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Simple Summary: Refining procedures is an important part of promoting animal welfare. One area
in which refinements are particularly important is animal restraint. Monkeys and other animals may
be restrained for a variety of reasons, including sperm collection. In this study, we compared the use
of a closed box chair (CBC) as a potential refinement over the more traditional open restraint chair
(ORC) for restraint. We trained 34 male rhesus macaques to enter either the CBC or the ORC, allow
restraint, and provide a semen sample. While all monkeys were reliably trained for the CBC, only
75% completed the task in the ORC. Further, it took longer to train the monkeys for the ORC than
the CBC. Importantly, monkeys restrained in the CBC produced a higher ejaculatory volume and a
higher sperm concentration than those in the ORC. Taken together, these data suggest that the CBC
reduces stress for the animals while improving scientific outcomes, and thus is a refinement over
the ORC.

Abstract: Collaborative semen collection in monkeys is a valuable tool in research, animal collection
management, and conservation efforts. To obtain samples, monkeys are often restrained in open
restraint chairs (ORC) with the “pole and collar” technique. While commonly used, this restraint is
not tolerated by all individuals; some become anxious or aggressive towards the poles and people.
In an effort to refine this procedure and improve welfare of the monkeys, we examined the use of
a “closed box chair” (CBC), a clear, plexiglass box in which the monkey is trained to sit for sperm
collection. The CBC does not require pole and collar, and although legs are secured, the arms and
neck are not restrained. The use of CBCs has increased in recent years; however, there are few studies
demonstrating its effects on scientific outcomes. We used positive reinforcement techniques to train
34 adult male rhesus macaques (Macaca mulatta) to provide semen samples using either the ORC or
the CBC. While all CBC monkeys (n = 14) were reliably trained for this procedure, only 75% of ORC
(n = 20) males completed the training (p = 0.04). It took significantly less time to train animals in
the CBC than the ORC (201.0 vs. 412.4 min; p <0.001). In a controlled subset, males restrained with
ORC (n = 7) produced a significantly lower ejaculatory volume than those collected by CBC (n = 10)
(297.6 µL vs. 522.1 µL respectively; p = 0.04) and had a lower concentration of sperm (186.0 × 106/mL
vs. 367.5 × 106/mL respectively; p = 0.017), although there were no differences with respect to sperm
motility (p = 0.15). Our data suggest the closed box chair technique reduces stress on the animals
while enhancing semen quality, supporting the use of the CBC as an important refinement.

Keywords: restraint; refinement; semen volume; sperm concentration; stress; welfare

1. Introduction

The past decade has seen a dramatic shift in refinements to research and husbandry
practices. These refinements are often focused on reducing stress for the animals while
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improving scientific outcomes. One procedure known to affect stress in nonhuman primates
(NHPs) is restraint. Restraint activates the hypothalamic pituitary adrenal (HPA) axis in
NHPs and other species [1–6] which, in turn, can negatively impact research outcomes.

Because of the associated stress, there has been a concerted effort to refine the use of
restraint. The use of restraint is identified in both the Animal Welfare Act [7] and the Guide
for the Care and Use of Laboratory Animals [8] as something that should be used only when
necessary for achieving research goals and for the least amount of time possible. Further,
there has been a great deal of effort focused on ways to reduce the need for restraint.
In many situations, restraint can be reduced through the use of positive reinforcement
training [9]. For example, monkeys can be trained to put their arm in a blood sleeve
attached to their cage for blood draw [10] thus reducing the need for overall restraint.

However, there are situations in which restraint is still used for laboratory NHPs, such
as when animals are being asked to remain in one location for extended periods of time
(e.g., electrophysiological recordings of neurons are taken while animals are engaged in
behavioral testing) or for procedures which may be challenging to perform in the home
cage (e.g., for some biological sampling). In these situations, animals are often restrained
with a primate chair. While there are a variety of styles of primate chairs, they can be
broken down into two main types: the open restraint chair (ORC) and the closed box chair
(CBC). The “original” chair design is open [11] and allows access to all of the animal’s
body. This design utilizes a “pole and collar” technique to move the monkey from the
home cage into the chair. The monkey is first outfitted with an aluminum “collar” which
goes around the neck. One or two poles can then be attached to the collar to guide the
monkey from the cage to the chair. Once in the chair, the collar is fitted into a neck yoke
and the monkey’s arms or legs are restrained as necessary depending on what body part is
to be accessed. In recent years, there has been a concerted effort to increase the amount of
training provided to the animals who undergo this process. Positive reinforcement training
is used to provide animals with opportunities to cooperate with this procedure. Still, even
with training, this kind of restraint is not tolerated by all individuals; some become anxious
or aggressive towards the poles and people. There are also concerns using this method in
regards to safety for both animals and technicians [12]. Further, use of pole and collar is
not considered best practice in Europe [13].

An alternative to the open restraint chair is the closed box chair (CBC; [14,15]), an
enclosed acrylic box, most frequently designed with an opening at the top that allows the
monkey to lift his head through. There is often a yoke that is fitted around the neck and
it may have additional restraints built into it, depending on its use. In many cases, this
design allows the monkey to move directly from its home cage into the chair. It does not
require the use of pole and collar, although that is still utilized in some situations. See
McMillan et al. 2017 for more details [16].

There is a great deal of overlap between the kinds of studies that employ these two
styles of chairs. The CBC is often used for neuroscience studies, as it provides access to the
monkey’s head while securing the rest of the body, while the ORC is more likely to be used
for biological sample collection [16]. However, this distinction is often based on the facility
and the kind of equipment available. There are few studies directly comparing the two
methods of restraint. Further, there are few studies demonstrating the effects of either kind
of restraint on scientific as well as welfare outcomes.

