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The population in the United States, and several other 
countries, is rapidly aging.17 By 2030, an estimated 20% of the 
population will be 65 y of age or older,5 and centenarians will no 
longer be a rarity.10,15 Aging is characterized by a general loss of 
function in multiple organ systems, an increase in the likelihood 
of injury or disease, prolonged recovery time, and increased sus-
ceptibility to the toxic effects of many drugs and environmental 
pollutants. Collectively these changes comprise what is often 
called ‘frailty.’6,26,32 Considerable interindividual variability in 
the signs of aging and frailty frequently is reported.14,16

To keep pace with this rapid demographic shift, animal 
models are needed to understand not only the basic biology 
of aging but also the diseases and vulnerabilities to chemicals, 
including drugs and environmental pollutants, that accompany 
aging. Considerable progress has already been made in aging re-
search due to the use of a wide array of species, including yeast, 
nematodes, fruit flies, rodents, and nonhuman primates.13,23 By 
contrast, knowledge of chemical susceptibility due to aging 
has lagged.7

Laboratory investigators increasingly are refining their 
experimental designs to enhance the care and wellbeing of ani-
mals. In studies that may involve distress or pain in laboratory 
animals, investigators include humane endpoints as criteria for 
termination of the study for a particular animal.21,27 Longevity 
studies, in particular, are undergoing refined design, including 
increased planning for long-term animal health and welfare. 
Often in studies on aging, the changes that occur just prior to 
death may be overlooked when, in fact, these changes can in-
troduce variability in the data and therefore uncertainty in their 

interpretation. To date, no single indicator has been identified 
that reliably predicts an organism’s imminent demise.

We have begun to address some of the uncertainties regarding 
aging and susceptibility to environmental pollution by using 
Brown Norway rats, a common strain in aging research.22 We 
particularly were interested in developing a method that could 
be used to monitor the animals’ health and applied efficiently 
to a large number of aging animals. We developed our method 
by using rats that were assigned to experiments in which they 
periodically received (for example, every 4 mo) either a short-
acting solvent or short-acting carbamate pesticide. Here we 
report a quick and efficient method to evaluate the health of 
aging rats. This method may have broad applicability in ger-
ontologic, biomedical, and toxicologic research.

Materials and Methods
Animals. Brown Norway rats (BN/BiRijN; n = 32) were or-

dered from the National Institute on Aging, NIH, and received 
from the contract laboratory (Harlan Laboratories, Indianapolis, 
IN). The rats ranged in age from 12 to 32 mo at the start of the 
assessment. The rats were drawn from a larger colony used 
in experiments on the behavioral effects of exposure to either 
a short-acting solvent (toluene) or a short-acting carbamate 
pesticide (carbaryl). Compounds were dissolved in corn oil 
and administered by oral gavage, after which effects on motor 
activity (ambulation and rearing) were assessed. These same rats 
continued to participate in longitudinal experiments, periodi-
cally receiving (for example, at 4-mo intervals) either compound 
(or vehicle) throughout their lifetime. No assessments were 
performed on the day of dosing or during the recovery period 
(which never exceeded 1 d). Rats were housed individually in 
clear solid polycarbonate cages (24 × 43 × 18 cm) on pine shav-
ings in an SPF, AAALAC-accredited facility. Colony rooms in 
the facility were maintained at 21 ± 2 °C with humidity at 50% 
± 20%. The daily 12:12-h light:dark cycle had lights on at 0600. 
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breathing, significant weight loss (10% to 20% from peak body 
weight) with reduced food intake, and paresis or paralysis. In 
our experience, weight loss is often, but not always, a good in-
dicator of aging-related deterioration. For example, body weight 
may decrease precipitously due to incisor overgrowth from 
dental malocclusion or from a faulty water supply, resulting in 
dehydration. Body weight loss from these conditions will often 
correct itself when specifically addressed (for example, shorten-
ing the incisors and providing softened feed or a gel-based diet 
or correcting water supply problems). Rats were euthanized by 
carbon dioxide or sodium pentobarbital overdose.

