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Abstract: Clarification of the criteria for managing animal health is essential to increase the reliability of experiments 
and ensure transparency in animal welfare. For experiments performed in space, there is no consensus on how 
to care for animals owing to technical issues, launch mass limitation, and human resources. Some biological 
processes in mammals, such as musculoskeletal or immune processes, are altered in the space environment, and 
mice in space can be used to simulate morbid states, such as senescence acceleration. Thus, there is a need to 
establish a novel evaluation method and evaluation criteria to monitor animal health. Here, we report a novel 
method to evaluate the health of mice in space through a video downlink in a series of space experiments using 
the Multiple Artificial-gravity Research System (MARS). This method was found to be more useful in evaluating 
animal health in space than observations and body weight changes of the same live mice following their return to 
Earth. We also developed criteria to evaluate health status via a video downlink. These criteria, with “Fur condition” 
and “Respiratory” as key items, provided information on the daily changes in the health status of mice and helped 
to identify malfunctions at an early stage. Our method and criteria led to the success of our missions, and they will 
help establish appropriate rules for space experiments in the future.
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Introduction

Exposure to microgravity during space travel induces 
syndromes in astronauts that closely resemble those com-
monly observed in elderly and bedridden individuals 
[1–3] . muscle weakness and atrophy typically occur in 
astronauts who stay on orbit for a long term. this condi-
tion, which is also common in elderly or bedridden in-
dividuals, termed as sarcopenia, occurs due to muscle 
misuse. to understand the mechanisms underlying these 
phenomena, animal experiments are needed in space. 
Several experiments on micro Gravity (µG) have been 
conducted using mice on orbit using the Space Shuttles, 
unmanned satellites “bIon” and the International Space 
Station (ISS) [4–8], but such experiments have numerous 
constraints. For example, it is difficult to obtain data on 
body weight or food consumption due to the effects of 
microgravity. Moreover, it is difficult to develop test 
batteries by specialists due to a lack of human resources. 
Animal monitoring during space experiments in a man-
ner similar to that performed on the ground has the fol-
lowing concerns: limited data traffic and communication 
time via satellite.

to ensure experimental reproducibility and animal 
welfare, experiments involving laboratory animals 
should be appropriately designed and transparently re-
ported. It is particularly important to outline the criteria 
for monitoring animals. Comprehensive monitoring 
criteria for daily observations enable early detection of 
abnormalities, provide insights into phenotypes, and 
reduce the level of suffering. Accordingly, researchers 
can minimize data loss, improve the quality of their re-
search, and consequently ensure experimental reproduc-
ibility.

with the establishment of guidelines [9–11], including 
detailed regulations of animal care management, ap-
propriate management for ground-based animal experi-
ments has been defined. On the ground, these guidelines 
help ensure that experiments are implemented under 
special environments or using genetically modified mice. 
Contrarily, there are no comprehensive criteria for the 
general assessment of rodents in space. to establish such 
criteria, it is not sufficient to simply apply guidelines 
used on the ground; there is a need to examine baseline 
variables while considering that microgravity is a spe-
cific environment associated with several constraints.

For animal experiments in space, the CoSPAR Policy 
and Guideline for the utilization and Care of Animals 
used in Space Research was released in 2007, based on 
the principle of the 3Rs—Replacement, Reduction, and 
Refinement [12]. however, the policy does not include 
general criteria for animal care. thus, it is necessary to 

establish new criteria for monitoring mice.
the Italian Space Agency (ASI) has developed animal 

habitation cage for use in experiments in the ISS [5, 7], 
and the cage comprises video camera systems for check-
ing animal health. the Italian mice drawer System 
(mdS) housed six male mice individually for 90 days 
on the ISS (StS-128/129), 2009. during their stay on 
the ISS for 3 months, three mice died. Post-landing 
checking of the mice cage indicated that one of the mice 
died due to a failure of the food cassette system. with 
sustained and continuous video observation, such mal-
functions may have been avoided. the Russian bion-m1 
biosatellite launched by the Institute for biomedical 
Problems (IbmP, Russia) in 2013 accommodated male 
mice for a 30-day experiment [4]. Video visibility was 
compromised over time, as floating liquids and debris 
tended to obscure the camera lens and the general atmo-
sphere of the animals. On the first day of the final week, 
none (0%) of the mice were clearly visible in the video 
records. In this milieu, new video systems for the obser-
vation of animals on-board are anticipated for future 
space missions.