Reproductive science is a major research focus at the Oregon National Primate Re-
search Center (Beaverton, OR, USA). As such, there are many research protocols that
require semen collection from macaques for various reasons, including for use in assisted
reproductive technologies. Semen can be collected from sedated animals by using either
penile stimulation or a rectal probe to facilitate sample collection [17–21]. However, we
have observed a higher failure rate of obtaining semen samples from sedated animals by
penile stimulation (personal observation) compared to “awake” collections. Further, it has
been reported that coagulum recovered from rectal probe collections in Japanese macaques
and lowland gorillas often fail to liquefy and motile sperm recovery is not possible, making
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collections without sedation preferable. There are some examples to date of Great Apes
being trained to use an artificial vagina for semen collection [22,23]; however, this kind of
training has not proven effective in macaques [24]. Therefore, we currently use non-sedated,
penile electroejaculation for routine semen collection.

The semen collection procedure itself is relatively quick (approximately 30–120 s);
however, it does require the animal to remain still, and thus a primate chair is often utilized.
Animals are typically removed from their cage, secured in the chair, and then wheeled
to the room in which the procedure will take place. We used the ORC for this procedure
for many years. However, as others have found [14], we noticed that monkeys were not
always successfully trained for this procedure. Further, monkeys that we were able to train
to calmly accept the chair restraint often continued to appear fearful of and/or aggressive
to the pole, which has been reported elsewhere [16]. Lack of fearful behavior does not
mean that the procedure is not stressful; monkeys that appear to have acclimated to the
chair behaviorally can still display physiological indicators of stress [25]. Thus, in an effort
to refine our practices, we modified a CBC to be used for semen collection.

As with the introduction of any new animal procedure, it is important to survey for
all potential welfare, staff safety, and scientific data collection concerns and challenges.
Protocols that increase dedicated staff time or impact scientific outcomes are typically
challenging to implement. Therefore, to determine whether the CBC is a refinement over
the ORC for semen collection, we performed a retrospective study to evaluate the amount
of time it took to train naïve monkeys to enter and allow restraint in the two types of
chairs. Importantly, we also compared standard quality metrics from semen collected
from a subset of these animals using the two different restraint methods as physiological
stress can induce oxidative stress, negatively impacting male fertility [26–29]; thus, semen
quality metrics can be used as a biomarker for the animals’ level of comfort with each
restraint system.

2. Materials and Methods
2.1. Subjects

The subjects for this study were 34 adult (5–14 year old) male rhesus macaques (Macaca
mulatta). All subjects were born at the Oregon Primate National Research Center (ONPRC;
Beaverton, OR, USA). They were assigned to various research protocols in which collecting
semen was needed (e.g., male contraception, fertility preservation, infertility, propagation
of specific genotypes, and zygote gene editing). Because it is well established that tem-
perament can influence collaboration and training success in rhesus macaques [30,31], in
many cases, we assessed the monkeys prior to selecting them as subjects for these studies.
However, in some cases (n = 4 for both chair types), monkeys were selected based on
particular characteristics. For example, individuals genotyped as heterozygous carriers for
specific disease-associated mutations, such as BBS7+/−, were selected as subjects because
collection of their gametes was essential to the development of biomedical model cohorts.

Thirty of the subjects were mother-reared in large outdoor groups (consisting of
between 25 and 200 individuals) and 4 of the subjects were peer-reared in a nursery [32].
Subjects had been living indoors for at least 1 month prior to the start of training, although
most had been indoors for more than a year (average +/− SD = 1038 +/− 614 days). The
monkeys were housed in standard monkey cages sized in accordance with the Guide for
the Care and Use of Laboratory Animals [8], in animal rooms that contained 12–32 monkeys.
Sixteen subjects were single housed and 10 were paired with a social partner for the
duration of training. The remaining 8 males were pair housed part of the time (from
4–30+ days; see Table S1 for specific details). Monkeys were fed standard monkey chow
(Purina LabDiet Chow, St. Louis, MO, USA) twice a day, and were given fresh produce or
other food enrichment daily. Water was provided freely through automatic lixit systems.
The lights were on 12 h per day, from 0700 to 1900, and the temperature maintained at
24 ± 2 ◦C. Subjects participated in the ONPRC behavioral management program to ensure
their psychological health and well-being. The ONPRC animal care program is compliant
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with the Animal Welfare Act Regulations [7] and accredited by AAALAC, International.
The ONPRC Institutional Care and Use Committee approved all studies in which these
animals participated.

2.2. Training

The training goal for all subjects was to enter a restraint chair and allow a semen
sample to be collected via electroejaculation. Twenty subjects underwent training to
enter a standard open-style restraint chair (ORC; Primate Products, Immokalee, FL, USA;
Figure 1a) using the “pole and collar” technique to move from their home cage into the chair.
Prior to training, these monkeys were outfitted with a commercially available aluminum
primate collar (Primate Products, Immokalee, FL, USA). The remaining 14 subjects were
trained to enter a closed-style box chair (CBC; Carter2Systems, Hillsboro, OR, USA; Figure
1b) directly from their home cage. The CBC used in this study was a custom design
that eliminated the neck and arm restraint, and instead utilized waist plates to allow
safe access to the lower half of the monkey’s body. All animals were naïve to training.
The approach to training for both chairs followed a method similar to that described in
McMillan et al. 2014 [33] and used primarily positive reinforcement, counterconditioning,
and desensitization techniques. See Supplementary Tables S2 and S3 for abbreviated
training plans. Pair housed animals were temporarily separated from their partner with a
mesh slide for the duration of the training session, after which the partners were promptly
reunited. While we utilized positive reinforcement techniques whenever possible, negative
reinforcement (i.e., using the cage’s squeeze back to bring monkeys closer to the front of
the cage) was employed as necessary to complete training during the timeframe provided
(approximately 6–8 weeks).

