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Validation of a Behavioral Ethogram for
Assessing Postoperative Pain in Guinea Pigs
(Cavia porcellus)

Misha L Dunbar, Emily M David, Marian R Aline, and Jennifer L Lofgren*

Although guinea pigs (Cavia porcellus) have been used in research for more than a century and remain the most prevalent
USDA-covered species, little has been elucidated regarding the recognition of clinical pain or analgesic efficacy in this species.
We sought to assess pain in guinea pigs by using newer, clinically relevant methods that have been validated in other rodent
species: the behavioral ethogram and cageside proxy indicator. In this study, 10 male guinea pigs underwent electronic von
Frey testing of nociception, remote videorecording of behavior, and cageside assessment by using time-to-consumption (TTC)
of a preferred treat test. These assessments were performed across 2 conditions (anesthesia only and castration surgery under
anesthesia) at 3 time points (2, 8, and 24 h after the event). The anesthesia only condition served to control for the nonpainful
but potentially distressing components of the surgical experience. Compared with those after anesthesia only conditions,
subtle body movements were increased and nociceptive thresholds were decreased at 2 and 8 h after surgery. At 24 h, neither
subtle body movement behaviors nor nociceptive thresholds differed between the 2 conditions. In contrast, TTC scores did
not differ between the anesthesia only and surgery conditions at any time point, underscoring the challenge of identifying
pain in this species through cageside evaluation. By comparing ethogram scores with measures of nociception, we validated
select behaviors as pain-specific. Therefore, our novel ethogram allowed us to assess postoperative pain and may further

serve as a platform for future analgesia efficacy studies in guinea pigs.

Abbreviation: TTC, time to consumption

Guinea pigs are one of the most frequently used USDA-
covered species in research, with much of their popularity
owed to their docile temperament, commercial availability, and
easy maintenance.?’ According to the most recently published
USDA annual report, nearly 200,000 guinea pigs were used in
the research and education setting, and of these, approximately
one third (31%) were in D or E pain and distress categories.?
The Animal Welfare Act and The Guide for the Care and Use of
Laboratory Animals require that postoperative pain be mini-
mized unless scientifically justified.'® Therefore, the need for
validated methods to recognize pain and evaluate the efficacy
of analgesics is imperative. However, little is known or stand-
ardized about how to recognize pain in this species. Guinea
pigs, like most rodents, exhibit a ‘conservation withdrawal’
response and tend to hide overt signs of illness in the presence
of an observer. This prey-species behavior makes discernment
of painful behaviors more difficult due to guinea pigs’ natural
tonic immobility (freezing response).>!! Thus clinical signs
of pain may go unnoticed until changes secondary to loss of
normal behavior develop, such as dehydration, loss of body
weight or condition due to decreased consumptive behaviors,
or unkempt hair coat due to decreased grooming behaviors.
These metrics are nonspecific, may fail to indicate pain intensity,
and are retrospective in nature,”!! meaning that the animal may
have experienced unalleviated pain for 12 h or more before the
resulting clinical signs are apparent.
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Published methods of pain evaluation in guinea pigs are pre-
dominantly based on nociceptive assays that measure evoked
response to noxious stimuli. Commonly used tests such as the
Hargreaves apparatus (or plantar test) measure thermal hyper-
sensitivity states, whereas the modified Randall and Selitto and
von Frey assays measure mechanical hypersensitivity.!>? All of
these measures are reflexive in nature and are impractical for the
clinical evaluation of spontaneous pain.!8 Measures that may
serve as better correlates to clinical postoperative pain and that
have been validated in mice, rats, and rabbits include the use of
facial grimace scoring and behavioral ethograms.>10:12,13,18.20-23.25
Pain behaviors, as described in species-specific ethograms, and
grimace scores exhibit strong correlation to each other and have
the potential for use in guinea pigs.'%!3?% Furthermore, newer
applications to assess animal health status have been explored
in rodent species and include the use of “proxy indicators’ that
can serve as quick and simple tools to facilitate cageside assess-
ment. A proxy indicator is an indirect measure that represents
the animal’s normal spontaneous behavior when an observer
is not present, and the absence of these behaviors may indicate
an alteration in the animal’s wellbeing, such as the presence of
pain or illness. Nest building, for example, is a species-specific
behavior that mice are highly motivated to perform for several
fitness and survival functions.®!” Nest complexity, time to nest
incorporation, and burrowing behaviors in mice have all been
used successfully to assess postsurgical pain.”3!° Guinea pigs
are highly food-motivated, and they eat continuously due to
their high metabolism.? Therefore this intrinsically motivated
behavior might be developed as a proxy indicator of pain in
this species. Accordingly, the latency to consumption of a highly
palatable treat might vary depending on the magnitude of pain
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that a guinea pig experiences postoperatively and thus may
signal that additional examination is warranted.

