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Abstract

Purpose Mouse spermatozoa for archiving laboratory mice or for in vitro fertilization (IVF) are routinely obtained from the
cauda epididymis of adult males sacrificed for this purpose. To avoid the death of the donor, we tested whether a precisely
timed interruption of the mating act could be used for repeated sperm collection from laboratory mice.

Methods Sperm donors (B6D2F1) were mated with a receptive female, and mating behavior was observed. The stud was
separated from the female 1-2 s after the onset of the ejaculatory shudder. The ejected copulatory plug with the yellowish
viscous ejaculate was carefully removed from the penile cup.

Results A total of 80 ejaculates were successfully obtained from 100 ejaculations. The latency to first mount was 1.1 +1.1 min
(mean + SD) and to ejaculation 8.1 +4.7 min. The average number of mounts to ejaculation was 10.5+ 5.8, and the mean num-
ber of spermatozoa per collected ejaculate was 1.86 + 1.05 x 10°. An average fertilization rate of 76% was observed after IVF.
Conclusions Separating the stud from the female just before ejaculation is feasible, easy to learn, and requires no special
equipment. The sperm count of collected ejaculates is lower than natural ejaculations, but higher than previous in vivo sperm
collection methods achieved. We recommend this simple sperm collection method in mice, especially when the donor cannot

be sacrificed and/or repeated sperm collection from the same animal is required for experimental purposes.
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Introduction

In biomedical research, animal models are an important tool
for studying physiological and pathophysiological processes
in the context of a complex organism. Since the first reports
on the production of transgenic animals using retroviral
vectors [1] and the pronuclear injection of DNA constructs
[2], the use of laboratory mice in basic and applied research
has been steadily increasing. Genome engineering methods
have allowed for the first time to generate specific mouse
models to study genetic changes as the cause of abnormal
processes underlying human and animal diseases. The
development of other techniques to generate mouse mod-
els, such as gene targeting in embryonic stem cells [3] and
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endonuclease-mediated mutations [4, 5] has opened up fur-
ther and more precise possibilities for targeted interventions
in the mouse genome. Today, such animal models also play
an important role in the development of therapies for rare
human diseases, the exact causes of which are still poorly
understood due to their rarity.

The number of genetically modified mouse models has
long since outstripped the approximately 450 classical
laboratory mouse strains described. The work of the Inter-
national Knockout Mouse Consortium (IKMC) alone has
generated a collection of genetically modified embryonic
stem cells that allows studying the function and regulation
of most of the approximately 20,000 protein-coding genes
in separate mouse models [6]. In addition, CRISPR/Cas9
technology has provided a new, highly efficient way of alter-
ing the genomes of mice and other laboratory rodents [7].
As the number of mouse models continues to grow rapidly,
their cost-effective archiving is particularly important, since
it is impossible to maintain all lines permanently as breed-
ing stock.
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The successful archiving of mouse models using cryo-
preservation of pre-implantation embryos is based on the
pioneering work of Whittingham, Leibo, and Mazur [8] and
quickly became routine in many laboratories and reposito-
ries. Despite intensive efforts to preserve mouse lines using
sperm, it was not until 20 years later that a method with
reproducible results was established for the mouse [9]. How-
ever, several developments were needed both in cryopreser-
vation and in vitro fertilization (IVF) with frozen mouse
sperm before sperm freezing could be used routinely as a
safe alternative to embryo freezing [10].

Mouse sperm for archiving is usually collected post-mor-
tem from an isolated cauda epididymis. The quantity and
quality of sperm obtained with this approach are high and
usually require only two or three males to provide enough
material to reliably cryopreserve a line. Even though the
animal toll is low, the sacrificed males are no longer avail-
able for breeding or other purposes. For certain lines, even a
small reduction in available animals can become problematic
and lead to the loss of the line. For this reason, alterna-
tive, non-terminal methods for sperm collection have been
developed and tested. In addition, repeated sperm samples
from the same donor may also be of interest for the study of
reproductive physiology and other scientific purposes, e.g.,
to study changes in sperm production and quality over time.