Observational assessment. Rats were assessed in the animal 
colony room using a noninvasive observational ranking method 
that provided information regarding the health of each animal. 
The observational assessment was based on common elements 
of behavioral screening batteries,11,29 and welfare concerns over 
aging animals including knowledge of humane endpoints and 
indicators of distress in aging rats.21,27 The evaluation consisted 
of 4 measures: appearance, posture, mobility, and muscle tone. 
Appearance, posture, and mobility were assessed prior to han-
dling the rat, which was necessary to assess muscle tone.

The assessment began when the home cage was removed from 
the housing rack and placed on a flat surface. The rat was ob-
served from above to assess appearance, posture, and mobility. 
After these measures were scored, the rat was removed from the 

Food (Purina 5001 Rodent Diet, PMI International, Brentwood, 
MO) and water were available ad libitum. All assessments oc-
curred during the day in the colony room. All procedures were 
approved by the Institutional Animal Care and Use Committee 
of the National Health and Environmental Effects Research 
Laboratory (US Environmental Protection Agency, Research 
Triangle Park, NC).

Sentinel rats exposed to dirty bedding from all cages within a 
given room were tested regularly (monthly for the most preva-
lent pathogens and quarterly for all others) for rat parvovirus, 
rat minute virus, rat coronavirus, Kilham rat virus, Toolan H1 
virus, Sendai virus, Mycoplasma pulmonis, pneumonia virus of 
mice, reovirus, mouse adenovirus, lymphocytic choriomen-
ingitis virus, cilia-associated respiratory bacillus, hantavirus, 
rat Theiler virus, Encephalitozoon cuniculi, Helicobacter spp. (by 
fecal PCR), endoparasites (by test tape and fecal flotation), and 
ectoparasites (by pelt exam). All testing, including bacterial 
cultures of lung lavage fluids and colon swabs, has been nega-
tive for pathogenic organisms.

In addition, rats were monitored daily by the animal care staff 
during routine maintenance and by the attending veterinar-
ian as needed. The present assessment method assisted those 
evaluations by providing more specific information about each 
animal’s health status.

General approach. A hybrid design (that is, cross-sectional 
and longitudinal) was used, in which the assessments started 
with rats that ranged in age from 12 to 32 mo. Once assessments 
began, the rats were assessed periodically throughout their 
laboratory stay. As a consequence, not all rats were assessed 
at every age (Figure 1). The number of rats assessed through 
19 mo represents a small sampling, owing to age differences at 
the start of these evaluations. Beyond 19 mo, the number of rats 
assessed at each age changed continuously, as more rats became 
available whereas others died or were euthanized. Figure 1 also 
shows that the number of rats declined steadily at the later ages 
(29 mo and older). Data were collected from every rat at least 
once each month.

Assessor. Assessments were based on a set of scoring crite-
ria, which are summarized in an example of the scoring sheet 
(Figure 2). Even with these criteria, ratings are inherently subjec-
tive. To reduce variability and ensure consistency, the assessor 
needed to have a thorough understanding of the general char-
acteristics of aging rats.1 The same assessor (PMP) conducted 
each evaluation. However, during initial development of the 
method and periodically thereafter, the same rats also were 
evaluated by a second assessor (DMK), with consistent results 
(data not shown).

Scoring. For each measure, the assessor assigned a score 
(rank), ranging from 1 (normal) to 5 (extremely impaired or 
abnormal; Figure 2). The maximal total score (sum of all 4 
measures) was 20, with a score of 4 considered normal.

Frequency of assessment. Older animals were assessed more 
frequently than were younger ones: animals 19 mo of age and 
younger were assessed once every 4 wk; rats 20 to 29 mo old 
were assessed every other week; and rats 30 mo of age and older 
were assessed weekly.

Body weight. Body weights were collected weekly from all 
rats, regardless of age.