Despite the extensive use of guinea pigs in biomedical re-
search and the availability of validated ethograms and proxy
indicators for other rodent species, the published literature
regarding pain evaluation in guinea pigs has, thus far, focused
onnociceptive assays. Therefore, we determined that a clinically
relevant measure of postoperative pain is urgently needed for
this species. We hypothesized that after a surgical procedure, be-
haviors specific to pain in guinea pigs identified through the use
of abehavioral ethogram would increase whereas the response
threshold for mechanical pressure using the electronic von Frey
assay would decrease. In addition, we anticipated that the desire
for food and its consumption would decrease after surgery,
leading to an increase in the time-to-consumption (TTC) latency.
By comparing the ‘gold standard’ nociceptive assay, electronic
von Frey measurement, with a novel behavioral ethogram and
simple cage-side proxy indicator, TTC, we sought to establish
not only a clinically relevant assessment tool for spontaneous
pain but also to create a platform for future analgesic efficacy
studies in guinea pigs.

Materials and Methods

Animals and housing conditions. Intact male pigmented
guinea pigs SPF for pneumonia virus of mice, reovirus, lym-
phocytic choriomeningitis virus, and guinea pig adenovirus
(n = 10; weight, 300 to 400 g; age, approximately 4 wk) were
acquired from an inhouse breeding colony and maintained
in an AAALAC-accredited animal facility (The University of
Michigan, Ann Arbor, MI). The study was approved by the
University Committee on Use and Care of Animals. Guinea
pigs were singly housed in autoclaved polycarbonate guinea
pig cages (Allentown Caging, Allentown, PA) in a temperature-
controlled room (21 £2 °C) on a 12:12-h light-dark cycle. Single
housing was necessary because the male guinea pigs were not
all from the same litter; each animal was provided enrichment
consisting of a hut and ball and had free access to food (5025
Guinea Pig Diet, LabDiet, St Louis, MO) and automated water
in their home cage. At the conclusion of the study, all of the
guinea pigs were adopted.

Acclimation. Animals were left undisturbed in their standard
individually ventilated home cages for at least 48 h before han-
dling. They then were handled by lab members (including those
conducting the behavioral testing) for 10 to 20 min daily for 7 d
to accustom the guinea pigs to human interaction, observation,
and gentle handling. Hay and parsley stalks were determined
to be the most widely and consistently consumed treats and
were designated as ‘preferred’ treats for the duration of the
experiment. For 2 wk, each guinea pig was acclimated daily to
its assigned behavioral assessment cage, to all behavioral test-
ing equipment, and to light touch on the abdomen to decrease
reactiveness to touch during von Frey testing. For consistency,
the same investigator performed all experimental manipulation
once the study commenced.

Behavioral assessment cages. Custom acrylic cages were
constructed on a modified housing rack. Clear acrylic facili-
tated high-definition videorecording by cameras affixed to one
side of the rack. All other walls of the observation cages were
opaque to prevent visualization of neighboring animals and
room surroundings. Wire-mesh flooring (225 in? floor space)
and a mirror placed at an angle on the shelf directly below the
cage facilitated visualization of the guinea pig’s abdomen and
access for von Frey measurements.