One way to save the life of the donor male is to remove
the cauda epididymis unilaterally. However, the procedure
is stressful for the animal and can only be performed once.
Electroejaculation, used as an alternative in other mamma-
lian species, also proved unsatisfactory in laboratory mice.
It is stressful and even painful for the animals, and up to 22%
of treated animals died as a result of the procedure [11, 12].

Another method described for obtaining mouse sperm
is to rinse both uterine horns removed from freshly mated
females. Although sperm obtained in this way showed
reduced motility and vitality, it could be successfully used
for IVF and cryopreservation [13, 14]. To prevent killing the
female and also to avoid unwanted pregnancies, uterine lav-
age after prior cauterization of both fallopian tubes has been
performed. This required the females to be anesthetized and
the vaginal plug to be removed, which in some cases resulted
in injury to the vagina. In addition, due to the relatively short
fertilization time of mouse sperm, it is essential to flush the
uterine horns after mating as soon as possible to obtain suf-
ficiently motile sperm [15].

Microsurgical epididymal sperm aspiration (MESA)
or percutaneous epididymal sperm aspiration (PESA) is
another way to repeatedly collect sperm from the cauda
epididymis of laboratory mice without killing the donors
[16, 17]. Males only need to be briefly anesthetized for the
puncture and can be returned to breeding once recovered.
Although the quantity and quality of sperm obtained by
aspiration are sufficient for IVF, it is usually insufficient for
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cryopreservation. In addition, the sperm quality after PESA
is diminished, likely caused by the suction pressure during
puncture and aspiration with a 30G injection needle [18]. A
modification of MESA is therefore the collection of exuding
sperm with a pipette directly from the surface of the punc-
tured cauda epididymis in situ [19].

In summary, all currently existing methods for obtain-
ing sperm from mice without killing the donor are stressful
or invasive for the animals. They are also technically dif-
ficult to standardize, which limits the reproducibility of the
results. While investigating the ejaculatory reflex as a stimu-
lus for the formation of functional corpora lutea, McGill and
Coughlin [20] found that male mice ejaculate even if they
are separated from the female immediately after the onset
of the ejaculatory shudder. As an alternative to previously
described and practiced methods of in vivo sperm collec-
tion, we therefore tested whether a precisely timed inter-
ruption of the mating act could be used as a routine method
for repeated and gentle collection of sperm from laboratory
mice.

Materials and methods

A total of 10 male and 20 female B6D2 (C57BL/6NCrl
X DBA/2NCrl) F1 hybrids purchased from Charles River
Laboratories (Germany) at 10 weeks of age were used to
establish and evaluate the sperm collection method. Addi-
tionally, eight B6D2F1 females at 3—4 weeks of age were
used as oocyte donors for IVF with the collected sperm.
Hybrid mice were selected for their high fitness, sexual moti-
vation, copulatory performance, and prominent copulatory
plugs. Upon arrival, the mice were housed in type III Mak-
rolon® cages (Tecniplast, Buguggiate, Italy) in a non-bar-
rier rodent facility under controlled temperature (20 + 1 °C)
and relative humidity of 55 +10% with a 12:12 h light/dark
cycle (lights on at 6:00 am). Males were housed individu-
ally. Females were housed in pairs instead of larger groups
to avoid the spontaneous extra-coital pseudopregnancy,
resulting in prolongation or suppression of the estrous cycle
(Lee-Boot effect [21]). Food (ssniff® M-Z extrudate) and
tap water were provided ad libitum. Cages were equipped
with wooden bedding (LIGNOCEL® 3—4 S, Rettenmaier
und Sohne GmbH, Rosenberg, Germany), nesting material
(Pur-Zellin; Paul Hartmann GmbH, Wiener Neudorf, Aus-
tria), and cardboard tubes and houses (Special Diet Service,
Claus GmbH, Limburgerhof, Germany) as enrichment. The
animals were given 1 week of habituation before the start
of the experiments.
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Sperm collection

To evaluate the sperm collection procedure, the following
parameters were recorded: (i) latency from the introduction
of a receptive female into the male’s cage to first mount, (ii)
latency from the introduction of the female to ejaculation,
(iii) number of mounts to ejaculation, and (iv) number and
motility of spermatozoa collected per ejaculate. We further
examined pregnancy rates in females who were used as mat-
ing partners.

