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a b s t r a c t

We aimed at the evaluating the occurrence of macrophages in rabbit semen and finding possible rela-
tionship between macrophage concentration and spermatozoa quality. The concentration of macro-
phages in semen samples from broiler rabbit males of lines M91 and P91 (n ¼ 30) without overt evidence
of genital tract infections was determined using monocyte/macrophage lineage antigen CD14 and flow
cytometry. Then the rabbits were assigned into three groups according to the macrophage concentration
in semen (MF1 group with less than 1 � 106 macrophages/mL, MF2 group with 1.5e3.5 � 106 mac-
rophages/mL and MF3 group with more than 8 � 106 macrophages/mL). Spermatozoa viability pa-
rameters such as occurrence of apoptotic (Yo-Pro-1) and dead/necrotic (propidium iodide) spermatozoa
and plasma membrane integrity (PNA-Fluos) were evaluated using flow cytometry. Sperm motility pa-
rameters were determined by CASA (Computer Assisted Semen Analysis). Ultrastructural detection of
macrophages was performed using transmission electron microscopy. Spermatozoa fertility potential
was examined after intravaginal artificial insemination of rabbit doses. Significantly higher proportions
of the apoptotic and necrotic spermatozoa and spermatozoa with lower plasma membrane integrity
were revealed in the MF3 group compared to MF1 and MF2 groups. The percentage value of total
motility and progressive movement was significantly highest in the MF1 group, whilst lowest in the
MF3 group. The conception rate and the kindling rate were significantly decreased in the group with the
highest macrophage concentration (MF3). Based on our results we can conclude that the abundance of
seminal macrophages in the rabbit semen may be closely associated with poor spermatozoa quality.

© 2017 Published by Elsevier Inc.

1. Introduction

Macrophages (MF) originate from bone marrow stem cells by
differentiating into monoblasts, pro-monocytes and monocytes.
Monocytes circulate in the bloodstream for a short time (1e3 days),
after which they die or emigrate into organs and tissues where
differentiation into MF takes place [1,2]. Macrophages are consid-
ered as the first line of immunological defence and account for
20%e30% of seminal leukocytes in man [3,4]. Semen MF has been
reported to occur widely in various groups of vertebrates, e.g.

mammals [5,6], teleosts [7] and reptiles [8]. In mammals, sper-
miophagy takes place in various portions of the male reproductive
tract, such as the seminiferous tubules [9], rete testis, efferent duct
[9,10], ampulla of the vas deferens [5], seminal vesicle [11] and
ejaculatory duct [6]. Macrophages are known to perform essential
roles in a number of physiological processes including lipid meta-
bolism, wound healing, scavenging, and host defence against mi-
croorganisms and neoplasms, but the relationship between
macrophages and the fertilizing potential of semen remains highly
controversial. The macrophages are capable of engulfing numerous
spermatozoa and such phagocytosis could represent a process for
removal of ageing spermatozoa [12]. Engulfment of dying cells
prevents injury due to a burst of toxic products and enables
apoptosis to operate without pro-inflammatory responses [13].
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However, semen MF also have been associated with male infer-
tility. An ultrastructural analysis showed that MF involved in
spermatozoa phagocytosis are associated with altered spermatozoa
features in non-leukocytospermic semen from sub-fertile couples
[14]. We aimed at characterizing seminal MF cells basing on
expression of CD14 antigen, which has been previously described as
a useful marker to detect monocytes and MF diagnostically
[15e17]. The objective of this studywas to examine the relationship
between the presence of MF and spermatozoa quality in rabbits
asymptomatic for a genital tract infections.

2. Materials and methods

2.1. Animals and semen collection

Sexually mature broiler rabbit males (n ¼ 30) and females
(n ¼ 123) both of lines M91 and P91 without overt evidence of
genital tract infections were used in experiments. Animals were
housed in individual cages, fed with a commercial diet (KV; TEKRO
Nitra, s.r.o., Slovakia) and watered ad libitum. The photoperiod used
was a ratio of 14 h light:10 h dark. The temperature and humidity in
the area were 17e20 �C and 60e65%, respectively.

The experiments have been carried out in accordance with The
Code of Ethics of the EU Directive 2010/63/EU for animal experi-
ments [18].

The semen samples were collected from rabbit males once a
week with a pre-heated artificial vagina during two months (from
April to May 2015). Males were excluded if semen was transparent
or contaminated by urine or blood. The semen samples were
transported to the laboratory in a water bath at 37 �C.

2.2. Experimental design

Firstly, all semen samples (n ¼ 30) were evaluated individually
for the presence of MF as indicated below, then the samples were
combined to create a pools. Semen samples were routinely
collected from selected rabbits once a week during two months
(from April to May 2015) into the prepared sterile tubes and mixed
in order to create heterospermic pool of the respective groups. The
part of heterospermic pools was used immediately for intravaginal
artificial insemination (AI) of rabbit doses. The second part were
transported to the laboratory, where semen suspensions were
divided and evaluated by flow cytometry and CASA-system. Ob-
tained seminal parameters were compared between groups.

