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The  aims  of  this  study  were  to  determinate  whether  pentoxifylline  (PTX)  increases  the
motion  parameters  of fresh  and  frozen-thawed  equine  epididymal  spermatozoa,  to  eval-
uate the  tyrosine  phosphorylation  of  frozen-thawed  epididymal  sperm  in the  presence  of
PTX  and  to determine  whether  the  PTX-treatment  of  stallion  epididymal  sperm  prior to
freezing  improves  the  fertility  response  of  mares  to a reduced  number  of  spermatozoa
per  insemination  dose.  Fifty  epididymis  were  flushed  with  a skim  milk  based  extender
with  or  without  PTX.  The  pre-treatment  with  PTX  enhanced  the sperm  motility  after
being  harvested  (P < 0.05);  however  the  freeze-thaw  process  did  not  alter  the  sperm  kine-
matics  between  control  and  treated  samples  (P >  0.05).  Plasma  membrane  integrity  did
not differ  between  control  and  PTX  group  after recovery  and  after  thawing  (P  >  0.05),  as
observed in  tyrosine  phosphorylation,  which  the PTX  treatment  did  not  alter  the  percentage
of tail-associated  immunofluorescence  of  cryopreserved  epididymal  sperm  (P >  0.05).  For
the  fertility  trial,  different  insemination  groups  were  tested:  800  × 106 epididymal  sperm
(C800);  100  × 106 epididymal  sperm  (C100);  100  × 106 epididymal  sperm  recovered  in an
extender  containing  PTX  (PTX100).  The  conception  rates  for C800;  C100  and  PTX100  were
68.7%  (11/16);  31.5%  (5/16)  and  50%  (8/16),  respectively.  The  conception  rate  did  not  differ
among  groups  (P  >  0.05),  however,  a low  number  of animals  was  used  in this  study.  A  trend
toward  significance  (P = 0.07)  was  observed  between  C800  and  C100  groups.  In  conclusion,

PTX  has  no  deleterious  effect  on  sperm  motility,  viability  and  capacitation  of  cryopreserved
stallion  epididymal  sperm.  The  conventional  artificial  insemination  with  100  ×  106 sperm
recovered  with  PTX  ensures  acceptable  conception  rates  and  maximize  the  limited  number
of doses  of  cryopreserved  stallion  epididymal  sperm.
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1. Introduction

The recovery of epididymal sperm might be the last
chance to preserve the genetic material of endangered

species or in case of unexpected injury of valuable sires,
which will end their breeding career or cause death. Thus,
many studies investigating different transportation and
storage methods (Monteiro et al., 2013; Stawicky et al.,
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2016), collection techniques (Cary et al., 2004; Bruemmer,
2006), flushing extenders (Papa et al., 2008; Guasti et al.,
2013) have been performed in order to improve recovery
and fertility rates of cauda epididymal sperm.

After collection, the epididymal sperm may  remain
immotile due to the quiescent state in the cauda epididymis
(Turner and Reich, 1985). The quiescence has been reported
in the rat, mouse, hamster (Morton et al., 1978) and bull
spermatozoa (Cascieri et al., 1976) and may  be depen-
dent of some factors in the epididymal fluid e.g. proteins
(Usselman and Cone, 1983), ions (Wong et al., 1983), pH
(Acott and Carr, 1984) and cyclic AMP  (Luconi et al., 2005).

Pentoxifylline (PTX) is a phosphodiesterase inhibitor
of the methylxanthine group inhibiting the breakdown of
cyclic adenosine monophosaphate (cAMP) (Tash, 1990). In
sperm, cAMP has been shown to activate protein kinase
(PKA) regulating protein tyrosine phosphorylation, which
is an important regulatory pathway in modulating the
events associated to capacitation (Naz and Rajesh, 2004).
PTX is routinely used in assisted reproductive technol-
ogy (ART) in humans (Carrel and Aston, 2013); in order to
stimulate tail movements in immotile testicular spermato-
zoa and in ejaculated spermatozoa with very low motility
sperm motility (Nassar et al., 1999) and it has been shown
to improve the fertilization rates (Kovacic et al., 2006).