we, the Japan Aerospace Exploration Agency (JAXA), 
started a new project to assess the actual effects of mi-
crogravity or partial gravity on mice with the newly 
developed rodent experimental platform “mARS”—
Multiple Artificial-gravity Research System [13]. Five 
space experiments (mhu1, mhu2, mhu3, mhu4, and 
mhu5) using the mARS were chosen by public invita-
tion and conducted [13–15] . however, the opportunities 
for these missions are limited, and it is important to man-
age animal health for the reliability of experiments.

In terms of animal care, we adopted a system consist-
ing of individual housing cages, each mounted with a 
video camera with an LEd/IR source, and wipers inside 
the cage to clean the observation window. Single housing 
enables the identification of individual mouse with ease 
and observation of the whole body. thus, we were able 
to confirm the status of each mouse without any loss of 
data due to unexpected interference by other mice and 
positional relationships. this method of individual, on-
board observations enables video data for each mouse 
to be downlinked over successive days.

herein, we present an overview of a novel method to 
evaluate the health condition of mice in space and pro-
vide a novel criterion for visual monitoring of animals 
in space. we also present the results of an observation 
experiment on orbit performed using this method. this 
method and criterion not only enhance the reliability of 
experiments but also provide the novel tool to carry out 
future unmanned operations in space.
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Materials and Methods

Spaceflight mission
All data presented herein were obtained during two 

space experiments, namely, mhu-1 and mhu-3. these 
experiments were conducted on the ISS during the dock-
ing periods of space vehicles: SpaceX-9 (SPX9) and 
SpaceX-14 (SPX14) launched in 2016 and 2018, respec-
tively.

In both experiments, mice were acclimatized to the 
food and nozzle in the same manner as in the habitat 
cage units (hCu) in the Space Station Processing Facil-
ity (SSPF) Science Annex at Kennedy Space Center 
(KSC), 3 weeks before launch. After acclimation, the 
mice were placed in the transportation cage unit (tCu) 
and launched by SpaceX. During the flight phase, the 
mice were housed in the hCus. Food cartridge exchange, 
water supply, waste collection, and odor filter exchange, 
were performed approximately once per week. After days 
36 and 28 of mhu-1 and mhu-3, live mice were re-
trieved on the ground. All mice were transported to 
Explora biolabs and dissected. to compare data before 
launch and after retrieval, the body weight and health 
conditions of each mouse were determined at KSC and 
Explora biolab, as detailed in table 1. Detailed flight 
experimental timelines, and the configuration of the 
tCus and hCus has been described previously [13].

Animals
male C57bL/6J mice (Stock #000664) were purchased 

from Jackson Laboratories (uSA) and Charles River 
Laboratories (Japan) for mhu1 and mhu3, respec-
tively. both animal experiments were approved by the 
Institutional Animal Care and use Committee of JAXA 
(protocol numbers 016-014 and 017-001), nASA (pro-
tocol numbers nAS-15-004-Y1 and FLt-17-112), and 

Explora biolabs (Eb15-010), and conducted according 
to the related guidelines and applicable laws in Japan 
and the uSA .

herein, we present the data of the two experiments, 
which were conducted during the docking periods of 
SPX9 and SPX14. mice launched by SPX9 were num-
bered 1-1, 1-2, 1-3, 1-4, 1-5, and 1-6, and those by 
SPX14 were numbered 2-1, 2-2, 2-3, 2-4, 2-5, and 2-6. 
these mice were housed under microgravity conditions, 
and fed and supplied the same food and water: CRF-1 
(oriental Yeast Co., Ltd., tokyo, Japan) and autoclaved 
tap water containing iodine (0.2 mg/L). moreover, the 
interior components of the cage systems were the same, 
whereas the inner wall and nozzle design of the hCus 
were improved [13].

