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Comparison of the effects of coenzyme Q10 and
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Objective: Oxidative stress and sperm DNA fragmentation (SDF) have been linked to idiopathic male infertility (IMI). Various antioxidants
have been tried to improve semen parameters and fertility potential in IMI patients, but with inconsistent results. The study aimed to com-
pare the effects of coenzyme Q10 (CoQ10) and Centrum multivitamins on semen parameters, seminal antioxidant capacity, and SDF in infer-
tile men with idiopathic oligoasthenospermia (OA).

Methods: This prospective controlled clinical study involved 130 patients with idiopathic OA and 58 fertile controls. The patients were divid-
ed randomly into two groups: the first group received CoQ10 (200 mg/day orally) and the second group received Centrum multivitamins (1
tablet/day) for 3 months. Semen parameters, CoQ10 levels, reactive oxygen species (ROS), total antioxidant capacity (TAC), catalase, SDF, and
serum hormone levels (follicle-stimulating hormone, luteinizing hormone, testosterone, and prolactin) were compared at baseline and after
3 months.

Results: Both CoQ10 and Centrum improved sperm concentration and motility, but the improvement was greater with Centrum therapy
(p<0.05). Similarly, both therapies improved antioxidant capacity, but TAC and catalase improvement was greater (p<0.01 and p<0.001 re-
spectively) with CoQ10, whereas ROS (p<0.01) and SDF (p<0.001) improvements were greater with Centrum administration. Centrum thera-
py was associated with reduced serum testosterone (p<0.05).

Conclusion: In conclusion, both CoQ10 and Centrum were effective in improving semen parameters, antioxidant capacity, and SDF, but the
improvement was greater with Centrum than with CoQ10. Therefore, Centrum—as a source of combined antioxidants—may provide more
effective results than individual antioxidants such as CoQ10 in the treatment of infertile men with idiopathic OA.
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Introduction

Infertility is defined as the failure to achieve pregnancy after 12
months or more of regular unprotected intercourse [1]. Infertility is a
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global health issue affecting approximately 48 million couples world-
wide [2], and male factors are considered to be the contributor in ap-
proximately 50% of infertile couples [3]. The etiology of male infertil-
ity is complex and includes underlying factors such as cryptorchi-
dism, varicocele, genital tract infections, genetic mutations, immu-
nological, endocrine disorders, systemic diseases, and environmental
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factors [4]. However, in 30%-50% of all male infertility cases, the un-
derlying cause of semen abnormalities remains unknown, leading to
their classification as idiopathic male infertility (IMI) [5]. Oxidative
stress (0S) is also a contributing factor in a significant number of in-
fertile men. OS is defined as the distortion of the prooxidant-antioxi-
dant balance, resulting in elevated levels of reactive oxygen species
(ROS) [6]. Increased levels of seminal ROS have been found in 30%-
80% of men with infertility [7]. Excessive ROS could be due to imma-
ture sperm, white blood cells, testicular torsion, cryptorchidism, vari-
cocele, aging, infection, tumors, radiation, chemotherapy, environ-
mental toxins, smoking, alcohol use, or systemic disease [8]. An in-
crease in OS levels can lead to sperm plasma membrane damage
due to lipid peroxidation, reduced sperm motility, reduced fertiliza-
tion, and sperm DNA fragmentation (SDF) [9].

Spermatozoa possess limited-capacity antioxidant defense mech-
anisms that protect against ROS-induced damage [10]. Intrinsic pro-
tection is mediated by enzymatic antioxidants such as superoxide
dismutase, catalase (CAT), glutathione peroxidase (GPx), and gluta-
thione S-transferase, and non-enzymatic antioxidants including
urate, carnitine, glutathione, coenzyme Q10 (CoQ10), and vitamins C
and E [11]. A low total antioxidant capacity (TAC) in infertile men has
been attributed to a significant reduction in both enzymic and
non-enzymic antioxidants [12]. A reduction in the antioxidant de-
fense and OS may also result in SDF, which has been associated with
abnormal semen parameters, reduced fertilization, and conception
rates, as well as increased rates of malignancies and neurological dis-
orders in offspring [13].