In equine-ejaculated spermatozoa, the presence of PTX
enhances the quality of chilled and frozen semen (Goulart
et al., 2004; Stephens et al., 2013). Therefore, the addition
of PTX to epididymal sperm is assumed to improve the
motility of the quiescent sperm cells and the fertility rate.
However, in a previous study from our laboratory, treat-
ment with equine epididymal sperm with PTX did not affect
the post-thaw motility (Guasti et al., 2013).

The sperm–oocyte interaction depends on a series of
events that occur in the female reproductive tract, which
comprises the membrane-architectural and metabolic
changes in spermatozoa (Yanagimachi, 1994). These mat-
urational changes correspond to sperm capacitation, in
which only capacitated sperm can bind to the zona pellu-
cida (Gadella et al., 2001). The seminal plasma (SP) proteins
are also described to be involved in sperm capacitation
(Topfer-Petersen et al., 2005). The major stallion SP pro-
teins (HSP-1 and HSP-2) are associated to sperm surface
during ejaculation and their heparin-binding properties
indicate a potential role in modulation of capacitation
(Topfer-Petersen et al., 2005). However, the epididymal
sperm is not exposed to seminal plasma and the capac-
itation process may  be affected by the absence of these
proteins.

The optimization of the use of cryopreserved epi-
didymal sperm from a particular stallion is critical since
only a limited amount of genetic material is available.
Using a reduced number of spermatozoa per insemina-
tion may  be an alternative to maximize the efficiency
of this technique and to increase the fertility rate in
the field. The hysteroscopic insemination of 150 × 106

fresh epididymal spermatozoa resulted in pregnancy rates

per cycle of 45% (Morris et al., 2002) and in the same
study, higher pregnancy rates were obtained from hys-
teroscopic insemination (9/51, 18%) compared to the ones
from conventional insemination (1/13, 8%) of 200 × 106
n Science 179 (2017) 27–34

frozen–thawed epididymal spermatozoa. However, the
hysteroscopic insemination requires expensive equipment
and special-trained personnel, thus, is not readily avail-
able to the practitioner in the field. Therefore, strategies
to improve the fertilizing ability and the optimization of
stallion epididymal sperm should also be developed con-
sidering its applicability in the field through conventional
artificial insemination.

The effect of pentoxifylline on capacitation and fertility
of stallion epididymal spermatozoa has not been reported
previously. The purpose of this study were: first, to deter-
minate whether PTX increases the motion parameters of
fresh and frozen-thawed equine epididymal spermatozoa;
second, to evaluate the tyrosine phosphorylation of frozen-
thawed epididymal sperm in the presence of PTX; and
third, to determine whether the PTX-treatment of stallion
epididymal sperm prior to freezing improves the fertility
response of mares to a reduced number of spermatozoa
per insemination dose.

2. Materials and methods

2.1. Animals

A total of 25 stallions (experiment I and II: 23 stallions
and experiment III: 2 stallions) between 3 and 5 years old
were used. The fertility trial was  conducted with 16 healthy
mares between 4 and 15 years old with proven fertility.
Experimental procedures were performed in accordance
with the Institutional Ethics Committee of School of Veteri-
nary Medicine and Animal Science (FMVZ), São Paulo State
University (UNESP), concerning the protection of animals
used in scientific experimentation.

2.2. Orchiectomy

Before castration, three ejaculates from each stallion
were collected at 48-hr intervals to deplete epididymal
sperm reserves. Then, after clinical exam, the stallions were
submitted to bilateral orchiectomy using emasculator in
standing position, under neuroleptic analgesia with 1% ace-
promazine (0.04 mg/kg) and after 15–20 min  10% xylazine
(0.5 mg/kg), both intravenously (IV). The regional anesthe-
sia was  performed by injecting 10 mL  of 2% lidocaine with
epinephrine under the scrotal skin along the incision line
using a 21-gauge 1.25 in. needle. An incision was made
through the skin and fascia to expose the common vaginal
tunic. The ligament of the epididymal cauda was detached,
the testis was pushed dorsally, and the emasculator was
positioned perpendicular to the spermatic cord and kept
clamped for 2 min. The testis was  removed, cleaned with
lactated ringer’s solution (LRS) and the deferent duct was
tied with a silk thread. The testis of each side was iden-
tified, placed in plastic bags containing 40 mL  of LRS and
stored in semen transport containers at 5 ◦C until arrival at
the laboratory (approximately 5 h).