Mortality. Animals occasionally either died spontaneously 
or were euthanized due to deteriorating health; the decision 
to euthanize a rat was made in consultation with the attending 
veterinarian (DMK). The criteria for euthanasia were based on 
clinical examination and assessment of the rat’s level of pain 
or distress. These criteria included extreme lethargy, labored 

Figure 1. Total number of rats evaluated at each age (mo).
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Figure 2. Sample score sheet for observational assessment, with brief descriptions of the 4 measures. For each measure, the highest (most abnor-
mal) score possible is 5. The total composite score possible for all measures combined is 20. In addition, body weight for the current and previous 
weeks is included, along with whether a weight gain or loss was present.
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Figure 3. (A and B) Rats on the left show signs of facial staining, waxy 
yellowed skin, poor grooming, and changes in facial features possibly 
due to loss of facial muscle mass; rats on the right are included for 
comparison and show good posture, clear eyes, and a well-groomed 
glossy coat. (C) In addition to other signs of aging, this rat displays 
dermatitis at the base of the tail and extremely poor posture with rear 
leg splay and a dull coat. All of the rats in this figure are 24 to 25 mo 
of age.

Figure 4. Age-related changes in median total score for rats 12 to 36 
mo of age. Scores can range from 4 (no deterioration) to 20 (severe 
deterioration).

cage to assess muscle tone. When the assessment was finished, 
the rat was returned to the home cage and housing rack.

Appearance. The assessor observed the hair coat, skin, tail, 
feet, legs, and facial features, including eyes and ears. Noted 
were any dermatitis, cysts, urinogenital or facial staining, or 
lacrimation, tumors, or unusual sounds (for example, wheezing, 
congestion, or vocalizations that may result from pain, distress, 
or illness; Figure 3).

Coat and skin.The normal hair coat is flat with a glossy sheen. 
When animals age, piloerection or ‘staring coat,’ hyperkeratosis 
(scaling), dryness, inflammation, discoloration, and epidermal 
or subcutaneous masses may be present. Poor grooming can 
often be an indicator of systemic disease and can lead to dull 
coat, debris or dander accumulation, and dermatitis. The debris 
sometimes appears as a waxy yellowed coating around the hair 
follicles, especially on the back. When the hair starts to stand (or 
‘stare’), these skin conditions can be seen easily. Because older 
rats may not be able to reach the upper back to clean, this area 
may show the signs of aging first.

Tail.A healthy tail is free of fecal staining or accumulation 
around the perineum, inflammation, and discoloration.

Eyes, ears, and extremities.Healthy eyes are clear with no evi-
dence of corneal opacities, cataracts, or exophthalmos (bulging 
of the eye). Ears should be standing erect, and extremities are 
normal in size and conformation, with nails of normal length.

Teeth.Misalignment of the front teeth or malocclusion may 
cause the rat to stop eating, thereby affecting its appearance. 
Although infrequent, broken teeth should be noted, because 
they can cause a rapid change in the appearance of an otherwise 
healthy rat.

Posture. The healthy rat ordinarily stands (or walks) with its 
body elevated and with its back almost horizontal to the sur-
face. Signs of worsening posture include arching of the back, a 
hunched position when sitting or walking, and dragging of the 
abdomen. Some rats may develop a posture with legs splayed 
to the sides and abdomen flat to the cage surface.

Mobility. Mobility refers to the rat’s ease of movement around 
the cage. Normal mobility includes walking with the legs ex-
tended under the body. The legs should be in line with the sides 
of the body and should not be extended such that the rat crawls 
or drags the hind limbs. During walking, there should be no 
evidence of stiff extension of the limbs, causing the rat to walk 
on the tips of its toes. There should be no exaggerated or splayed 
placement of the feet, causing excessive swaying (ataxia). With 
advancing age, it may become extremely difficult for a rat to 
move about its cage, resulting in crawling when in motion.

Muscle tone. When muscles of the rear leg are palpated (held 
between a finger and thumb), they should be well-defined and 
firm but not rigid. As rats age, muscle mass in the leg may seem 
to disappear completely due to atrophy; as a result, the assessor 
may feel as though her or his finger and thumb are touching, with 
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Results
Results of the observational assessments are shown in Figures 

4 through 6.[ID]FIG6[/ID] The median total score was plotted as a function of 
age (Figure 4). Lower scores indicate a healthy condition, and 
higher scores indicate a deteriorating condition. Scores increased 
consistently from 20 to 31 mo of age, after which they remained 
high but variable.