CoQ10, which is a component of the mitochondrial respiratory
chain, exerts antioxidant effects [14]. CoQ10 deficiency has been
associated with lower sperm motility, count, and male infertility,
while CoQ10 supplementation has been shown to improve sperm
count and sperm morphology in infertile men [15]. We and others
have reported that CoQ10 therapy increased antioxidant capacity
in men with idiopathic oligoasthenospermia (OA) [16-18]. Howev-
er, studies exploring the impacts of CoQ10 on seminal antioxidant
capacity and SDF in men with idiopathic OA are limited. Other
studies have tried combinations of multiple antioxidants to treat
male infertility and have reported variable effects on semen pa-
rameters, antioxidant capacity, and SDF [19,20]. Furthermore,
there is a lack of agreement on the type, dose, or the use of the in-
dividual or combined antioxidants in IMI [17]. Therefore, the pres-
ent study aimed to compare the effects of CoQ10 and Centrum
multivitamins (containing 26 vitamins and minerals) on semen pa-
rameters, OS markers, and SDF in infertile men with idiopathic OA.

Clin Exp Reprod Med 2022;49(1):49-56

Methods

This prospective clinical study was conducted with a 3-month fol-
low-up period. One hundred and thirty patients with idiopathic OA
and 58 fertile men as the control group were enrolled at the Fertility
Clinic, Babyl, Irag, from August 2018 to February 2019. A comprehen-
sive fertility assessment was performed for all participants. Nine pa-
tients did not complete the study and were excluded. Patients were
allocated randomly to one of two groups (each containing 65 pa-
tients). The first group received a daily dose of 200 mg of CoQ10 (in
the form of ubiquinol) (AMS, Woodinville, WA, USA) as a single oral
dose for 3 months [21]. The second group received Centrum multivi-
tamins (Pfizer, New York, NY, USA) as 1 tablet per day orally contain-
ing 26 vitamins and minerals for 3 months. Semen analysis findings,
seminal CoQ10 levels, ROS, TAC, CAT, SDF, and serum hormone levels
(follicle-stimulating hormone [FSH], luteinizing hormone [LH], tes-
tosterone, and prolactin) levels were compared at baseline and after
3 months. The primary endpoint was improvement in semen param-
eters, and the secondary endpoint was improvement in seminal an-
tioxidant markers. The sample size was calculated using 80% power
and a 5% level of error, yielding 54 for each group.

The study was approved by the Research Ethical Committee of the
University of Sumer (EC/2018/8879). All the participants provided an
informed consent before enrollment. All procedures followed were
in accordance with the ethical standards of the responsible commit-
tee on human experimentation (institutional and national) and with
the Helsinki Declaration of 1975, as revised in 2008.

1. Eligibility criteria

Fertile controls had a history of fathering a child in the last 2 years,
with normal seminal fluid analysis findings and normal female fertili-
ty assessment. The patients included in the study had a history of in-
fertility of 1 year or more without the use of contraception. OA was
defined according to the World Health Organization (WHO) 2010 cri-
teria [22]. Patients were excluded if they had genital infections, azo-
ospermia, cryptorchidism, varicocele, testicular trauma or surgery, an
endocrine disorder, systemic disease, relevant medications, smoking,
alcohol, recent administration of antioxidants, and female factor in-
fertility.

2. Semen analysis

Semen samples were collected by masturbation following a peri-
od of abstinence of 2-3 days. The semen sample was collected in a
special container, followed by incubation at 37°C until semen lique-
faction, and then semen analysis was performed within 1 hour fol-
lowing the WHO manual criteria (fifth edition, 2010) [22]. Two semen
analyses were performed at baseline and after 3 months, and mean
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values were analyzed as the results of both analyses. All semen anal-
ysis tests were performed by the same investigator (ATA) to ensure
data consistency.

3. Measurements of seminal CoQ10 concentrations

Seminal CoQ10 levels were measured using high-performance lig-
uid chromatography (HPLC) using an ultraviolet (UV) detector at 275
nm and calculated using a published method [23]. Reverse-phase
HPLC with UV detection using coenzyme Q9 as the internal standard
was utilized to obtain seminal CoQ10 levels.

4, Seminal ROS measurements

Semen samples were centrifuged at 3,000 rpm for 5 minutes to
obtain seminal plasma and then stored at —20°C. A manual method
was used for ROS measurement as previously described by Ven-
katesh et al. [24]. To 400 pL of liquefied neat semen, 10 pL of luminol
(5-amino-2,3,-dihydro-1,4-phthalazinedione; Sigma, St. Louis, MO,
USA), prepared as 5 mM stock in dimethyl sulfoxide (DMSO), was
added. Furthermore, 10 pL of 5 mM luminol in DMSO served as the
blank, and 25 L of H,0, with 10 pL of luminol was used as a positive
control. The luminol-dependent chemiluminescence served as an in-
dicator of ROS levels.

