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a b s t r a c t

Alkaline phosphatase (AP) has been studied in several situations to elucidate its role in
reproductive biology of the male from different mammalian species; at present, its role in
horse sperm physiology is not clear. The aim of the present work was to measure AP ac-
tivity in seminal plasma and sperm extracts from freshly ejaculated as well as in frozen–
thawed stallion spermatozoa and to verify whether relationship exists between AP activity
and sperm quality parameters. Our data on 40 freshly ejaculated samples from 10 different
stallions demonstrate that the main source of AP activity is seminal plasma, whereas
sperm extracts contribution is very low. In addition, we found that AP activity at physio-
logical pH (7.0) is significantly lower than that observed at pH 8.0, including the optimal AP
pH (pH 10.0). Alkaline phosphatase did not exert any effect on sperm–oocyte interaction
assessed by heterologous oocyte binding assay. Additionally, we observed a thermal sta-
bility of seminal plasma AP, concluding that it is similar to that of bone isoforms. Positive
correlations were found between seminal plasma AP activity and sperm concentration,
whereas a negative correlation was present between both spermatozoa extracts and
seminal plasma AP activity and seminal plasma protein content. A significant decrease in
sperm extract AP activity was found in frozen–thawed samples compared with freshly
ejaculated ones (n ¼ 21), concomitantly with the decrease in sperm quality parameters.
The positive correlation between seminal plasma AP activity measured at pH 10 and
viability of frozen–thawed spermatozoa suggests that seminal plasma AP activity could be
used as an additional predictive parameter for stallion sperm freezability. In conclusion,
we provide some insights into AP activity in both seminal plasma and sperm extracts and
describe a decrease in AP after freezing and thawing.

� 2016 Elsevier Inc. All rights reserved.

1. Introduction

Alkaline phosphatase (AP) is an enzyme that catalyzes
the detachment of phosphate groups from several sub-
strates [1]; it is present in male genital tract fluids, and its

activity has been revealed in semen from various mamma-
lian species [2]. The presence of AP inmale genital secretions
suggests that it could have a role in mammalian reproduc-
tion and in particular in sperm metabolism [3], even if a
definite, clear conclusion has not been reached so far.

In bull seminal plasma, the activity of the enzyme has
been correlated to fertility and sperm concentration [4],
whereas in stallions, it resulted in a promising tool to
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determine whether ejaculation failure is due to either
azoospermia or a blockage along the genital tract [5] and it
was linked to sperm quality [6].

Other recent studies on AP in stallion seminal plasma
furnish data on the different levels of activity in separated
semen fractions [7], as well as on its possible role as an
indicator of sperm longevity in fractionated semen [8].

The aforementioned studies evaluated the activity in
seminal plasma after removing spermatozoa, or in the
whole ejaculate, thus indirectly giving information on AP
activity of the sperm cells [5]. In a recent study on boar
semen [9], we measured the activity of AP from sperma-
tozoa as well as the functional change it undergoes after
sperm capacitation; the overall conclusionwas that it could
play a role in the control of sperm function. There are no
data on AP activity in sperm extracts after the freezing–
thawing process, excepting for those on frozen ram sper-
matozoa by Salamon and Maxwell [10] who reported a loss
in phosphatase activity after freezing and thawing, thus
indicating that the enzyme activity could be used as an
additional parameter for detecting cryoinjuries.

On the basis of the questions raised by the aforemen-
tioned studies, the present work was aimed at describing
AP kinematic properties (thermal inactivation test) in
stallion seminal plasma and determining the possible cor-
relations between AP and sperm quality parameters and
sperm function as well as its possible predictive role in
freezability of stallion semen.

2. Materials and methods

The experiment was approved by the Ethic-Scientific
Committee of Alma Mater Studiorum, University of
Bologna.

All the reagents were obtained from Sigma Chemical Co.
(St. Louis, MO, USA), unless otherwise specified.

