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Experimental endpoints in biomedical research should be de-
termined on the basis of a combination of scientific, ethical, le-
gal, practical, and humane considerations. The use of humane 
endpoints can be particularly problematic for longevity studies, 
because the goal of such studies is the determination of lifespan. 
Similarly, in studies of chronic and ultimately fatal illnesses such 
as cancer, prolongation of lifespan can be an important measure 
of the efficacy of new therapeutics. In such studies, premature eu-
thanasia could significantly skew the data and potentially lead to 
erroneous conclusions. These considerations can create a conflict 
between collection of necessary data and minimization of animal 
pain and distress. However, an increasingly recognized concept 
in aging research is that of health span, as compared with lifes-
pan. Health span refers to the duration of relative health, as com-
pared with symptomatic clinical decline, in aging populations.

In a previous study, we monitored the temperature and body 
weights of outbred Hsd:ICR mice to determine whether these 
parameters could provide useful objective markers of imminent 
death.9 That study indicated that temperature and body weight 
can provide objective benchmarks to trigger increased observa-
tion or euthanasia of individual mice while accurately retaining 
lifespan data. However, as was emphasized in that study, similar 
application of those markers to other experimental models re-
quires additional documentation.

To provide such documentation, we undertook the pres-
ent study, in which we evaluated temperature and body 
weights across the lifespans of 3 inbred strains of mice: AKR/J, 
C57BL/6J, and BALB/cByJ. AKR/J mice are notable as the in-
bred mouse strain with the shortest natural lifespan that is listed 
in the Mouse Phenome Database (http://phenome.jax.org/db/
q?rtn=projects/details&sym=Yuan2). These mice die at a relative-
ly young age due to the development of lymphoma related to the 
presence of endogenous murine viruses.2,4 C57BL/6J and BALB/
cByJ mice are used extensively in biomedical research. Our goal 
in the present study was to determine whether the markers of 
temperature and body weight would be informative in predicting 
clinical deterioration and imminent spontaneous death in these 
mouse strains.

Materials and Methods
Male and female AKR/J mice (n = 25 per sex) were purchased 

specifically for this study at 4 wk of age and were housed on ar-
rival in same-sex groups of 5 in 11 in. × 7 in. × 5 in. cages. Male 
C57BL/6J and BALB/cByJ mice (n = 31 and 13, respectively) 
were purchased for other approved protocols at our facility but 
were not needed for their original purpose; these mice were at 
least 6 mo old when transferred to this study protocol and were 
maintained in their original groupings (1 to 5 mice per cage). 
Mouse groupings were not modified for any mice as mice from 
each cage died. Cages were solid-bottom shoebox-style open-
top cages with woodchip bedding (Beta Chip, Northeastern 
Products, Warrensburg, NY). Mice were maintained by using 
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Results
Consistent with data from the Mouse Phenotype Database 

(http://phenome.jax.org/), female AKR/J mice in our study had 
a mean survival time of 252 ± 9 d (median, 242 d or 35 wk; Jax 
median, 254 d), compared with 293 ± 18 d (median, 270 d or 39 
wk; Jax median, 288 d) for male AKR/J mice (Figure 1).

Among AKR/J mice, temperatures and body weight were sta-
ble until about 3 wk prior to death (Figure 2). At approximately 
3 wk prior to death, both male and female mice began to show 
significant drops in both body temperature and body weight as 
compared with weeks 9 through 12. These decreases culminated 
in an average hypothermia of approximately 4 °C and average 
weight loss of about 10 g at the last measurement taken prior to 
spontaneous death (Figure 2, left panels). The derived values of 
T × W paralleled these responses. For assessment of individual 
responses, mean baseline values were calculated for each mouse 
as the average of measures taken during weeks 9 through 12 
prior to death. Weekly measures then were expressed as a ratio 
of the baseline value (body weight and T × W) or as a difference 
from baseline (temperature; Figure 2, right panels). The pattern of 
change of these individualized and normalized values paralleled 
that of the overall group averages, although with less variation. 
The body weights of 2 of 25 male and 5 of 25 female AKR/J mice 
did not fall below an arbitrary threshold of 95% of the baseline 
weight. Although 6 of these 7 mice developed hypothermia of 
greater than 1 °C, their values for T × W were above 95% of base-
line at the time of their deaths.

The mean lifespans of male C57BL/6J and BALB/cByJ mice 
were 801 ± 39 d (median, 821 d or 117 wk; Jax median, 901 d) and 
720 ± 33 d (median, 690 d or 96 wk; Jax median, 707 d), respec-
tively (Figure 1). Jax data were taken from the Mouse Phenotype 
Database (http://phenome.jax.org/).