Study design. To control for order effect, a random-number
generator assigned the order of testing for each guinea pig
within each time point. Transportation and anesthesia can al-
ter normal behavior and activity but are required components
that are performed on the day of a surgery.!3!8 Therefore, an
anesthesia only condition was chosen to control for all of the
distressing but nonpainful components of surgery, including
transportation to surgical suite, anesthesia induction and re-
covery, eye lubrication, and surgical preparation. Each animal
served as its own control and underwent both the anesthesia
only and anesthesia plus surgery conditions at all time points.
Comparison of these 2 conditions allowed for the isolation of
pain-specific differences in behavior and nociception. Both
conditions consisted of sampling time points at 2, 8, and 24 h
after the manipulation, which were conducted at 1300, 1900,
and 1100 the following day, respectively. This pattern placed
one time point at 2 h into the dark cycle, when guinea pigs
are more active. During sampling, spontaneous behavior was
recorded, followed by von Frey and TTC testing. Guinea pigs
were promptly returned to their home cages after recovery
from experimental sessions and had free access to food and
water. To allow for the study of pain-associated behaviors and
to evaluate how long these behaviors persisted, analgesia was
not provided until after the 24-h time point, when all animals
received analgesics. A 14-d washout period occurred between
the anesthesia only and anesthesia plus surgery conditions to
permit full recovery after the anesthesia only condition.

Anesthesia. No more than 2 h prior to procedure time, guinea
pigs were placed in fresh cages and transported to a procedure
room. Anesthesia was induced by using 5% isoflurane in an
induction box; after induction, guinea pigs were moved to a
face mask where they were maintained on 2% to 3% isoflurane
and monitored (pulse oximetry, heart rate, respiratory rate, and
temperature). Animals were placed on an external heat source,
eyes were lubricated, and caudal abdomens were shaved and
aseptically prepared. Guinea pigs were then moved to a heated
surgical table, draped, and monitored for the duration of the
procedure (approximately 50 min of anesthesia total). Prior
to recovery, permanent marker was used to mark the 2 areas
designated for von Frey measurement: 1 cm above the scrotum
and 1 cm below the xiphoid. Guinea pigs recovered under
100% oxygen and remained on a heating pad until they were
normothermic and fully ambulatory.

Surgery. Anesthesia and aseptic surgical preparation was
as described in the previous section. Separate autoclaved in-
struments and sterile drapes were used for each animal. The
same veterinary surgeon performed all castrations, to ensure
a consistent surgical stimulus. Gentle caudoventral pressure
was applied to the abdomen to ensure the testicles were in the
scrotum, and a small (1 to 1.5 cm) incision was made over each
testicle, lateral to the penis. An open castration was performed
by double ligation of the spermatic cord with sterile absorbable
suture (Ethicon, Somerville, NJ), and the testicles were surgically
excised. After monitoring of bleeding, each inguinal ring was
closed with a single suture to reduce the risk of herniation. The
scrotal incision was closed in 2 layers by using absorbable suture
and skin glue (Vetbond, St Paul, MN). Areas designated for
von Frey measurements were marked with permanent marker
in the same manner as described previously. No intraopera-
tive or perioperative complications occurred, and all animals
recovered uneventfully.

Postoperative care. Carprofen (1Img/kg SC) was given to
all guinea pigs at 24 h after surgery. To decrease the risk of
postoperative infection, guinea pigs received sulfamethoxazole—
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trimethoprim (30 mg/kg PO twice daily) for 7 to 10 d, beginning
24 h after surgery. Animals were weighed on a pediatric scale
before the anesthesia only and anesthesia plus surgery condi-
tions and daily for 7 d after surgery.

Videorecording. At each time point, guinea pigs were placed
in the observation cages, and video cameras (HD Everio, JVC,
Long Beach, CA) were used to record their behavior for 15 min
in the absence of a human observer.