Figure 1. The open restraint chair (ORC; a) and closed box chair (CBC; b). Arrow indicates waist
plate modification.

Training sessions for both chairs were conducted 5 days per week and varied consid-
erably in length (from 3–35 min) depending on the goals for the session (e.g., to attach and
then release the pole to the collar 3 times, shut the door to the box two times). Training
was considered complete once monkeys calmly entered the chair, allowed the necessary
restraints to be put into place (arms and legs secured in the ORC; waist plates inserted and
legs secured in the CBC), and the first semen sample was collected. If an animal became
overly aggressive to the trainers or exhibited elevated levels of anxiety (e.g., excessive teeth
grinding, self-directed aggression, etc.) over the course of several sessions, training was
discontinued entirely. All training sessions were conducted by two technicians, which
included at least one senior, highly experienced trainer. Training for both methods was
coordinated by the ONPRC Training Specialist, who developed the shaping plans, ensured
consistency of approach amongst all of the trainers, and monitored the progress of the
training for each monkey.
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2.3. Semen Collection

To examine the effect of restraint type on sperm quality, we evaluated samples col-
lected from a subset of subjects (nORC = 10, nCBC = 7) who underwent routine sample
collections (see Table S1 for details on which subjects were included). All semen collections
were performed by electroejaculation without sedation using a PTE 110 Volt AC electroe-
jaculator (P-T Electronics, Model 303, Boring, OR, USA) as previously described [24]. Prior
to placement of the defibrillation strips, the penis was examined for wounds and tissue
inconsistencies that would disqualify the animal from the procedure. Gentle pressure was
used to extend the penis to apply electrode cream and wrap defibrillation strips cut to size
at the base and behind the glans. A 10–15 s priming stimulus was applied followed by a
slow and steady increase of voltage to produce a slight erection, engorgement of the glans,
or elevation of the testicles into the inguinal region. Engorgement and ejaculation were
achieved between 10–20 V (not to exceed the safety cut-off limit of 35 V) within 90–120 s.
of stimulation. If unsuccessful after the first attempt, the procedure could be repeated
twice, but only if the animal remained collaborative of the process. Ejaculate was collected
directly into a wide mouth container and allowed to sit at 37 ◦C for 30 min. to allow for the
liquefaction of the sperm rich fraction from the coagulum.

2.4. Sperm Isolation and Analysis

The liquid portion of the ejaculate was measured by pipetting to obtain the total
volume, then transferred to a 15 mL conical tube. The coagulated plug was washed
with 3 mL of TALP-HEPES (Tyrode’s Albumin, Lactate, Pyruvate with HEPES buffer,
made in house) supplemented with 3 mg/mL of bovine serum albumin [34] to recover
remaining spermatozoa then combined with the liquid fraction before adding additional
TALP-HEPES Q.S. to 12 mL. Samples were washed by centrifugation at 300× g for 7 min
at 37 ◦C to pellet the spermatozoa. Supernatant was aspirated and pellet resuspended in
fresh TALP-HEPES Q.S. to 12 mL before a second centrifugation for a final wash. After
removal of the supernatant (11 mL), the sperm pellet was resuspended in the remaining
1 mL of TALP-HEPES and analyzed by a computer assisted sperm analysis (CASA) system
(IVOS II-Animal Motility software, version 1.11, Hamilton Thorne, Beverly, MA, USA)
programmed specifically for macaques. This was used to determine sperm motility and
concentration for samples diluted 1:20 in TALP-HEPES. The settings for the CASA were as
follows: frame rate 60 Hz, frames acquired 100, minimum tail brightness 79, elongation
1–100, head size 9–60 µm2, progressive average path velocity (VAP) threshold 25 µm/s,
progressive straightness (STR) threshold 80%, slow VAP cutoff 20 µm/s, slow straight-line
velocity (VSL) cutoff 10 µm/s, static VAP cutoff 0 µm/s, static VSL cutoff 0 µm/s, static
width multiplier 0.5.

2.5. Data Analysis
2.5.1. Training Data

For each subject, we calculated the amount of time (in minutes) and the number of
sessions that it took to reliably perform the task (i.e., enter chair, sit calmly, and provide
semen sample). If training was ended due to behavioral reasons, training was considered
unsuccessful. To examine whether there was a difference in training time between the two
methods, we compared both the number of sessions and the total time (minutes) for the
animals who successfully completed their training.

2.5.2. Semen Quality Comparison

We examined the quality of semen from the subset of 17 subjects for whom we had
baseline sample collections. Our goal was to use data from 10 baseline collections for
these monkeys; however, we were only able to get 7–9 samples for 4 of the animals
due to project requirements. Therefore, we included the 7–10 consecutive collections
immediately following completion of training in the comparison for a total of 177 samples
used in this study (73 ORC and 104 CBC). Semen samples were collected over a single
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breeding season for each monkey and recorded for liquid volume (µL), sperm concentration
(1 × 106 sperm/mL), and total sperm motility (%). Values for quality parameters were
averaged for each male before combining to determine the overall results for the ORC and
CBC methods.

