large studies have confirmed that
CoQ10 and ubiquinol (reduced form of CoQ10) im-
prove sperm parameters in men with idiopathic in-
fertility effectively and safely. Patients supplemented
with CoQ10 and ubiquinol had higher levels of CAT
and SOD, inhibin B and lower levels of FSH vs.
placebo.’*37 In a study, pregnancy was detected in
34% of spouses of idiopathic oligoasthenozoosper-
mia (OAT) treated with CoQ10. However, since there
was no control group in this study, no comparison
was made.* In a recent meta-analysis study, it was
concluded in the literature that there is no clear data
that CoQ10 improves live birth or pregnancy rates,
but it provides a global enhancement in sperm pa-
rameters.*’ It is thought that CoQ10 may have a ben-
eficial effect in the treatment of asthenozoospermia
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due to its function in the mitochondria as well as its
antioxidant features. It is stated that there is a rela-
tionship between increased CoQ10 concentration and
sperm motility in seminal plasma and sperm cells,
also CoQ10 plays a role in protecting sperm DNA
against oxidative damage.’

One of the mechanisms by which CoQ10 has a
positive effect on male infertility is related to the fact
that some CoQ10 increase may increase the respira-
tory rate since the mitochondrial concentration of
CoQ10 is close to NADH oxidation. Oxidative phos-
phorylation recovery, which occurs with an increase
in respiratory rate, also positively affects sperm cells.
The other is that increased CoQ10 levels require an
appropriate and high concentration of lipid carrier.’
CoQ10 is responsible for protecting cells from dam-
age caused by lipid peroxidation.** In a study with
male rats with high and oxidized low density lipopro-
tein (LDL) levels, CoQ10 and LC supplements were
found to have protective effects against hypercholes-
terolemia related fertility problems.*' In a random-
ized, placebo-controlled study by Safarinejad, it was
found that CoQ10 supplementation in 212 infertile
men with idiopathic OAT provided significant im-
provement in sperm parameters.** In different stud-
ies, a positive improvement in sperm parameters has
been observed in patients receiving CoQ10 (200 mg
and 150 mg) orally.*** In the study, it was shown that
sperm parameters step by step return to their basic
values in the period when CoQ10 was not used, but
the observed differences were still important.*® In an-
other study it was reported that CoQ10 supplementa-
tion increased the seminal total antioxidant capacity
(TAC) but did not significantly change sperm pa-
rameters.’’ Patients supplemented with CoQ10 in-
creased the activity of enzymatic antioxidants, such
as CAT and SOD in seminal plasma, for 3 months.*
In addition, 8-isoprostane levels were shown to be
lower in the group of supplemented CoQ10. In that
study it was reported that CoQ10 levels correlated
significantly with the most important sperm parame-
ters, depending on improvements in TAC. In a meta-
analysis it was noted that there was an increase in
CoQ10 concentrations in semen and improvements
in sperm parameters. However, it has been stated that
these results should be interpreted with caution, since



Aygil OZTURAN SIRIN et al.

Turkiye Klinikleri J Health Sci. 2021;6(1):139-47

this does not provide information on whether this sit-
uation increases the likelihood of pregnancy or live
birth.*

CoQI10 is a vitamin taken into our body with
foods consumed daily. Although CoQ10 supplemen-
tation effect was investigated in the studies con-
ducted, no relation was found between dietary CoQ10
intake and semen parameters in a study in which the
relationship between CoQ10 taken with food and
semen parameters was examined. However, accord-
ing to the data obtained from the study, the average
amount of CoQ10 taken with the diet is 10 times less
than the amount of CoQ10 given as a supplement in
clinical studies. Therefore, as a result of the study, it
was reported that the intake of CoQ10 only with nu-
trients may be insufficient for optimal semen param-
eters.* In a meta-analysis study, it was found that
200-300 mg/day CoQ10 supplementation for 3-6
45 Tt has been

stated that taking CoQ10 as a supplement in the treat-

months improve sperm parameters.

ment of infertility has positive results and improves
seminal parameters, and it is reported that men who
have been treated with a combination of various an-
tioxidants have a high pregnancy rate in their
spouses.’'*¢ Some of researches addressed in the
study were performed on Table 2.

I CONCLUSION

CoQ10 is an important antioxidant in seminal plasma
and significantly associated with sperm parameters.
CoQ10 levels correlate with sperm motility in semi-
nal plasma.’>? Exogenous CoQ10 application can be
explained by its beneficial effects on sperm motility,
its effectiveness in mitochondria and its antioxidant
effects. The development of semen kinetic proper-
ties after CoQ10 treatment and the relationship be-
tween CoQIl0 levels and sperm motility also
supports the positive relationship of CoQ10 with in-
fertility.>* More detailed studies on these molecular
mechanisms will provide more information about un-
explained infertility.
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The number of studies supporting the use of
CoQ10 in infertile men with an increase in live birth
and pregnancy rates is insufficient. In studies con-
ducted, live birth or pregnancy rates are considered as
secondary results. In addition, the number of patients
is insufficient. Studies in animals or in vitro have
shown that antioxidant use can have beneficial ef-
fects. However, there are controversial data due to
some studies.

As a result, studies have shown the positive ef-
fects of using CoQ10 as a supportive treatment in
male infertility in general. However, the number of
studies on live birth and pregnancy is very low. In
order to definitely recommend the use of CoQ10 as a
therapeutic, more comprehensive, long-term and
pregnancy-related studies are needed.
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