Frequency distributions for each measure were expressed as 
a percentage of the total number of rats assessed at each age 
(Figure 5). Representative ages (20, 24, 28, and 32 mo) were 
selected and shown to emphasize the major trends that ac-
companied aging. Data are not presented for rats younger than 
20 mo, because signs of deterioration did not appear before 
this age, or for those older than 32 mo because of the steadily 
decreasing numbers of rats living beyond that age. For each 
measure, some signs of deteriorating health were evident in a 
few 20-mo-old rats (that is, they received a score of 2). At older 
ages, the distribution of scores shifted toward higher values, 
indicating aging-related deterioration in general health and con-
dition. Statistical (Kruskal–Wallis) analysis indicated significant 
increases in scores with age for all 4 measures (all P < 0.0001). 
The consistency of the shifts in scores suggests that the collection 
of measures describes the aging phenotype. Variability in the 
distribution of scores also increased with age until 28 mo and 
decreased at 32 mo of age and thereafter (Figure 5).

only skin in between. Abdominal muscles should be taut to the 
touch but can develop a flaccid, nonresponsive tone with age.

Leg muscle tone.Leg muscle tone is determined by holding 
the rear leg muscle of the thigh between the thumb and index 
finger and palpating the area for tone, firmness, and mass.

Abdominal muscle tone.Abdominal muscle tone is determined 
by holding the rat with its back cradled against the assessor’s 
palm. The assessor’s free hand applies gentle pressure to the 
abdominal muscles just below the ribcage. The first 3 fingers, 
when placed flat on the belly with tips just below the sternum, 
gives the assessor a good feel of the abdomen. The response 
of the abdomen should be quick, and the feel of the abdomen 
should be taut but flexible.

Data analysis. Data are presented for the last assessment for 
each rat during a given month (and the only assessment for rats 
19 mo or younger). For each measure, the frequency of a given 
score (1 to 5) was tabulated for all rats at each age and then ex-
pressed as a percentage of the total number of rats at that age. 
Relative frequencies are presented as histogram distributions. 
Changes in rank score with age were analyzed statistically by 
using the Kruskal–Wallis test (SAS Statistical Software, SAS In-
stitute, Cary, NC) for each assessment measure. A P value of less 
than 0.05 was considered statistically significant. The last body 
weights collected each month from all rats in each age group 
were combined and are presented as mean ± SEM. Mortality 
was recorded and used to estimate median survival age.

Figure 5. Age-related changes in score for each of the observational assessment measures (appearance, posture mobility, and muscle tone). Each 
panel shows frequency distributions of scores, expressed as a percentage of the total number of rats assessed at each of the designated ages. 
Sample sizes: 20 mo, n = 13; 24 mo, n = 18; 28 mo, n = 29; and 32 mo, n = 11.
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Discussion
The confluence of increasing research into aging and increas-

ing attention to the care and wellbeing of laboratory animals 
emphasizes the need for a simple, efficient test to evaluate the 
health and condition of aging animals. The method(s) must be 
capable of characterizing the deterioration that accompanies 
aging and efficient enough to evaluate animals in relatively 
large research colonies. We describe an observational assessment 
for rats that can be completed within 1 min by an experienced 
assessor. The assessment includes measures of appearance, 
posture, mobility, and muscle tone. Each measure is given a 
rank from 1 (normal) to 5 (severely affected). Changes in body 
weight are included also. Results were presented in which the 
observational assessment was used to evaluate aging-related 
changes in male Brown Norway rats.

A number of methods are available for assessing the clini-
cal condition of laboratory rodents; these methods have been 
widely used in toxicologic, pharmacologic, and neurobiologic 
research. For example, observations of clinical condition have 
long been included in chronic toxicity studies.1,2 Many of the 
currently available assessment methods resemble that used 
in an early study in which several measures of laboratory 
mice used in drug experiments were scored systematically.11 
In addition, several of these current methods are often used 
for chemical screening purposes,29 although they vary in the 
number of measures taken on each animal and the degree of 
interaction or manipulation of the animal.18 As useful as many 
of these methods are, their detailed characterization of behavior 
detracts from the efficiency needed for evaluating relatively 
large numbers of animals in a research colony. In our study, the 
condition of rats in their home cages was characterized simply 
by ranking their general appearance, posture, mobility, and 
body tone. In many regards, these are the common elements of 
most behavioral screening batteries.