2.5.3. Statistical Analysis

Data are presented as the average value +/− standard error of the mean (SEM). We
used chi square analysis to determine if the percentage of animals successfully completing
this training differed based on technique. For all other variables (training and semen
quality), we tested normality using the Shapiro–Wilk test. We then compared data from
animals tested in the ORC and the CBC using a two-tailed Student’s t-test or Mann–Whitney
U test (when transformations did not normalize the data). Alpha values were set at 0.05.
SYSTAT 11 (Systat Software Inc., San Jose, CA, USA) was used to analyze data.

3. Results
3.1. Training

A significantly higher percentage of animals were successfully trained for the closed
box chair compared to the open restraint chair (chi square = 4.103, df = 1, p = 0.04). We
were able to train all 14 monkeys to enter the CBC, allow restraints to be applied, and
allow semen collection using predominantly positive reinforcement techniques. In contrast,
only 15 of 20 males (75%) were successfully trained to enter the ORC and allow semen
collection. In general, training was discontinued because the animals showed excessive
aggression towards the trainer or stress towards the procedures during multiple sessions.
Of the remaining 15 ORC animals, 2 required extra restraints during semen collection and
2 additional animals were eventually released from the project due to behavioral reasons.
One animal trained with the CBC was released from his protocol for behavioral reasons
and one had underlying health issues causing poor semen quality.

There was considerable variation in the amount of time it took the 29 animals who
were successfully trained (nCBC = 14, nORC = 15). Some individuals learned the task
relatively quickly, while others took significantly longer. There was no difference in the
number of training sessions (Mann–Whitney U = 93, p = 0.61) between the two methods
(25.9 +/− 1.3 sessions vs. 29.1 +/− 2.4 sessions for CBC vs. ORC monkeys, respectively).
However, it took significantly less time (in minutes) to train animals for the CBC than ORC
(t = 5.703, df = 27, p < 0.001; Figure 2). Trainers spent about twice as many minutes training
monkeys for the ORC (412.4 +/− 31.7 min) than CBC (201.0 +/− 17.8 min).

Figure 2. Amount of time (in minutes) it took to train monkeys to allow semen collection in either
the ORC (n = 15) or CBC (n = 14).

3.2. Semen Quality Comparison

Overall, semen samples collected from males in the CBC system had a greater volume
of 522.1 +/− 56.4 µL compared to those from ORC restrained animals (297.6 +/− 83.8 µL;
t = 2.32, df = 15, p = 0.04; Figure 3a), with samples ranging from 340–940 µL (CBC) and
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40–360 µL (ORC). A significant difference was also observed in the sperm concentrations;
367.5 +/− 51.1 × 106/mL and 186.0 +/− 32.3 × 106/mL for CBC and ORC, respectively
(t = 2.70, df = 15, p = 0.017; Figure 3b). No changes were observed between the restraint
systems in sperm motility with typical values expected from reproductive age males
collected by both methods; 74.7 +/− 8.3 vs. 88.6 +/− 1.9% for ORC and CBC, respectively
(Mann–Whitney U = 49.5, p = 0.154).

Figure 3. Sperm volume (a) and concentration (b) from monkeys restrained in either the ORC (n = 7) or the CBC (n = 10).

4. Discussion

Collaborative semen collection in monkeys is a valuable tool in research, animal
collection management, and conservation efforts. The “traditional” method of restraining
monkeys for this procedure has been with an open restraint chair (ORC). However, not
all animals tolerate restraint in this chair well; some monkeys become anxious and/or
aggressive to the procedure, and may need to be removed from the project. We modified
a closed box chair (CBC), often used for restraint in neuroscience research, for use with
semen collection, and evaluated its use with male rhesus macaques. Our data suggest
that, compared to the ORC, the CBC reduces stress on the animals while enhancing semen
quality, and as such, is an important refinement.

This study was retrospective, and thus we did not directly quantify behavior of the
animals or take cortisol samples before and after restraint. However, monkeys were more
compliant with training in the CBC than in the ORC, which suggests that they found it
less aversive. While all of the animals trained in the CBC successfully met training criteria
(i.e., enter, sit calmly, allow semen collection), a quarter of animals trained in the ORC
could not complete the training due to behavioral issues such as aggression or anxiety.
These monkeys were ultimately removed from the protocol, resulting in additional animals
needing to undergo the training. Further, it took significantly less time (in minutes) to
train monkeys in the CBC than in the ORC, due largely to the increased cooperation
of the monkeys. This increased cooperation lasted beyond the training itself. Monkeys
entered the CBC more readily and seemed calmer and more relaxed in it than in the ORC.
They also exhibited less aggression to staff and showed fewer behavioral indices of stress
(e.g., teeth-grinding) in the CBC than the ORC (personal observation).

Importantly, the quality of the semen characteristics from monkeys restrained in the
CBC was vastly improved over samples taken from monkeys restrained in the ORC, both in
terms of volume and concentration. Stress is known to negatively impact semen volume as
well as sperm concentration and morphology in otherwise clinically healthy men [35–37];
thus, the enhanced quality suggests that the CBC was less aversive to the monkeys. It
should be noted that concentration values are dependent on the recovery of sufficient
sample volume and could be underrepresented as a result of partial ejaculatory success. For
instances where there were very small sample volumes recorded (e.g., >10 µL), particularly
as within the ORC cohort, incomplete emission likely occurred so that the spermatocyte
complement of the total sample was artificially low and not necessarily an indicator
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of changes in gametogenesis. However, these low concentration values demonstrate the
importance of being able to reliably collect from donor males. This is particularly important
in fertility and toxicology studies where repeated collections and measurement of changes
to semen characteristics is a data collection endpoint and consistency in collection protocols
is key. Clearly, using a restraint system that minimizes stress is critical for maintaining
consistency and ensuring samples which are as accurate as possible. We were able to
reduce stress and thereby improve the semen quality and collection reliability with the CBC
apparatus which, in turn, improves the quality of research being conducted and increases
the likelihood of recovering valuable genetics. Interestingly, there was no difference in the
motility of the sperm between animals restrained in the two systems. The increased quality
of the semen samples suggests that monkeys may need to provide fewer samples and thus
undergo the collection procedure fewer times with the CBC than the ORC, which is a clear
refinement. Further, reducing the need for samples could result in a reduction in animals
used, another of the 3Rs [38].