Electronic von Frey assay. Mechanical hyperalgesia was
measured by using an electronic von Frey probe (IITC Life
Science, Woodland Hills, CA) applied perpendicular to the
ventral abdomen through the wire mesh flooring of the behav-
ioral assessment cages. Incisional placement of the probe, that
is within a 1-cm area surrounding the scrotal incisions, was
chosen to reflect postoperative pain rather than placement on
a footpad, which might be more representative of a secondary
hyperalgesia. This approach has been used to evaluate anal-
gesic efficacy in other veterinary species.*!* To control for the
animal’s response to nonincisional stimulation, the probe was
applied to the cranioventral abdomen 1 cm below the xiphoid.
The probe was applied with gradually increasing pressure (thus
increasing the force in grams) until a response was elicited from
the animal (jump, vocalize, or attempt to move away), giving
a peak force measurement. For each animal, and in both loca-
tions, 3 peak force measurements were recorded, the mean of
which was taken as the nociceptive threshold (in grams). To
avoid sensitization, a 5-min rest period was provided between
applications of the probe.

TTC score. After mechanical hyperalgesia testing, guinea
pigs received preferred treats (hay and parsley). Because the
study objective was to develop a cageside indicator that would
be practical for clinical use in a postoperative setting, this task
was performed in the home cage rather than the behavioral as-
sessment cage. Guinea pigs were returned to their home cages,
and time was recorded (in seconds), starting with the placement
of the treat on the cage floor and ending at the initiation of
consumption of the treat by the animal, to give the TTC score.

Analysis of videorecordings. A trained, blinded observer
reviewed and scored 60 randomized videos according to the
prescribed ethogram. Each video was divided into 9 clips of
10 s each. The total of 90 s of observation per time point was
chosen because we sought to identify behaviors that were easily
recognizable within a brief observation period and therefore
practical for use by lab and vet staff. Clips were scored through
fixed-interval time-span sampling (also referred to as one-zero
sampling). In short, when a given behavior was present in a
video clip, a score of 1 was assigned; if that behavior was absent,
a score of 0 was assigned. The scores were summed for a total
frequency of observation of the particular behavior for a given
video. Analysis by this method was selected in light of published
studies evaluating behavior in rodents and behavioral study de-
sign texts. Previous studies established manual scoring of video
data as more sensitive and accurate than automated software for
the detection of pain behaviors in rodents.?’ Furthermore, the
one—zero time-sampling technique more accurately detects brief
or intermittently performed behaviors, such as spontaneous
abdominal contractions in the postsurgical condition, com-
pared with instantaneous sampling. Lastly, one-zero sampling
produces higher interobserver reliability than does continuous
scoring; this feature is important when evaluating an ethogram
for practical use in a clinically relevant setting.3162

Behavior selection. An initial ethogram was drafted
according to published ethograms in mice, rats, and rab-
bits.?11-13:20.2123 Analysis of a subset of recordings across each

Ethogram for assessing postoperative pain in guinea pigs

condition allowed for the identification of behaviors specifi-
cally performed by guinea pigs, including but not limited to
coprophagy, grooming, head and neck flexion or extension, ear
twitching, biting or licking of the wire floor, body turns, and
ambulation. Because sufficient frequency and ease of recogni-
tion were considered paramount for developing a clinically
relevant pain behavior assessment, we sought to identify those
changes in behavior that were most frequent after surgery.
Behaviors that were performed infrequently (fewer than 2
times across the scored video segments) were disregarded or
combined with related behaviors to represent the most com-
mon types of behaviors observed, which included subtle body
movement behaviors such as abdominal contraction (tensing
of the abdomen resulting in the ventrum being momentarily,
sometimes repeatedly, raised from the cage floor), back arch-
ing (rounding of the back resulting in a hunched appearance),
twitching (spasmodic movements of the fur, skin, and muscles
over the dorsum and flank), and weight shifting (transfer of
body weight by shifting of limbs in the absence of locomo-
tion; Figure 1).