After orchiectomy, tetanus (Lyophilized Anti-Tetanus

Serum 5000 UI, Lema Injex Biologic, SP, Brazil) and antibi-
otic prophylaxis (benzilpenicilin benzatin 9,000,000 UI/per
animal; Pentabiotic Veterinary Reinforced, Fort Dodge, SP,
Brazil) were adopted. The horses were kept together in
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arge pastures, the wound was cleaned and washed with
owing water for 4 days to reduce swelling and the animals
ere returned to exercise in 20 days after surgery.

.3. Collection and cryopreservation of cauda epididymal
perm

The collection of the cauda epididymal sperm was per-
ormed using retrograde flushing. The epididymal cauda
as isolated from the testis and the connective tissue and

lood vessels were carefully removed. Epididymal sperm
as recovered using a 10-mL syringe attached to a 10-
L pipette tip positioned on top of the deferent duct and

he flushed fluid was collected. One cauda epididymis from
ach stallion was flushed using a skim milk based extender
Control; BotuSemen Extender, Botupharma, Brazil) and
he contralateral cauda epididymis was flushed with the
ame semen extender containing 7.18 mM pentoxifylline
PTX; BotuTurbo Extender, Botupharma, Brazil).

After collection, the epididymal sperm samples were
entrifuged at 600 × g for 10 min. The supernatant was
iscarded, and the sperm pellet was extended to a final
oncentration of 160 × 106 sperm/mL in an egg yolk freez-
ng extender (BotuCrio, Botupharma, Brazil) and packaged
nto 0.5 mL  straws. Then, the sperm samples were trans-
erred to a refrigerator (Minitub; Porto Alegre, Brazil) and
emained at a constant temperature of 5 ◦C for 20 min. After
ooling, an isothermal box of 42-L capacity was filled with

 depth of 3.5 cm liquid nitrogen (N2) and the straws were
laced horizontally at 6 cm above the level of N2 for 20 min.
ubsequently, straws were immersed into liquid nitrogen
or storage (Papa et al., 2008).

.4. Sperm parameters

.4.1. Experiment I. The effects of pentoxifylline on sperm
arameters of fresh, centrifuged and frozen-thawed
tallion epididymal spermatozoa

The epididymal sperm samples were evaluated for
perm kinetics after recovery, after centrifugation and
fter thawing; and for plasma membrane integrity (PMI),
amples were evaluated after collection and thawing.
he straws were thawed at 46 ◦C for 20 s (Dell’aqua and
apa, 2001), and the motility parameters were evalu-
ted by computer assisted sperm analysis (CASA; HTM
VOS 12; Hamilton Thorne Research, USA). The computer-
ssisted sperm analysis setup was similar as described
y others (Guasti et al., 2013). The PMI  was evaluated at
00× magnification by epifluorescence microscopy (Leica
icrosystems, DMLB, Wetzlar, Germany) using the fluores-

ent probes carboxyfluorescein diacetate and propidium
odide as described by Harrison and Vickers (1990). A min-
mum of 200 sperm cells were examined per sample.

.5. Sperm capacitation

.5.1. Experiment II. Determination of tyrosine

hosphorylation of cryopreserved equine epididymal
perm in the presence of pentoxifylline

The analysis of tyrosine phosphorylation was deter-
ined as described by Pommer et al. (2003). After
n Science 179 (2017) 27–34 29

being thawed at 46 ◦C for 20 s, a sperm suspension
containing 20 × 106 cells were fixed in 2% paraformalde-
hyde, and then permeabilized with 0.1% Triton X-100
(Sigma–Aldrich, St Louis, USA) in Dulbecco phosphate
buffered saline (DPBS). The samples were incubated in
DPBS containing 5% BSA, washed in DPBS and then incu-
bated with anti-phosphotyrosine monoclonal antibody
4G10 (1:500; Upstate Biotechnology, Lake Placid, NY) or
without the primary antibody (control) overnight at 48 ◦C.
Samples were washed with DPBS and incubated with
fluorescein-conjugated goat anti-mouse (Fab) IgG (1:350;
Sigma–Aldrich, St Louis, USA) for 1 h at room temper-
ature in the dark. The cells were washed in DPBS and
a fluorescence enhancer was added (Vectashield, Vec-
tor, Burlingame, CA). Fluorescence was visualized using
oil immersion at 1000× magnification with a fluores-
cence microscope (Leica Microsystems, DMLB, Wetzlar,
Germany) using a fluorescein filter. Labeling patterns were
determined of at least 100 cells per treatment.