5. Measurement of seminal TAC and CAT

TAC was estimated with a colorimetric method using a total anti-
oxidant capacity assay kit (#£-BC-K136; Elabscience, Houston, TX,
USA). Seminal plasma CAT activity was assessed using a CAT Assay
Kit (#E-BC-K031, Elabscience) using the protocol recommended by
the manufacturer.

6. Chromatin dispersion test

Sperm chromatin dispersion was tested using the Halosperm kit
(Halotech DNA, Madrid, Spain). The test principle is that sperm with
SDF do not exhibit the halo of dispersed DNA loops that is observed
in sperm without SDF, after acid denaturation and removal of nuclear
proteins. The nucleoids from spermatozoa with SDF show no or min-
imal dispersion halo. Bright-field microscopy with Diff-Quik staining
was utilized to examine the halos. SDF, defined as the ratio (ex-
pressed as a percentage) of sperm with SDF to total spermatozoa,
was calculated using a previously published method [25].

7.Hormonal assays

Venipuncture was performed to collect blood samples (5 mL) us-
ing clean, plain labeled tubes. The samples were allowed to clot, and
centrifugation was performed at 3,000 rpm for 10 minutes for analy-
sis of hormones. Serum FSH, LH, testosterone, and prolactin levels
were estimated using enzyme-linked fluorescent assays with the
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Mini Vidas system (bioMérieux, Marcy I'Etoile, France).

8. Statistical analysis

IBM SPSS ver. 24 (IBM Corp., Armonk, NY, USA) was used for the
data analysis. The results were expressed as mean =+ standard devia-
tion. Data normality was assessed using Kolmogorov-Smirnov test.
The paired t-test was used to compare pre- and post-treatment val-
ues. The unpaired t-test was used to compare means between inde-
pendent groups. Pearson correlation coefficients were calculated to
evaluate the correlations of seminal fluid parameters with CoQ10
levels and SDF. A false discovery rate (FDR) correction for multiple
comparisons was performed using the Benjamini—-Hochberg proce-
dure. A p-value lower than 0.05 was considered to indicate statistical
significance.

Results

Semen parameters in patients were significantly lower than in the
control group. Both CoQ10 and Centrum improved sperm concen-
tration (p <0.05), progressive motility (p <0.01), and total motility
(p <0.05); however, sperm motility showed better improvement
with Centrum therapy (p < 0.05) (Table 1).

Infertile patients showed poorer seminal antioxidant status than
the fertile control group (Table 2). Seminal CoQ10 levels were signifi-
cantly lower in infertile men than in controls and significantly in-
creased following CoQ10 therapy (FDR p <0.01). CoQ10 and Cen-
trum therapy both reduced ROS and DNA fragmentation and im-
proved TAC and CAT activity, but the reduction in ROS (FDR p < 0.01)
and CAT (FDR p < 0.001) was significantly lower with Centrum thera-
py and the improvement of TAC (FDR p <0.01) was significantly
higher with CoQ10 treatment (Table 2).

Patients had higher FSH, LH, and prolactin and lower testosterone
levels than controls. Centrum therapy resulted in a decrease in serum
testosterone in patients (p < 0.05) (Figure 1). Correlations were also
found between total sperm motility and SDF (r=-0.51, p=0.002)
and between total sperm motility and seminal CoQ10 levels (r=0.42,
p=0.007) (Table 3).

Discussion

With an increasing body of evidence linking OS and SDF to male
infertility, antioxidant supplementation has been recommended for
the treatment of IMI [6]. Both individual and combined antioxidant
treatments have been attempted in men with IMI [26]. Recent sys-
tematic reviews have examined several studies and reported that
antioxidants exert beneficial effects on semen parameters, antioxi-
dant status, and fertility potential in men with IMI [26-28]. However,
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Table 1. Semen parameters in fertile and infertile men before and after administration of CoQ10 and Centrum

Varaible Fertile control Patient before Patient after Patient before Patient after
(n=58) CoQ10 (n=65) CoQ10 Centrum Centrum

Age (yr) 36.4+152 33.6+14.1 324+136

Infertility duration (yr) 64+52 71164

Volume (mL) 31+16 33+18 35+16 36+20 36+17

Concentration (million/mL) 50.4+27.3 89+5.1° 106+ .64 98+5.7° 11.8+7.07

Progressive motility (%) 461+9.7 208+847 25.7+12.5"9 2294937 302+ 13699

Total motility (%) 635+126 288+8.2° 35.1+14.6" 316+9.2° 414+162709

Normal morphology (%) 6.3+29 27+2.71° 33+16° 25+13° 37+16°

Values are presented as meanzstandard deviation.

