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PAPER

Role of coenzyme Q and vitamin E on stallion semen motility evaluated
both in frozen and cooled-stored semen

Melissa Rossia, Maria Elena Falomoa and Roberto Mantovanib

aDipartimento di Medicina Animale Produzioni e Salute, University of Padova, Padova, Italy; bDipartimento di Agronomia Animali
Alimenti Risorse Naturali e Ambiente, University of Padova, Padova, Italy

ABSTRACT
Several studies reveal that coenzyme Q (CoQ) and vitamin E (Vit. E) act against oxidative deteri-
oration, and that CoQ restores the active and antioxidant form of Vit. E. These two antioxidants,
acting against lipid peroxidation, seem to be able to improve motility parameters of spermato-
zoa. The objective of this study is to evaluate the addition of CoQ and Vit. E to semen extender
for equine spermatozoa in order to evaluate possible effects on semen motility. First, immedi-
ately after collection, semen samples were diluted with 1mM of CoQ and 1mM of CoQ plus
1mM of Vit. E and prepared for frozen storage in liquid nitrogen. After thawing (37 �C/30 s), sam-
ples were maintained at 37 �C and subjected to analysis after 0, 2 and 4 h for motility parameters
with CASA (Computer-Assisted Sperm Analysis) method. In a second experiment, after the collec-
tion, semen samples were diluted with 1mM of CoQ, in presence or absence of seminal plasma
where Vit. E is normally present, and prepared for cooled storage at 4 �C. The effects on motility
parameters were determined with CASA at 0, 24, 31 and 48h after collection. During the ana-
lysis, samples were kept at 4 �C. The CASA variables were examined with a mixed linear model.
No improvement (p> .05) in motility parameters results from the addition of CoQ and Vit. E in
frozen or cooled-stored equine semen when compared to control group.
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Introduction

In 1943, John MacLeod associated male infertility to
oxidative stress (OS); he related the loss of sperm
motility to the increased oxygen tension in human
semen (Griveau & Le Lannou 1997). The OS occurs
during normal physiological processes at cellular level
and it is associated to the disruption of the physio-
logical equilibrium between production and elimin-
ation of reactive oxygen species (ROS), which can lead
to sperm damages and male infertility (Aitken &
Roman 2008; Bansal & Bilaspuri 2010).

In the ejaculate, sources of ROS could come not
only from spermatozoa mitochondria, but also from
leucocytes, such as neutrophils and macrophages
(Bansal & Bilaspuri 2010). Oxidative sperm damages
include DNA fragmentation, altered mobility and
reduced capacity of the spermatic membrane to fuse
with oocytes (Aitken & Roman 2008). The susceptibility
of spermatozoa to OS damage is due to (i) large
amounts of polyunsaturated fatty acids (PUFAs) in

phospholipid membrane; (ii) a limited anti-oxidising
capacities of the cell; and (iii) the great ability of sper-
matozoa to generate ROS, although indispensable, at
physiological levels, for adequate sperm functionality
(Sharma & Agarwal 1996; Agarwal et al. 2006; Bansal &
Bilaspuri 2010).

The testicles are naturally equipped with large
amount of antioxidants, which can be traced back
both inside the spermatozoa and in the seminal
plasma (Sharma & Agarwal 1996; Agarwal et al. 2006).
The removal of the plasma in equine semen is still
contradictory. In fact, its presence causes a reduction
of sperm motility due to substances contained (Carver
& Ball 2002). However, some of its components, like
proteins, ROS inhibitors or antioxidants, seem to help
in maintaining a good motility and the integrity of the
acrosome, protecting spermatozoa from cold shock
damage and helping the fertilisation process (Crockett
et al. 2001; P�erez-P�e et al. 2001; Troedsson et al. 2005;
Aitken & Roman 2008; Ball 2008).
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Antioxidants have been successfully used to treat
male infertility and to improve motility and mem-
brane integrity in cryopreservation process in man,
bull, ram, goat, boar and dog (Bansal & Bilaspuri
2010). Among substances with recognised antioxi-
dants effect, coenzyme Q (CoQ) has been identified
as a natural lipophilic organic compound preventing
OS on spermatozoa; it is present in the mitochondria
of spermatozoa and in seminal plasma and its add-
ition to semen has given good results in preventing
male infertility (Balercia et al. 2004). The CoQ occurs
in three redox states: ubichinone, ubisemichinone
and ubichinol, which allow it to act both as antioxi-
dant and as pro oxidant. As antioxidant, CoQ inter-
feres with both the onset and propagation of lipid
peroxidation, and indirectly by regenerating the anti-
oxidant form of vitamin E (Vit. E) (Bentinger et al.
2007).

