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The purpose of this study was to evaluate the impact of caffeine on turkey
spermatozoa during in vitro incubation. Experimental samples were prepared by
diluting the raw semen with nine different concentrations of caffeine — from
0.078125 mg/mL to 10 mg/mL. The individual motility parameters were
evaluated by the Computer Assisted Semen Analyser (CASA) system, and the
viability of spermatozoa was evaluated using eosin-nigrosin staining. Selected
parameters were recorded at six time periods: 0, 1, 2, 3, 4 and 5 h at 5 °C and
41 °C. A significantly higher motility and progressive motility of spermatozoa
(P < 0.01 and P < 0.001, respectively) was detected in the samples containing
caffeine ranging from 0.15625 to 7.5 mg/mL as compared to the control sample at
5°C. At an incubation temperature of 41 °C the positive effect of caffeine on
motility parameters was observed only at the beginning of incubation (at times 0
and 1). The tested caffeine concentrations showed no significant effect on the
viability of turkey spermatozoa at any time period of incubation. A higher
percentage of dead spermatozoa was observed for incubation at 41 °C (from
5.96% to 11.1%) in comparison to 5 °C (from 1.62% to 5.79%). The results
suggest that caffeine can be used as a suitable component of turkey semen
extenders and has the potential to improve fertility.

Key words: Turkey, sperm storage, spermatozoa, motility, viability,
caffeine

One of the most important issues in poultry breeding is the identification
of males with high fertilising ability. Besides genetic conditioning, there are
many factors that affect this ability. These include age, season, amount of light,
state of health and nutrition, number of copulations or ejaculations per day, and
spermatozoa competition (Paluch et al., 2013). In vitro liquid storage of turkey
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semen is very important in the management of male turkeys, because artificial
insemination is the only possible way to ensure and maintain the large-scale pro-
duction of turkeys (Slanina et al., 20155).

Freshly ejaculated mammalian spermatozoa are not capable of immediate-
ly fertilising the oocyte until their capacitation is completed. Capacitation can
occur either in the female reproductive tract or in a corresponding medium under
in vitro conditions (Mao et al., 2005). The additive solutions most frequently
used for improving the motility of human spermatozoa are derivates of pentoxi-
fylline and methylxanthine which inhibit phosphodiesterase and raise the cellular
level of cyclic adenosine monophosphate (cAMP). The increased level of cAMP
results in heightened glycolysis which generates adenosine triphosphate (ATP)
used as energy for the movement of spermatozoa (Taylor et al., 2013). Several
studies reporting pentoxifylline-improved motility of fresh and frozen-thawed
semen have been published (Yovich et al., 1990; Paul et al., 1995). Another
phosphodiesterase-inhibiting methylxanthine which was examined for its benefi-
cial effects on the enhancement of motility parameters is caffeine (Carrell and
Peterson, 2010). However, the study of Henkel and Schill (2003) implied that
caffeine may have a negative influence on plasma membrane structure and ferti-
lising ability. Caffeine can also affect cell metabolism, which activity is depend-
ent on the concentration of calcium ions. Furthermore, in vitro fertilisation in cat-
tle can be improved by the use of heparin due to its synergistic action with caf-
feine (Barakat et al., 2015).

High concentrations of caffeine (1,3,7-trimethylxanthine) inhibit cAMP-
phosphodiesterase activity. This inhibition leads to elevated levels of intracellu-
lar adenylyl cyclase/cyclic adenosine 3’, 5'-monophosphate (cAMP) which acts
as a second messenger that increases sperm motility and stimulates sperm capaci-
tation in humans (Nassar et al., 1999), bulls (Coscioni et al., 2001) and boars
(Funahashi and Nagai, 2001). Therefore, via the capacitation process caffeine
eases the penetration of spermatozoa through the uterine cervix (Funahashi and
Nagai, 2001). At the same time, different effects of caffeine on the morphology
of human spermatozoa have been reported. Harrison et al. (1980) demonstrated
ultrastructural abnormalities caused by caffeine, whereas Barkay et al. (1984) re-
ported that caffeine did not induce any damage in human spermatozoa. Fu-
nahashi and Nagai (2001) noted that, in addition to the stimulation of capacita-
tion, caffeine induces spontaneous acrosome reaction in boar spermatozoa. In
almost all methods of in vitro fertilisation of pig ova with fresh or frozen semen
containing caffeine, an abnormally high occurrence of polysperm penetration
was recorded (Funahashi and Nagai, 2001).