On-orbit observation
Video configuration: All video data were obtained us-

ing a camera attached to the hCu. Videos were captured 
at 30 frames per second (fps) and transmitted to the 
ground at a transfer rate of 6 mbps after analog-to-dig-
ital conversion. Each camera included a wiper with a 
washer reservoir. Figure 1 provides details of this video 
data downlink system. Camera windows were washed 
at the discretion of the ground staff when the visibility 
of the subject image was poor. detailed information 
regarding the cameras and a representative image of 
onboard habitation in an hCu have been published pre-
viously [13]. the cage image video was downlinked 
through the satellite communication line, such as K un-
der Band. The video data were uploaded by ground staff 
to an online secured server and reviewed by JAXA at-
tending veterinarians.

Time constraints for observations
the communication time for on orbit observations is 

Table 1. observational check items for each phase

Pre-flight
Flight Post-flight  

(After retrieval)Acclimation before launch

<base item>
Fur condition ○ ○ ○ ○
Respiratory × × ○ ×

<additional item>
Ears ○ ○ ○ ○
mouth ○ ○ ○ ○
Eye ○ ○ ○ ○
nose ○ ○ ○ ○
Proctology ○ ○ × ○
tail ○ ○ ○ ○
Limbs ○ ○ ○ ○
whisker ○ ○ × ○
teeth × ○ × ○
Abdominal tone × ○ × ○
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limited for the following reasons. First, we could not 
downlink all video data from hCus simultaneously, 
because the camera was connected to video interface 
boards (IFs) (Fig. 1). data from a maximum of four 
cages could be downlinked at the same time for observa-
tion. Second, the use of the communication line between 
ISS and JAXA was constrained. when using satellite 
communication, we had to consider the acquisition of 
signal (AoS) periods and the loss of signal (LoS). we 
could only downlink video data during the AoS period. 
Furthermore, when maintaining the hCus during the 
daytime, the video line had to be disconnected. there-
fore, depending on the day, the maximum available time 
for observation was 2 h per mouse per day.

Observation checklist items on orbit
In addition to time constraints, hCus only have one 

camera due to the limited power and size capacity. Fur-
thermore, cameras for each hCu were arranged in one 
direction, and the angle of the camera could not be 
changed. therefore, ‘Fur condition’ and ‘Respiratory’ 
were set as base checklist items because these could be 
confirmed in a short time, regardless of the animals’ sleep 
state or location. Furthermore, both ‘Fur condition’ and 
‘Respiratory’ are commonly observed to identify clinical 
problems and to determine the state of vital signs and 
physiological responses. For checklist items, additional 

six items were included: tail, limbs, ears, mouth, eyes, 
and nose. these additional checklist items were similar 
to those recorded during the pre-flight phase, except for 
proctology appearance. Proctology appearance and whis-
ker was not checked on orbit as this was difficult to 
perform using videos. Proctology appearance was ob-
served before launch and after retrieval; no changes were 
recorded.

under normal ‘Fur condition’ and ‘Respiratory’ con-
ditions, as shown in Supplementary Videos 1 and 2, the 
score was “0.” Gasping respiration, or slow/fast breath-
ing, was assigned a score of “1.” when an abnormal “Fur 
condition” was observed, such as the presence of wounds, 
dermatitis, dull fur, or alopecia, the score was “1.” wet-
ted Fur was scored “1” when the wetted area covered 
more than half of the face or one-third of the back. Ad-
ditional points were added to the base points when the 
tail, limbs, ears, mouth, eyes, and nose showed signs of 
abnormality, such as bleeding, wounds, and dirt. Repre-
sentative normal status is shown in Supplementary 
Video 2. detailed criteria are presented in Supplemen-
tary table 1.