The Vit. E is a powerful lipophilic antioxidant, it
exists in different isoforms, four tocopherols and four
tocotrienols, and the more abundant form found in
mammalian tissue is a-tocopherol (Aitken & Roman
2008). The a-tocopherol is absolutely vital for the
maintenance of mammalian spermatogenesis (Almeida
& Ball 2005). Mammalian cells do not synthesise this
chain breaking antioxidant, and only membrane toc-
opherol is consumed by OS creating a relatively stable
radical tocopheroxyl (Almeida & Ball 2005). Previous
studies have demonstrated that the administration of
Vit. E improves sperm survival, membrane integrity
and reduces the loss of motility after 48 h of storage
(Bansal & Bilaspuri 2010).

The ROS production and the consequent spermato-
zoa damages increase during the processing and con-
servation of semen, leading to a significant decrease in
fertility (Ball 2008; Bansal & Bilaspuri 2010). Semen
motility is the most sensitive indicator of OS in equine
semen; indeed, ROS cause a reduction of ATP produc-
tion and damages to the axoneme (Baumber et al.
2000).

The purpose of the present study is to determine
if the addition of exogenous antioxidants, CoQ and
Vit. E, influenced the motility parameters of equine
frozen or cooled semen. We decided to use the con-
centration of 1mM of each antioxidant according to
results previously obtained in boar semen (Pindaru
et al. 2015). In the first part, we evaluate the effect-
iveness of the addition of CoQ and CoQ plus Vit. E
in frozen semen; in the second part, we assess if
the CoQ, in the presence or absence of antioxidants
contained in seminal plasma, improves sperm func-
tions in cooled semen.

Materials and methods

Semen collection

Semen was obtained by means of a Missouri model
artificial vagina on a phantom and collected through a
150� 60mm cellulose filter (Minit€ube, Germany) to
eliminate the gel fraction. Each animal provided semen
samples three times at 48 h intervals, to obtain three
replicate per stallion in each experiment. Descriptive
statistics of semen collected from each stallion are
reported on Table 1.

Reagents

Unless otherwise indicated, all reagents used in the
experiment were obtained from Sigma–Aldrich
Company (St. Louis, MO). We used: (±)-a-Tocopherol,
DL-all-rac-a-Tocopherol as Vit. E and coenzyme
Q10�98% (HPLC) as CoQ.

Experimental design

Effects of addition of CoQ and Vit.E in frozen
semen

Five Standardbred stallions were used (age range 5–16
years), stabled in boxes measuring 5� 5 m and fed
twice a day with meadow hay and a mixture of cereals
(33% barley flakes; 33% oats; and 34% corn). The col-
lected semen was divided into two aliquots, diluted
1:1 with a commercial extender Equipro (Equipro,
Minit€ub, Germany) and centrifuged at 1400 g/min for
14min at 4 �C. Once the seminal plasma had been
eliminated, the sperm pellets were diluted to a final
concentration of 100� 106 sperm/ml with Equipro
(untreated control, CTR group), or with Equipro added

Table 1. Descriptive statistics obtained after semen collection
from CASA analysis for each stallion (indicated with letters)
used in part 1 and part 2 of the experiment.

MOT, % PMS, %

Stallion Mean Standard deviation Mean Standard deviation

Part 1
A 92.7 4.6 36.6 7.1
B 88.2 9.7 43.3 5.9
C 87.6 7.1 31.3 6.1
D 63.8 14.7 21.7 4.5
E 77.9 13.9 25.8 6.6

Part 2
F 92.8 8.8 39.0 7.2
G 83.5 14.0 36.5 7.3
H 88.1 12.0 27.3 5.2
I 83.7 10.2 53.5 10.8
J 91.5 5.5 47.6 9.7
K 94.2 6.0 53.5 9.9
L 88.2 7.8 41.3 8.4
M 96.2 2.8 45.3 9.4