Assessment scores for each measure increased with age. With 
few exceptions, rats that were 20 mo old were rated as normal 
(that is, most received a rank score of 1). Between 24 and 32 mo 
of age, scores increased for all measures, indicating progressive 
deterioration. The results of the ranking method in the present 
study are consistent with commonly reported observations of 
the clinical condition of rodents with advancing age. A major 
benefit of rank scores, however, is that the observations are 
quantified, thereby permitting statistical analysis of the data. 
In addition, the distribution of scores can be compared across 
ages. For example, it is commonly accepted that aging is ac-
companied by an increase in interindividual variability,14,16 
although detailed analyses are relatively rare.4,24 The present 
results provide quantitative support for this commonly accepted 
principle, in that the range of scores increased until rats were 28 
mo of age. The decrease in the range of scores at 32 mo of age 
was not unexpected and was probably due to the elimination of 
the rats that had deteriorated the most (and succumbed) prior 
to this assessment.

As rats and virtually all other organisms age, signs of dete-
rioration become evident, the likelihood of disease increases, 
body weight often decreases in late stages, and death ultimately 
ensues. The present findings support these general trends. 
Important questions arise, however, regarding the possible 
redundancy of these endpoints and whether a ‘signature’ of 
aging-related deterioration can be identified that is sufficiently 
predictive to help decide when a research animal should be 
euthanized. The obvious goal for both experimenters and 
veterinarians would be to euthanize an animal before it died 
spontaneously. Many studies assessing body condition or other 

Figure 6 presents frequency distributions for total scores at 
each of the 4 age groups. The lowest possible total score was 4 
(that is, the sum of 4 measures, each with a score of 1), and the 
maximum was 20. The shift with age toward higher scores was 
readily apparent. For example, the modal score increased from 
4 to 5 (20 mo), 8 (24 mo), 12 (28 mo), and then 16 (32 mo). The 
insert in Figure 6 shows the increase in score variability with age; 
the range of scores increased from 4 (20 mo), to 7 (24 mo), and 
14 (28 mo), and then decreased to 9 in the oldest (32 mo) rats.

Body weight increased steadily between 12 and 24 mo before 
leveling off until 31 mo of age (Figure 7).[ID]FIG7[/ID] Body weights then 
decreased beginning at 32 mo of age in the few remaining 
survivors.

No deaths occurred prior to 20 mo of age. Thereafter, mortality 
data showed a 3-phase, sigmoid relationship with advancing 
age (Figure 8). In the first phase (between 20 and 28 mo of age), 
few deaths occurred. Between 28 and 32 mo of age (the second 
phase), mortality increased sharply through 32 mo of age. 
Finally, in the third phase (32 to 36 mo of age), the slope of the 
mortality function decreased, although few rats reached these 
oldest ages. The median survival age was approximately 30 mo.

Figure 6. Age-related changes in total score. Each score is presented as 
a histogram and expressed as a percentage of the total number of rats 
at each of the designated ages. Sample sizes: 20 mo, n = 13; 24 mo, n = 
18; 28 mo, n = 29; and 32 mo, n = 11; insert shows the range of scores 
at each age.

Figure 7. Age-related changes in body weight. Body weight (g; mean 
± SEM) is presented for all rats at each month of life. The y axis is trun-
cated for ease of data presentation.
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The Brown Norway rat is a common strain in laboratory 
aging studies, along with the Fischer 344 strain and the Brown 
Norway–F344 hybrid cross.22 Brown Norway rats, like Fischer 
344 rats, grow to moderate size (approximately 500 g) and are 
considerably smaller than many of the outbred stocks of rat (for 
example, Sprague–Dawley, Long Evans, Wistar), which often 
approach or surpass 1000 g. Brown Norway rats have the added 
advantage of developing few of the pathologies of old age that 
are found in Fischer 344 rats, Brown Norway–F344 hybrids, and 
many of the outbred stocks.22 In the present report, mean body 
weight reached a maximum of approximately 500 g, which is 
similar to that reported previously.22,30 In addition, the very 
old Brown Norway rats showed decreases in body weight, also 
consistent with previous reports.19,30