Body weight, temperature, and T × W data from C57BL/6J and 
BALB/cByJ mice are depicted in terms of both mean measured 
values (Figure 3,  left panels) and individually normalized values 
(Figure 3, right panels). In comparison with AKR/J and C57BL/6J 
mice, BALB/cByJ mice showed substantially more variability in 
these parameters, perhaps reflecting the lower number of BALB/

conventional husbandry practices, with cages changed weekly. 
Room temperature was maintained at 70 ± 2 °F (21.1 ± 1.0 °C) 
and relative humidity at 40% to 60%. Food (LabDiet 5001, PMI 
Nutrition International, St Louis, MO) and tap water were avail-
able ad libitum. All mice were free of known infections with 
common rodent microbial and parasitic agents, as monitored by 
using monthly testing of sentinel mice housed in the same room. 
The Laboratory Animal Care and Use Committee at Southern 
Illinois University School of Medicine approved all animals and 
experimental procedures used in this study, including experi-
mental endpoints.

Isoflurane-anesthetized mice were subcutaneously implanted 
with a microchip that allowed remote measurement of body tem-
perature by using a wand-type reader (model IPTT300, BioMedic 
Data Systems, Seaford, DE). The microchip was implanted by 
using a 12-gauge needle delivery device, without an incision or 
wound closure. Individual chips weighed approximately 0.125 g. 
The chips were not tested for accuracy or otherwise calibrated 
prior to use but were used according to manufacturer’s recom-
mendations. All reported mouse weights were collected after the 
implantation of the microchip.

The research staff evaluated mice weekly for body weight, tem-
perature, and general signs of illness. These assessments typically 
occurred during the afternoon hours. Body weights were mea-
sured to the nearest gram by using an Ohaus Scout II top-loading 
balance with an accuracy of ± 0.1 g. The husbandry staff also 
monitored all mice for signs of illness or deviation from normal at 
the daily census and health check and in association with chang-
ing cages, as is the standard practice of the Division of Labora-
tory Animal Medicine at our institution. Sick mice were brought 
immediately to the attention of the veterinarian and the research 
team, who then evaluated the animal. As warranted by the ani-
mal’s condition and in consultation with the clinical veterinarian, 
euthanasia was performed in accordance with endpoints specified 
in the protocol or the mouse was maintained for continued obser-
vation and data collection. Although the goal of the study was to 
monitor mice until the time of spontaneous death, preemptive 
euthanasia was performed for humane reasons if mice showed 
any of the following signs: palpable hypothermia (which, in our 
experience, generally reflects an abdominal temperature of less 
than 25 °C), inability or unwillingness to walk, lack of response 
to manipulation, severe dyspnea or cyanosis, and large, bleed-
ing, or ulcerated tumors. According to these criteria, euthanasia 
was performed on 1 male AKR/J mouse, 1 female AKR/J mouse, 
and 1 C57BL/6J mouse. For purposes of data analysis, these mice 
were considered to have died.

All data are expressed as mean ± SEM. In addition to evalu-
ating raw data averaged across all animals, data were normal-
ized to baseline values for each animal. Baseline values were 
defined as the average values measured during weeks 12 to 9 
prior to death for AKR mice and weeks 16 to 13 prior to death 
for BALB/cByJ and C57BL/6J mice. Temperatures were nor-
malized as a difference from baseline, whereas body weight 
and the derived variable temperature × body weight (T × W) 
were normalized as a proportion of baseline for each individual 
animal. Paired t tests were used to compare the individualized 
baseline data to the individually normalized data obtained for 
each subsequent week prior to death. A P value ≤ 0.05 was con-
sidered significant.