2.6. Fertility trial

2.6.1. Experiment III. Effect of pentoxifylline and
insemination dose on fertility of cryopreserved equine
epididymal sperm

The epididymal samples of each group (control or PTX)
were pooled to avoid individual stallion effects and frozen
to a final concentration of 200 × 106 viable sperm/mL.
The straws were thawed at 46 ◦C for 20 s as previously
described.

Forty-eight cycles from 16 mares (three cycles/mare)
were used for inseminations and were randomly dis-
tributed among the following groups: 800 × 106 epididy-
mal  sperm recovered in a skim milk based extender (C
800); 100 × 106 epididymal sperm recovered in a skim
milk based extender (C 100); 100 × 106 epididymal sperm
recovered in a skim milk based extender containing pen-
toxifylline (PTX 100).

Mares were monitored daily by transrectal palpation
and ultrasonography for estrus monitoring and uterine
evaluation. When one follicle reached a diameter of 35 mm
and uterine edema was detected, ovulation was synchro-
nized with 1 mg  (intramuscular) of deslorelin acetate.
Mares were monitored every 6 h, starting 24 h after the
induction of ovulation, until ovulation was detected. All
inseminations were performed in the tip of the uterine
horn, ipsilateral to the preovulatory follicle using a flexible
pipette (Minitub; Porto Alegre, Brazil). Pregnancy diagno-
sis was performed by transrectal ultrasonography 14 days
post-ovulation.

2.7. Statistical analysis

The sperm motility parameters, plasma membrane
integrity and immunofluorescence assay were analyzed
by univariate, repeated-measures analysis of variance
using the General Linear Model (GLM) procedure of SAS

InstituteTM. Fisher’s exact test was  used to evaluate con-
ception rates among insemination groups. The influence
of the flushing extender and the insemination dose were
analyzed by simple logistic regression using Proc Logistic



roductio
30 P.N. Guasti et al. / Animal Rep

9.1.3 computer program (SAS; SAS Institute Inc., Cary, NC,
1999). Data are presented as means ± standard deviations.
Differences were considered significant when P < 0.05.

3. Results

3.1. Experiment I

Pre-freeze, centrifuged and post-thaw sperm motility
parameters in control and PTX-treated sperm samples are
compared in Table 1. After recovery, PTX treatment sig-
nificantly increased the percentage of motile spermatozoa
(TM), percentage of spermatozoa exhibiting progressive
motility (PM), the average path velocity (VAP), the ampli-
tude of lateral head displacement (ALH) and the percentage
of rapid spermatozoa (P < 0.05). However, after centrifu-
gation, the PTX treatment only showed higher values
for PM (P < 0.05). Moreover, sperm motility did not dif-
fer between control and treated samples (P > 0.05) after
freezing-thawing. Considering the PTX treatment sepa-
rately, no difference was found in TM and RAP after
recovery and after thawing (P > 0.05; Table 1).

Plasma membrane integrity did not differ between con-
trol and treated group after recovery and after thawing
(P > 0.05). However, the freeze-thaw process significantly
decreased the percentages of live sperm in both control
and PTX group (P < 0.05; Table 1).

3.2. Experiment II

The immunofluorescent labeling patterns and analysis
of equine epididymal sperm were the same as described by
Pommer et al., 2003. Four types of labeling patterns were
identified: (a) equatorial band, (b) tail, (c) equatorial band
with tail, and (d) none (Fig. 1). For immunofluorescence
analysis, tail and equatorial band with sperm tail labeling
(patterns b and c) were combined and classified as “tail”
(capacitated) while equatorial band and none labeling (pat-
terns a and d) were combined and classified as “other”
(non-capacitated). Immunofluorescence labeling indicated
that, the presence of PTX in flushing extender did not alter
the percentage of other and tail-associated immunoflu-
orescence of cryopreserved epididymal sperm (P > 0.05;
Fig. 2).