Statistical analysis. All statistical analyses were conducted
by using the software Prism (Prism 6 for Mac OS X, La Jolla,
CA). Data were normally distributed, and two-way repeated-
measures ANOVA with Tukey multiple comparisons for posthoc
testing was used to compare anesthesia only and anesthesia
plus surgery conditions across multiple time points. Differences
were considered statistically significant when the P value was
less than 0.05.

Results

Mechanical threshold according to electronic von Frey meas-
urement. To control for an individual reactiveness to touch of
each guinea pig, the difference in nociceptive threshold was
calculated by subtracting the peak force applied at the scrotal
incision (presumed to be more painful) from the peak force
applied at the cranial abdomen (presumed to be nonpainful).
Mechanical hyperalgesia was significantly increased at the 2-h
(P <0.01) and 8-h (P < 0.05) time points after surgery compared
with anesthesia only but no difference between the 2 conditions
at 24 h (Figure 2).

Comparison of behaviors. Review of all the videos for
combined behaviors revealed no significant differences in
movement, chewing, and licking behaviors between conditions
or over time (Figure 3). However, subtle body-movement be-
haviors were increased after anesthesia plus surgery compared
with the anesthesia only condition, specifically at 2 h (P < 0.05)
and 8 h (P < 0.01), but not at 24 h (Figure 4).

Proxy indicator. TTC did not change after surgery at any time
point. On average, the guinea pigs readily consumed their pre-
ferred food treats in a matter of seconds after both anesthesia
only and anesthesia plus surgery conditions at all time points.
Mean TTC (mean + SEM) was nonsignificantly higher at 2-h time
points in both conditions, but no significant differences were
observed between conditions or across time points. (anesthesia:
2h,16.3+4.15;8h,9.9+2.55s;24h,10+2.7 s; surgery: 2 h, 13.7
+41s;8h,9.6+3.15;24h,74+255).

Discussion
Here we developed and evaluated a novel guinea pig—specific
behavioral ethogram and a cageside proxy indicator to assess
postoperative pain behaviors in a castration model. The classic
mechanical hyperalgesia assay, von Frey testing, and our novel
ethogram both identified evidence of pain at 2 and 8 h but not
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Category Inclusive Behaviors
Movement | Forward or backward motion, turning the body or head, head or neck extensions,
ambulation
Chew May or may not be observed with coprophagy behavior
Bite or Lick | Biting or licking of mesh floor in observational cage
Bars
Subtle Body | Abdominal contraction, back arching, twitching, and weight shifting
Movements

Figure 1. Using published ethograms for mice, rats, and rabbits as a
reference, we analyzed a subset of recordings across each condition
to create a guinea pig behavioral ethogram. Behaviors that were per-
formed infrequently (fewer than 2 times across the scored video seg-
ments) were disregarded (not shown), and a composite of the most
common behaviors are shown. Related behaviors that tended to be
performed in similar patterns were categorized together.
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Figure 2. Guinea pigs (1 = 10) underwent anesthesia only, followed by
a 14-d washout period, and then were anesthetized for surgical castra-
tion. Mechanical hypersensitivity (mean + SEM) was measured at 2,
8, and 24 h after either anesthesia only or surgery by using electronic
von Frey assessment. To correct for an individual animal’s natural re-
activeness to touch, threshold difference was determined by subtract-
ing the peak threshold at the scrotal incision from the peak threshold
at the cranial abdomen, to isolate the response as pain-specific. Com-
pared with that after anesthesia only, the nociceptive threshold differ-
ence after surgery was increased at 2 h (, P <0.01) and 8 h (*, P < 0.05)
but not at 24 h after surgery.

at 24 h after surgery, thus validating the subtle body-movement
behaviors as pain-specific. However, the use of a proxy indica-
tor failed to differentiate postoperative animals from subjects
that had undergone anesthesia only, highlighting the significant
challenge of identifying clinical pain during cageside examina-
tion in this species.