CoQ10, coenzyme Q10.

?ys. patients before CoQ10, p<0.05; *'vs. patients before CoQ10, p<0.01; “vs. fertile control group, p<0.001; “vs. patients after C0Q10, p<0.05.

Table 2. Seminal plasma CoQ10, oxidative stress markers, and sperm DNA fragmentation levels in fertile and infertile men before and after
administration of CoQ10 and Centrum

Variable Fertile control Patient before Patient after Patient before Patient after
CoQ10 CoQ10 Centrum Centrum
CoQ10 level (ng/mL) 56.2+38.5 416+298" 769+ 263" 389+27.6" 402+281%9
ROS (x 10* RLU/min/20 million spermatozoa) 0.07+0.03 35241297 268+13177 2.8+0.96" 2.08+1.04990
TAC (mmol/L) 1.12+0.21 0.73+0.36" 0.92+04%9 0.56+0.247 0.73+0.3°99
Catalase (U/mL) 1245+249 842+221° 9.8+2.06" 6.72+1.757 78+14799
Sperm DNA fragmentation (%) 13.2+38 352+64° 3214797 283+5.17 257 +4.1799

CoQ10, coenzyme Q10; ROS, reactive oxygen species; TAC, total antioxidant capacity; FDR, false discovery rate.
?ys. patients before CoQ10, FDR p<0.05; "'vs. patients before CoQ10, FDR p<0.01; “vs. patients before CoQ10, FDR p<0.001; ®vs. fertile control group, FDR
p<0.01; °vs. fertile control group, FDR p<0.001; vs. patients after C0Q10, FDR p<0.01; %vs. patients after CoQ10, FDR p<0.001.
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Figure 1. Hormones in fertile and infertile men before and after administration of coenzyme Q10 (CoQ10) and Centrum. FSH, follicle-
stimulating hormone; LH, luteinizing hormone.
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Table 3. Correlations between SDF, CoQ10 levels, and semen parameters
in infertile subjects after CoQ10 treatment

. r (p-value)
Variable - ~
Concentration Total motility ~ Normal morphology
SDF -0.07 (0.34) -0.51(0.002) -0.14(0.24)
CoQ10 0.23(0.16) 0.42(0.007) 0.11(0.26)

r: Pearson correlation coefficient.
SDF, sperm DNA fragmentation; CoQ10, coenzyme Q10.

there is a lack of consensus on the type, dosing, target group, and
the use of individual or combined antioxidants in IMI [27]. To our
knowledge, this study is the first to compare the effects of CoQ10
and Centrum on semen parameters, seminal antioxidant capacity,
and SDF in men with idiopathic OA.

In our study, both CoQ10 and Centrum improved sperm concen-
tration, progressive motility, and total motility; however, sperm mo-
tility showed better improvement with Centrum therapy. A random-
ized, double-blind, placebo-controlled trial of 212 men with idio-
pathic oligoasthenoteratospermia (OAT) who received CoQ10 (300
mg/day) for 26 weeks reported improvements in sperm concentra-
tion and motility post-therapy [29]. Balercia et al. [21,30], in two
studies of 82 men with idiopathic asthenospermia treated with
CoQ10 (200 mg/day) for 6 months, also confirmed higher sperm pro-
gressive and total motility and an increase in seminal CoQ10 level af-
ter treatment. Furthermore, our recent systematic review and anoth-
er systematic review including three randomized clinical trials in in-
fertile men who received CoQ10 therapy confirmed improvements
in sperm concentration and motility in these men, although there
was no increment in pregnancy rates [31,32]. Another study, howev-
er, reported no improvement in semen parameters in men with idio-
pathic OAT following CoQ10 therapy [33].