3.3. Experiment III

The conception rate did not differ significantly among
groups (P > 0.05; Table 2); however, a trend toward signifi-
cance (P = 0.07) was observed between the conception rates
of mares inseminated with 800 × 106 (C 800) and 100 × 106

control epididymal sperm (C 100).
A significant effect of the insemination dose on con-

ception rates was observed (P = 0.0387); however, the
treatment did not influence conception rates (P = 0.2837).

4. Discussion
The use of a flushing extender containing PTX was  effec-
tive to induce sperm motility of recently recovered stallion
cauda epididymal sperm, as demonstrated in human,
n Science 179 (2017) 27–34

mouse and domestic cat epididymal sperm (Stachecki et al.,
1994; Terriou et al., 2000; Rashidi et al., 2004). After recov-
ery, the PTX did not only increase the number of motile
sperm but also improved sperm motility parameters, as
average path velocity and amplitude of lateral head dis-
placement. On the other hand, it has also been reported
that PTX does not increase the number of motile sperm or
may  be deleterious to sperm motility (Lewis et al., 1994;
Gil et al., 2010; Hassanpour et al., 2010). These differences
may  be related to the origin of the samples and concen-
tration used in our study. Unlike ejaculated sperm, most
epididymal spermatozoa are immotile after collection, due
to the presence of inhibitory factors in the epididymal
fluid, maintaining these cells in a quiescent state (Turner
and Reich, 1985). The replacement of this microenviron-
ment for a flushing extender provided an energy substrate
to epididymal sperm and possibly diluted the epididymal
fluid, allowing the expression of sperm motility. Our results
indicate that the supplementation of PTX accelerated this
process through its effects, increasing the intracellular
cAMP in epididymal sperm, and consequently, the number
of motile sperm.

Equine semen is routinely submitted to centrifugation
prior to cryopreservation to reduce the adverse effects
of seminal plasma on post-thaw quality/motility (Moore
et al., 2005). Likewise, the centrifugation of epididymal
sperm can be also recommended for removal of epididymal
fluid, once it suppresses the sperm movement (Usselman
and Cone, 1983; Acott and Carr, 1984; Jeng et al., 1993;
Das et al., 2010). The centrifuged samples, treated or non-
treated, showed similarity in motion parameters (TM, VAP,
ALH and RAP), confirming the hypothesis that epididymal
sperm develops full motility when the epididymal fluid is
removed and then exposed to the freezing extender. How-
ever, the effect of PTX remaining in epididymal sperm after
centrifugation by the higher percentage of spermatozoa
exhibiting progressive motility was observed in treated
sperm in comparison to control group.

The PTX added prior to cryopreservation did not
improve post-thaw motility or viability, corroborating
previous reports (Esteves et al., 2007; Gil et al., 2010).
Possibly the concentration used in our study was not suf-
ficient to promote an effective response in the post-thaw
spermatozoa to PF because they may  require different con-
centrations for stimulation. The effect of PTX is evident
when being added to cryopreserved stallion semen imme-
diately after thawing, whereas the addition of 3.5 mM  PTX
enhanced the post-thaw sperm motility (Gradil and Ball,
2000; Marques et al., 2002). Thus, PTX may  be useful to
activate spermatozoa that are in low metabolic post-thaw
state (Gradil and Ball, 2000).

The cryopreservation process was  detrimental to
sperm motion characteristics and viability, irrespective of
whether spermatozoa had been treated with PF before
freezing or not, as previously reported (Esteves et al., 2007).

The ability of spermatozoa to undergo capacitation and
acrosome reaction is considered to be the major event

to achieve successful fertilization (Brucker and Lipford,
1995). During capacitation, the protein phosphorylation
especially at tyrosine residues increases in sperm cell
(Naz and Rajesh, 2004). It was  reported that the treat-
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Table  1
Effect of pentoxifylline (PTX) on motility parameters of fresh, centrifuged and frozen-thawed cauda epididymal sperm (n = 25 stallions; 25 epididymis per
treatment).