All sperm collections were performed by the same person
and in the same way (see supplementary video). The person
performing the procedure was experienced in handling mice,
but not in the tested procedure for obtaining ejaculates from
mice. All ejaculations are included in the analysis. Males
were mated repeatedly over a 7-week period, until each sub-
ject had ejaculated ten times, regardless of whether sperm
collection was successful or not. We required 23 test days
to achieve ten ejaculations from each of the ten males. After
ejaculation, the male mice were given a rest period of at least
48 h before they were mated again.

Mating for sperm collection took place at the beginning
of the light period at 06:00 a.m. until 11:00 a.m. at the latest.
Ovulation time in mice is assumed to be in the first half of
the dark phase, i.e., until around midnight. If this was the
case, the presentation of the female occurred in the post-
ovulatory phase, in which both the copulation rate and the
fertilization rate are as good as in the ovulation phase [22].
To avoid distracting males in an unfamiliar environment, the
female was always placed in the male’s cage.

We assessed a female’s readiness to mate by her reaction
towards the male’s attempt to approach. Defensive behav-
ior such as rearing up, kicking, or turning towards the male
tended to indicate a lack of willingness to mate. Females in
estrus, however, were usually quickly mounted by the male.
Females that were not ready to mate were replaced one by
one until a receptive female was found, which was then used
as a partner for consecutive matings, given that ejaculation
had been successfully interrupted.

Copulatory behavior, which includes thrusts and mounts,
was closely monitored and as soon as intromission occurred,
the male’s tail was grasped with one hand and the female’s
tail with the other in order to separate the animals at the right
time. Separation has to occur 1-2 s after the onset of ejacula-
tory shudder [20], which marks the onset of the ejaculatory
reflex but not the onset of ejaculation. The animals were then
gently separated by pulling them apart. It is important to pull
on both tails at the same time, as the male holds the female
with his legs during ejaculation (see supplementary video).

After separation, the female was left in the cage while
the ejaculating male was placed on a cage lid. To prevent
the male from grasping the erect penis with his hind legs
and injuring it with his claws, he is required to hold on to

the bars of the cage lid with his front and hind legs (Fig. 1a).
The shape of the penis visibly changes at the distal end into
a “penile cup” and appears in a dark red color. This trans-
formation is immediately followed by the ejaculation of the
sperm-rich fluid, directly followed by the copulatory plug.
Using a curved forceps, the still elastic plug can then be
carefully removed from the penile cup. The ejaculate is
clearly visible as a yellowish viscous drop on the white plug
(see supplementary video). The plug with the ejaculate was
briefly placed in a 100 pl drop of human tubal fluid (HTF)
medium (for the detailed composition of HTF, see [17])
(Fig. 1b) covered with mineral oil (Sigma M5310). Under a
binuclear microscope, the ejaculate was then separated from
the plug by carefully scraping the plug off with a pair of
watchmaker forceps. Due to the uneven surface of the plug,
the ejaculate may not be fully extracted.

After removing the copulatory plug from the petri dish,
the sperm suspension was incubated for 20 min at 37 °C in
a humidified atmosphere of 5% CO, in the air before sperm
motility and quantity was analyzed.

Immediately after sperm collection, the mated female
was examined for a copulatory plug. If the separation from
the stud was timed properly, no plug formed in the vagina,

Fig.1 a Picture of the copulatory plug and the ejaculate of a male
B6D2F1 mouse immediately after the separation from the female.
After separation, the ejaculating male was placed with his front and
hind legs on a cage lid. A curved forceps was used to remove the still
elastic plug from the penile cup. b Mating plug with attached ejacu-
late in a drop of medium covered with mineral oil for sperm collec-
tion
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and the female could be used again as a mating partner for
another male. After being used in the experiment, females
were housed individually. Female body weight was meas-
ured after sperm collection and 12 days later to diagnose
unwanted pregnancy by a significant increase in body
weight. If pregnant, females were left to give birth and were
re-used as mating partners during post-partum estrus. Since
induced pseudopregnancy would have been terminated
12 days after mating due to the absence of placental lacto-
gens required to stimulate the corpora lutea in the second
half of pregnancy [23], the non-pregnant females were sub-
sequently used again as mating partners for sperm collection.