Caffeine possibly has beneficial effects also on sow fertility. Reduction of
the activity of polymorphonuclear leukocytes increases the number of spermato-
zoa reaching the place of fecundation in vivo, as a consequence of which the fer-
tility rate is elevated (Yamaguchi et al., 2009). Yamaguchi et al. (2013) discov-
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ered that 1 mmol/dm® of caffeine added to the medium used for thawing cryo-
preserved wild boar spermatozoa improved pregnancy as well as farrowing rates
after artificial insemination, by transiently inhibiting the migration of polymor-
phonuclear leukocytes into the uterine lumen.

Recently published studies have demonstrated that the supplementation of
spermatozoa with 1 up to 10 mmol/dm’ of caffeine significantly decreased the
phagocytic and chemotactic activity of polymorphonuclear leucocytes in vitro
(Lietal., 2011; Li et al., 2012). Yamaguchi et al. (2009) found an adverse effect
on capacitation and spontaneous acrosome reaction of boar spermatozoa when
1 mmol/dm® of caffeine was present in the thawing medium. Although the addi-
tion of high caffeine concentrations during the process of thawing cryopreserved
boar semen may increase the number of spermatozoa with a spontaneous acro-
some reaction, the fertility rate of sows following artificial insemination may in-
crease.

Methylxanthines, such as caffeine and pentoxifylline, have been shown to
increase the motility of spermatozoa in several species including turkeys
(Parkhurst et al., 2000), cats (Stachecki et al., 1995), dogs (Koutsarova et al.,
1997), rams (Maxwell et al., 1995), and humans (Nassar et al., 1998).

The objective of this research was to study the effects of different concen-
trations of caffeine on the viability and motility parameters of turkey spermato-
zoa during in vitro incubation for 5 h at 5 and 41 °C.

Material and methods

Animals and semen collection

In this study, semen from sexually mature turkeys (n = 30) of the Big 6-
line [British United Turkeys (BUT) Ltd., Chester, UK] was evaluated. Semen
collection was performed by stimulating the copulatory organ to protrude by
massaging the abdomen and the back over the testes. Semen samples were col-
lected with an aspirator and used as a mixture of several groups of identical indi-
vidual turkeys (Slanina et al., 2012).

Sample preparation

Fresh turkey semen was diluted in a ratio of 1:100. One part of the fresh
semen was diluted in one of 9 caffeine solutions with different concentrations
(Caffeine powder, Reagent Plus®, Sigma-Aldrich, USA) prepared with physio-
logical saline (NaCl 0.9% w/v intravenous Infusion Bieffe, Bieffe Midetal S.p.A.,
Grosotto, Italy): I — 0.078125 mg/mL, H — 0.15625 mg/mL, G — 0.3125 mg/mL,
F - 0.625 mg/mL, E — 1.25 mg/mL, D — 2.5 mg/mL, C — 5 mg/mL, B — 7.5 mg/
mL, A — 10 mg/mL. Two samples of each concentration were prepared and di-
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vided into two experimental groups, based on incubation time at 5 °C (samples
A-I) and in a 41 °C (thermostat — T: samples AT-IT). Control samples (sample
K/KT) were prepared by diluting fresh semen only with physiological solution.

Motility analysis

The motility of spermatozoa was assessed at six time intervals: 0, 1, 2, 3, 4
and 5 h (times 0-5). The experiment was carried out in six repetitions. Each of
the prepared samples was evaluated using a CASA system — Sperm Vision®™ pro-
gram (Minitiib, Tiefenbach, Germany) equipped with a microscope (Olympus
BX 51, Japan) to assess the motility of spermatozoa (Massanyi et al., 2008;
Krockova et al., 2012; Slanina et al., 2015a).

Each sample was placed into a Makler Counting Chamber” (depth 10 um,
Sefi Medical Instruments, Germany). Using the turkey-specific set-up, the total
motile spermatozoa (MOT, %) and progressively motile spermatozoa (PRO, %),
beat cross frequency (BCF, Hz), curvilinear velocity (VCL, um/s) and the ampli-
tude of lateral head displacement (ALH, um) were evaluated. Within each meas-
urement by the CASA system motility parameters from minimum seven fields of
Makler Counting Chamber were evaluated (Btaszczyk et al., 2013; Slanina et al.,
2015b).