Using the electronic von Frey assay, we identified signifi-
cant increases in relative mechanical hyperalgesia at 2 and 8 h
postoperatively when compared with anesthesia only. Due to
strong individual personalities and responses to handling and
touch, each guinea pig was used as its own control, to mitigate
interanimal differences. To substantiate this measured hyperal-
gesia as pain-specific and associated with surgery, we evaluated
the difference between the nociceptive thresholds taken at the

-
-
T

= = =
L kol L=

Frequency of licking behaviors

.
Time (h) after manipulation
@ Ancsthesia W Surgery
B
.
]
]
i
.E M
g
£,
s
&
a
’ ~ : >
Time (h) after manipulation
® Anesthesia W Surgery
C
iy
£
=
2
-—
2
g
%
=
il
g
E
=
[ T v T
Y % ..I'h
Time (h) after manipulation
® Ancsthesia ™ Surgery

Figure 3. The frequency (mean = SEM) of a behavior is the sum of the
observations of that behavior across 9 clips (10 s each) taken at each
time point. Compared with those during anesthesia only, (A) licking,
(B) chewing, and (C) movement behaviors did not change significantly
after surgery for guinea pigs (n = 10). Most behaviors showed a trend
toward a decreased frequency at the 8-h time point, which coincided
with the dark phase of the photoperiod.

surgical site and a distant nonpainful site, the cranial abdomen.
This experiment was modeled after a study that used von Frey
filaments to evaluate incisional pain in dogs after ovariohys-
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Figure 4. The frequency (mean = SEM) of a behavior is the sum of
the observations of that behavior across 9 clips (10 s each) taken at
each time point. Comparison of the pain-specific behaviors observed
in guinea pigs (n = 10) revealed that pain behaviors are significantly
increased (¥, P <0.05; 1, P < 0.01) at 2 and 8 h after surgery when com-
pared with the frequency during anesthesia only.

terectomy.* In that study, in addition to probing the incisional
area, the ventrolateral portion of each dog’s thorax was tested
to control for the animal’s natural response to the filaments and
to evaluate for the possibility of allodynia.* By taking the differ-
ence of the 2 thresholds in our study, we were similarly able to
control for the guinea pig’s individual responsiveness to touch.

Although the von Frey test is the gold-standard nociceptive as-
say that positively identified the presence of postoperative pain in
our guinea pigs, it is impractical for use as a cageside assessment
tool. Therefore, we sought to develop a cageside proxy-indicator
test to rapidly identify guinea pigs that potentially are experi-
encing pain. In both guinea pigs and rabbits, overt responses to
pain and distress are often masked in the presence of a human
observer,!! making it very difficult to effectively evaluate pain
cageside. In fact, physical exam findings and in-person observa-
tions by trained laboratory animal veterinarians yielded minimal
subjective indications of pain after surgery in the present study.
We therefore developed the TTC score as a potential objective
cageside method for evaluating postoperative pain in guinea pigs.

The premise of the TTC in guinea pigs was similar to use of
burrowing or nesting behavior in mice: the adoption of a behav-
ior the animal is naturally motivated to perform in the absence
of a human observer but produces observable evidence that can
readily be scored in a binary fashion.”#!° In the current study,
TTC latency did not differ between test conditions: all guinea
pigs consumed the treat within seconds during both conditions
and across all time points. In terms of practical use, this particular
proxy indicator was not suitable for evaluating pain in this model.
Because guinea pigs are highly food-motivated,? castration did
not cause a severe enough pain stimulus to distract them from
their intrinsic drive to search for food. The willingness of guinea
pigs to readily consume their treats at time points when there
was evidence of significant pain, as measured by using the von
Frey assay and behavioral ethogram, further demonstrates the
inherent difficulty in accurately assessing pain in this species
through direct cageside observation. Before we completely rule
out the use of this type of proxy indicator in guinea pigs, we are
investigating strategies to improve the sensitivity of the TTC score.
Possible improvements might include increasing the difficulty of
retrieving the treat and evaluating the use of the TTC score in other

Ethogram for assessing postoperative pain in guinea pigs

guinea pig surgeries common in private practice and the research
setting (that is, laparotomy). Even with modifications to the test,
the potential remains that significant differences in TTC score may
not be detectable when used with procedures causing less pain
or once an animal is properly ‘analgesed.” This situation suggests
that a sensitive nonappetitive indicator might need to be explored.