Figure 1. Kaplan–Meier survival plot. The life spans of mice used in this 
study are depicted. The horizontal dashed line indicates the point at 
which 50% of the mice remained alive.
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Figure 2. Body weight, temperature, and temperature × body weight during the final 12 wk of life in AKR/J mice. Values of temperature and body 
weight were aligned with respect to the time of collection prior to death or euthanasia and are plotted in order of collection prior to death. In the left 
panels, data points indicate the mean ± SEM of the actual measured values for male (filled circles) and female (open circles) mice. The horizontal lines 
represent the average of all values collected during weeks 9 to 12 prior to death for male (solid line) and female (dashed line) mice, as denoted within 
the ovals. Open and filled stars denote P < 0.05 as compared with the baseline value for female and male mice, respectively. In the right panels, values 
for each mouse were normalized with respect to that animal’s individual baseline values, determined according to the mean of values collected during 
weeks 9 through 12 prior to death (ovals in the left panels). For body weight and temperature × body weight, data at each time point were converted 
to a ratio of the baseline value for that mouse; the horizontal solid and dashed lines on those panels respectively indicate ratios of 1.0 and, as a visual 
benchmark, 0.95. For temperature, data were expressed as a difference from the baseline value for that mouse; the horizontal solid and dashed lines on 
that panel respectively indicate normothermia and, as a visual benchmark, 1 °C hypothermia.
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Figure 3. Body weight, temperature, and temperature × body weight during the final 16 wk of life of C57BL/6J and BALB/cByJ mice. Values of tem-
perature and body weight were aligned with respect to the time of collection prior to death or euthanasia and are plotted in order of collection prior to 
death. In the left panels, data points indicate the mean ± SEM of the actual measured values for C57BL/6J (filled circles) and BALB/cByJ (open circles) 
mice. The horizontal lines represent the average of all values collected during weeks 13 to 16 prior to death for C57BL/6J (solid line) and BALB/cByJ 
(dashed line) mice, as denoted within the ovals. In the right panels, values for each mouse were normalized respect to that animal’s individual baseline 
values, determined according to the mean of values collected during weeks 13 through 16 prior to death (ovals in the left panels). For body weight 
and temperature × body weight, data at each time point were converted to a ratio of the baseline value for that mouse; the horizontal solid and dashed 
lines on those panels respectively indicate ratios of 1.0 and, as a visual benchmark, 0.95. For temperature, data were expressed as a difference from the 
baseline value for that mouse; the horizontal solid and dashed lines on that panel respectively indicate normothermia and, as a visual benchmark, 1 °C 
hypothermia. Open and filled stars denote P < 0.05 as compared with the baseline value for BALB/cByJ and C57BL/6J mice, respectively.
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cByJ mice that were evaluated (13 BALB/cByJ compared with 25 
each for male and female AKR/J and 31 for C57BL/6J). When 
group means were calculated in terms of individualized baseline 
values (weeks 13 to 16), both C57BL/6J and BALB/cByJ mice 
showed significant weight loss that began at 10 or 11 wk prior 
to death (P < 0.05) and continued until death occurred (Figure 3, 
top right panel). Furthermore, both strains developed significant 
hypothermia beginning at 7 wk prior to death (P < 0.05), with a 
precipitous fall occurring at the last measurement taken prior to 
death (Figure 3, middle right panel). However, 8 of 31 C57BL/6J 
mice and 6 of 13 BALB/cByJ mice had not developed a reduction 
in body weight to less than an arbitrary benchmark of 95% of 
the baseline weight by the week prior to death. Furthermore, 6 
C57BL/6J mice and 4 BALB/cByJ mice did not show a reduction 
in temperature of greater than 1 °C in the week prior to death. Of 
greater concern, some mice developed hypothermia that resolved 
prior to death and later returned, as is suggested by the variation 
in temperatures around the −1 °C range (Figure 3, right center 
panel). Because of this variation, rigid application of a hypother-
mia benchmark for euthanasia would have resulted in premature 
euthanasia of some of these mice by several weeks relative to the 
time of their spontaneous death.

Discussion
In a previous study,9 we proposed that reductions in temper-

ature and body weight provide reasonably valid benchmarks 
for performing euthanasia on geriatric mice without markedly 
influencing experimental outcomes in terms of longevity. Subse-
quently, we demonstrated that this approach can also be useful 
for determination of humane endpoints in mice inoculated with a 
variety of infectious agents.17 Here we test the application of this 
approach to the assessment of clinical decline and the prediction 
of imminent death in geriatric mice of 3 inbred strains, includ-
ing AKR/J mice, which die at a relatively young age as a result 
of a high incidence of spontaneous lymphoma.2,4 Our findings 
indicate that statistically significant reductions in temperature, 
body weight, and their product precede spontaneous death by 
several weeks in most mice under these conditions. However, 
although these changes indicate terminal decline and can signal 
the need for closer monitoring of individual mice, week-to-week 
changes can be variable among individual mice, particularly for 
the C57BL/6J and BALB/cByJ strains.10,12 Such variation may 
preclude use of these markers for prediction of imminent death 
in these strains, although the progression of changes can be fol-
lowed to monitor clinical deterioration.