Viability analysis

The viability of spermatozoa was evaluated using eosin-nigrosin staining
(Slanina et al., 2016). Membrane integrity was determined in the samples con-
taining the highest concentration of caffeine — in samples A/AT, B/BT, C/CT,
D/DT, E/ET and in the control sample, K/KT. Three smears were prepared from
all samples (after the assessment of sperm motility). Experimental samples A—I
and the control sample were diluted in a ratio of 1:2:2 with 5% eosin (Eosin Y,
Sigma-Aldrich, USA) and 10% nigrosin (Nigrosin, Sigma-Aldrich, USA) solu-
tion. On every slide, 300 cells were counted under a light microscope (1000 X,
Leica DMIL LED, Leica Microsystems CMS GmbH, Germany) and classified as
vital (intact membrane) and dead (damaged membrane). The experiment was
performed in six replicates. The results of viability evaluation were expressed as
the percentage of vital and dead spermatozoa (in %; 900 cells = 100%).

Statistical analysis

The obtained data were statistically analysed using the PC program Excel
and the statistics package GraphPad Prism 5 (GraphPad Software, Inc., La Jolla,
California, USA) using one-way ANOVA with Dunnett’s test. Statistical signifi-
cance was indicated by P values of less than 0.05, 0.01 and 0.001.
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Fig. 1. Motility (%, mean values), progressive motility (

B - 7.5 mg/mL, A — 10 mg/mL. Error bars represent the standard deviation.
Significant differences: P < 0.05; “'P < 0.01; *"P < 0.001

of spermatozoa (um/s, mean values) in groups with various caffeine concentrations at different
time intervals (h) at 5 °C. K — control; I — 0.078125 mg/mL, H — 0.15625 mg/mL,
G -0.3125 mg/mL, F — 0.625 mg/mL, E — 1.25 mg/mL, D — 2.5 mg/mL, C — 5 mg/mL,
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Fig. 2. Motility (%, mean values), progressive motility (%, mean values) and curvilinear velocity
(um/s, mean values) of spermatozoa in groups with various caffeine concentrations at different
time intervals (h) at 41 °C. KT — control; IT — 0.078125 mg/mL, HT — 0.15625 mg/mL,

GT - 0.3125 mg/mL, FT — 0.625 mg/mL, ET — 1.25 mg/mL, DT — 2.5 mg/mL, CT — 5 mg/ml,
BT — 7.5 mg/mL, AT — 10 mg/mL. Error bars represent the standard deviation.
Significant differences: P < 0.05; “'P < 0.01; *"P < 0.001
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Results

Sperm motility at 5 °C incubation temperature

By observing the effect of caffeine on selected motility parameters of tur-
key spermatozoa, several caffeine concentrations having a significantly positive
impact on the monitored parameters were determined. At the beginning of incu-
bation motility differences between the control sample and the experimental
samples were negligible (Fig. 1). Higher motility was recorded only in samples
D and F. In contrast, a lower motility rate was observed in sample I than in the
control. A significant positive effect had been expressed in the first hour of incu-
bation and this phenomenon continued until the end of the incubation period
(5 h). In these time intervals, significantly higher (P < 0.001) percentages of mo-
tile spermatozoa were found in samples H, G, F, E, D, C and B. Sample A, sup-
plemented with the highest caffeine concentration (10 mg/mL), showed a motili-
ty conforming to the values recorded in the control in all time intervals.

Progressive motility of turkey spermatozoa confirmed the results of MOT
and in several cases differences between control and experimental samples were
enhanced (Fig. 1). In the initial time interval, only sample I had significantly
lower progressive motility than the control sample. In samples C, D and E, sig-
nificantly higher values of progressive motility were detected already at the be-
ginning of incubation. The increase of progressively motile spermatozoa was
significant in samples B, C, D, E, F and G, and a similar tendency was detected
in all the other time intervals. After 1, 2 and 3 h of incubation, samples D, E and
F not only showed increased progressive motility compared to the control but
even exceeded the initial values recorded at time 0.

A significant negative effect of caffeine on curvilinear velocity (VCL) of
spermatozoa was demonstrated in sample A (treated with the highest caffeine
concentration) throughout the incubation (Fig. 1). A significant decrease in VCL
was noted also in samples B and I but only at the beginning of incubation. In
contrast, the addition of caffeine in samples D, E, F and G resulted in significant-
ly higher (P < 0.001) values of this parameter.

An undesirable effect of the highest caffeine concentration (sample A) was
detected in the amplitude of lateral head displacement (ALH) and beat cross fre-
quency (BCF) of spermatozoa. The other samples had equal or significantly en-
hanced values compared to the control sample with regard to these two parameters.