In addition to reducing stress for the NHPs, the CBC has also been reported as less
stressful for the humans [16]. Staff at our facility who were involved in procedures using
both chair types reported a preference for the CBC over the ORC. Similarly, we have found
that the CBC is safer for both humans and NHPs. There were several events in which
technicians received injuries as a result of using the pole and collar. In contrast, we have
had no such events since switching to the closed box chair. This is due, in part, to the
enclosed structure of the chair; there is a barrier between the hands and mouths of the
NHPs and the technicians. Further, there are fewer chances for mechanical and/or human
error, such as a collar breaking or a pole slipping off of the collar while a monkey is out of
its cage. However, the increased safety is likely also due to the behavior of the monkeys
themselves. As mentioned above, the monkeys were calmer in the CBC than the ORC,
and working with a calm, cooperative monkey is safer than working with an anxious
monkey [39].

There are several reasons why restraint in the CBC may be less stressful than in the
ORC. First, as mentioned above, the CBC does not rely on the pole and collar. In an
international survey on the use of chair restraint, respondents reported that they felt the
pole and collar was among the most challenging steps in the chairing process [16]. This
result is not surprising for anyone who has performed this procedure. The poles attach
to a collar which sits on the animal’s neck, and thus come very close to the animal’s face.
There is little room for error on the part of the trainer. The loss of control a monkey may
experience while being guided out of its cage on the pole can also be stressful. While many
animals eventually acclimate to this process, some do not. Further, the ORC requires more
manipulation than the CBC; monkeys are removed from their cage and either walked to
or manually placed in the chair. In contrast, most CBCs are designed so that monkeys
can move directly from their cage to the chair, providing them with greater control over
their environment, which has been shown to reduce stress [40,41]. Additionally, our
version of the CBC has neither a neck yoke nor arm restraints, which affords the monkeys
significantly more freedom of movement; even with the waist plate and leg restraints in
place, the animals are contained, rather than restrained. The CBC also allows for a more
natural sitting posture for the collection procedure than the ORC, which likely increases
comfort for NHPs.

While it took less time in minutes for monkeys trained in the CBC to reach training
criteria than those trained in the ORC, there was no difference in the number of training
sessions. This finding is likely due to the designated time frame provided to the trainers.
Trainers had approximately 6 weeks to train monkeys prior to the start of the protocol. For
all training, regardless of the type of chair, we tried to use positive reinforcement training
(PRT) whenever possible. However, given the time constraint, if animals had not reached
a particular threshold by a certain time point (e.g., allowing the pole to be attached to
the collar after 10 sessions), we implemented a degree of negative reinforcement training
(NRT). For example, we used the squeeze back of the cage to encourage monkeys to move
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towards the cage door. This combination of primarily PRT with some NRT is relatively
common in restraint training [14,33,42].

The CBC is often used for neuroscience studies and in this study we utilized it for
semen collection. However, the CBC can be used for other purposes as well. We have
trained several male rhesus macaques to cooperate with unsedated blood collections from
either the saphenous or femoral veins in the CBC for pharmacokinetic studies. In addition,
we are currently training female rhesus macaques to enter the chair and remain stationary
for ultrasounds. In both of these examples, utilizing the CBC reduces the need for sedation.
As anesthetic agents such as Ketamine HCl have been correlated with increased cortisol
levels and decreases in appetite after recovery [43] in macaques, reducing their use is also
a refinement.

Overall, we have demonstrated the ability to improve animal welfare in male rhesus
macaques by changing the type of restraint system from the traditional open restraint
chair to the closed box chair. Furthermore, we have established improved semen collection
outcomes as a result of decreased stress in the animals which provides significant value to
genetic banking and assisted reproductive technology programs.

5. Conclusions

Our findings demonstrate that the closed box chair (CBC) is a refinement over the more
traditional open restraint chair (ORC) for semen collection in rhesus macaques. Monkeys
were more likely to be successfully trained to enter the chair, allow restraint, and provide a
semen sample in the CBC than the ORC. It took less time to train monkeys for the CBC
than for the ORC, due largely to the increased cooperation of the subjects. This increased
compliance persisted past the training period; monkeys restrained with the CBC entered
the chair more readily, remained calmer, and exhibited less aggression to staff, than those
restrained with the ORC. Importantly, monkeys restrained in the CBC produced a higher
ejaculatory volume and sperm concentration than those in the ORC, suggesting that the
CBC was less aversive. Taken together, these findings demonstrate that, compared to
the ORC, the CBC reduces stress for monkeys thereby improving the semen quality and
collection reliability which, in turn, enhances the quality of research being conducted.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/ani11082384/s1. Table S1: Demographic information, training outcome (whether or not
successfully trained), and whether or not their semen data were included, for study subjects. Social
housing status refers to the predominant manner in which the monkey was housed (single housed or
paired) during the training sessions; animals that changed status were identified as paired/single,
Table S2: Abbreviated shaping plan used to train animals to enter the open restraint chair and allow
semen collection, Table S3: Abbreviated shaping plan used to train animals to enter the closed box
chair and allow semen collection.