Data quality of downlinked video images from the 
ISS

As detailed above, “Fur condition” was set as a base 
checklist item. therefore, before the space experiment, 

Fig. 1. overview of the observation system via downlink. habitat cage unit (hCu) with a camera 
(arrowhead) and a wiper (red box) per cage. movies of the wiper operation are shown in 
Supplementary Video 3. hCu cameras were connected to IFs. the IFs contained a switch 
limiting the view to one of three videos. Video switches could be controlled from the ground. 
while the video data downloaded via satellite, communications were projected on a moni-
tor. Animal care staff then observed animal health, created a report for veterinarians, and 
uploaded the video to an online secured server, for the attending veterinarian.
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a ground-based biocompatibility test replicated on the 
orbit network connection was conducted to determine the 
quality of the video. From this, the amount of downlinked 
data was set as 6 mbps. All video data used for observa-
tions were downlinked as planned during the flight phase. 
Although visibility from the camera windows was some-
times impaired by the presence of feces and urine, the 
wiper worked effectively to eliminate dirt. Moreover, the 
image quality was sufficient to observe animal status, 
including “Fur condition,” on orbit during habitation.

Results

Observation of on-board animal health condition 
through downlinked videos

During the flight phase, the health condition of each 
mouse was checked daily by veterinarians and animal 
care staff on the ground through downlinked videos. The 
health condition of each mouse was determined by ob-
serving the appearance, “Fur condition,” and “Respira-
tory.” the observations are summarized in table 2.

Five mice were scored higher than or equal to “1”: 
mice 1-4, 1-5, 1-6, 2-4, and 2-5. In mice 1-4, 1-5, and 

1-6, which were launched by SPX9, two types of abnor-
malities were observed. First, the fur on the head and 
back appeared wetted over several days. Subsequently, 
other conditions, such as necrosis, were observed at the 
tip of the tails. these necroses were desquamated with-
in a few days after cage replacement, and scab formation 
was observed. the scabs remained until the end of the 
flight experiment. A representative image is shown in 
Fig. 2 (mouse 1-5). these symptoms were caused by the 
malfunction of hCus, because they were observed 
within a few days of water leakage.

Second, mouse 1-4 showed alopecia-like abnormali-
ties, which were concluded to be partially wetted fur. As 
described below, “Fur condition” appeared differently 
depending on the lighting, making it difficult to distin-
guish alopecia.

one abnormality was observed in mice 2-4 and 2-5, 
which were launched by SPX14; this occurred because 
they were stacked in the door on day 1. this stacking 
caused tail reddening in mouse 2-4 and tail kinking in 
mouse 2-5. tail reddening in mouse 2-4 resolved by day 
2. Conversely, the tail of mouse 2-5 withered due to 
necrosis, and it was desquamated on day 24.

Table 2. Observational findings in each experiment

SPX9 SPX14

1-1 1-2 1-3 1-4 1-5 1-6 2-1 2-2 2-3 2-4 2-5 2-6

<base item>
Fur 0 0 0 4a 9a 5a 0 0 0 0 0 0
Respiratory 0 0 0 0 0 0 0 0 0 0 0 0

<additional item>
Ears 0 0 0 0 0 0 0 0 0 0 0 0
mouth 0 0 0 0 0 0 0 0 0 0 0 0
Eye 0 0 0 0 0 0 0 0 0 0 0 0
tail 0 0 0 2 b 1b 1 b 0 0 0 1 b 1 b 0
Limbs 0 0 0 0 0 0 0 0 0 0 0 0
Sum 0 0 0 6 10 6 0 0 0 1 1 0

awetted. bReddening, Kinking. under normal health status, the score is “0.” when abnormal status was observed, the score 
is “1” or more. the criteria are stated in the material and methods.

Fig. 2. Representative image of abnormalities exhibited by mouse 1-5. A, mouse head and back were wet. water 
leaking from water nozzles. the boxed half of the observation window was covered with water. b, Scabs 
were observed on the tail tips (arrowhead). Scabs on the tail are also shown in Supplementary Video 4.
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Comparison between on-board and post-flight 
observations

Observations were conducted during the post-flight 
phase for comparison. As shown in table 3, five mice 
presented abnormalities on the ground: mice 1-4, 1-5, 
1-6, 2-5, and 2-6. Conversely, on-orbit, five mice were 
scored higher than or equal to “1”: mice 1-4, 1-5, 1-6, 
2-4, and 2-5.