Sperm motility at 41 °C incubation temperature

The effect of various concentrations of caffeine during in vitro incubation
at 41 °C was identical with that observed during the first two time intervals of
incubation at 5 °C. Compared to the control samples, the experimental samples
showed similar or higher values of the sperm parameters studied. However, these
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values did not exceed the values measured in the initial interval. One-hour incu-
bation at 41 °C resulted in a marked decline in sperm motility and progressive
motility in all experimental samples, when compared to the initial values. This
decrease was even more pronounced after another hour of in vitro incubation.

Significantly higher sperm motility (Fig. 2) was observed in samples CT,
DT and ET at the beginning of incubation. In the subsequent time interval (1 h),
caffeine positively stimulated the spermatozoa (P < 0.01, P < 0.001), which
showed higher motility in all experimental samples than in the control sample.
After 120 min of incubation, statistically significant differences were observed in
groups ET (P < 0.05), CT and AT (P < 0.001), while no significant difference
appeared after 3, 4 and 5 h of incubation.

Significantly higher progressive motility (Fig. 2) was noticed at the begin-
ning of incubation in experimental samples CT, DT and ET, which corresponds
to the results obtained on the motility of spermatozoa. Cultivating spermatozoa at
41 °C for 60 min resulted in significantly higher progressive motility in samples
AT, BT, CT, DT, ET and FT. In the subsequent time interval of in vitro incuba-
tion, all samples showed a similar level of motility differing from the control
(P <0.05).

At the beginning of incubation at 41 °C, curvilinear velocity (VCL, Fig. 2)
was significantly lower (P < 0.001) only in sample AT (10 mg/mL) than in the
control sample. After one hour of incubation, caffeine demonstrated its positive
effect. Significantly higher VCL was observed in samples CT, DT, ET, FT and
GT (P <0.001) and in sample HT (P < 0.05).

By monitoring the effect of caffeine on the amplitude of lateral head dis-
placement (ALH), significant differences were detected only at the beginning of
in vitro incubation. Compared to the control, a significantly higher value of this
parameter was observed in sample ET (P < 0.05), while a significant negative
difference was recorded in sample AT (P < 0.001). The highest concentration of
caffeine (sample AT) had a negative effect on beat cross frequency (BCF) in the
same time interval. After one hour of incubation, a positive effect of caffeine on
ALH was demonstrated. The same incubation time resulted in a significantly in-
creased BCF when compared to the control sample.

Viability of spermatozoa

Assessment of the membrane integrity of turkey spermatozoa during in
vitro incubation using eosin-nigrosin staining showed that the tested concentra-
tions of caffeine had no significant effect on the viability of the incubated sper-
matozoa. In the samples containing the highest concentrations of caffeine (sam-
ples from A to E) no significant differences were detected (Table 1) compared to
the control sample (K). With the increasing time of incubation, a higher percent-
age of dead spermatozoa was observed at the incubation temperature of 41 °C
than at 5 °C. Independently of the non-significant impact of caffeine on the via-
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bility of turkey spermatozoa, the results confirmed the negative effect of higher
incubation temperature on sperm viability. During the 5-h in vitro incubation
higher percentages of spermatozoa with damaged membrane integrity were de-
tected at 41 °C. At that temperature, the percentage of dead spermatozoa was
5.96-11.1%, while at 5 °C incubation temperature it was only 2.24-5.79%.

Discussion

Based on previous research on avian and mammalian spermatozoa it is
hypothesised that the male gametes of turkey regulate their motility via cAMP as
the secondary messenger of the system. In mammals, due to the action of
methylxanthine, it is possible to change this regulative system in order to im-
prove the motility of spermatozoa.

Parkhurst et al. (2000) monitored the effects of pentoxifylline and caffeine
on the motility of turkey spermatozoa. The selected additives added to the com-
mercial medium BPSE (Beltsville poultry semen extender) at concentrations of
0, 2.5, 5 and 10 mmol/l were found to have an impact after incubation at 5 °C for
6 h. The results lead to the conclusion that the addition of caffeine during the
process of turkey semen storage has no stimulating effect on the motility of
spermatozoa. Similar concentrations of caffeine were tested in our study (sample
I: 0.625 mmol/L; F: 5 mmol/L; E: 10 mmol/L). However, tendencies similar to
those reported by Parkhurst et al. (2000) were found only in our sample 1.

The present analysis demonstrated a statistically significant (P < 0.001)
positive impact of higher caffeine concentrations (samples E and F) on the motil-
ity of turkey spermatozoa, which differs from the findings of Parkhurst et al.
(2000). This dissimilarity may be explained by the difference in the method used
to assess semen motility. While the results of our study were obtained using the
CASA system, Parkhurst et al. (2000) used the sperm mobility test (SMT), a test
described by Froman and McLean (1996) and Donoghue et al. (1998), which is
based on the spectrophotometric determination of absorbance at a wavelength of
550 nm.

