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ABSTRACT. We had previously demonstrated that Coenzyme
Q10 [(CoQ4p) also commonly called ubiquinone] is present in
well-measurable levels in human seminal fluid, where it prob-
ably exerts important metabolic and antioxidant functions;
seminal CoQ,, concentrations show a direct correlation with
seminal parameters (count and motility). Alterations of CoQ,,
content were also shown in conditions associated with male
infertility, such as asthenozoospermia and varicocele (VAR).
The physiological role of this molecule was further clarified by
inquiring into its variations in concentrations induced by dif-
ferent medical or surgical procedures used in male infertility
treatment. We therefore evaluated CoQ,, concentration and
distribution between seminal plasma and spermatozoa in
VAR, before and after surgical treatment, and in infertile pa-
tients after recombinant human FSH therapy. The effect of
CoQ,; on sperm motility and function had been addressed
only through some in vitro experiments. In two distinct stud-

INTRODUCTION

The role of oxidative stress in seminal fluid
pathophysiology

Spermatozoa, like many other kinds of cells are suscep-
tible to oxidative damage and reactive oxygen species
(ROS) play a key pathogenetic role (1) in sperm dysfunc-
tion and male infertility. MaclLeod et al. (2) reported the
first original observation: spermatozoa incubated in vitro
under high oxygen tension were subject to a loss of motil-
ity, which was reversed by the addition of catalase to the
incubation medium. Thereafter a number of studies con-
firmed the importance of oxidative stress in male infer-
tility, as recently reviewed (3, 4).

The high content of polyunsatured fatty acids (PUFA) with-
in the spermatozoa plasma membrane and a low con-
centration of cytoplasmic scavenging enzymes make these
cells highly susceptible to peroxidation in the presence
of elevated levels of ROS in seminal tluid (5-7). Decoso-
hexaenoic acid, with é double bonds per molecule, is par-
ticularly abundant (5); this characteristic is needed to main-
tain membrane fluidity for the fusion with cocyte mem-
brane during fertilization (6-9). Due to peroxidative mem-
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ies conducted by our group, 22 and 60 patients affected by
idiopathic asthenozoospermia were enrolled, respectively.
CoQ,q and its reduced form, ubiquinol, increased significantly
both in seminal plasma and sperm cells after treatment, as
well as spermatozoa motility. A weak linear dependence
among the relative variations, at baseline and after treat-
ment, of seminal plasma or intracellular CoQ,,, ubiquinol lev-
els and kinetic parameters was found in the treated group.
Patients with lower baseline value of motility and CoQ,4 lev-
els had a statistically significant higher probability to be re-
sponders to the treatment. In conclusion, the exogenous ad-
ministration of CoQ,, increases both ubiquinone and
ubiquinol levels in semen and can be effective in improving
sperm kinetic features in patients affected by idiopathic as-
thenozoospermia

(J. Endocrinol. Invest. 32: 626-632, 2009)

©2009, Editrice Kurtis

brane damage, permeability is modified, with increasea
inflow of sodium and calcium and ATP depletion; conse-
quent activation of Ca-dependent enzymes (proteases,
phospholipases) with a cascade of proteins and lipid dam-
age, also lead to enzyme inactivation, structural DNA al-
teration, and eventually cell death (10-12). PUFA pattern
is modified during sperm maturation also outside the
testis: the final composition is obtained during epididy-
mal transter in different animal species; in humans, the
grade of unsaturation grows from the caput to the cauda
of epididymis, indicating an active lipid metabolism (13-
17). The importance of this district is underlined by the
tact that the same region is the site of a leukocyte inva-
sion; it has been demonstrated that the time of perma-
nence in epididymus is greater in oligospermic patients
and therefore the exposition to ROS is longer (18-20). Fi-
nally other characteristics that make spermatozoa fragile
are: poorly compacted chromatin (21), frequency of DNA
strand breaks (22), and the high probability of mitochon-
drial DNA fragmentation (23).

The source of ROS is related to both spermatozoa and
infiltrating leukocytes in semen (11, 12, 24-28). There is a
clear correlation between leukocyte concentrations and
ROS levels (29) and between ROS, lipid peroxidation,
and functional damage (8, 30). However, even if a clear
detrimental effect on various spermatozoa functions has
been reported in in vitro suspensions (31, 32), the situa-
tion cannot simply be applied to in vivo exposure in the
male reproductive tract (20, 33).

To counteract the potentially hazardous effects of ox-
idative stress, spermatozoa and seminal plasma are en-
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dowed with a number of protective antioxidant systems.
Spermatozoa possess a low amount of cellular ROS de-
fence systems such as catalase, superoxide dismutase,
glutathione peroxidase, and vitamin E. In contrast, sem-
inal plasma is well endowed with an antioxidant bufter
capacity (34, 35). This protective system includes chain-
breaking antioxidants capable of counteracting oxidant
radicals thus blunting the propagation of free radical
chain reactions.

Some studies have shown that infertile men have an im-
paired seminal plasma non-enzymatic antioxidant ca-
pacity, suggesting that decreased total antioxidant ca-
pacity may exert a pathogenetic role in male infertility
(36, 37). Oxidative stress has been shown to be associ-
ated with alteration in seminal characteristics, such as se-
vere oligospermia and asthenozoospermia (1, 7, 25, 29),
but also in normozoospermic intertile men this mecha-
nism may underlie an unexplained infertility, otherwise
attributed to female factors (38).

