Advanced DVC® Platform
Expands Insight into Preclinical
Mouse Models

The use of the Tecniplast 24/7 “smart cage” monitoring system supplies
novel preclinical metrics to maximize findings and improves animal
health and well-being.

Summary

Non-intrusive, automated recording of mice home-cage behaviour expands the collection and
analysis of unbiased data, maximizing not only welfare but also the knowledge gained from the
use of preclinical animal models. The market-leading Digital Ventilated Cage (DVC®) platform from
Tecniplast is capable of continuously detecting spontaneous animal activity from the cage rack. It
has contributed to the development of new metrics for experimentally documenting ALS symp-
toms in asymptomatic mice, replaced stressful and time-consuming behavioural analyses in stroke
models, and detailed the progression of oncology therapeutics.
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Introduction

Mice models are almost ubiquitous in biomedical research.
They are used in more than 95% of preclinical animal studies’
and take into consideration the complexity of the complete
living organism. But these models also have intrinsic challenges
and moral imperatives to maximize data acquisition. As with
any experimental system, reproducibility is key.

Many factors, including the cage environment, can impact the
testing response and result in inconsistency in experimental
outcomes. These unplanned variables have focused attention
on the development of high-density, home-cage monitor-
ing systems for non-intrusive recording of laboratory animals’
home-cage behaviour.

Automated 24/7 monitoring data enable unbiased, extensive
and quantitative assessments of behaviour and activity over
time. When performed directly at the home-cage rack, addition-
al advantages result including a reduction in handling that posi-
tively impacts animal welfare, and a decreased need for dedicat-
ed space and scientific staff to perform testing.?

In this white paper, we discuss the Tecniplast DVC® (Digital Venti-
lated Cage) platform, highlighting recent publications detailing
novel metrics and findings.

Inside the DVC® Platform

The DVC® platform is comprised of sensors, hardware and
software. The DVC® board underneath each cage position me-
chanically connects to an IVC (individual ventilated cage) rack,
and is composed of a dozen electrodes in a grid configuration,
connected to an integrated circuit that continuously measures
their electrical capacitance. As capacitance is influenced by the
matter present in each electrode’s surrounding, measurements
are affected by the presence of animals and water (Figure 1 and
Figure 2).

Planar locomotor movements performed while close to an elec-
trode induce significant capacitance changes; tracking these
changes allows for activity monitoring. The collection of capac-
itance measurements from each electrode can be custom set.
Studies have shown that the monitoring technology does not
influence either animal welfare or behavioural repertoire.**

The DVC® boards are hardwired to a dedicated DVC® master
computer, which provides both power and data connection. The

DVC® master collects raw data coming from all cage positions,
with the option of transferring them directly to a cloud-based
application or a dedicated storage device for data processing.
Overall, the amount of data generated per cage requires limited
storage and computational capabilities.

Additional capabilities include infrared sensing to detect in-
cage availability of food and water, and an RFID system to detect
cage location eliminating misplaced or lost animals. The DVC®
boards are protected by a special resin allowing routine sanitiza-
tion and autoclaving.

Platform Comparison

Instead of a pipeline approach, the DVC® platform allows paral-
lel data collection affecting all animals similarly. 24/7 observa-
tion enables the collection of a new set of data related to spon-
taneous animal activity and behaviour, which would otherwise
not be observed.

Figure 1. The DVC® platform is comprised of sensors, hardware
and software to automatically monitor welfare and activity 24/7
enabling unbiased, extensive and quantitative behavioural assess-
ments. The DVC® board underneath each cage position mechani-
cally connects to an IVC (individual ventilated cage) rack
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Several technologies exist for home-cage monitoring, ranging
from video cameras, beam-breaking systems, and force trans-
ducers to other techniques based on passive infrared, piezo-
electric and microwaves.® Each technology has trade-offs, for
example, camera-based systems have the advantage of provid-
ing detailed images and the capability to observe animal loco-
motion and behaviours, but have limited scalability, and require
computational power and mechanical set up. Other systems
need ad-hoc mechanical set ups, which limits scalability and
may require dedicated personnel.

DVC®-based metrics are comparable to a video camera-based
tracking system with the added advantage of system scalability
and reduced computational requirements.’
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Figure 2. A. Standard IVC cage position equipped with DVC® sens-
ing technologies. The grey board, which is coated with a special
resin to allow autoclaving, is composed of a dozen electrodes in a
grid configuration; the orange lateral runners contain embedded IR
sensors for food and water bottle detection. B shows an example of
the raw signal measured from electrode 5 when a mouse stays for
T1 seconds in a cage area close to electrode 7, then moves towards
and across electrode 5 during T2 seconds and then on to electrode
3 staying there for T3 seconds.?