Author Contributions: Conceptualization, L.A.H., C.B.H., B.K., C.R., K.C.; methodology L.A.H.,
K.C., C.R., C.B.H.; validation, C.R., F.M.d.C., C.N.; formal analysis, K.C., C.B.H.; investigation,
L.A.H., B.K., C.R., F.M.d.C., C.N.; resources, K.C., C.B.H.; data curation, L.A.H., C.N., K.C., C.B.H.;
writing—original draft preparation, K.C., L.A.H., C.B.H.; writing—review and editing by all authors.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by NIH P51OD011092. The content is solely the responsibility of
the authors and does not necessarily represent the official views of the National Institutes of Health.

Institutional Review Board Statement: This study was conducted according to the US Animal
Welfare Act Regulations, and all subjects were cared for in compliance with protocols approved by
the Oregon National Primate Research Center Institutional Animal Care and Use Committee. The
ONPRC is fully accredited by AAALAC, International.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

https://www.mdpi.com/article/10.3390/ani11082384/s1
https://www.mdpi.com/article/10.3390/ani11082384/s1


Animals 2021, 11, 2384 10 of 11

Acknowledgments: We are very grateful to Kate Baker and her team at the Tulane National Primate
Research Center for their assistance with the design of our closed box chair. We also thank the dedi-
cated animal care technicians at the Oregon National Primate Research Center, especially Bryn Nelson
and the Project Support technicians who assisted with NHP training and semen sample collections.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Amin, S.N.; El-Aidi, A.A.; Ali, M.M.; Attia, Y.M.; Rashed, L.A. Modification of hippocampal markers of synaptic plasticity by

memantine in animal models of acute and repeated restraint stress: Implications for memory and behavior. Neuromol. Med. 2015,
17, 121–136. [CrossRef]

2. Gregus, A.; Wintink, A.J.; Davis, A.C.; Kalynchuk, L.E. Effect of repeated corticosterone injections and restraint stress on anxiety
and depression-like behavior in male rats. Behav. Brain Res. 2005, 156, 105–114. [CrossRef] [PubMed]

3. Jeong, J.Y.; Lee, D.H.; Kang, S.S. Effects of chronic restraint stress on body weight, food intake, and hypothalamic gene expressions
in mice. Endocrinol. Metab. 2013, 28, 288–296. [CrossRef]

4. Maccari, S.; Morley-Fletcher, S. Effects of prenatal restraint stress on the hypothalamus–pituitary–adrenal axis and related
behavioural and neurobiological alterations. Psychoneuroendocrinology 2007, 32, S10–S15. [CrossRef]

5. Maninger, N.; Capitanio, J.P.; Mason, W.A.; Ruys, J.D.; Mendoza, S.P. Acute and chronic stress increase DHEAS concentrations in
rhesus monkeys. Psychoneuroendocrinology 2010, 35, 1055–1062. [CrossRef]

6. Novak, M.A.; Hamel, A.F.; Kelly, B.J.; Dettmer, A.M.; Meyer, J.S. Stress, the HPA axis, and nonhuman primate well-being: A
review. Appl. Anim. Behav. Sci. 2013, 143, 135–149. [CrossRef]

7. US Department of Agriculture. Animal Welfare, Standards, Final Rule (Part 3, Subpart D: Specifications for the Humane Handling,
Care, Treatment, and Transportation of Nonhuman Primates). Federal Register 1991, 56, 6495–6505.

8. National Research Council. Guide for the Care and Use of Laboratory Animals; National Academies Press: Washington, DC,
USA, 2011.

9. Graham, M.L.; Rieke, E.F.; Mutch, L.A.; Zolondek, E.K.; Faig, A.W.; DuFour, T.A.; Munson, J.W.; Kittredge, J.A.; Schuurman, H.J.
Successful implementation of cooperative handling eliminates the need for restraint in a complex non-human primate disease
model. J. Med. Primatol. 2012, 41, 89–106. [CrossRef] [PubMed]

10. Coleman, K.; Pranger, L.; Maier, A.; Lambeth, S.P.; Perlman, J.E.; Thiele, E.; Schapiro, S.J. Training rhesus macaques for
venipuncture using positive reinforcement techniques: A comparison with chimpanzees. J. Am. Assoc. Lab. Anim. Sci. 2008, 47,
37–41. [PubMed]

11. Anderson, J.; Houghton, P. The pole and collar system: A technique for handling and training nonhuman primates. Lab Anim.
1983, 12, 47–49.

12. McIntosh, M.K.; Armitage-Brown, B.; Levy, R. Refinements of equipment and methodology to reduce risk during pole-guided
chair transfer of nonhuman primates. J. Am. Assoc. Lab. Anim. Sci. 2019, 58, 462–468. [CrossRef]

13. Jennings, M.; Prescott, M.J.; Members of the Joint Working Group on Refinement (Primates); Buchanan-Smith, H.M.; Gamble,
M.R.; Gore, M.; Hawkins, P.; Hubrecht, R.; Hudson, S.; Jennings, M.; et al. Refinements in husbandry, care and common
procedures for non-human primates: Ninth report of the BVAAWF/FRAME/RSPCA/UFAW Joint Working Group on Refinement.
Lab. Anim. 2009, 43, 1–47. [CrossRef] [PubMed]

14. Bliss-Moreau, E.; Theil, J.H.; Moadab, G. Efficient cooperative restraint training with rhesus macaques. J. Appl. Anim. Welf. Sci.
2013, 16, 98–117. [CrossRef]

15. Ponce, C.; Genecin, M.; Perez-Melara, G.; Livingstone, M. Automated chair-training of rhesus macaques. J. Neurosci. Methods
2016, 263, 75–80. [CrossRef] [PubMed]

16. McMillan, J.L.; Bloomsmith, M.A.; Prescott, M.J. An international survey of approaches to chair restraint of nonhuman primates.
Comp. Med. 2017, 67, 442–451.