Additional studies have demonstrated that the levels of
spermatozoal reactive oxygen species are higher in men
with varicocele (VAR) than in normal controls, suggest-
ing that sperm dystunction in VAR patients may, in part,
be related to oxidative stress (39). VAR patients repre-
sent an interesting study model since they exhibit an en-
hanced ROS generation and high levels of nitric oxide,
which are directly related to the amount of ROS gener-
ated (40). Infertile subjects with a history of smoking ex-
nibit higher ROS levels than non-smoking infertile sub-
jects (41). Men with chronic prostatitis or prostatodynia
nave signs of seminal oxidative stress, whether or not
eukocytospermia is present (42).

~urthermore, other pathophysiology mechanisms may
be indirectly related to oxidative stress, such as the in-
teraction with cytokines in mediating the effects of phlo-
gosis (43, 44), the modification of nitric oxide effects in re-
lation to the redox state of cells (45), and Fas-dependent
apoptosis (3, 46, 47). Finally, various models have been
introduced to explore the protective role of different an-
tioxidants in vitro and some differences can be found
among the pattern of protective effects exerted by spe-
cific enzymatic or non-enzymatic molecules (48).

COENZYME Q,,
Biological roles and levels in seminal fluid

Following its discovery in 1957, Coenzyme Q (CoQqq in
humans) studies particularly addressed its key role in mi-
tochondrial bioenergetics; later studies demonstrated its
presence in other subcellular fractions and in plasma, and
deeply investigated its antioxidant role. These two roles
constitute the basis on which research supporting the clin-
ical use of CoQqq is founded. Also at the inner mitochon-
drial membrane level, Coenzyme Q is recognized as an
obligatory co-tactor for the function of uncoupling pro-
teins and a modulator of the transition pore (49). Further-
more, recent data reveal that CoQ affects expression of
genes involved in human cell signaling, metabolism, and
transport (50) and some of the effects of exogenously ad-
ministered CoQq¢ might be due to this property.

Both the bioenergetic and the antioxidant roles of CoQyq
suggest a possible involvement in male fertility: on the
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one hand, it is known that a large number of mitochon-
dria are present in spermatozoa, the motility of which re-
quires a high energy expenditure (51); on the other hand,
as shown in the previous paragraph, the protection of
membranes from oxidative stress could play a role in pre-
serving sperm integrity; moreover, the biosynthetic ma-
chinery tor CoQ is present at remarkably high levels in
rat testis (52).

The first analytical data on CoQqq levels in seminal fluid
were produced by our group (53) showing that CoQq
was assayable in total seminal fluid and in seminal plas-
ma; its levels showed a good correlation with sperm
count and motility, except in the population of VAR pa-
tients, in whom the correlation with sperm motility was
completely lacking (Table 1). In this study, the sample in-
cluded 60 subjects (21 patients with normozoospermia,
15 patients with azoospermia or oligozoospermia, 2 pa-
tients with germ-free genital tract inflammation, and 22
subjects with VAR, 7 ot whom presented oligo-azoosper-
mia). Moreover, in the VAR patients a significantly high-
er proportion of total CoQy was present in seminal plas-
ma when compared with normal subjects or other infer-
tile patients without VAR (the ratio plasma/seminal tluic
Qo was 69£7.1% vs 41.225.6%, p<0.01, respectively).
In all patients, standard semen analysis was performed,
assessing semen parameters, including ejaculate volume,
sperm count, percent motility and sperm morphology,
according to World Health Organization (WHO) classifi-
cation (54). Semen specimens were analysed within 1 h
from collection. All patients were clinically examined ana
the diagnosis of VAR was confirmed by Color-Doppler
sonography (55) in 22 of them. These data were also con-
firmed in a larger series of patients (48, 56, 57).

Since CoQyq in seminal plasma did not correlate with lac-
tic dehydrogenase (LDH) levels, we concluded that the
amount of CoQq in plasma was most likely not due to
spermatozoa damage and to a consequent release of
CoQqq from the cells. We hypothesized that seminal plas-
ma CoQq levels reflect an interchange between cellular
and extracellular compartments, with a pathophysiolog-
ical meaning similar to serum CoQqq values (58, 59); a
relative deficiency or utilization of CoQ in sperm cells was
therefore presumed to be present in VAR condition (60).
We also hypothesized that the significantly higher per-
centage of CoQyy in plasma found in VAR patients could
reflect an altered compartment distribution: the intracel-
lular, biocenergetic use of CoQq could be defective in
these patients and there might be some release towards
the plasma compartment.

Finally, we studied VAR patients after surgical repair; on-
ly a partial reversion was observed, since the ratio plas-
ma to total CoQqy decreased, but the correlation be-
tween total CoQqq and motility was not restored (61). As

Table 1 - Correfation between endogenous Coenzyme Q4 in
whole seminal fluid and sperm parameters [from (53)].

Correlation CoQ g
vs sperm motility

Correlation CoQqg
VS sperm count

Total sample

R=0.504, p<0.0005
R=0.666, p<0.0005

R=0.261, p<0.05
R=0.008, ns

Varicocele patients




FSH seemed to be involved in the regulation of total an-
tioxidant capacity of seminal plasma (62), in order to ex-
plore the physiological hormone control of seminal
CoQqq another trial was conducted in 13 oligoastheno-
zoospermic subjects, studied before and after 3 months
of recombinant human FSH (225 Ul/week) (63). Follow-
ing FSH treatment, CoQ4q showed an increase, although
not significant, in seminal plasma levels (0.035+0.010 vs

0.028+0.005 pg/ml).