Regarding tail condition, except for those of mouse 
2-4, observations made on the ground were consistent 
with those made on orbit via the video data downlink 
system. Scabs on the tails of mice 1-4, 1-5, 1-6, and 2-5 
were verified through observations on the ground. Tail 
reddening in mouse 2-4 could not be observed after land-
ing; this was observed only on day 1 of the experiment 
and had resolved on orbit by day 2. Furthermore, we 
were unable to verify this during the post-flight phase.

on the ground, mice 1-5, 1-6, and 2-6 were found to 
have dull fur, and mouse 1-6 had alopecia; however, this 
was not detected in the flight phase. The dull fur of mice 
1-5 and 1-6 were considered to have occurred during the 
returning phase because an additional malfunction, wa-
ter leaking from cages 1-5 and 1-6 of the tCus, oc-
curred. the fur of mouse 2-6 was wetted during the last 
week of flight experiments; however, it was not scored 
because the area was less than half of the animal’s head. 
Similarly, mouse 1-4 was observed to have an alopecia-
like condition on its head via the downlink. this was not 
verified during the post-flight observation. This alopecia-
like condition remained until close to the end of the flight 
experiment.

Malfunction and improvement of hardware
the changes in the health condition of mice were ob-

served within a few days of the malfunctions. Figure 3 
shows that the malfunction was associated with their 
health condition. During flight periods, three kinds of 
malfunction were observed: food cartridge stacking, 
water leakage, and water depletion. Food cartridges were 
stacked on days 17 (1-3 cage), 19 (1-5 cage), and 20 (1-6 
cage) during the docking period of SPX9. the surface 
of a food bar in the food cartridge was compared with 
that on the previous day to determine whether the animal 
had eaten food. therefore, all these stackings were dealt 
on the following day by replacing food cartridges. water 
leakage occurred on days 12 (1-5 cage), 15 (1-6 cage), 
22 (1-4 cage), and 25 (1-5 cage). Furthermore, water 
leakage occurred in cages 1-5 and 1-6 of the tCu during 
the return phase. Approximately 80% of the malfunctions 
during the SPX9 period were caused by water leakages, 
and the leakages affected the mice more seriously than 
other malfunctions. A detailed analysis of this malfunc-
tion revealed that countermeasures against water leakage 
in the hCu and tCu were taken. the design of the cage 
and the associated materials were changed; subsequent-
ly, there were no water leakage malfunctions and no 
significant abnormalities. Therefore, the conditions of 
mice launched by SPX14 were more stable, except for 
water depletion, which occurred on day 22 (2-5 cage).

During the flight period, we monitored the carbon 
dioxide and ammonia concentrations, humidity, and 
temperature. hCus drew air into each cage from the 
Japanese Experiment module (JEm) module. during the 
flight period, there were no significant changes in the 
carbon dioxide concentration, humidity, or temperature. 
Although the ammonia concentration increased from day 
10, as shown in Fig. 4, the concentration was below 1 
ppm and close to the limit of detection. this stable con-

Table 3. Observational findings after retrieval

SPX9 SPX14

1-1 1-2 1-3 1-4 1-5 1-6 2-1 2-2 2-3 2-4 2-5 2-6

<base item>
Fur 0 0 0 0 1a 1a,b 0 0 0 0 0 1a

<additional item>
Ears 0 0 0 0 0 0 0 0 0 0 0 0
mouth 0 0 0 0 0 0 0 0 0 0 0 0
Eye 0 0 0 0 0 0 0 0 0 0 0 0
Proctology 0 0 0 0 0 0 0 0 0 0 0 0
tail 0 0 0 1c 1c 1c 0 0 0 0 1c 0
Limbs 0 0 0 0 0 0 0 0 0 0 0 0
whisker 0 0 0 0 0 0 0 0 0 0 0 0
teeth condition 0 0 0 0 0 0 0 0 0 0 0 0
Abdominal tone 0 0 0 0 0 0 0 0 0 0 0 0
Sum 0 0 0 1 2 2 0 0 0 0 1 1