Examination of sperm quality and quantity

Immediately after incubation, an aliquot of the sperm sus-
pension was used to determine sperm motility and sperm
number in the ejaculate by light microscopy at 200 X mag-
nification and negative phase contrast. The percentage of
motile sperm was assessed subjectively based on the experi-
ence of the experimenter. A sample of the sperm suspension
was placed on a microscope slide and covered with a cover-
slip. Motile sperm were counted as those with progressive
movement or at least clear flagellar movement. Non-motile
spermatozoa included all spermatozoa without flagellar
movement and sperm heads without flagella.

To determine the sperm count, a 10 pl aliquot was taken
from the sperm suspension and depending on the visually
determined sperm density diluted 5, 10, or 15 times with
aqua bidest, before being loaded on a Neubauer cell count-
ing chamber. The sperm count was measured twice for each
sample, and the average was calculated.

In vitro fertilization

To test the fertilization ability of sperm from the collected
ejaculates, we performed IVF. Therefore, we collected one
ejaculate from four randomly selected males and performed
the IVF assays on two separate days (two males per day). Four
juvenile females were each superovulated by intraperitoneal
administration of 5 IU PMSG and 5 IU hCG (Folligon and
Chorulon, both from Intervet, Vienna, Austria,) at 8 am, 48 h
apart. The next morning, sperm was collected from two males
by separating the mating mice after the onset of ejaculatory
shudder as described. The copulatory plug with the ejaculate
was placed in a drop of 90 ul of modified Krebs—Ringer bicar-
bonate medium (T'YH, for detailed composition, see [17]) plus
0.75 mM methyl-p-cyclodextrin (MBCD: Sigma C4555) and
containing 1.0 mg/mL polyvinyl alcohol (Sigma P8136) for
preincubation [24]. The spermatozoa were then incubated at
37 °C for approximately 60 min for capacitation before use.
During this incubation period, the oocyte donors were sacri-
ficed by cervical dislocation. The oviducts were dissected and
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placed in mineral oil (Sigma M5310) covering a 200 pl drop
of fertilization medium containing HTF plus 1.0 mM reduced
glutathione (GSH: Sigma: G4251) [25]. One oviduct from
each of the four donor females was assigned to each of the two
males. The swollen ampullae were opened with watchmaker
forceps and the four cumulus—oocyte complexes of two donor
females were each drawn into one fertilization drop. For insem-
ination, 5 pl of sperm suspension collected from the peripheral
part of the preincubation drop (the zone of spermatozoa with
higher motility) was added to the cumulus—oocyte complexes
without prior determination of the sperm count. The fertiliza-
tion was started between 08:30 and 09:30 in the morning. The
fertilization dishes were then incubated for approximately 4 h
at 37 °C under 5% CO, in air to allow fertilization to occur.
Morphologically intact, presumptive zygotes were washed and
then cultured in HTF medium without GSH overnight. The
next morning two-cell embryos were counted, and the two-
cell rate was calculated as a percentage of the total number of
oocytes in the IVF per sperm donor.

Statistics

IBM SPSS Statistics (version 29) was used for descriptive
statistics, statistical analysis, and data visualization includ-
ing artwork. To compare mating behavior and sperm number
between the first and second male to mate, we confirmed
normal data distribution using the Kolmogorov—Smirnov
test and homogeneity of variances using the Levene test,
before applying independent-samples 7 tests.

Results

As not every mating with a receptive female resulted in cop-
ulation and ejaculation, a minimum of 11 and a maximum of
14 matings were required to collect ten ejaculates per male.
The successful sperm collection by separating females and
males at the beginning of the ejaculatory shudder, which
marks the initiation of the ejaculatory reflex, requires a cer-
tain amount of experience. A total of 80 ejaculates were
successfully obtained from 100 ejaculations by mating with
receptive females, revealing an average success rate of 80%.
Importantly, success rates increased from 35% after the first
20 ejaculations to an average of 91.3% in the following 80
ejaculations (Fig. 2). It took nine test days to collect the
first 20 ejaculations. The remaining 80 ejaculations were
achieved in just 14 test days. The number of successfully
obtained ejaculates varied between 6 and 10 out of 10 ejacu-
lations per male (Supplementary Table 1).