CoQ;q and its redox status in seminal fluid

All these studies consider the levels of total CoQyy, irre-
spective of its redox status. The first report on the assay
of reduced and oxidized forms of CoQ,g was performead
by our group (64). We showed a signiticant correlation
between the reduced torm (ubiquinol) and sperm count
in seminal plasma, an inverse correlation between ubi-
quinol and hydroperoxide levels both in seminal plasma
and seminal tluid, a strong correlation — using multiple
regression analysis — between sperm count, motility, ana
ubiquinol-10 content in seminal fluid, and, tinally, an in-
verse correlation between ubiquinol/CoQqq ratio and the
percentage ot abnormal forms. These results suggest a
possible role of ubiquinol-10 in inhibiting hydroperoxide
formation in seminal fluid, as had previously been
demonstrated for plasma lipoproteins (65). We also tound
a lower ubiquinol/CoQq ratio in sperm cells from idio-
pathic asthenozoospermic (IDA) patients and in seminal
plasma from IDA and VAR-associated asthenozoosper-
mic patients compared to controls (66). The important
conclusion was that the QH,/Qgy ratio may be an index
of oxidative stress and its reduction a risk factor for se-
men quality.

Administration of CoQq in male infertility

CoQqg was first introduced as an ethical drug for heart
failure patients, but its use has grown since its recognition
as a food supplement aimed at improving cellular bioen-
ergetics, counteracting oxidative stress and slowing down
some age-related pathologies. Numerous clinical stud-
ies have shown its efficacy as an adjunctive therapy in
cardiovascular and neurodegenerative diseases and in
mitochondrial myopathies (67). The above-mentioned
studies constitute a rationale which eventually led us to
treat infertile subjects with exogenous CoQyq.

Original studies on CoQg administration in unselected
populations ot infertile patients, showed an amelioration
of the results in membrane integrity tests (swelling test)
(68) and an improvement in seminal parameters in men
with sperm pathology (69); however these studies did not
report the endogenous CoQyq levels in such patients.
Lewin & Lavon (70) originally reported the effect of CoQqq
on sperm motility in vitro: a significant increase in motil-
ity had been observed in sperm obtained from astheno-
zoospermic men, incubated with exogenous CoQq,
while no significant variation was reported in the motili-
ty of sperm cells from normal subjects. The same study al-
so reports the effect of exogenous CoQqq in vivo, in a
group of patients with low fertilization rates, after in vit-
ro fertilization with intracytoplasmatic sperm injection for
male factor infertility. No significant changes were re-
ported in most sperm parameters, but a significant im-
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provement was noticed in fertilization rates after treat-
ment with 60 mg/day for a mean of 103 days.

As CoQqq is one of the compounds contributing to the
total antioxidant buffer capacity of semen and its de-
crease could lead to an impairment of the system in
counteracting oxidative stress (71), exogenous adminis-
tration of CoQ, could increase its content in semen and
improve sperm cell function.

In order to investigate its potential therapeutic role, we
first administered CoQ;( to a group of idiopathic as-
thenozoospermic infertile patients in an open uncon-
trolled pilot study (72). Twenty-two patients affected by
idiopathic asthenozoospermia, were enrolled in the
study. All subjects presented a clinical history of primary
infertility of at least 3 yr. No female-related factor was
apparently involved in sterility. Eligible patients haa
sperm count >20x106/ml, sperm motility (forward motil-
ity, class a and b, according to WHO 1999 criteria) (54)
<50% at two distinct sperm analyses and normal sperm
morphology >30%. Patients were given CoQ,q (Phar-
maNord, Denmark), 200 mg/day divided into two dos-
es, for 6 months. Semen analysis, including computer-as-
sisted sperm analysis and motility (C.A.S.A.) (73), CoQy
and phosphatidylcholine (PC) assays, were performed at
baseline and after 6 months of therapy. A semen analy-
sis was further performed after 6 months from interrup-
tion of therapy (wash-out). CoQ;q levels were assayed in
sperm cells and seminal plasma using a Beckman Gold
HPLC System HPLC (Beckman Instruments, San Ramon,
CA, USA) equipped with an electrochemical detector (EC,
ESA 5100, Bedford, MA, USA) (65). PC was essentially
determined according to Frei et al. (74).

An increase of CoQ;q was found in seminal plasma after
treatment, the mean value rising significantly from
42.0+5.1 at baseline to 127.1+£1.9 ng/ml after 6 months
of exogenous CoQy administration (p<0.005). A signifi-
cant increase of CoQ,y content was also detected in
sperm cells (from 3.1x0.4 to 6.5x0.3 ng/10¢ cells;
0<0.05). Similarly, PC levels increased significantly both in
seminal plasma and sperm cells after treatment (from
1.49+0.50 to 5.84+1.15 pM, p<0.05; and from 6.83+0.98
to 9.67x1.23 nmoles/106 cells, p<0.05, respectively)
(Table 2). Regarding semen, a significant difference was
found in forward (class a+b) motility of sperm cells after 6
months of CoQ,( dietary implementation (from 9.13+2.50
to 16.34x3.43%, p<0.05) (72). The improvement of motil-
ity was also confirmed by means of computer-assisted
determination of kinetic parameters. A significant increase
of curvilinear velocity (VCL) (from 26.31x1.50 to
46.43+2.28 um/sec, p<0.05), and linear velocity (VSL)

Table 2 - Coenzyme Q4 and PC levels in seminal plasma and

sperm cells, baseline and after treatment [from (72)].