adull fur. bAlopecia. cScabs. under normal health status, the score is “0.” when abnormal status was observed, the score is 
“1” or more. the criteria are stated in the material and methods.
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centration of ammonia, which was below the target 
threshold, could be attributed to the paper sheets set at 
the bottom and along the walls of the hCu, which were 
intended to minimize water overflow. This measure was 
effective in maintaining a suitable housing environment. 
Furthermore, gas concentrations were monitored using 
a sensor attached inside the rack, not inside each cage, 
and the concentration was decreased through dispersal. 
Although there was little change in this concentration, 
this method can help to detect abnormalities, because 
digitized data can be continuously monitored for 24 h.

Discussion

herein, we provide the preliminary results that sum-
marize the changes in animal health conditions in an 
individual housing cage system with daily video moni-
toring in space. the results are important to “individual 
housing in space,” as stressed animals usually affect 
others in a group-housing cage.

Comprehensive evaluation through a flight 
experiment

most mice either gained weight or maintained their 
pre-flight weight. The average weight changes in the 
mice launched by SPX9 and SPX14 between pre- to 
post-flight were −0.08 and 0.45 g per week, respective-
ly. the average weight of mice launched by SPX9 ap-
peared to decrease markedly, with a decrease of more 
than 1 g in mice 1-5 and 1-6. Except mice 1-5 and 1-6, 
the average weight gain was 0.1 g per week.

notably, the mice launched by SPX14 gained weight 
at the same rate as those on the ground. For the flight 
experiment during the SPX14 period, the mice were 
housed on orbit from 16 to 20 weeks of age. At this age, 

the body weight of mice increase by 0.53 g per week, 
according to bodyweight information for C57bL/6J pro-
vided by Jackson Laboratory (Stock number: 000664, 
2019, https://www.jax.org/jax-mice-and-services/strain-
data-sheet-pages/body-weight-chart-000664). Previous 
studies have shown that microgravity can decrease the 
rate of weight gain in mice [4, 8] . Contrary to the results 
of the previous studies, our study demonstrated that mice 
could maintain the same weight as on the ground by 
using our method.

Advantages of single housing
Single housing was considered to have contributed to 

the success of our study. Animal experiments on orbit 
encounter malfunctions; this has been reported previ-
ously [4, 5]. Single housing ensures that malfunctions 
occur only in the affected cage. Moreover, with several 
limitations, such as launch mass, human resources, and 
communication traffic, a simple analysis is beneficial for 
improving management efficiency. On the ground, even 
when mice are housed in a group, care staff can easily 
identify individuals through hands-on examination. Con-
versely, in space, the health conditions of all mice are 
checked within the constraints of communication traffic 
and time. Video images of individually housed mice 
could reduce the time taken to confirm identification, 
which could then be used to perform in-depth observa-
tions. Furthermore, individually housed mice are not at 
a risk of attack by other mice.

Space experiments must be performed with limited 
resources; therefore, it is sometimes difficult to interrupt 
other operations and provide care immediately. thus, 
when focused only on mouse management, single hous-
ing is clearly a better solution. here, all mice launched 
to the ISS were retrieved alive and healthy after space 
missions; therefore, we could not check abnormal respi-
ratory parameters. however, respiratory parameters were 
obtained under normal conditions, including respiration 
rate and breathing patterns. therefore, the inclusion of 

Fig. 3. Correlation between the duration of malfunction and the 
on-board observation score. the on-orbit observation score 
is shown in table 2, and accumulates the days over which 
the mice showed abnormalities. the duration of the mal-
function was the number of days that the malfunctions were 
observed. Animals with a change in body weight of more 
than 1 g between pre and post values are indicated with an 
asterisk.