Males initiated sexual behavior, such as chasing and snift-
ing, immediately after a receptive female was presented.
Among all males and matings with ejaculations, the mean
time to first mount was 1.1 + 1.1 min (mean 4+ SD). In some
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Fig.2 Percentage of successful sperm collection over the course of
100 ejaculations. Over a period of seven weeks, ten B6D2F1 hybrid
males were mated repeatedly until each male had ejaculated ten
times. In the first ten ejaculations, only one ejaculate was obtained;
after the first 20 ejaculations, the success rate was consistently
between 80 and 100%

cases, the first attempt to mount occured immediately after
female introduction. The longest measured latency to the
first mount was 8 min.

Mating behavior in laboratory mice usually involves sev-
eral mounts to intromission and ejaculation. The number
of mounts observed before ejaculation varied considerably
between males. In some matings, ejaculation occurred on the
first mount. In other cases, more than 20 previous mounts were
observed. Among all males and matings with ejaculations, the
mean number of mounts to ejaculation was 10.5 +5.8 (Fig. 3).
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Fig.3 Boxplot of the number of mounts till ejaculation per male.
Over a period of seven weeks, ten males were mated repeatedly
until each had ejaculated ten times. The number of mounts before
each ejaculation was counted. Circles (O) indicate mild outliers
(Q3+1.5xIQR)
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Fig.4 Boxplot of the latency till ejaculation per male. Over a period
of seven weeks, males were mated repeatedly until each male had
ejaculated ten times. The ejaculation latency from the introduction of
the female was measured in minutes. Circles (O) indicate mild outli-
ers (Q3+1.5%IQR)

The number of mounts per minute was relatively constant
at 1.75+0.75, suggesting that the males mated continuously
with the female until ejaculation. The latency to ejacula-
tion was on average 8.1 +4.7 min (Fig. 4) (ranging from
1 to 21 min) and also varied with the number of mounts.
The fewer mounts, the shorter the latency to ejaculation,
and vice versa.

Collected ejaculates contained on average
1.86 + 1.05 x 10° spermatozoa, ranging from a minimum of
0.04x 10 to a maximum of 6.48 x 10° (Fig. 5 and Supple-
mentary Table 1).

The relative proportion of motile sperm per ejaculate var-
ied between 50 and 95% (mean +SD: 79.8 +10.5) (Fig. 6).
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Fig.5 Boxplot of male sperm number (10%ejaculate) in collected
ejaculates per male. Over a period of seven weeks, males were mated
repeatedly until each male had ejaculated ten times. A minimum of
six and a maximum of ten ejaculates were successfully collected from
males. Asterisks (*) indicate outliers (Q3 +3 XIQR)
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Fig.6 Boxplot of male sperm motility (%) in collected ejaculates
per male. Over a period of seven weeks, males were mated repeat-
edly until each male had ejaculated ten times. Successfully collected
ejaculates (N=6-10/male) were analyzed. Circles (O) indicate mild
outliers (Q1/Q3 +1.5%XIQR) and asterisks (*) indicate outliers (Q1/
Q3+3xIQR)

Table 1 Results of performed IVFs with sperm obtained from the
ejaculates of four randomly selected donor males

Male Number oocytes/two-cell Two-cell rate %
stages

1 66/60 90.9

2 95/51 53.7

3 53/51 96.2

4 52/39 75.0

If mating partners were separated at the right time point, the
female was used for mating with another male. On 13 occa-
sions, it was possible to obtain an ejaculate from the first and
second mating partners of the same female, and we investigated
whether female mating status affected the mating behavior and
collected sperm number of the second male to mate. The mean
number of sperm per ejaculate did not differ between males
(t=0.925, p=0.364) and was on average 1.87+0.78 x 10° for
the first males to mate and 1.57 +0.83 x 10° for the second
males. Even though, males from the second mating took more
mounts to ejaculate (mean =+ SD: 10.15+6.09 vs 8.00+3.81),
and their latency to ejaculate was longer (mean + SD:
7.85+4.18 vs. 5.31 £2.32 min) than males from the first
mating, these differences were statistically not significant
(mount number: = —1.081, p=0.291; ejaculation latency:
t=—1.914, p=0.068).