Baseline After treatment
CoQqq, seminal plasma (ng/ml) 42.0+5.1 127.1+1.9%
CoQqq, sperm cells (ng/10¢ cells) 3.1+0.4 6.5+0,3*%
PC, seminal plasma (uM) 1.49+0.50 5.84+1,15%
PC, sperm cells (nmoles/10¢ cells) 6.83+0.98 Q.67+1.23%

*After treatment vs baseline, p<0.005; **after treatment vs baseline,

p<0.05.
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(from 15.20%1.30 to 20.40+2.17 um/sec, p<0.05) was
found after treatment. No significant differences were
found in sperm cell concentration and morphology (72).
Although a direct correlation was not found (data not
shown), a positive dependence (using the Cramer’s index
of association) was evident among the relative variations,
baseline, and after treatment, of seminal plasma or intra-
cellular CoQ4 content and of computer-assisted sperm

analysis (C.A.S.A.) (VCL and VSL) kinetic parameters
(Cramer’s V=0.4637;0.3818; 0.3467; 0.5148, respective-
ly) (72). A significant reduction in sperm forward motility
was reported after 6 months of wash-out (from
16.34+3.43 to 9.50£2.28%, p<0.001), while no significant
differences were found in sperm cell concentration and
morphology. In order to tind out whether difterent re-
sponses were age-related, the relative variations (before
and after treatment) of CoQ5 and PC content in seminal
plasma and sperm cells, as well as forward motility were
analysed, but no correlation was found.

This study indicates a significant improvement of kinetic
features of sperm cells after 6 months of administration of
CoQyg, both on the basis of manual and computer-assist-
ed evaluation. Moreover, these results constitute the first
demonstration that exogenous administration of CoQqg
increases its levels in seminal plasma and in spermatozoa.
The increment was important, especially in seminal plas-
ma where post-treatment levels were 3 times higher than
basal ones. Similar increases of CoQ;y concentration (2-
3 times higher than baseline value) are commonly found
in blood plasma after chronic administration of the
quinone (75). As CoQqq is a highly lipophylic molecule,
we could reasonably hypothesize its diffusion through
the phospholipid bilayer of cellular membranes, but we
presently do not know whether transport from blood
plasma to testicular and accessory male genital glands is
passive or involves an active mechanism. Statistical anal-
ysis did not reveal any significant functional relationship
among the therapy-induced variations of CoQ4¢ and ki-
netic parameters of spermatozoa, probably due to the

low number ot samples. Nevertheless, the good degree
of association among these variables, according to
Cramer’s V index of association, supports the hypothesis
of a pathogenetic role of CoQ,y in asthenozoospermia,
according to previously reported data (66).

The first double-blind study

Following the pilot study, a placebo-controlled double
blind randomized trial using 200 mg/day of CoQ4q in two
administrations (Jarrow Formulas LA, USA) was carried
out, involving 60 patients (76). The eligibility criteria were
the same as in the pilot study. The study design was 1
month run in, 6 months of therapy (30 patients) or place-
bo (30 patients), and a further 3 months follow-up (controls
at months T-1, TO, T+3, T+6, T+9). At various time points
the following analysis were carried out: a) semen analysis
at months T-1, TO, T+3, T+6, T+9, including CAS.A. at
months TO, T+3, T+6, T+9 to evaluate modifications in
semen parameters (21); b) CoQ,y and QHj in seminal
plasma and sperm cells at months TO and T+6 to evaluate
any variations during therapy [CoQqq levels were assayed
in seminal plasma and sperm cells using a dedicated high
performance liquid chromatography system with electro-
chemical detector (Shiseido Co. Ltd.)].

CoQyq levels increased in seminal plasma after treatment,
the mean value rising significantly from 61.29+20.24 at
baseline to 99.39+31.51 ng/ml after 6 months of exoge-
nous CoQqq administration (p<0.0001). A significant in-
crease of CoQ;g content was also detected in sperm cells
(from 2.44+0.97 to 4.57+2.46 ng/10¢ cells, p<0.0001).
Similarly, QH, levels increased significantly both in sem-
inal plasma and sperm cells atter treatment (from
31.54%£10.05 to 51.93+16.44 ng/ml, p<0.0001; and from
0.95+0.46 to 1.84£1.03 ng/10¢ cells, p<0.0001, respec-
tively) (76). No statistically significant modifications were
found in the placebo group.

A significant improvement of sperm cell total motility

(from 33.14£7.12 to 39.41+£6.80%, <0.0001) and for-
ward motility (from 10.43+3.52 to 15.11+7.34%,

Table 3 - Descriptive statistics of sperm kinetic variables at each timestep: mean, SD and p-value [from (76)].