We could not find studies on the effects of Centrum on semen pa-
rameters or antioxidant status or in comparison with the effects of
CoQ10 therapy. However, many studies have tried combinations of
multiple antioxidants in men with IMI and reported improvement in
1 or more semen parameters [34,35] and in the pregnancy rate [36].
One study reported no improvement in semen parameters or preg-
nancy rates after combined antioxidant treatment [37]. As expected,
infertile men had lower semen parameters than fertile controls. The
improvement in semen parameters observed in our study could be
attributed to the antioxidant properties of CoQ10 and Centrum mul-
tivitamins, which counteract OS and its detrimental effects on sperm
in men with idiopathic OA [6]. Nevertheless, a comparison with the
results of the aforementioned studies is challenging due to the het-
erogeneity of design, antioxidants, doses, and treatment duration.

Seminal CoQ10 levels were significantly lower in infertile men than

www.eCERM.org

CERMB

in controls and significantly increased following CoQ10 therapy.
CoQ10 and Centrum therapy both reduced ROS and DNA fragmen-
tation and improved TAC and CAT activity, but the reduction in ROS
and SDF was significantly lower with Centrum therapy and the im-
provement of TAC and CAT was significantly higher with CoQ10
treatment. Our results are consistent with previous studies that
demonstrated lower seminal antioxidant capacity [12] and higher
SDF in infertile men than in controls [38]. Our previous studies on
men with idiopathic OA and OAT treated with CoQ10 (200 mg/day)
for 3 months demonstrated improvements in semen parameters,
ROS, TAC, CAT, and GPx, as well as a reduction in SDF following
CoQ10 therapy [13,18,39,40]. Our findings are consistent with other
studies showing that CoQ10 therapy resulted in improvement in an-
tioxidant capacity and reduced SDF levels in infertile men [13,41].
Our study also demonstrated a correlation between seminal CoQ10
and SDF levels and sperm total motility. This finding aligns with our
previous studies, which have also shown correlations between
CoQ10 levels, SDF, and sperm motility [13,18]. Other studies have
also reported similar correlations in men with IMI [42,43]. We could
not find studies on the effect of Centrum on SDF, but several studies
have explored the impact of different combinations of antioxidants
in IMI and reported reductions in SDF levels [44,19]. Other studies,
however, reported no alterations in SDF levels after antioxidant treat-
ment [45,46]. CoQ10 treatment in our study resulted in decreased
FSH and LH levels, but this change was not statistically significant,
and there was a reduction in serum testosterone with Centrum treat-
ment. The reduction in serum testosterone after Centrum therapy
was an unexpected finding, which might have been due to the direct
effects of 1 or more of the 26 antioxidants in Centrum on seminifer-
ous tubules. This possibility requires further investigation. A previous
study of men with idiopathic OAT treated with CoQ10 (300 mg/day)
reported reductions in FSH, LH, and inhibin levels [29].

The improvement in antioxidant capacity and reduction in SDF
level detected in our study after CoQ10 and Centrum therapy could
be due to lower antioxidant capacity in infertile men and the antioxi-
dant properties of CoQ10 and Centrum multivitamins [12]. These
properties may counteract OS, increase seminal antioxidant defense,
and reduce OS-induced SDF and therefore may enhance fertility po-
tential in men with idiopathic OA [14]. The greater improvement af-
ter Centrum therapy could have been due to the synergistic antioxi-
dant action of the 26 combined antioxidants. Comparisons of the
studies discussed above are also limited by the heterogeneity of
studies’ designs and the different combinations of antioxidants used.
The correlations between semen parameters and antioxidant capac-
ity and SDF may establish the foundation for the use of oral antioxi-
dants, including CoQ10, in the treatment of infertile men with IMI
and idiopathic OA to enhance their pregnancy outcomes [7]. Fur-
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thermore, these measures could also be used as diagnostic biomark-
ers for male fertility and pregnancy outcomes. The limitations of our
study include the small sample size and the lack of long-term fol-
low-up, which meant that we could not report the pregnancy rate
for the participants. Therefore, further large-scale studies are war-
ranted to consolidate the findings of this study.

Both CoQ10 (200 mg/day) and Centrum (1 tablet/day) treatment
for 3 months were effective in improving semen parameters, antioxi-
dant capacity, and reducing SDF, but the improvement was greater
with Centrum than with CoQ10. Therefore, Centrum combined anti-
oxidants may provide more effective results than individual antioxi-
dants such as CoQ10 in the treatment of infertile men with idiopathic
OA due to the potential synergistic antioxidant action of the com-
bined antioxidants. Furthermore, semen parameters, seminal antiox-
idant capacity, and SDF could be used as diagnostic biomarkers in
men with IMI.
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