Fresh Centrifuged Frozen-thawed

Control PTX Control PTX Control PTX

TM (%) 16.3 ± 12.7A 55.1 ± 20.9a,* 81.7 ± 9.1B 79.6 ± 8.4b 64.1 ± 15.5C 70.9 ± 14.0a

PM (%) 5.3 ± 5.6A 20.8 ± 10.9a,* 31.4 ± 8.7B 36.8 ± 8.4b,* 28.0 ± 13.4B 31.1 ± 12.4b

VAP (�m/s) 76.6 ± 8.6A 104.4 ± 15.5a,* 106.4 ± 11.6B 108.1 ± 11.4a 85.2 ± 13.4A 87.3 ± 12.6b

ALH (�m) 6.9 ± 2.3A 7.6 ± 1.7a 7.56 ± 0.62A 7.37 ± 0.68a 6.2 ± 0.7B 6.2 ± 0.7b

RAP (%) 8.9 ± 7.3A 45.1 ± 21.2a,* 71.4 ± 12.5B 75.8 ± 11.5b 42.3 ± 20.4C 48.9 ± 19.5a

PMI  (%) 73.2 ± 14.0A 76.0 ± 12.0a 38.6 ± 9.3 B 38.5 ± 10.3b

TM, total motility; PM,  progressive motility, VAP, average path velocity; ALH, amplitude of lateral head displacement; RAP, rapid sperm; PMI, plasma
membrane integrity.

* Significant differences between treatments within a given moment (P < 0.05).
Different upper case letters indicate significant differences in control group considering all moments (P < 0.05).
Different lower case letters indicate significant differences in PTX group considering all moments (P < 0.05).
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ig. 1. Tyrosine phosphorylation immunofluorescence patterns of cryop
quatorial band, (b) tail, (c) equatorial band with tail, and (d) none.

ent of fresh stallion-ejaculated spermatozoa with PTX
3.5 mM)  increase the proportion of live-capacitated sper-
atozoa (Ortgies et al., 2012) and the frozen ejaculated
permatozoa seems to be more susceptible to undergo
yrosine phosphorylation upon incubation under capac-
d equine epididymal sperm. Four different patterns were identified: (a)

itating conditions (Pommer et al., 2003). However, our
results demonstrated that the prefreeze treatment of epi-

didymal sperm with PTX did not affect the percentage
of cells displaying tail-associated immunofluorescence of
tyrosine residues, indicating that the concentration of PTX
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rosine residues in control and PTX group in cryopreserved stallion epididymal

Table 2
Effect of pentoxifylline (PTX) and insemination dose on fertility of cauda
cryopreserved epididymal sperm.

Treatment Insemination dose Conception rate (%) P-value

Control 800 × 106 sperm 11/16 (68.7)a –
Control 100 × 106 sperm 5/16 (31.5)a 0.07
PTX 100 × 106 sperm 8/16 (50)a 0.47
Fig. 2. Percentage sperm tail immunofluorescence of phosphorylated ty
sperm. Values are expressed as mean percentage ± SD, n = 25. P > 0.05.

used in this study did not prematurely capacitate stallion
epididymal sperm.

In cattle, the bovine seminal plasma (BSP) proteins
interact specifically with heparin and high density lipopro-
teins. These proteins bind to ejaculated sperm promoting
the cholesterol and phospholipid efflux, which is an impor-
tant step in the capacitation process (Manjunath and
Therien, 2003). The horse seminal plasma (HSP-1, HSP-2,
HSP-5 to HSP-8) are orthologs to BSP proteins and also
showed heparin-binding properties (Topfer-Petersen et al.,
2005), indicating a potential role in capacitation process.
Moreover, the addition of heparin binding proteins of sem-
inal plasma enhanced the capacitation response in frozen
thawed stallion spermatozoa (Arangasamy, 2011). It is
possible that the absence of seminal plasma proteins in
epididymal sperm contribute to preservation of tyrosine
proteins from phosphorylation, however, it is not possi-
ble to confirm this hypothesis since we did not evaluate
ejaculated sperm.