1-1 10 T+6 T+9
Sperm total motility Mean SD Mean SD Mean SD Mean 5D
Placebo group 34.88 8.07 34.81 8.39 34.93 8.04 35.30 8.00
Treated group 32.96 7.19 33.14 712 39.41 6.80 32.93 6.33
o (mean of each group) 0.35 0.42 0.03 0.27
o (mean of the treated group at each time) <0.0001 <(0.0001
Sperm forward motility Mean 5D Mean 5D Mean 5D Mean 5D
Placebo group Q.96 1,26 10,.74 4.19 10.11 3.32 10.96 3.75
Treated group 10.17 3.77 10.43 3.52 15.11 /.34 10.07 3.21
o (mean of each group) 0.84 0.76 0.002 0.34
o (mean of the treated group at each time) 0.0003 <0.0001
Curvilinear velocity Mean 5D Mean 5D Mean SD Mean 5D
Placebo group 28.59 4.71 28.21 5.41 28.30 4.74 28.99 5.20
Treated group 28.03 4.75 27.99 5.32 33.18 .22 27.73 4.36
o {mean of each group) 0.66 0.87 0.0002 0.33
p (mean of the treated group at each time) <(0.0001 <0.0001
Straight progressive velocity Mean 5D Mean 5D Mean SD Mean SD
Placebo group 11.27 2.61 10.84 2.64 10.59 2.49 11.23 2.54
Treated group 10.86 2.62 10.76 2.63 13.13 2.86 10.72 2.40
o (mean of each group) 0.56 0.9 0.0009 0.43
p (mean of the treated group at each time) <(0.0001 <(0.0001
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0=0.0003) was observed in the treated group after 6
months (T+6) of CoQ,g administration. The improvement
of sperm cell kinetic parameters was also confirmed after

computer-assisted analysis, with an increase both in VCL

(from 27.99+5.32 to 33.18%+4.22 um/sec, p<0.0001) ana
VSL (from 10.76x2.63 to 13.13%2.86 pm/sec, p<0.0001)
after treatment (Table 3) (76). No statistically significant
modifications in kinetic parameters were found in the
placebo group. At the end of the treatment (T+6) the
mean values of kinetic parameters in the treated group
were significantly higher than those in the placebo group,
confirming the above results. Interestingly, a weak linear
dependence among the relative variations, baseline (TO)
and after treatment (T+6), of seminal plasma or intracel-
lular CoQyy or QH, content and kinetic parameters was
found in the treated group. Furthermore, a significant in-
verse correlation between baseline (TO) and T+6 relative
variations of seminal plasma or intracellular CoQ4q or QH,
content and kinetic parameters was also found in the
treated group. In fact patients with a lower baseline val-
ue of motility and lower levels of CoQ1y had a statisti-
cally significant higher probability to be responders to
the treatment. After wash out (T+9), sperm cells kinetic
teatures (total and forward motility, VSL) were found to be
significantly reduced in treatment groups when com-
pared with month T+6. Improvement of the spontaneous
pregnancy rate also suggests that this therapeutic ap-
proach is beneticial, although the patients’ number was
too small for statistical analysis.

CONCLUSIONS

Endogenous CoQyyq is significantly related to sperm count
and motility, as one could expect considering its impor-
tant cellular compartmentalization; furthermore, it ap-
pears to be one of the most important antioxidants in
seminal plasma. Its presence in this compartment does
not depend on sperm lysis, as it does not correlate with
LDH (53); moreover, its distribution between intra- and
extra-cellular compartments seems to be an active pro-
cess, which is profoundly disturbed in VAR patients (56).
CoQyq levels in seminal plasma do correlate with sperm
motility. It can be hypothesized that, in certain circum-
stances, the increased oxidative stress in sperm cells can
somehow over-consume CoQ;y to the detriment of its
bioenergetic role.

Improved sperm motility upon exogenous CoQq, ad-
ministration could be explained on the basis of the well-
known involvement of CoQqq in mitochondrial bioener-
getics and of its widely recognized antioxidant proper-
ties. Regarding the first point, it is established that mito-
chondrial concentration of CoQ4g in mammals is close to
its K, as tar as NADH oxidation is concerned, therefore
it is not kinetically saturating (77). In these conditions one
might reasonably hypothesize that a small increase in mi-
tocondrial CoQqg leads to a relevant rise in respiratory
velocity. The resulting improvement ot oxidative phos-
phorilation might well affect sperm cells. Since low PC
levels in semen were found to be related to a reduction
of the phospholipid pool and to low antioxidant capaci-
ty (78), the increased PC content in semen after treat-
ment might reasonably involve the restoration of scav-
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enger equilibrium. Another possible reason for this find-
ing is that increased levels of CoQy( also need an ap-
propriate, high concentration of a lipid carrier.

Thus, the administration of CoQ4 may play a positive
role in the treatment of asthenozoospermia, probably re-
lated not only to its function in mitochondrial respiratory
chain, but also to its antioxidant properties. The increased
concentration of CoQqq in seminal plasma and sperm
cells, the improvement of semen kinetic features after
treatment, and the evidence of a direct correlation be-
tween CoQqg concentrations and sperm motility strong-
ly support a cause/etfect relationship. A deeper insight in-
to these molecular mechanisms could lead to a greater
knowledge of the so-called unexplained infertility.

REFERENCES

1. lwasaki A, Gagnon C. Fommation of reactive oxygen species in sper-
matozoa of infertile men. Fertil Steril 1992, 47: 409-11.

2. Macleod J. The role of oxygen in the metabolism and motility of
human spematozoa. Am J Physiol 1943, 138: 512-8.

3. Aitken RJ, Krausz C. Oxidative stress, DNA damage andthe Y chro-
mosome. Reprr:-ductir:nn 2001, 122: 49/7-506.

4. Agarwal A, Saleh RA. Role of oxidants in male infertility: rationale,
significance and treatment. Urol Clin N Am 2002, 29: 817-27.

5. Jones R, Mann T, Sherins R. Peroxidative breakdown of phospho-
lipids in human spematozoa, spermicidal properties of fatty acid
peroxides, and protective action of seminal plasma. Fertil Steril

1979, 31: 531-/.