Improving Animal Welfare

Several years ago, a survey undertaken by Tecniplast clearly il-
lustrated the need for additional animal welfare monitoring,
especially data focused on the cage environment to track food
and water availability, automatic watering system failures, and
moisture in the bedding.

“Currently 90% of cages are changed on a fixed schedule inde-
pendent of the number of animals group housed,” explains Gior-
gio Rosati, Senior Product Manager DIGILAB at Tecniplast. “The
DVC® platform dramatically changes this paradigm. Cage chang-
es are suggested daily based on real moisture in the bedding
conditions.” Every facility is different, but Rosati says the number
of cage changes can be cut as much as 40-50% annually, thereby
lowering running costs and improving animal welfare.

Every 20 minutes around the clock, the DVC® platform monitors
food and water through special sensors with infrared emittance
embedded into the lateral cage rack runners. When parameter
thresholds are exceeded, an alarm informs animal managers to
investigate and the corresponding cages can be easily located in
the rack due to special on-request LED illumination.

Mice are nocturnal animals, yet rudimentary daily welfare checks
take place in the daytime making it not only difficult to assess
health but also cause errors due to the sheer volume of cages.
The DVC® platform augments the daily check and assists in iden-
tifying critical issues; data are automatically collected during the
night when the animals are more active as well as in daylight
hours. Daily, a list of cages that exhibited unusual nocturnal be-
havioural activity can be provided.

“The DVC® platform is extremely powerful from a real-time data
perspective because of its capability to continually collect unbi-
ased and reproducible data,” Rosati continues.“Each time we run
an experiment we make new discoveries and then our dedicat-
ed team of data scientists, neuroscientists, and software devel-
opers works with our partners to validate, refine and implement
novel meaningful measurements with new algorithms.”

Studies have shown that the DVC® platform effectively identi-
fies cages with patterns of high activity levels, signaling possible
aggression incidences and providing an opportunity for early
intervention.® The platform has also been used to continuously
record activity and welfare while training mice using either food
or water restriction on an appetitive operant visual discrimina-
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tion task, clearly confirming the shift of the circadian rhythm
triggered by the daily delivery of food and water.’

Reproducibility across Different Sites

OB LR -

Researchers compared the activity of groups of C57BL/6J mice
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variation across this period (Figure 3).

The researchers noted that the effects of standard animal han-

dling procedures on mouse activity were stressful and impacted !
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Key observations were replicated across the three test sites al-

though minor local environmental differences generated sig- Figure 3. Average response per cage across weeks to lights-off

in cages (n = 5) of female mice housed at the three sites. Traces
start at light-off and end at lights on. The dark night cycle is 720
differences in activity in the response to cage change lasting minutes. The average activity across multiple weeks is normalized
for days in male but not female mice. Females, but not males, to peak activity (= 1.0). There are clear differences between sites;
however, the late-night pattern of activity, >400 minutes, shows
less difference.?

nificant behavioural variances. Comparison of gender revealed

showed a larger tendency for week-to-week variance in activity
possibly reflecting estrous cycling.
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Figure 4. The DVC®-based RDI was compared with average activity during 24 hours, body weight and grid hanging tests for transgenic (TG) mice.
Fig 5A compares night activity with RDI for both males and females. RDI starts increasing earlier than the start of the night activity decline. 5B
shows that an increase of the RDI does not correspond to a change in the day activity. The time course of RDI and grid hanging test latency is
shown in Fig 5C, where the decline in grid hanging performance appears later than when RDI starts increasing. Fig 5D shows that body weight
gain peaks later than the raise of RDL.'°
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Novel Activity Metrics for ALS Monitoring

Scientists have also used the DVC® platform to capture activi-
ty patterns associating sleep and rest disturbances in a mouse
model of amyotrophic lateral sclerosis (ALS)."

In male and female Sod1%%* mice from 7-24 weeks of age,
non-intrusive 24/7 long-term animal activity monitoring was as-
sessed along with body weight decline and neuromuscular de-
terioration, measured by grid hanging and grip strength tests.
As the neurodegenerative disease progresses, daytime activity
patterns became irregular, with frequent activity bouts that
were neither observed in control or younger mice.

A newly-developed digital biomarker, the Rest Disturbance In-
dex (RDI), was used to quantitatively capture the activity pattern
irregularities (Figure 4). RDI showed a high negative correlation
with grid-hanging performance and body weight gain, especial-
ly in males. The findings suggest that RDI is a robust measure
of ALS-related sleep fragmentation at the symptomatic stage
and represents an additional marker to detect pre-symptomatic
signs of disease.

In short, monitoring DVC® activity confirms the observations
and expected sex differences observed in previous studies.
Home-cage observation provides clear advantages to data col-
lection, as it allows hands-off animal monitoring during resting
and active periods and, crucially, gathers metrics based on ob-
jective and replicable algorithms.