2.1. Semen collection and preparation

Forty ejaculates from 10 fertile stallions (nine trotter
breed and one Connemara), aging from 5 to 25 years, were
sampled. The stallions were housed individually, and
semen was sampled between February and April 2014 by
an artificial vagina (Missouri model) equipped with a
disposable liner with an in-line filter; ejaculates were
collected on a phantom and in the presence of an estrous
mare.

Semen concentration was evaluated using a hemocy-
tometer chamber (Thoma).

Two aliquots of semen were kept undiluted: the first
one was used to obtain seminal plasma and the second one
to obtain spermatozoa for AP activity assay. A third aliquot
of semen was diluted in the Kenney extender at a concen-
tration of 40 � 106 spermatozoa/mL for semen quality
analysis (sperm motility, viability, mitochondrial mem-
brane integrity).

Twenty-one ejaculates, collected in the same period of
time from four of the aforementioned stallions, were used
for analysis of AP activity in frozen–thawed spermatozoa in
comparison with fresh ones. Part of the ejaculates was
immediately diluted in the Kenney extender for subsequent

freezing procedure, while part was kept undiluted to
obtain seminal plasma and spermatozoa for AP activity
determination.

2.2. AP activity in seminal plasma, freshly ejaculated and
frozen–thawed spermatozoa

Protein concentration in seminal plasma and sperm
extracts was measured by Bradford’s method [11] using
BSA as the protein standard.

Seminal plasma was obtained by two subsequent cen-
trifugations of the undiluted sperm aliquot at 12,000 � g
for 15 minutes at 4 �C. The resultant supernatant was
observed at the microscope to check the absence of either
spermatozoa or their fragments.

Sperm cells (2 � 109 spermatozoa/mL; both freshly
ejaculated and frozen–thawed) were washed twice in PBS
(900� g for 3minutes at room temperature). Subsequently,
the sperm pellet was sonicated in PBS and subsequently
centrifuged at 12,000 � g for 15 minutes at 4 �C; finally, the
pellet was discarded and the supernatant was analyzed for
AP activity.

The enzyme activity was assayed as described by Bucci
et al. [9]. Briefly, AP activity was measured by a spectro-
photometric assay that monitors the absorbance change at
405 nm as para-nitrophenylphosphate (pNPP, colorless) is
converted to para-nitrophenol (yellow). Alkaline phos-
phatase was assayed in 50-mM Tris-HCl buffer, at 25 �C at
different pH (7.0, 8.0, and 10.0). Fifty microliters of seminal
plasma or sperm extracts were used, and the absorbance at
405 nm was measured at 1 minute and 30 minutes before
the addition of pNPP to evaluate the nonenzymatic varia-
tions of absorbance; no interferences were recorded in any
case. In the case of seminal plasma analyzed at pH 10.0, it
was diluted 1:10 in Tris buffer. The reaction was started by
the addition of 10-mM pNPP, and each measurement was
run in duplicate and averaged. Enzyme activity was
expressed as specific activity, nmol/min/mg of protein.

To better characterize the seminal plasma isoform, AP
thermoinhibition was carried out at 60 �C, as described by
Iyer et al. [12] with some modifications. The samples were
kept at 60 �C for 0, 15, 30, 1, 75, 90, 105, 120, 150, 180
minutes and then placed in ice, and the activity was
measured within 3000 at pH 8.0. The same assay was also
performed on the thermostable AP from the bovine intes-
tinal mucosa as a control.

2.3. Evaluation of sperm viability, motility, and mitochondrial
activity

Twenty-five microliters of semen was incubated with
2 mL of a 300-mM solution of propidium iodide (PI) and 2 mL
of a 10-mM solution of SYBR green-14, both obtained from
the live/dead sperm viability kit (Molecular Probes, Inc.,
Eugene, OR, USA) for 5 minutes at 37 �C in the dark. Ten
microliters of the stained suspensions was placed on clean
microscope slides and carefully overlaid with coverslips,
and at least 200 spermatozoa per sample were observed
under a Nikon Eclipse E600 epifluorescence microscope
(Nikon Europe BV, Badhoevedorp, The Netherlands). Sper-
matozoa stained with SYBR-14 but not with PI were
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