MOT: total motility; PMS: progressively motile spermatozoa.
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with CoQ (at a concentration of 1mM; Q group), or
with Equipro added with CoQ plus Vit. E (at a concen-
tration of 1mM for each substance; Qþ E group). After
dilution, in all three groups 4% egg yolk and 3% gly-
cerol were added, and the extended semen was equili-
brated for 60min at 4 �C to allow the glycerol to
penetrate. Straws were tagged and filled with suitable
pipettes, loading with 0.5ml of semen, each. Straws
were then sealed by ultrasound and frozen in an auto-
matic Ice Cube model 1800 (SY-LAB), with a freezing
curve based on a temperature reduction of 5 �C/min
fromþ4 to �15 �C (freezing point) and then by a
reduction of 20 �C/min from �15 to �140 �C. Straws
were then stored in liquid nitrogen. Analyses were car-
ried out in all treatment group in the pre-freezing
phase (i.e. at the beginning of equilibration phase),
and after freezing at 0 (H0), 2 (H2), and 4 h (H4) from
thawing, by mixing for each treatment group and rep-
licates straws belonging to the same batch. Before
post freezing analysis, the semen was thawed over a
water bath at 37 �C for 30 s and maintained in
Eppendorf tube in water bath at 37� C up to the last
analysis carried out following thawing.

Effects of addition of CoQ in cooled semen

Four Standardbred stallions (age range 9–15 years) and
four Holstein stallions (age range 8–19 years) were
used. Animals were housed in 6� 5 m stables and fed
with alfalfa hay and a mixture of cereals (30% flaked
barley, 30% oats, 10% corn) containing also 30% of pel-
let based on wheat bran and soybean meal. In each
day of collection, each semen sample was divided into
three aliquots as follows: the first contained 0.5ml of
semen added with 2.5ml of Equipro plus CoQ at a final
concentration of 1mM (plasma and CoQ, PþQ group);
the spermatozoa of the second and third group, once
the seminal plasma had been eliminated by centrifuga-
tion at 1600 g/min for 8min, were re-suspended with
2.5ml of Equipro (untreated control, CTR group) or with
2.5ml of Equipro plus 1mM CoQ (CTRþQ group). All
experimental groups had a final dilution of semen and
extender of 1:5 and a final concentration of 100� 106

sperm/ml. Each final aliquot was assessed four times:
immediately after dilution (H0), at 24 (H24), 31 (H31)
and 48 h from collection (H48). After the first assess-
ment, the semen was maintained at 4 �C until the last
analysis was carried out.

Motility analysis

Motility analysis comprised assessment of sperm motil-
ity with the CASA method (Computer-Assisted Sperm

Analysis; Hamilton-Thorne Biosciences; IVOS, Animal
Version 12.3D Bild 002). At each assessment, 15 ll of
semen was placed on a pre-warmed Cell-Vu slide
(Millennium Science Inc., New York, NY) with two
counting chambers. Ten fields per sample were chosen
manually at 40�. The settings for the CASA analysis,
drawn from previous studies (Jasko et al. 1990;
Mantovani et al. 2002) were as follows: frame acquired,
20 (min no. 15); acquisition rate 50Hz; min. contrast,
45; min cell size, 4; threshold straightness, 80; medium
velocity (VEL) cut off, 25 lm/s; low VEL cut off,
24.9 lm/s; non motile head size, 13; non motile head
intensity, 25; static size limits, 0.53–3.40; static intensity
limits, 0.26–3.36; static elongation limits, 12–80. A pre-
liminary measure of repeatability within sample was
assessed and, analyses started when motility parame-
ters differed�3% between subsequent measurements.
The parameters examined were: percentages of motile
(% MOT) and progressively motile spermatozoa (%
PMS), average path velocity (VAP; lm/s), average curvi-
linear speed (VCL; lm/s), average straight velocity
(VSL; lm/s), average straightness (STR¼ VSL/VAP),
average linearity (LIN¼ VSL/VCL), and average lateral
head movements (ALH; lm).