Importantly, we can confirm that the sperm collected by
this method is fertile, as evident from the average fertiliza-
tion rate of 76% in IVF trials (Table 1).
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The success of the method for obtaining sperm was also
expressed in the number of induced or non-induced pregnan-
cies in the female mating partners. While all but one of the
females that were separated too late had a vaginal plug and
became pregnant, none of the females that were separated at
the right time had a vaginal plug or became pregnant.

Discussion

For archiving the numerous mouse lines that are being con-
stantly developed for biomedical research, freezing of sperm
has become increasingly important compared to the archiv-
ing of pre-implantation embryos. In routine practice, sperm
are obtained from the cauda epididymis of previously killed
donor males. We have successfully tested a novel, non-ter-
minal sperm collection method for mice by the separation
of mating partners shortly before the onset of ejaculation.
As sperm can be collected repeatedly with this approach,
the method is also of interest for other scientific purposes.
These include the assisted reproduction of a line by IVF
or the assessment of the donor’s sperm quality over longer
periods of time or at different stages of life. Currently, there
is no other method to repeatedly collect sperm samples from
mice without stressing the donors.

To obtain the ejaculate, the male has to be separated from
the female within 1-2 s after the onset of the ejaculatory
shudder. Recognizing the correct time point to separate
and carrying out the separation can be learned quickly. It is
worth noting that the success rate for the first ten ejacula-
tions was only 10% but increased rapidly thereafter. After
the first 20 ejaculations, the success rate in obtaining the
ejaculate was on average over 90%. None of the females
that were separated at the proper time and therefore had no
vaginal plug became pregnant. If, however, separation would
occur too late, the Bruce effect could be used to terminate
the unwanted pregnancy by exposing the female to the pher-
omones of an unfamiliar male [26].

During the 11 to 14 matings per male, we did not observe
a decrease in the males’ readiness to mate. This observation
suggests that the separation just before ejaculation and the
subsequent removal of the copulatory plug with the ejaculate
from the penile cup does not inflict a stressful or otherwise
adverse event for donor males.

The most time-consuming aspect of this sperm collec-
tion method was the search for a receptive female, as female
behavior did not always clearly indicate acceptance or
rejection of the male. On some scheduled test days, none
of the used females could be identified as clearly receptive.
Increasing the number of available females would have
helped to overcome this problem, as we temporarily lost
females from the pool due to pregnancies, especially at the
beginning of the study. However, once found, an estrous
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female can be presented to several donor males in succession
on the same day, given that the males are separated at the
correct time point before ejaculation. Here, it was possible
to obtain sperm from all ten males tested after mating with
the same receptive female. Estrous females used also showed
no decline in their readiness to mate with several males in
succession, a behavior supported by observations of multiple
mating and multiple paternity in Mus domesticus [27] and
Mus musculus [28]. As an alternative to mating female mice,
estrus cycle examination using vaginal swabs could be used
to identify receptive females [29].

In an experiment with male offspring of pregnant wild-
caught Mus m. domesticus females, the sperm count in
mouse ejaculates was determined by flushing the reproduc-
tive tract of the female B6CF1 mating partners. The results
showed a large variation between males, ranging from
3.48 x10° to 16.53 x 10° sperm per recovered ejaculate
[30]. The mean sperm count per ejaculate in our study was
distinctly lower (1.86 x 10°%). However, loss of sperm due
to adherence to the forceps and the copulatory plug can-
not be ruled out. Separation of the ejaculate from the plug
can be tricky due to the uneven surface of the plug. We
did not determine the volumes of the viscous ejaculates to
avoid any negative effects on sperm quality due to aspiration.
The lower number of spermatozoa and the large variation
between the collected ejaculates may further suggest that the
influence of the separation procedure immediately after the
onset of the ejaculatory shudder reduces the amount of sper-
matozoa released in the male’s ejaculate. Alternatively, the
B6D2F1 hybrid males used in our study might a priori have
a lower sperm count than wild-caught Mus m. domesticus.