17. Gould, K.G.; Mann, D.R. Comparison of electrostimulation methods for semen recovery in the rhesus monkey (Macaca mulatta). J.
Med. Primatol. 1988, 17, 95–103. [CrossRef]

18. Lambert, H.; Citino, S.; Collazo, I.; Jeyendran, R.S. Penetration of zona-free hamster oocytes by ejaculated cryopreserved gorilla
spermatozoa. Fertil. Steril. 1991, 56, 1201–1203. [CrossRef]

19. Matsubayashi, K. Comparison of the two methods of electroejaculation in the Japanese monkey (Macaca fuscata). Jikken Dobutsu
1982, 31, 1–6. [PubMed]

20. Moran, S.; Chi, T.; Prucha, M.S.; Ahn, K.S.; Connor-Stroud, F.; Jean, S.; Gould, K.; Chan, A.W.S. Germline transmission in
transgenic Huntington’s disease monkeys. Theriogenology 2015, 84, 277–285. [CrossRef] [PubMed]

21. Putkhao, K.; Chan, A.W.; Agca, Y.; Parnpai, R. Cryopreservation of transgenic Huntington’s disease rhesus macaque sperm-A
Case Report. Cloning Transgenes. 2013, 2, 1000116. [CrossRef]

22. Pope, C.E.; Dresser, B.L.; Chin, N.W.; Liu, J.H.; Loskutoff, N.M.; Behnke, E.J.; Brown, C.; McRae, M.A.; Sinoway, C.E.; Campbell,
M.K. Birth of a western lowland gorilla (Gorilla gorilla) following in vitro fertilization and embryo transfer. Am. J. Primatol. 1997,
41, 247–260. [CrossRef]

http://doi.org/10.1007/s12017-015-8343-0
http://doi.org/10.1016/j.bbr.2004.05.013
http://www.ncbi.nlm.nih.gov/pubmed/15474655
http://doi.org/10.3803/EnM.2013.28.4.288
http://doi.org/10.1016/j.psyneuen.2007.06.005
http://doi.org/10.1016/j.psyneuen.2010.01.006
http://doi.org/10.1016/j.applanim.2012.10.012
http://doi.org/10.1111/j.1600-0684.2011.00525.x
http://www.ncbi.nlm.nih.gov/pubmed/22150842
http://www.ncbi.nlm.nih.gov/pubmed/18210997
http://doi.org/10.30802/AALAS-JAALAS-19-000030
http://doi.org/10.1258/la.2008.007143
http://www.ncbi.nlm.nih.gov/pubmed/19286892
http://doi.org/10.1080/10888705.2013.768897
http://doi.org/10.1016/j.jneumeth.2016.01.024
http://www.ncbi.nlm.nih.gov/pubmed/26854396
http://doi.org/10.1111/j.1600-0684.1988.tb00366.x
http://doi.org/10.1016/S0015-0282(16)54745-1
http://www.ncbi.nlm.nih.gov/pubmed/7075683
http://doi.org/10.1016/j.theriogenology.2015.03.016
http://www.ncbi.nlm.nih.gov/pubmed/25917881
http://doi.org/10.4172/2168-9849.1000116
http://doi.org/10.1002/(SICI)1098-2345(1997)41:3&lt;247::AID-AJP6&gt;3.0.CO;2-X


Animals 2021, 11, 2384 11 of 11

23. Vandevoort, C.A.; Neville, L.E.; Tollner, T.L.; Field, L.P. Noninvasive semen collection from an adult orangutan. Zoo Biol. 1993, 12,
257–265. [CrossRef]

24. VandeVoort, C.A. High quality sperm for nonhuman primate ART: Production and assessment. Reprod. Biol. Endocrinol. 2004, 2,
33. [CrossRef] [PubMed]

25. Ruys, J.; Mendoza, S.; Capitanio, J.; Mason, W. Behavioral and physiological adaptation to repeated chair restraint in rhesus
macaques. Physiol. Behav. 2004, 82, 205–213. [CrossRef]

26. Cui, K.-h. The effect of stress on semen reduction in the marmoset monkey (Callithrix jacchus). Hum. Reprod. 1996, 11, 568–573.
[CrossRef]

27. Elzanaty, S.; Malm, J. Comparison of semen parameters in samples collected by masturbation at a clinic and at home. Fertil. Steril.
2008, 89, 1718–1722. [CrossRef]

28. Ilacqua, A.; Izzo, G.; Emerenziani, G.P.; Baldari, C.; Aversa, A. Lifestyle and fertility: The influence of stress and quality of life on
male fertility. Reprod. Biol. Endocrinol. 2018, 16, 115. [CrossRef]

29. Shiva, M.; Gautam, A.K.; Verma, Y.; Shivgotra, V.; Doshi, H.; Kumar, S. Association between sperm quality, oxidative stress, and
seminal antioxidant activity. Clinical Biochem. 2011, 44, 319–324. [CrossRef]