Statistical analysis

In both part of the study, a similar statistical analysis
was carried out by means of a mixed linear model for
repeated measures applying the mixed procedure of
SAS (SAS Institute 2009. SAS/STAT 9.2 User’s Guide,
Second Edition. SAS Inst. Inc., Cary, NC). The two sepa-
rated analysis accounted for the fixed effects of the
group (or treatment; CTR, Q and Qþ E; PþQ, CTR and
CTRþQ for first and second part, respectively), the
time at which the CASA variables were obtained (0, 2
and 4 h after thawing for first part; 0, 24, 31 and 48 h
after collection for the second part, respectively), and
the group (or treatment) � time interaction. Due
to the differences in the number of time series ana-
lysed, the different nature of the measurement (i.e.
after thawing or after collection and cooling), and dis-
tances from time 0, a unique model considering the
experiment effect was not possible. In Addition, con-
sidering the longitudinal nature of CASA analysis (i.e.
time series) and the aim of evaluating a time and
group (or treatment) � time effect, the main plot
(group or treatment effect) was tested on its specific
error term represented by the stallion� repeat within
the group random effect. Comparison between least
square means belonging to different groups, times or
interaction group� treatment were analysed with the
Bonferroni correction method. In addition to the CASA
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variables analysed in both parts of the study, for the
first part the differences between pre-freezing and
post-thawing (at hours) CASA measures were also ana-
lysed by applying the same model and comparisons
previously described.

Results

Effects of addition of CoQ and Vit.E in frozen
semen

In the first part of the study, no improvement (p> .05)
was found for the addition of CoQ and CoQ plus Vit. E
compared to the CTR, which represent the usual
extender commonly applied today for the transport of
equine frozen semen (Table 2). In Figures 1 and 2, are
presented the decay curves from 0H to 4H after thaw-
ing for the total motility and the progressive motile
spermatozoa. There are no differences among CTR and
Q or Qþ E extender even at 2 or 4 h from thawing.

As regards to the quality of sperm movement, the
addition of CoQ and Vit. E did not influence velocity
parameters of semen after thawing (Table 2). Indeed,
the VAP, VSL and VCL value for the three extenders
were not different. However, comparing the differen-
ces between CASA variables measure before freezing
and at 0H after thawing, some variables resulted sig-
nificantly influenced by the extender used. Particularly,
CoQ produced an improvement ofþ4.4% in STR
andþ3.5% in LIN (Figure 3). Like for other parameters
of sperm movement, Qþ E showed lower performan-
ces as compared to the addition of CoQ alone, restrict-
ing the efficiency toþ0.8% in STR andþ2.3% in LIN
(Figure 3). Comparing CASA data pre-freezing and

Table 2. Motility parameters of frozen-thawed semen diluted
with standard extender (CTR) or with extender added with
coenzyme Q (Q) or coenzyme Q plus vitamin E (Qþ E).

Semen extender

Variable CTR Q Qþ E Pooled SE p

MOT, % 13.1 12.3 11.0 1.93 .737
PMS, % 9.9 8.4 7.6 1.36 .474
VAP, lm/s 75.5 77.7 81.5 2.96 .354
VSL, lm/s 63.1 64.3 67.5 2.19 .354
VCL, lm/s 144.5 145.6 150.0 5.16 .723
STR 84.1 83.4 83.4 0.73 .734
LIN 45.9 46.6 47.9 0.65 .096
ALH, lm 5.3 5.5 5.7 0.17 .241

MOT: total motility; PMS: progressively motile spermatozoa; VAP: average
path velocity; VCL: average curvilinear speed; VSL: average straight vel-
ocity; STR¼ VSL/VAP: average straightness; LIN¼ VSL/VCL: average linear-
ity; ALH: average lateral head movements.

Figure 1. Decay curve for the motility (%MOT) on frozen-
thawed spermatozoa suspended with standard extender (CTR)
or with extender added with coenzyme Q (Q) or coenzyme Q
plus vitamin E (Qþ E). Values are least square means ± SE.

Figure 2. Decay curve of the progressively motility (%PMS) on
frozen-thawed spermatozoa suspended with standard extender
(CTR) or with extender added with coenzyme Q (Q) or coen-
zyme Q plus vitamin E (Qþ E). Values are least square
means ± SE.