6. Aitken RJ, Clarkson JS, Fishel S. Generation of reactive oxygen
species, lipid peroxidation, and human sperm function. Biol Reprod

1989, 41: 183-9/.

/. Sharma RK, Agamwal A. Role of reactive oxygen species in male in-

fertility. Urology 1996, 48: 835-50.
8. Alvarez JG3, Touchstone JC, Blasco L, Storey BT. Spontaneous lipid

peroxidation and production of hydrogen peroxide and superox-
ide in human spermatozoa: superoxide dismutase as major en-
zyme protectant against oxygen toxicity. J Androl 1987, 8: 338-48.

9. Aitken RJ. Molecular mechanisms regulating spem function. Mol

Hum Reprod 1997, 3: 169-73.

Halliwell B. Free radicals, antioxidants, and human disease: cu-
riosity, cause, or consequence? Lancet 1994, 344: 721-4.

10.

1. Cummins JM, Jequier AM, Kan R. Molecular biology of human

male infertility: links with aging, mitochondrial genetics, and ox-

idative stress? Mol Reprod Dev 1994, 3/: 345-62.

Geva E, Lessino JB, Lemer-Geva L, Amit A. Free radicals, antioxi-
dants and human spematozoa: clinical implications. Hum Reprod

1998, 13: 1422-4.

Wolt DE, Hagopian 55, Lewis RG, Voglmayr JK, Fairbanks G.
Lateral regionalization and diffusion of a maturation-dependent
antigen in the ram sperm plasma membrane. J Cell Biol 1996, 102:

1826-31.

Myles DG, Primakoft P. Localized surface antigens of guinea pig
sperm migrate to new regions prior to fertilization. J Cell Biol 1984,

99: 1634-41.

Gaunt SJ, Brown CR, Jones R. Identification of mobile and fixed

antigens on the plasma membrane of rat spermatozoa using mon-
oclonal antibodies. Exp Cell Res 1983, 144: 275-84.

Hall JC, Hadley J, Doman T. Correlation between changes in rat
sperm membrane lipids, protein, and the membrane physical state

during epididymal maturation. J Androl 1991, 12: /6-87/.

12.

13.

14.

15.

16.

17. Lenzi A, Gandini L, Picardo M. A rationale for glutathione therapy.
Hum Repmd 1998, 13: 1419-22.

18. Wollt H, Politch JA, Martinez A, Haimovici F, Hill JA, Anderson DJ.
Leukocytospermia is associated with poor semen quality. Fertil
Steril 1990, 53: 528-36.

19.  Johnson L, Varner DD. Effect of daily spermtozoan production but

not age on transit time of spermatozoa through the human epi-

didymis. Biol Reprod 1988, 39: 812-/.



G. Balercia, A. Mancini, F. Paggi, et al.

20.

1.

Z2.

3.

4.

z5.

26.

7.

Z8.

9.

30.

31.

32.

33.

34.

35.

36.

3/.

38.

39.

40,

41.

42.

Ford WCL, Whittington K. Antioxidant treatment for male subfer-

tility: a promise that remains unfulfilled. Hum Reprod 1998, 13:
1416-9.

Sakkas D, Mariethoz E, St.John JC. Abnormal sperm parameters
in humans are indicative of an abortive apoptotic mechanism linked

to the Fas-mediated pathway. Exp Cell Res 1999, 251: 350-5.
lrvine DS, Twigg J, Gordon E, Fulton N, Milhe P, Aitken RJ. DNA

integrity in human spermatozoa: relationship with semen quality. J

Androl 2000, 21: 33-44.
Donnelly ET, O'Connell M, McClure N, Lewis SE. Differences in

nuclear DNA fragmentation and mitochondrial integrity of se-
men and prepared human spermatozoa. Hum Reprod 2000, 15:

1552-61.

Russell LD. Editorial: The perils of sperm release — ‘let my children

go’. Int J Androl 1991, 14: 307-11.

Huszar G, Vigue L. Correlation between the rate of lipid peroxida-
tion and cellular maturity as measured by creatine kinase activity in

human spermatozoa. J Androl 1994, 15: 71-7.

Zalata A, Hafez T, Comhaire F. Evaluation of the role of reactive
oxygen species in male infertility. Hum Reprod 1995, 10: 1444-51.

Parinaud J, Le Lannou D, Vieitez 3, Griveau JF, Milhet P, Richoilley
(G. Enhancement of motility by treating spermatozoa with an an-

tioxidant solution (Sperm-Fit) following ejaculation. Hum Reprod
1997, 12: 2434-6.

Babior BM, Cumutte JT, McMurrich BJ. The particulate superoxide-
forming system in human neutrophils. Properties of the system and
further evidence supporting its participation in the respiratory burst.J

Clin Invest 19/6, 58: 989-96.

Aitken RJ, Buckingham D, West K, Wu FC, Zikopoulous K,
Richardson DW. Differential contribution of leukocytes and sper-
matozoa to the generation of reactive oxygen species in the ejac-
ulates of oligozoospermic patients and fertile donors. J Reprod

Fertil 1992, 94: 451-62.

Griveau JF, Dumont E, Renard P, Callegari JP, Le Lannou D.
Reactive oxygen species, lipid peroxidation and enzymatic de-

fence systems in human spematozoa. J Reprod Fertil 1995, 103:
17-26.