Stroke Research

In another study looking at hydroxytyrosol as an acute therapeu-
tic strategy after ischemic stroke, C57BL/6JRj mice were housed
in DVC® cages to study individual locomotion before and after
surgery.'' Stroke operations were performed blind, therefore an-
imals were housed singly to control discomfort that could arise
in group-housed situations with dominant cage mates.

DVC® metrics were used to study individual mouse locomotion
by calculation of activity, walked distance, walked velocity, to-
tal turns, and laterality index. This novel approach revealed de-
creased night-time activity in stroke mice one week after sur-
gery. Notably, during the night time of the second post-surgery
week, only stroke mice showed a left-turning preference. This

latter result is in line with standard behavioural tests used in
preclinical stroke studies.

“We now add in the DVC® data to supplement behavioural tests
and a neuroimaging battery,” said Maximilian Wiesmann, post-
doctoral fellow in the Kiliaan laboratory at the Radboud Uni-
versity Medical Center. “Stroke symptoms are both motor and
cognitive. Initially, we used the DVC® to monitor recovery after
surgery, activity and occupancy - the location of the mouse in
the cage - as health indicators but we wanted to include more
parameters since the DVC® measurements are automatic.”

The Radboud team performs behavioural tests during the day,
while the mice are resting, and these novel environments induce
stress. “Now we can observe their activity during their active
night periods when they are not disturbed. This additional infor-
mation informs stroke research because mice, similar to many
animals, hide their symptoms, and an advanced behavioural
testing battery is needed to detect changes in motor activity.
For example, preferentialleaning is not always visible in the pole
test but it is visible in the night DVC® data, which fits with the
literature,” says Wiesmann.

As not all behavioural tests are repeatable, the DVC® data add
extra value. Currently, the researchers are working on valida-
tion of the DVC® system to replace select tests, such as the open
field test or pole test, which is comparable to monitoring later-
al movement with DVC® data. The open field test is a repetitive
10-minute test, whereas the DVC® platform unobtrusively col-
lects data 24/7.

Oncology Applications

For the past two years, Pierre Lainee, head of the In Vivo Re-
search Center at Sanofi, has assessed the relevance of the DVC®
platform for animal welfare and oncology applications.

“We were interested in locomotion and activity and to use
the DVC® platform to monitor welfare and the clinical status
of group-housed cages without animal handling,” Lainee said.
“Scientists performed clinical studies during the day, such as
weighing, and the DVC® platform recorded nocturnal locomo-
tion. Overall the DVC® platform could indicate a difference in the
cage”

www.tecniplast.it/en/product/dvc-analytics.html
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Figure 5. Two reference compounds, cyclophosphamide and cispla-
tin, were administered to SCID mice housed by 3, 4, or 5 animals. As
expected, cyclophosphamide induced pronounced effects compared
to cisplatin. Compared to controls (Veh), decreased activity was seen
from the first night. All groups regardless of the number housed
looked similar, and body weights correlated with activity changes.
Image courtesy of Pierre Laineg, head of the In Vivo Research Center
at Sanofi.

Welfare monitoring demonstrated that the frequency of cage
changes could be dropped from weekly to once every 10-21
days, reducing bedding change time 30-50%, and providing
better comfort. LED illumination of noted cages made the DVC®
platform easy to adopt.

In a preclinical evaluation to determine if automated data col-

lection could predict therapeutic outcomes in SCID mice, two
reference compounds, cyclophosphamide and cisplatin, were
administered to mice housed by 3, 4, or 5 animals. As expect-
ed, cyclophosphamide induced pronounced effects compared
to cisplatin. Compared to controls, decreased activity was seen
nearly from the first night. All groups regardless of the number
housed looked similar, and body weights correlated with activi-
ty changes (Figure 5).

“In the past we would do nothing during the night. Using noc-
turnal hypoactivity monitoring we could predict the toxicity of
the compound administered from the first day,’adds Lainee.

Next, sensitivity was evaluated to determine if a single affect-
ed mouse could be detected in a group comprised of treated
and non-treated animals. When significant effects are observed
as after cyclophosphamide administration, a single affected an-
imal could be detected in a group of three animals but not in
groups of four or five. However, according to Lainee, this weak
sensitivity is compensated by the availability of continuous data.

“I am confident sensitivity to detect one animal out of four can
be attained by algorithm improvement, and that there is a place
for DVC® in research facilities,” Lainee says. Even at this early
stage in the Tecniplast platform’s life cycle, “our scientists trust
the data, and our usage will expand and improve.”

Summary

The dynamic DVC® platform has demonstrated its value in wel-
fare monitoring as well as in the automatic detection of import-
ant experimental data in mice during their high-activity period,
the night, in addition to their resting period during the daytime.
As the number and depth of algorithms increases the platform
will solidify its role in preclinical small animal studies.

www.tecniplast.it/en/product/dvc-analytics.html
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