The rabbits were classified into three groups according to the
seminal macrophage concentration.

Group MF1: Low MF number (<1 � 106 MF/mL) (n ¼ 16)
Group MF2: Intermediate MF number (1.5e3.5 � 106 MF/mL)
(n ¼ 9)
Group MF3: High MF number (>8 � 106 MF/mL) (n ¼ 3)

Two rabbits with macrophages number 6 � 106 MF/mL and
4.5 � 106 MF/mL were discarded from the experiment, because of
rabbits with these concentrations of seminal macrophages were
not suited into respective groups.

2.3. Flow cytometry analysis

The heterospermic pools were washed and centrifuged (600� g
for 7 min) in a saline solution (sodium chloride 0.9%; B. Braun
Medical Ltd. Bratislava, Slovak Republic) enriched with 1% of fetal
bovine serum (saline-FBS, Sigma-Aldrich, Germany) and divided
into three aliquots for subsequent flow cytometric assessment of
MF concentration and percentage of apoptotic, necrotic

spermatozoa and spermatozoa with plasma membrane damage, as
described below.

Macrophages were determinated by phycoerythrin (PE)-conju-
gated CD14 monoclonal antibody (Monoclonal Mouse Anti-Human
CD14, Clone TÜK4 DAKO, Germany). Cell suspensions (1� 106 cells/
mL) were incubated for 30 min at room temperature (RT) with
CD14 antibody at a final concentration of 10 mg/mL. As shown in
Fig. 1(A, B, C), the plots represent the fluorescence of CD14 antibody
versus side scatter of the three spermatozoa samples (MF1, MF2,
MF3 group).

The concentration of MF/mL was calculated by applying the
following formula [19]:

% CD14 positive cells� no: of spermatozoa=ml
100

The detection of apoptotic spermatozoa was performed using
the specific nuclear fluorochrome Yo-Pro-1 (Molecular Probes,
Lucerne, Switzerland). The assay was performed according to the
method described by Mahfouz et al. [20] and Kuzelova et al. [21].
Briefly, the cell density was adjusted to 1 � 106 cells/mL in saline-
FBS. One microliter of the Yo-Pro-1 solution (100 mmol/L) and 4 mL
of the PI solution (50 mg/mL, Molecular Probes, Eugene, Oregon,
USA) were added to 1 mL of the cell suspension. The samples were
mixed and incubated in the dark at room temperature for 15 min.
Three different populations can be identified by using this assay:
viable spermatozoa - negative for both PI and Yo-Pro-1, apoptotic
spermatozoa are positive for Yo-pro-1 but negative for PI, and dead
spermatozoa are positive for both PI and Yo-Pro-1 or positive for PI
and negative for Yo-Pro-1 (Fig. 1D).

The evaluation of plasma membrane damage was accomplished
using a fluorescein-labelled lectin (Alexa Fluor) from peanut
agglutinin (Arachis hypogea; PNA, Molecular Probes, Lucerne,
Switzerland). 1 mL of PNA working solution (1 mg/mL) was added to
250 mL of diluted semen samples (1 � 106 spermatozoa/mL) and
incubated for 15 min at the room temperature in the dark [22]. PNA
binding is limited to the acrosomal cap of the spermatozoa and
confined to the outer acrosomal membrane [23]. The samples were
not fixed, allowing PNA Alexa Fluor green labelling only in the
spermatozoa with damaged plasma membranes and exposed
acrosome, whilst the spermatozoa with intact plasma membranes
remained unstained (Fig. 1E).

After incubation samples were washed in saline-FBS and
centrifuged at 600� g for 6 min, the supernatant was discarded and
stained semen samples were analysed by a Becton Dickinson flow
cytometer FACSCalibur (BD Biosciences, USA) equipped with a 488-
nm argon laser as a light source. Acquisitions were done using the
Cell Quest Pro (Becton Dickinson, Germany). At least 50 000 events
(cells) were analysed in each sample. The spermatozoa population
was gated using forward and side scatter to exclude debris and
aggregates. CD14/PI emitting red fluorescence and Yo-Pro-1/PNA
emitting green fluorescence were recorded in the FL-2 (650-nm
filter) and FL-1 (525-nm filter) channels, respectively.

2.4. Computer assisted sperm analysis

The samples were diluted at the ratio of 1:100 (v:v) in a saline-
FBS. The concentration andmotility characteristics of diluted rabbit
spermatozoa with different macrophage content were analysed
using the Computer Assisted Semen Analysis (CASA) system. A sub-
sample of this solution (3 mL) was placed on a Standard Count
Analysis Chamber Leja (depth of 20 mm) (MiniTüb, Tiefenbach,
Germany) and evaluated using the CASA software under a Zeiss
Axio Scope A1 microscope (Sperm Vision™; MiniTüb, Tiefenbach,
Germany). A frame rate of 60 Hz was used for analysis. For each
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