Using remote videorecording and our novel ethogram, we
identified and validated several behaviors as pain-specific for
soft tissue surgery involving the lower abdomen in guinea pigs.
In our ethogram (Figure 1), we refer to pain-associated behaviors
as subtle body movements: a collection of small, transient body
motions performed in a stationary position. Independent analysis
of the behaviors in this category revealed significant increases
in the performance of these behaviors after surgery compared
with anesthesia alone. Because these behaviors trended together,
they were grouped as related behaviors into the category ‘subtle
body- movements’ to produce a more reliable composite measure
when using the ethogram. In addition, because weight shifting
increased significantly only during the postsurgical time points,
we feel that this behavior is indeed reflective of postsurgical pain
and not solely attributable to discomfort from the wire-mesh
flooring of the observation cages. Similar pain behaviors to
those we defined as back-arching, staggering, and writhing have
previously been noted to increase postsurgically for procedures
involving the abdomen in mice, rats, and rabbits.!-132022

In the current study, we observed a significant increase in
pain behaviors that mirrored the decrease in the nociceptive
threshold at the surgical incision at 2 and 8 h after surgery when
compared with anesthesia alone. These parallel observations
validate that the identified behaviors were a direct response to
surgery and subsequently were pain-specific. However, neither
the nociceptive test nor our ethogram identified pain at the 24-h
time point, indicating pain had abated by this time in our study.
Although additional time points between 8 and 24 h might have
revealed more precisely the return to a nonpainful state, and their
lack could be viewed as a limitation to this study, we chose our
experimental time points to reflect the actual times at which lab
personnel would most likely perform postoperative monitoring.
These times also corresponded to the typical dosing frequency
of several commonly used analgesics (for example, opioids, or
NSAIDs) in this species. In addition, our 8-h time point was 2 h
into the dark cycle, because observations made only during the
light phase can lead to poor pain assessment.?8 At this evening
time point, we found evidence that pain persisted into the night.
Prior studies in rodents demonstrated that pain experienced by
an animal might be intensified during the dark cycle because
these species are most active during this period.'”!8 Given our
ethogram and the nociceptive evidence of the persistence of pain
into the dark cycle and the significant challenge of accurately as-
sessing pain during a cageside exam, we recommend that guinea
pigs should receive analgesia for 24 h after castrations or surgeries
of similar invasiveness. The decision to prolong analgesic treat-
ment should also include consideration of the guinea pig strain,
surgical procedure, and technical expertise of the surgeon.

Guinea pigs, like many other prey species, often suppress
spontaneous pain behavior in the presence of a human observ-
er,'12 thus making it difficult to observe and effectively score
pain cageside. As we anticipated this would be a challenge to
accurately assess clinical pain in this species, we used remote
videorecordings. These recordings facilitated the detection of a
range of subtle behavioral changes. As videos were scored and
pain specific behavior was identified after the completion of the
animal work, we did not have the opportunity to apply the etho-
gram cageside so we cannot definitively state that these behaviors
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would or would not be performed in the presence of a human
observer. While remote video assessment may not be practical in
a clinical setting, it is important to have these kind of studies to
understand how long pain persists and provide evidence-based
recommendations regarding the duration of analgesia needed.

In summary, guinea pigs are vital animal models in research,
and in the United States alone, nearly 60,000 guinea pigs are
predicted to experience more than momentary pain or distress
in research or educational settings. However, evidenced-based
recommendations to guide management of their postprocedural
pain are severely underdeveloped and further hindered by this
species’ natural freeze response to stress. Here, we have vali-
dated pain-specific behaviors and highlighted the challenges of
identifying obvious signs of pain during cageside exam. These
findings not only serve to support a recommendation for provid-
ing analgesia to guinea pigs for at least 24 h after a moderately
invasive surgery, but they also may serve as a platform for future
analgesia efficacy studies in this species.
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