Aitken RJ, West K, Buckingham D. Leukogytic infiltration into the
human ejaculate and its association with semen quality, oxidative

stress, and sperm function. J Androl 1994, 15: 343-52.
Aitken RJ, Buckingham DW, Brindle J, Gomez E, Baker HW, lrvine

DS. Analysis of sperm movement in relation to the oxidative stress
created by leukocytes in washed sperm preparation and seminal

plasma. Hum Reprod 1995, 10: 2061-/1.

Wolft H. The biologic significance of white blood-cells in semen.

Fertil Steril 1995, 63: 1143-57.

Zini A, De Lamirande E, Gagnon C. Reactive oxygen species in se-
men of infertile patients: levels of superoxide dismutase- and cata-
lase-like activities in seminal plasma and spermatozoa. Int J Androl

1993, 16: 183-8.

Smith R, Vantman D, Ponce J, Escobar J, Lissi E. Total antioxidant
capacity of human seminal plasma. Hum Reprod 1996, 11: 1655-60.

Lewis SE, Boyle PM, McKinney KA, Young IS, Thompson W. Total
antioxidant capacity of seminal plasma is different in fertile and in-

fertile men. Fertil Steril 1995, 64: 868-70.

Shama RK, Pasqualotto FF, Nelson DR, Thomas AJ Jr, Agarwal A.

The reactive species-total antioxidant capacity score is a new mea-
sure of oxidative stress to predict male infertility. Hum Reprod

1999, 14: 2801-7.
Pasqualotto FF, Sharma RK, Kobayashi H, Nelson DR, Thomas AJ

Jr, Agarwal A. Oxidative stress in normospermic men undergoing

infertility evaluation. J Androl 2001, 22: 316-22.
Hendin BN, Kolettis PN, Sharma RK, Thomas AJ Jr, Agarwal A.

Varicocele is associated with elevated spermatozoal reactive oxy-

gen species production and diminished seminal plasma antioxi-
dant capacity. J Urol 1999, 161: 1831-4.

Aksoy H, Aksoy Y, Ozbey |, Altuntas |, Akcay F. The relationship
between varicocele and semen nitric oxide concentrations. Urol

Res 2000, 28: 357-9.
Saleh RA, Agarwal A, Sharma RK, Nelson DR, Thomas AJ. Effect

of cigarette smoking on levels of seminal oxidative stress in infer-
tile men: a prospective study. Fertil Steril 2002, /78: 491-9.

Pasqualotto FF, Sharma RK, Potts JM, Nelson DR, Thomas AJ,

631

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

5/,

58.

59.

60.

61.

62.

63.

64,

Agarwal A. Seminal oxidative stress in patients with chronic pro-

statitis. Urology 2000, 55: 881-5.

Depuydt CE, Bosmans E, Zalata A, Schoonjans F, Comhaire F. The
relation between reactive oxygen species and cytokines in andro-
logical patients with or without male accessory gland infection. J

Androl 1996, 17: 699-707.
Pasqualotto FF, Sharma RK, Nelson DR, Thomas AJ, Agarwal A.

Relationship between oxidative stress, semen characteristics, and
clinical diagnosis in men undergoing infertility investigation. Fertil

Steril 2000, 73: 459-64.

Zini A, O'Bryan M, Schlegel PN. Nitric oxide synthase activity in
human seminal plasma. Urology 2001, 58: 85-9.

Huang C, Li J, Zheng R, Cui K. Hydrogen peroxide-induced apop-
tosis in human hepatoma cells is mediated by CD95(APO-1/Fas)
receptor/ligand system and may involve activation of wild-type

p53. Mol Biol Rep 2000, 2/: 1-11.

Sayers 1J, Brooks AD, Seki N, et al. T cell lysis of murine renal can-
cer: multiple signalling pathways for cell death via Fas. J Leukoc

Biol 2000, 68: 81-6.
Mancini A, Meucci E, Bianchi A, Milardi D, De Marinis L, Littarru

(. Antioxidant systems in human seminal plasma: physiopatho-
logical meaning and new perspectives. In: Panglossi HV ed.

“Antioxidants: New Research”, New York: Nova Pub. 2006, 131-47.

Dallner G, Stocker R. Coenzyme Q10. Encyclopedia of Dietary
Supplements 2005, 121-31.

Groneberg DA, Kindermann B, Althammer M, et al. Coenzyme Oy
affects expression of genes involved in cell signalling, metabolism
and transport in human CaCo-Z2 cells. Int J Biochem Cell Biol 2005,
37: 1208-18.

Fawcett DW. The mammalian spematozoon. Dev Biol 19/5, 44:

394-436.

Kalen A, Appelkvist EL, Chojnacki T, Dallner G. Nonaprenyl-4-hy-
droxybenzoate transferase, an enzyme involved in ubiquinone
biosynthesis in endoplasmic reticulum-Golgi system of rat liver. J

Biol Chem 1990, 265: 1158-64.
Mancini A, De Marinis L, Oradei A, Hallgass ME, Conte 3, Pozza D,

Littarru G. Coenzyme Q4 concentrations in normal and patholog-

ical human seminal tluid. J Androl 1994, 15: 591-4.

World Health Organization (WHQO). Laboratory manual for the ex-
amination of human semen and sperm-cervical mucus interaction.

4th ed, Cambridge: Cambridge University Press, 1999.
Hirsh AV, Cameron KM, Tyler JP, Simpson J, Pryor JP. The Doppler

assessment of varicoceles and intemal spermatic vein reflux in in-

fertile men. Br J Urol 1980, 52: 50-6.

Mancini A, Milardi D, Conte G, et al. Coenzyme Q45 another bio-
chemical alteration linked to infertility in varicocele patients?.