Figure 3. Variation on straightness (STR) and average linearity
(LIN) measured before freezing and after thawing on frozen
semen suspended with standard extender (CTR) or with
extender added with coenzyme Q (Q) or coenzyme Q plus
vitamin E (Qþ E). Values are least square means± SE. Bars
containing values with different superscript (a or b) differ for
p< .05.
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after 2H from thawing, the addition of CoQ or CoQ
plus Vit. E caused a reduction of motility compared to
CTR of 2.9% and 5.7%, for Q and Qþ E, respectively
(data not shown). However, these antioxidants increase
PMS of 6.3% in Q and of 2.5% in Qþ E, compared to
CTR after 2 h from thawing, respectively (data not
shown). At 4H after thawing, the differences in motility
as compare to pre-freezing value resulted close to
zero, indicating again the absence of any effect due to
the addition of CoQ or CoQ plus Vit. E in the motility
of semen.

Effects of addition of CoQ in cooled semen

Data reported in Table 3 indicates that no improve-
ment (p> .05) was attributable to the addition of CoQ
in cooled equine semen, both in the presence or in
the absence of seminal plasma, as regard % MOT, %
PMS and ALH (lm). However, comparing the differen-
ces between CASA variables measure at 48 h after col-
lection, sperm motility resulted influenced by the
presence of seminal plasma (p¼ .0001). Particularly,
seminal plasma reduced of about 24% the % MOT
compared to CTR after 48 h from semen collection
(Figure 4).

Comparing the differences between CASA variables
measured at subsequent time from collection, no sig-
nificant changes were noticed between CTR and
CTRþQ, indicating the absence of any effect due to
the addition of CoQ in the quality of treated semen.
However, comparing PþQ with CTR or CTRþQ, the
first group performed always better than the other
two groups, with the only exception for the % MOT
variable that was similar among groups at collection
(0H) and after 24 or 31 h. PþQ group showed lower
motility that CTR after 48 h of refrigeration (Figure 4).
Multiple comparison test with the Bonferroni

correction method shows improvements (p< .05) in
the quality of semen, especially for VAP (lm/s) and
VSL (lm/s) at all time from collection (Figures 5 and
6). In addition, differences were observed also for LIN
after 31 and 48 h from collection comparing CTRþQ
and CTR, respectively (Figure 7). STR and VCL (lm/s)
were improved in PþQ, compared to CTR (p< .001),
at 48 h from collection and at the time of collection,
respectively (data not shown).

Table 3. Motility parameters of cooled-stored semen diluted
with standard extender (CTR) or with extender added with
coenzyme Q in presence (PþQ) or absence (CTRþQ) of sem-
inal plasma.

Semen extender

Variable PþQ CTR CTRþQ Pooled SE p

MOT, % 76.61 79.86 80.77 2.12 .350
PMS, % 32.28 28.19 28.70 1.32 .060
VAP, lm/s 100.27 81.29 82.23 2.33 .001
VSL, lm/s 76.50 59.79 60.66 1.87 .001
VCL, lm/s 199.26 175.09 177.86 4.68 .001
STR 74.57 71.94 72.01 0.83 .043
LIN 38.70 34.08 34.19 0.66 .001
ALH, lm 7.85 7.46 7.64 0.19 .364

MOT: total motility; PMS: progressively motile spermatozoa; VAP: average
path velocity; VCL: average curvilinear speed; VSL: average straight vel-
ocity; STR¼ VSL/VAP: average straightness; LIN¼ VSL/VCL: average linear-
ity; ALH: average lateral head movements.

Figure 4. Decay curve for the motility (% MOT) on cooled-
stored semen diluted with standard extender (CTR) or with
extender added with coenzyme Q in presence (PþQ) or
absence (CTRþQ) of seminal plasma. Values are least square
means ± SE. Different letters (a or b) indicate differences
between least square means at p< .05.

Figure 5. Decay curve for the average path velocity (VAP; lm/
s) on cooled-stored semen diluted with standard extender
(CTR) or with extender added with coenzyme Q in presence
(PþQ) or absence (CTRþQ) of seminal plasma. Values are
least square means ± SE. Different letters (a or b) indicate dif-
ferences between least square means at p< .05.
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Discussion

The current study demonstrated that there is no
improvement in motility parameters in the addition of
CoQ (1mM) or CoQ (1mM) plus Vit. E (1mM) in equine
frozen semen and in the addition of CoQ in equine
cooled semen, with or without seminal plasma. The
improvements shown by PþQ in the velocity parame-
ters (Table 3) can be due only to the seminal plasma
activity (Rigby et al. 2001).