We have suggested 2 approaches by which changes in tempera-
ture, body weight, and T × W can be used as signals for preemp-
tive euthanasia in mice. In the first, a threshold for euthanasia 
can be established for all mice based on deviation from baseline 
means that are calculated for the entire group of mice. For ex-
ample, for AKR/J mice, a body weight of less than 34 g or a tem-
perature of below 35 °C would signal that death will occur within 
2 to 3 wk and could be a trigger for either euthanasia or more 
frequent monitoring (Figure 2, left panels). In contrast, the use of 
these measures for prediction of imminent death in C57BL/6J and 
BALB/cByJ mice is difficult due to the variable and gradual na-
ture of the changes in these mouse strains (Figure 3, left panels). 
However, when feasible and validated, the use of a fixed devia-
tion from a predetermined group norm offers an unambiguous 
criterion that is not dependent on records or calculations. We 

typically use this approach in our infectious disease studies, in 
which we immediately euthanize mice whose temperatures fall 
below an established endpoint.17

The second approach involves calculating individual aver-
age baseline values for each mouse (for example, right panels 
in Figures 2 and 3,17). Euthanasia of each animal would then be 
determined based on changes relative to that animal’s individual 
norm. Based on this approach, hypothermia of greater than 1 °C 
would signal the need for more intensive monitoring for individ-
ual C57BL/6J and BALB/cByJ mice (Figure 3, right panels), with 
hypothermia of greater than 3 °C signaling the need for euthana-
sia. This approach relies on record keeping and assessing each 
animal against its own records. Although this task may be time-
consuming from some perspectives, the value of mice generated 
during a multiyear study may make the labor costs acceptable.

The selection of either (or neither) of these approaches depends 
on the goals of the study, including the necessary accuracy asso-
ciated with the absolute identification of maximal longevity and 
the loss of data that might be associated with inadvertent spon-
taneous death of a study subject. The reductions in temperature 
and body weight that we report here occurred in the context of 
median lifespans of 35, 39, 117, and 96 wk for female AKR/J and 
male AKR/J, C57BL/6J and BALB/cByJ mice, respectively, and 
in lifespans of approximately 24 mo in ICR mice in our previous 
study.9 Using these benchmarks allows objective quantification of 
clinical decline and in some models can allow prediction of im-
minent death. Furthermore, by signaling the need for increased 
observation or monitoring of specific animals in large colonies, 
tracking these parameters could perhaps reveal additional mark-
ers that would more closely precede death, thereby potentially 
further refining the approach presented here.

However, caution is warranted in applying these measures, 
because variation in the patterns of individual mice for indi-
vidual parameters (weight, temperature, or their product) can 
be misleading. Although the figures presented here show the 
periods during which statistically significant deviation from 
baseline values was present prior to spontaneous death, the 
relatively early onset, potential spontaneous reversal, and 
gradual exacerbation of these changes may preclude their 
use for prediction of imminent death. In that regard, several 
studies report that mice develop poor thermoregulatory con-
trol and maintain lower temperatures during middle age5,12 
Furthermore, in our study, some individual mice developed 
hypothermia of as much as 2 °C that resolved prior to death 
and later returned. These sporadic and transient changes are 
reflected in the variation in temperatures around the −1 °C 
range (Figure 3, right center panel). Because of this variation, 
rigid application of a hypothermia benchmark for euthanasia 
would have resulted in premature euthanasia of some of these 
mice by several weeks relative to the time of their spontaneous 
death. However, these gradual and intermittent reductions are 
nonetheless clearly indicative of antemortem clinical decline, 
given that the mice die within 4 to 6 wk after the onset of these 
changes. The data reported here for C57BL/6J and BALB/
cByJ mice particularly underscore that these (or any) markers 
should carefully be validated for precision and accuracy before 
implementing them as markers for imminent death and, on 
that basis, as signals for euthanasia, in any specific experimen-
tal model. However, these measures definitely signal the need 
for more intensive clinical evaluation.

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-25



Markers for imminent death in aged mice

177

use of this approach is unlikely to allow detection and prevention 
of all spontaneous deaths. Nonetheless, applying our strategy can 
signal the need for increased animal observation, reduce the inci-
dence of spontaneous death, allow the evaluation of pathophysi-
ologic changes in aged mice in the context of end-of-life clinical 
deterioration, and permit the timely collection of tissues from 
mice that are near death but not yet agonal. Because the purpose 
of our study was to validate methods for prediction of imminent 
death, we purposely invoked only severe clinical endpoints for 
preemptive euthanasia to test our method thoroughly. However, 
the information we gained will now be available to guide future 
similar studies in the selection of earlier and preemptive endpoint 
markers, both in our studies and hopefully in those of others. 
In light of our data, we suggest that investigators who conduct 
similar studies of aging and longevity using other strains of mice 
validate our approach in their ongoing studies and report their 
findings to the scientific community.
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