30. Coleman, K.; Tully, L.A.; McMillan, J.L. Temperament correlates with training success in adult rhesus macaques. Am. J. Primatol.
2005, 65, 63–71. [CrossRef] [PubMed]

31. Bliss-Moreau, E.; Moadab, G. Variation in behavioral reactivity is associated with cooperative restraint training efficiency. J. Am.
Assoc. Lab. Anim. Sci. 2016, 55, 41–49. [PubMed]

32. Sackett, G.; Ruppenthal, G.; Hewitson, L.; Simerly, C.; Schatten, G. Neonatal behavior and infant cognitive development in rhesus
macaques produced by assisted reproductive technologies. Dev. Psychobiol. 2006, 48, 243–265. [CrossRef]

33. McMillan, J.L.; Perlman, J.E.; Galvan, A.; Wichmann, T.; Bloomsmith, M.A. Refining the pole-and-collar method of restraint:
Emphasizing the use of positive training techniques with rhesus macaques (Macaca mulatta). J. Am. Assoc. Lab. Anim. Sci. 2014, 53,
61–68.

34. Ramsey, C.; Hanna, C. In vitro culture of rhesus macaque (Macaca mulatta) embryos. In Comparative Embryo Culture: Methods and
Protocols; Herrick, J.R., Ed.; Springer: New York, NY, USA, 2019; pp. 341–353.

35. Giblin, P.T.; Poland, M.L.; Moghissi, K.S.; Ager, J.W.; Olson, J.M. Effects of stress and characteristic adaptability on semen quality
in healthy men. Fertil. Steril. 1988, 49, 127–132. [CrossRef]

36. Gollenberg, A.L.; Liu, F.; Brazil, C.; Drobnis, E.Z.; Guzick, D.; Overstreet, J.W.; Redmon, J.B.; Sparks, A.; Wang, C.; Swan, S.H.
Semen quality in fertile men in relation to psychosocial stress. Fertil. Steril. 2010, 93, 1104–1111. [CrossRef] [PubMed]

37. Janevic, T.; Kahn, L.G.; Landsbergis, P.; Cirillo, P.M.; Cohn, B.A.; Liu, X.; Factor-Litvak, P. Effects of work and life stress on semen
quality. Fertil. Steril. 2014, 102, 530–538. [CrossRef]

38. Russel, W.; Burch, R. The Principles of Humane Experimental Technique; Methuen Publishing: London, UK, 1959.
39. Coleman, K.; Bloomsmith, M.A.; Crockett, C.M.; Weed, J.L.; Schapiro, S.J. Behavioral management, enrichment, and psychological

well-being of laboratory nonhuman primates. In Nonhuman Primates in Biomedical Research; Abee, C.R., Mansfield, K., Tardif, S.,
Morris, T., Eds.; Elsevier Inc.: London, UK, 2012; pp. 149–176.

40. Line, S.; Clarke, A.; Markowitz, H.; Ellman, G. Responses of female rhesus macaques to an environmental enrichment apparatus.
Lab. Anim. 1990, 24, 213–220. [CrossRef]

41. Mineka, S.; Gunnar, M.; Champoux, M. Control and early socioemotional development: Infant rhesus monkeys reared in
controllable versus uncontrollable environments. Child Dev. 1986, 1241–1256. [CrossRef]

42. Mason, S.; Premereur, E.; Pelekanos, V.; Emberton, A.; Honess, P.; Mitchell, A.S. Effective chair training methods for neuroscience
research involving rhesus macaques (Macaca mulatta). J. Neurosci. Methods 2019, 317, 82–93. [CrossRef] [PubMed]

43. Crockett, C.M.; Shimoji, M.; Bowden, D.M. Behavior, appetite, and urinary cortisol responses by adult female pigtailed macaques
to cage size, cage level, room change, and ketamine sedation. Am. J. Primatol. 2000, 52, 63–80. [CrossRef]

http://doi.org/10.1002/zoo.1430120303
http://doi.org/10.1186/1477-7827-2-33
http://www.ncbi.nlm.nih.gov/pubmed/15200678
http://doi.org/10.1016/j.physbeh.2004.02.031
http://doi.org/10.1093/HUMREP/11.3.568
http://doi.org/10.1016/j.fertnstert.2007.05.044
http://doi.org/10.1186/s12958-018-0436-9
http://doi.org/10.1016/j.clinbiochem.2010.11.009
http://doi.org/10.1002/ajp.20097
http://www.ncbi.nlm.nih.gov/pubmed/15645460
http://www.ncbi.nlm.nih.gov/pubmed/26817979
http://doi.org/10.1002/dev.20132
http://doi.org/10.1016/S0015-0282(16)59663-0
http://doi.org/10.1016/j.fertnstert.2008.12.018
http://www.ncbi.nlm.nih.gov/pubmed/19243749
http://doi.org/10.1016/j.fertnstert.2014.04.021
http://doi.org/10.1258/002367790780866245
http://doi.org/10.2307/1130447
http://doi.org/10.1016/j.jneumeth.2019.02.001
http://www.ncbi.nlm.nih.gov/pubmed/30738106
http://doi.org/10.1002/1098-2345(200010)52:2&lt;63::AID-AJP1&gt;3.0.CO;2-K

	Introduction 
	Materials and Methods 
	Subjects 
	Training 
	Semen Collection 
	Sperm Isolation and Analysis 
	Data Analysis 
	Training Data 
	Semen Quality Comparison 
	Statistical Analysis 


	Results 
	Training 
	Semen Quality Comparison 

	Discussion 
	Conclusions 
	References