Many studies have been conducted to find the opti-
mal  sperm concentration per insemination dose without
compromising the stallion fertility (Morris, 2004; Samper
and Plough, 2010; Govaere et al., 2014). The recommended
minimum number of spermatozoa required for conven-
tional artificial insemination in the mare is 200 × 106

progressively motile spermatozoa (Morris, 2004) and with
less than 100 × 106 million spermatozoa will result in
decreased pregnancy rates per cycle (Pace and Sullivan,
1975; Voss et al., 1979). In the present study, the insemina-
tion dose was reduced 8 times (800 million vs 100 million).
Our results indicate that there were no significant differ-
ences in fertility rates reducing the sperm number per
insemination dose of epididymal sperm recovered with
a conventional skim milk based extender (C 800 vs C
100). However, a trend toward significance (P = 0.07) was
observed between these two groups. It is possible that the
number of mares per insemination group was not sufficient

to demonstrate the effect of insemination dose on concep-
tion rates. Therefore, based on this finding, probably the
number of deposited sperm in C 100 was not sufficient to
P > 0.05.
P-value column compares control 100 and PTX with the control 800 group.

reach the fertilization site in the same manner as deposited
a greater amount of spermatozoa (C 800).

In human reproduction, PTX is largely used in assisted
reproductive technology (ART), as a stimulator of sperm
motility and for its positive effects on fertilization rates
(Yovich, 1993; Tardif et al., 2014). In horses, the effect
of PTX on sperm has been only tested in in vitro assays
(Goulart et al., 2004; Ortgies et al., 2012; Stephens et al.,
2013). In the present study, the insemination dose of 100
million PTX pre-treated sperm did not improve the con-
ception rates compared to control samples. Therefore, the
hypothesis that PTX would significantly improve preg-
nancy rates in mares using the same insemination dose
could not be supported.

The use of PTX in human fertilization in vitro (FIV) for
severe male factor infertility provide satisfactory results
(Tardif et al., 2014), though the time to reach the oocyte
in this technique should be considered. In IVF procedures,
a considerable number of spermatozoa are exposed to
oocytes for 15–20 h (Huang et al., 2013) and for men  with
poor semen quality, sperm cells are stimulated prior to
co-incubation (Henkel and Schill, 2003). The conventional
artificial insemination requires time and viability of the
sperm cell to reach the fertilization site in the oviduct
(Morris, 2004; Giannoccaro et al., 2010). Moreover, previ-
ous studies reported that the motility-enhance effect of PTX
appears to be transient (Gangrade, 2006).
Interestingly, the conception rate did not differ between
the control group with a higher insemination dose (C
800) and the group with a lower insemination dose pre-
treated with PTX (PTX 100). Therefore, the pre-treatment
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f stallion epididymal sperm with PTX did not lead to
remature capacitation, once similar fertility rates were
bserved between these two insemination groups. It is
uggested that in spite of PTX did not have an effect on
perm motility patterns after cryopreservation, the effects
f this substance are shown on the fertilizing capacity of
he spermatozoa. Moreover, the modifications on sperm

etabolism stimulated by PTX prior to freezing possibly
ccurred during the transport in the female reproductive
ract.

Considering that the cryopreserved epididymal sperm
epresents a limited genetic reserve of a valuable stal-
ion, reducing the insemination dose could be interesting,
ince greater amount of genetic material remains stored
or future inseminations. The treatment of PTX in stallion
perm has shown positive results in in vitro assays (Goulart
t al., 2004; Stephens et al., 2013) and although our findings
ndicates a positive effect in fertility, a low number of ani-

als was used, resulting in low statistical power. Further
esearch, possibly conducted on a larger number of ani-
als, is required to evaluate better the results observed in

his study and to elucidate the real effects of PTX on fertility
f equine epididymal sperm.

. Conclusion

The use of a flushing extender containing PTX enhanced
he sperm motility after harvest. The PTX has no deleterious
ffect on sperm motility, viability and tyrosine phosphory-
ation of stallion epididymal sperm after cryopreservation.
he limited number of doses recovered from the cauda
pididymis may  have its application maximized by conven-
ional artificial insemination with 100 × 106 epididymal
perm recovered with a flushing extender containing pen-
oxifylline, to achieve acceptable conception rates.
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