Another possible factor influencing the amount of
released sperm could be the successive use of the same
female mating partner. Once the sperm collection method
was mastered in the present experiment, only one or two
receptive females were required as a mating partner for
the males on each day of the study. However, it has been
reported that the mating behavior of males appears to be
influenced by whether the female has been previously mated.
The mating behavior of subsequent males was character-
ized by significantly more intromissions before ejaculation
and a significantly longer latency to ejaculation [31]. There-
fore, we wondered whether in our investigation a previously
mated female could have an effect on the mating behavior
and ejaculated sperm number of the subsequent male. In
our study, we could not distinguish between mounts with
and without intromission when observing mating behavior.
However, both the number of mounts and the latency to
ejaculation slightly increased if the female had previously
mated with another stud male. Although these differences
were statistically not significant and do not call the practical-
ity of the semen collection method into question, they are in

line with findings from previous research and are potentially
interesting for reproductive biology.

For efficient archiving of mouse strains, a high yield
of motile spermatozoa per donor male is advantageous.
Using the standard method of obtaining mouse sperm from
the cauda epididymis, the mean number of spermatozoa
obtained from BALB/c males was 18.4 x 10° [32], and
10.0 x 10° for wild-caught male offspring from only one
cauda epididymis [33]. In routine practice, the sperm col-
lected from both cauda epididymides of a donor male is
usually divided into ten freezing straws, each containing
more than 1x 10° sperm in 10 ul of sperm suspension.
Even taking into account the losses due to freezing, this
is far more sperm per straw than is required for success-
ful IVF [34]. The recommended concentration of motile
sperm for IVF is 1 x 10° to 2.5 x 10° sperm/mL [35]. With
the sperm retrieval method presented, more than one
ejaculate would normally be required to safely archive a
line, which is feasible over a short period of time. Due to
the high variability in the number of spermatozoa of suc-
cessfully collected ejaculates, as shown in Supplementary
Table 1, it may be necessary to repeat the procedure with
the same donor in order to safely archive a strain. How-
ever, sperm collection with the presented method can be
repeated as long as the donor is reproductively active.

With an average number of 1.86 x 10 sperm, the pre-
sented method achieves a greater sperm yield than elec-
troejaculation. When different electroejaculation devices
were tested, the total number of sperm per ejaculate varied
between 0.05 x 10 and 1.4 x 10°. In addition to the high
donor mortality rate of up to 22%, a significant reduc-
tion in the motility and velocity of the retrieved sperm is
another disadvantage of this method [12]. At 0.4 X 10 to
0.7 x 10, the amount of sperm obtained by puncturing
the cauda epididymis was also significantly lower than
that obtained by the introduced separation method [17,
19]. The use of a very small diameter cannula to aspirate
sperm has potentially also negative effects on the quality
of sperm [18]. Although repeated sperm retrieval is also
possible using electroejaculation or epididymal puncture,
it is important to note that both procedures can only be
performed under anesthesia. Therefore, the significant
stress of the donor animals has to be taken into considera-
tion when evaluating these methods.

Collection of ejaculates from the reproductive tract of a
freshly mated female provides a large sperm yield and could
be repeated if necessary. However, this method requires the
killing of the female. Sperm retrieved from the reproduc-
tive tract of previously mated females has been successfully
used in IVF after cryopreservation [14]. The sperm from
the ejaculates used in the here presented analysis were not
previously cryopreserved, but their excellent fertilization
ability was confirmed with an average of 76% of two-cell
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embryos after IVF (Table 1). In addition, the proportion of
motile sperm in the collected ejaculates from all test males
was usually at least 80%, which is a very good basis for
cryopreservation (Fig. 6).