Metabolismn 2003, 52: 402-6.
Angelitti AG, Colacicco L, Calla C, Arizzi M, Lippa S. Coenzyme Q:

potentially useful index of bioenergetic and oxidative status of
spermatozoa. Clin Chem 1995, 41: 217-9.

Mancini A, Conte (3, De Marinis L, et al. Coenzyme Q1 levels in hu-
man seminal fluid: diagnostic and clinical implications. Mol Aspects

Med 1994, 15 (Suppl): s249-55.
Littarru G, Lippa S, QOradei A, Fiorini R, Mazzanti L. Metabolic and

diagnostic implications of human blood CoQyq levels. In: Folkers K,

Littarru GP, Yamagami T {eds). Biomedical and clinical aspects of
Coenzyme Q. Amsterdam: Elsevier 1991, 167-78.

Mancini A, Conte G, Milardi D, De Marinis L, Littarru G. Relationship

between spem cell ubiguinone and seminal parameters in subjects
with and without varicocele. Andrologia 1998, 30: 1-4.

Mancini A, Milardi D, Conte G, Festa R, De Marinis L, Littarru Q.

Seminal antioxidants in humans: preoperative and postoperative
evaluation of Coenzyme Qy in varicocele patients. Homm Metab

Res 2005, 3/: 428-32.

Meucci E, Milardi D, Mordente A, et al. Total antioxidant capac-

ity in patients with varicocele. Fertil Steril 2003, /79 (Suppl 3):
1577-83.

Mancini A, Milardi D, Festa R, et al. Seminal CoQ45 and male in-
fertility: effects of medical or surgical treatment on endogenous
seminal plasma concentrations. Abstracts of the 4th International
Coenzyme Qg association, Los Angeles 2005, 64-5.

Alleva R, Scaramucci A, Mantero F, Bompadre S, Leoni L, Littarru
(. The protective role of ubiquinol-10 against formation of lipid



6bh.

66.

o

68.

69.

/0.

/1.

hydroperoxides in human seminal fluid. Mol Aspects Med (Suppl 1)
1997, 18: 221-8.

Mohr D, Bowry VW, Stocker R. Dietary supplementation with coen-
zyme (qp results in increased levels of ubiquinol-10 within circu-
lating lipoproteins and increased resistance of human low-density
lipoprotein to the initiation of lipid peroxidation. Biochim Biophys
Acta 1992, 1126: 247-54.

Balercia G, Arnaldi G, Fazioli F, et al. Coenzyme Qg levels in idio-

pathic and varicocele-associated asthenozoospermia. Andrologia
2002, 34: 107-11.

Littarru G, Tiano L. Clinical aspects of Coenzyme Q44: an update.
Curr Opin Clin Nutr Metab Care 2005, 8: 641-6.

Mazzilli F, Cerasaro M, Bisanti A, Rossi T, Dondero F. Seminal pa-
rameters and the swelling test in patients with sperm before and af-
ter treatment with ubiquinone (CoQqg). 2nd International
Symposium on Reproductive Medicine, Fiuggi. Rome: Acta

Medica, Edizioni e Congressi 1988, /1.

Mazzilli F, Bisanti A, Rossi T, DeSantis L, Dondero F. Seminal and
biological parameters in dysspermic patients with sperm hypo-
motility before and after treatment with ubiquinone (CoQ;y). J

Endocrinol Invest 1990, 13: 1, 88.

Lewin A, Lavon H. The effect of Coenzyme Q;4 on sperm motility
and function. Molec Aspects Med 1997, 18 (Suppl): 5213-9.

Balercia (3, Mantero F, Ameni T, Principato G, Regoli F. Total oxyrad-

632

/2.

/3.

/4.

/5.

/6.

/7.

/8.

Coenzyme Q,, and infertility

ical scavenging capacity toward different reactive species in seminal

plasma and spem cells. Clin Chem Lab Med 2003, 41: 13-9.

Balercia 3, Mosca F, Mantero F, et al. Coenzyme Q(10) supple-
mentation in infertile men with idiopathic asthenozoospermia: an
open, uncontrolled pilot study. Fertil Steril 2004, 81: 93-8.

Balercia G, Moretti S, Vignini A, et al. Role of nitric oxide concen-
trations on human sperm motility. J Androl 2004, 25: 245-9.

Frei B, Yamamoto Y, Niclas D, Ames BN. Evaluation of an isolumi-
nol chemiluminescence assay for detection of hydroperoxides in

human blood plasma. Annal Biochem 1998, 1/5: 120-30.

Langsjoen P, Langsjoen A, Willis R, Folkers K. Treatment of hyper-
trophic cardiomyopathy with coenzyme Q4. Mol Aspects Med
1997, 8 (Suppl): $145-51.

Balercia (3, Buldreghini E, Vignini A, et al. Coenzyme Q4 treat-
ment in infertile male with idiopathic asthenozoospermia. A place-

bo-controlled, double blind randomized trial. Fertil Steril 2009, 91:
1785-92.

Fato R, Cavazzoni M, Castelluccio C, Parenti Castelli G, Lenaz Q.
Steady-state kinetics of ubiquinol-cytochrome c reductase in bovine
heart submitochondrial particles: diffusional effects. Biochem J

1993, 290: 225-36.
Kelso KA, Redpath A, Noble RC, Speake BK. Lipid and antioxidant

changes in spermatozoa and seminal plasma throughout the re-
productive period of bulls. J Reprod Fertil 1997, 109: 1-6.