After the first experiment in frozen semen, we
hypothesised that the lack of improvements that we
expected from the addition of CoQ was due to the
limited contact time between spermatozoa and CoQ,
our balancing time pre-freezing was 60min. The decay
curves (Figures 1 and 2) showed a lower reduction of
motility parameters refers to the increase of contact
time. Therefore, although not supportable as a therapy
in frozen semen, the addition of CoQ looked like it
could be used in cooled and shipped semen that is
generally used between 24 and 36 h post collection.
However, increasing the contact time trying the add-
ition of CoQ in cooled semen, no improvement has
occurred.

A recent study shows that serum concentration of
CoQ10 in horse increases with oral supplementation
(Sinatra et al. 2013). This way of administration seems
to give statistically significant improvements in human
species for motility parameters in semen and a posi-
tive correlation was found between treatment duration
with CoQ10 and sperm count, motility and morphology
(Balercia et al. 2004); these improvements seem to be
due by a more active spermatogenesis by the semin-
iferous tubules and to an alteration of the reproduct-
ive hormone profiles (Safarinejad 2009). Indeed, testes
have a very low level of oxygen tension and this is fur-
ther reduced by the activity of mitochondria and germ
cells involved in the spermatogenesis (Aitken & Roman
2008). In the testes, OS is capable of destroying the
steroidogenic capacity of Leydig cells and the ability
to differentiate normal sperm from the germinal epi-
thelium (Aitken & Roman 2008). Looking at the results
in human (Safarinejad 2009), it is possible that the
main activity of CoQ is to protect cells and tissues
involved in spermatogenesis, resulting in an increase
in the number of spermatozoa. This hypothesis is also
supported by the fact that in elderly subjects the
amount of antioxidants in the tissues is reduced
(Navas et al. 2007), and this could be a cause of low
sperm counts typical of old age subjects.

The addition of CoQ in the ejaculate does not seem
to perform particular antioxidant action; however, in
the uterus CoQ and ubiquinol may be involved in the
mechanism of inhibition of post-coital endometritis.
The effect of reduction of post-coital endometritis per-
formed by equine seminal plasma has already been
demonstrated (Troedsson et al. 2001), and OS has
been proposed as a potential factor involved in the
pathogenesis of the endometritis in mares (Yaralioglu-
Gurgoze et al. 2005). Some authors demonstrated that
intramuscular treatments with antioxidants increase
the recovery rate in chronic endometritis in cows
(Segupta & Nandi 2013). Its effect in the uterus may

Figure 6. Decay curve for the average straight velocity (VSL;
lm/s) on cooled-stored semen diluted with standard extender
(CTR) or with extender added with coenzyme Q in presence
(PþQ) or absence (CTRþQ) of seminal plasma. Values are
least square means± SE. Different letters (a or b) indicate dif-
ferences between least square means at p< .05.

Figure 7. Decay curve for the average linearity (LIN¼ VSL/
VCL) on cooled-stored semen diluted with standard extender
(CTR) or with extender added with coenzyme Q in presence
(PþQ) or absence (CTRþQ) of seminal plasma. Values are
least square means± SE. Different letters (a or b) indicate dif-
ferences between least square means at p< .05.
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explain its presence in seminal plasma, as it does not
seem to give any improvement directly in the
spermatozoa.