Several studies indicate qualitative differences between
ejaculated mouse sperm and sperm obtained directly from
the epididymis, which are mainly explained by the influence
of bioactive substances in the seminal plasma. For example,
in mouse ejaculates retrieved from the uteri of previously
mated females, a greatly increased nuclease activity was
detected in both spermatozoa and seminal plasma, which
was much less pronounced in epididymal spermatozoa and
epididymal fluid. This difference could lead to an increased
susceptibility of ejaculated sperm to DNA damage under
cryopreservation conditions, thus compromising the integ-
rity of archived sperm [36]. Sperm retrieved from the uterus
after ejaculation also differ from epididymal sperm in their
swimming pattern and, most importantly, are more efficient
at penetrating the cumulus-oocyte complex in vitro [37].

Capacitation of the sperm is a prerequisite for fertiliza-
tion. A fundamental process of mammalian sperm capacita-
tion is the efflux of cholesterol and phospholipids from the
sperm membrane. For the maturation of epididymal sper-
matozoa, the TYH preincubation medium contains polyvi-
nyl alcohol as a substitute for bovine serum albumin and
B-cyclodextrins, which acts as cholesterol and phospholipid
acceptors to induce and support the capacitation process [24,
38].

In contrast to epididymal spermatozoa, ejaculated sper-
matozoa are coated with seminal plasma proteins. The
secretion of the mouse seminal vesicle is the major com-
ponent of the seminal plasma and contains several seminal
vesicle proteins (SVS1-7) that not only influence the forma-
tion of the copulatory plug but also control sperm fertility
[39]. Using SVS2 knockout males, it has been shown that
this seminal vesicle protein suppresses premature ectopic
activation of sperm maturation in the uterus, thus protect-
ing the integrity and survival of sperm in the female repro-
ductive tract. As a result, almost all sperm from wild-type
males still have an intact acrosome at the isthmus to the
oviduct, and the acrosome reaction as the completion of
the maturation process essentially only takes place in the
ampulla of the oviduct. In the absence of SVS2, sperm
begin to die in the uterine cavity, and their in vivo fertility
is drastically reduced. In contrast, during IVF, epididymal
spermatozoa from SVS2~~ males did not differ from wild-
type spermatozoa in terms of motility and in vitro fertiliza-
tion rate [40].

Seminal vesicle excision in male mice resulted in a
greatly reduced pregnancy rate, similar to mating with
SVS2 knockout males, due to abnormal development
of the pre-implantation embryonic stages. In addition,
abnormalities in growth and other metabolic parameters
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were observed in the few offspring [41]. Therefore, semi-
nal plasma factors appear not only to ensure the survival
and fertility of ejaculated sperm, but also to influence the
developmental conditions of the embryos during preg-
nancy and the phenotypic characteristics of the offspring.

Cryopreserved sperm is routinely used in IVF to revi-
talize archived mouse lines. Whether there is a qualitative
difference between ejaculated and epididymal spermatozoa
for this application cannot be deduced from the available
test results. However, from the results discussed on the
influence of seminal plasma on fertilization success, it can
be concluded that ejaculated sperm would be preferable for
artificial in vivo insemination.

In the present study, males and females of an F1 hybrid
strain were used to exploit the heterosis effect on fertil-
ity and specifically on male libido. However, inbred and
hybrid strains of laboratory mice can differ significantly
in their sexual behavior. It has been shown that C57BL/6 J
males, the most commonly used inbred strain for mouse
genome modification, mate faster than BALB/c or DBA/2 J
males [42, 43]. The introduced collection method of ejacu-
lates must therefore be tested in practice for the strain or
genetic background in question.

In summary, the separation of mating mice at the onset
of the ejaculation reaction is a simple and quick-to-learn
method for obtaining reasonable amounts of good-quality
mouse sperm in vivo. Thus, the presented method can
contribute to the 3Rs concept by reducing the number
of animals required compared to the standard procedure
using epididymal sperm from dissected cauda epididy-
mides. More importantly, it contributes to refinement, as
all other existing techniques for repeated sperm collec-
tion are invasive and stressful for the animals. Finally, this
method can be used to collect sperm not only for IVF or
for archiving lines, but also, for example, for studies that
require repeated sperm samples from the same individual
over time.
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