Fig. 4. Increasing concentration of ammonia gas after the first 
instance of water leakage. wetted fur was observed on day 
10 (mouse 1-5), and is indicated with an arrowhead.
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video data in the management criteria will enable abnor-
malities to be readily identified. The observation of re-
spiratory parameters would help detect the status of 
vitals, that is, the decision whether a mouse is anxious 
or not, more easily.

mice are “social animals,” and some studies on social 
interactions require group-housed mice. therefore, for 
these experiments, more complex technologies are 
needed to facilitate the identification of mice, such as 
the use of a multi-video system. using 20 mice for be-
havioral analyses, the nASA reported that mice in space 
present behavior typical of mice on the ground [6]. All 
mice in the experiments were housed in a group and were 
not assessed individually, making it difficult to observe 
individual changes in health status. on the ground, 
video tracking analysis using video cameras and infrared 
beams have been developed [16], and the evaluation 
process has been automated. It is important for this 
analysis method that the distance between mice and the 
camera is constant [17]. however, on orbit, as the dis-
tance between the camera and mice is not constant be-
cause mice float, it is difficult to apply the method unal-
tered. we are currently developing a new method to 
analyze the mouse activities calculated from pixel inten-
sity change of each video frame (Shimomura et al. in 
preparation). by combining this method and data pre-
sented here, it will be possible to automatically deter-
mine the observation criteria that are currently being 
judged by humans. Furthermore, global standards can 
be set, and the reproducibility of experiments will be 
improved.

Countermeasures and destress of animals in 
case of hardware malfunction and animal sign

the video downlink system is a powerful tool to ob-
serve animal health condition on-board without astro-
nauts, but the system is just for observation. when 
ground staffs and veterinarian notice hardware malfunc-
tions such as water leakage inside the hCu through 
downlinked videos, they can plan to accommodate the 
crew task to replace the hCu with a new one. For decid-
ing on the crew task, by referencing the ammonia con-
centration with downlinked videos, the ground staff can 
identify the signs of abnormalities at an early stage and 
minimize animal stress.

our last resort alternative on-board is euthanasia of 
the mouse if the ground veterinarian decides that there 
is no way to continue the experiment on-board. JAXA 
developed a new Co2 gas euthanasia system for mouse, 
and this system has already been checked on-board with-
out mouse.

Conclusions and future perspectives
Muscle atrophy in astronauts is classified as secondary 

sarcopenia according to the Report of the European 
working Group on Sarcopenia in older People 2010 [1]. 
As secondary sarcopenia also occurs in bedridden and 
elderly individuals, understanding such conditions in 
astronauts may benefit patients on Earth, and may help 
identify physical or pharmacological therapies for sar-
copenia in elderly individuals. Studies utilizing rodents 
in space are warranted to understand the molecular 
mechanisms and biological processes underlying these 
syndromes under special environments. our method can 
be used to guarantee the reliability of animal conditions 
in space. the health status of mice can be linked to mal-
functions, especially water leakage. therefore, the early 
detection of leakage is key to maintain the health of 
onboard mice. our results show the importance of check-
ing the environments of animal cages, such as telemetry 
monitoring of the concentration of ammonia as a refer-
ence, so that water leakage can be detected reliably.

technological advances are leading us to an exciting 
stage in space exploration. In the future, space exploration 
will expand to include the moon and mars. however, the 
launch mass of an experiment must be decreased as the 
mission becomes further away, further restricting ex-
perimental constraints. therefore, unmanned operations, 
namely automation, should be utilized on orbit, espe-
cially for maintaining animal health. From the view of 
animal welfare and distress, the determination of appro-
priate endpoints and the treatment procedures must be 
set together with the development of an automated habi-
tation system. Visual monitoring is one of the best ways 
to resolve them. the changes in skin conditions are use-
ful for detecting hardware malfunctions and reflecting 
animal health, and respiration can be monitored clearly. 
our results are reliable in determining and maintaining 
mice on orbit and are useful for further applications.
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