The results of the direct addition of CoQ in equine
semen were unpredictable, given the poor literature
available in equine species; on the other hand, surpris-
ing was the lack of improvement of the addition of
Vit. E to CoQ. Indeed, the Vit. E gave discordant results
in the improvement of motility parameters (Almeida &
Ball 2005; Thuwanut et al. 2008; Silva et al. 2013).
Several studies conducted in equine and other species
report ameliorative effects in the use of a-tocopherol
(Vasconcelos Franco et al. 2013). However, other stud-
ies have shown that lipid peroxidation does not
increase substantially during stallion semen storage
(Kankofer et al. 2005) or that stallion sperms seem
resistant to induction of membrane peroxidation
(Neild et al. 2005). In our study, the expected effect of
reducing the ROS damage to the spermatozoa,
improving their motility parameters, was based on the
recognised ability of CoQ to regenerate the active
form of a-tocopherol (Bentinger et al. 2007). Indeed,
equine seminal plasma is a powerful source of ROS
scavengers, which function is to protect ejaculated
sperm through defence enzymes and small molecular
antioxidants such as a-tocopherol (Vasconcelos Franco
et al. 2013). However, the additive effect that derived
from the synergy of these two substances did not
occur, probably for the inability of the kind of Vit. E
used, to enter in the cell. The interaction between Vit.
E and biological membranes depend on both the
nature of the chains of the fatty acids of membrane
phospholipids, both by the length of the side chains
of the tocopherol. The penetration of the a-tocopherol
in a phospholipid monolayer is strictly dependent on
the amount and the kind of PUFAs. It is also reported
that the optimum interaction between tocopherol and
phospholipids membranes occurs when the length of
their hydrophobic portions is almost the same
(Maggio et al. 1977). Tocopherol succinate was super-
ior to a-tocopherol in reducing oxidation because it’s
more water soluble, and therefore it's more suitable to
reach subcellular membranes within the mitochondria
(Zhang et al. 2001; Almeida & Ball 2005); this fact has
demonstrated the importance of the integration of Vit.
E in membrane to carry out its antioxidant and cyto-
protective action. Given the considerable variability in
lipid composition between different individuals and
different ejaculates, even in the same stallion (Aurich
2005), and knowing the importance of the integration
of Vit. E in the membrane to prevent OS (Maggio et al.
1977), the failure in the entrance of the Vit. E in the
membrane of the spermatozoa could be the basis of

lack of the expected effect. In equine spermatozoa,
the addition of 120 lM Trolox, a water-soluble Vit. E
analogue, to extender in the post-thaw moment
improved total and progressive motility, after 120min
of incubation (Silva et al. 2009). In 2013, the same
authors achieved improvements in the parameters of
motility adding Trolox in pre-freezing extender (Silva
et al. 2013). These results demonstrated that Vit. E pro-
tects sperm cells during cryopreservation. Comparing
our results with these it is possible that our kind of
Vit. E was not able to enter the spermatozoa mem-
brane or the lack of effect can be due to membrane
damage induced by cryoconservation; indeed, the
effect of antioxidants may vary not only depending on
concentration also depending on the species, medium
or temperature.

In a recent study in human, the addition of Vit. E in
the semen extender results in increase in post-thaw
motility in subjects�40 years compared with younger
patients (Taylor et al. 2009). We compared the
obtained results by dividing the stallions into two
groups, subjects �10 years or subjects <10 years,
however, no improvement was found from the add-
ition of CoQ and/or Vit. E correlated to the age of the
subjects. We suppose that the limited number of sub-
jects and the great variability between semen of differ-
ent stallions were the main cause of the absence of
results.

Our results are in contrast with those obtain by
Yousefian et al. (2014) and Nogueira et al. (2015). Our
difference value measured at 48 h (Figure 4) between
CRT and CRTþQ for motility can be explained with a
possible negative effect due to the high amount of
antioxidant used. However, these studies differ for the
extenders used (Equipro and Kenney, respectively), the
breed of stallions (Standardbred and Holstein com-
pared with Caspian, respectively) and the number of
stallions (5 and 8 stallions in our study, 3 and 10 sub-
jects in the other abovementioned studies).

Conclusions

The addition of antioxidants, as Vit. E and CoQ, directly
in the semen at the concentration of 1mM, does not
improved motility parameters in frozen or cooled
equine semen; on the contrary, it may compromise
semen quality over time. Our results, together with
data reported by other authors, suggest a species-spe-
cific effect probably depending not only on the type
of antioxidant added, but also on its concentration. In
accordance to other studies, it is possible that the
ameliorative effects of CoQ could be due to his effects
in testicles tissue, improving spermatogenesis, and not
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directly in the spermatozoa, underline the importance
to improve its presence in feed and not in the semen
extender. However, some studies have also suggested
that lipid peroxidation is not substantial during semen
conservation and that stallion semen seem resistant to
the induction of membrane peroxidation. Therefore,
further research is required in order to clarify the
exogenous antioxidant effect in stallion semen and/or
to select the best concentration of antioxidants, or
combination of antioxidants, the way of administration
and the effects that they can produce at spermatogen-
esis level. Additionally, results from this study should
be further improved by increasing the number of stal-
lions in order to obtain more exhaustive results.
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