The effect of caffeine on particular qualitative sperm parameters has been
studied primarily in mammals where many positive effects, associated with the
enhancement of intracellular cAMP, have already been proved.

As it was previously mentioned by Yamaguchi et al. (2013), the addition
of caffeine to the thawing solution (Modena™) elevates the progressive motility
of boar spermatozoa without affecting the membrane integrity of the sperm head
under in vitro conditions. A caffeine-enriched boar semen extender may improve
fertility by reducing the chemotactic and phagocytotic effect of porcine poly-
morphonuclear leukocytes (PMN) on sperm cells, which are intended for artifi-
cial insemination (Li et al., 2012). Gilts inseminated with a caffeine-containing
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sperm suspension had a significantly lower number of uterine PMN than those
inseminated with a caffeine-free sperm suspension. The decrease in the number
of uterine PMN associated with caffeine may be a consequence of the inhibition
of IL-8 mRNA expression in the endometrium.

Yeste et al. (2008) claimed that caffeine exerts a significant stimulating ef-
fect on the capacitation and acrosome reaction of boar spermatozoa. Their study
suggests that caffeine concentrations varying from 0.5 to 8 mmol/L significantly
(P <0.01) increase the ratio of capacitated boar spermatozoa as well as the num-
ber of spermatozoa with an acrosome reaction. In contrast, lower concentrations
of hyaluronic acid do not affect the capacitation process; however, higher con-
centrations (200 pg/mL) have a significant inducing effect on the acrosome reac-
tion in spermatozoa. Three days of storage of caffeine-treated semen resulted in a
significantly elevated frequency of capacitated spermatozoa as compared to the
negative control. Furthermore, on the third day the ratio of spermatozoa showing
an acrosome reaction was significantly (P < 0.01) higher in samples containing
caffeine.

The effect of caffeine has already been demonstrated on thawed equine
spermatozoa. Using the CASA method, Taylor et al. (2013) observed a non-
significant increase in overall and progressive motility after the administration of
caffeine at concentrations of 1, 2 and 3.5 mmol/L. A significant stimulatory ef-
fect on these parameters was found after the addition of pentoxifylline. Consider-
ing our results, we suppose that the concentrations tested in the study of Taylor et
al. (2013) were inadequate. Higher caffeine concentrations may have a positive
effect, and therefore individual sperm motility may be stimulated.

The positive impact of caffeine on individual qualitative parameters of
spermatozoa has also been demonstrated in laboratory mice (Nabavi et al., 2013).
The addition of caffeine significantly increased the motility and viability of
spermatozoa. Besides these parameters, caffeine also increased fertility and the
early development of embryos under in vitro conditions.

The effect of caffeine on bovine spermatozoa was studied by Barakat et al.
(2015) with the aim to analyse the effect of caffeine, kallikrein and pentoxifylline
on the motility of spermatozoa as well as to determine their optimal concentra-
tions which would increase sperm motility after thawing. Sperm cell motility was
assessed by the CASA system, which showed that motility and progressive mo-
tility was higher in samples containing caffeine and pentoxifylline than in the
control samples. The results also indicated that kallikrein had no significant
stimulatory effect on the motility of bovine spermatozoa. The best results were
obtained after the addition of 5 mmol/L of caffeine to the medium, followed by
the addition of 1 and 5 mmol/L of pentoxifylline, respectively. It was also
demonstrated that lower concentrations of caffeine had a more favourable effect
on the motility of spermatozoa than higher levels, which was also confirmed by
our results. Therefore, it is recommended to add 5 mmol/L of caffeine to incuba-
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tion media used for fertilisation. The results of Barakat et al. (2015) are con-
sistent with our findings, as in our study the highest motility and progressive mo-
tility were observed in samples F (5 mmol/L), E (10 mmol/L) and D (20 mmol/L).

In conclusion, our analysis of the impact of caffeine on selected parame-
ters of turkey spermatozoa has determined the range of caffeine concentrations
(from 0.15625 mg/mL to 7.5 mg/mL) that has a significant stimulatory effect on
the motility of spermatozoa (P < 0.01, P < 0.001) without exerting a negative ef-
fect on viability parameters during in vitro incubation at 5 °C. The positive effect
of caffeine on motility parameters was observed also at the beginning and after 1
h of incubation at 41 °C.
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