Assessments were made in rats that periodically received 
either a short-acting pesticide (carbaryl) or an organic solvent 
(toluene). Each chemical has different effects on behavior, yet 
the chemicals are similar in their brief duration of action.9,20 
Moreover, each chemical is cleared rapidly from the body in 
a matter of a few hours.25,28 Given the rats’ history, we cannot 
dissociate effects of aging due to normal events from those 
influenced by toxicant exposure. Our results, therefore, cannot 
be considered normative data on signs of aging in male Brown 
Norway rats; instead, they show how scores change with age 
and that they change in ways that cannot be reduced to changes 
in body weight or likelihood of survival. A study is underway 
using rats that have no history of toxicant exposure, and so 
far (a maximum of 17 mo of age), their data resemble those 
presented in this report.

Assessments used a hybrid design that was initially cross-
sectional (as rats arrived for their assigned experiments) and 
then longitudinal, with the frequency of assessment increasing 
with age until the rats either died or were euthanized. Such 
hybrid designs are common in aging research.3,31 Although a 
longitudinal assessment with all rats starting at the same age 
would be instructive, the similarity of results for body weight 
and survival with published accounts30 attests to the robust 
nature of the results obtained with the current design.

Laboratory animal models will become increasingly impor-
tant as interest grows in better understanding the aging process 
in humans. The Brown Norway rat has been used extensively 
as an animal model in aging research.22,30 The relatively simple 
measures described in the current report appear to be sufficient 
for a general characterization of aging, and their efficiency rec-
ommends application in monitoring the health of aging animal 
colonies. These measures are key elements in an animal model 
of the frailty phenotype that accompanies old age in humans6,32 
and offer a parallel to the ‘activities of daily living’ that are 
widely used to chart the course of functional deterioration in 
aging humans.5,12,33

In summary, this report presents an efficient observational 
assessment method for evaluating aging laboratory rats. The 
method comprises tests that collectively describe the trajectory 
of aging and changes in variability between rats. The method 
may be beneficial for evaluating the health of rats in aging 
colonies and for studying the effects of toxic compounds and 
the diseases of aging.
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measurable parameters to predict imminent death often use a 
group of animals that is allowed to proceed to spontaneous 
death. We chose not to include such a group but instead eutha-
nized all rats that developed a moribund condition. In addition, 
because these rats were part of an ongoing behavioral study, we 
did not perform any additional invasive procedures (for exam-
ple, blood collection for determination of serum biomarkers). 
Future studies will attempt to correlate assessment scores with 
other clinical or postmortem findings that will allow us to more 
accurately predict impending death. However, according to the 
current results, a provisional threshold of concern for impending 
death of an individual rat seems to be a score of 18.

In the present study, mortality occurred in 3 phases, involving 
low, high, then again low incidence. This pattern of mortality 
has been obtained in numerous species including humans.3,8,30 
From the middle (rapid) phase, the median survival time was 
estimated to be 30 mo, which is consistent with earlier reports 
on male Brown Norway rats.22,30 Body weight, in comparison, 
consistently increased up to 24 mo of age and was stable until 31 
mo of age, after which body weight decreased in the dwindling 
few survivors. These results indicated that body weight was 
not an accurate predictor of mortality. In contrast, the observa-
tional assessments resulted in continuously increasing scores 
to a maximum that was obtained at 32 mo of age and then was 
sustained at even older ages in the few survivors. In addition, 
assessment scores increased consistently throughout the initial 
phase of low mortality and continued unabated through the 
second (rapid) mortality phase. Moreover, at the median sur-
vival age (30 mo) the median total score already exceeded half 
of the maximal score that was obtained in the oldest survivors. 
Assessment scores also increased during the phase when body 
weights had reached a plateau. Together, these results indicate 
that the age-related changes in assessment scores were not corre-
lated with changes in body weight and that the scores increased 
well before marked mortality became apparent. Therefore, our 
current results provide strong evidence of the utility of our ob-
servational assessment method for providing a unique signature 
of aging-related deterioration that is more sensitive than are 
changes in body weight or probability of death.

Figure 8. Age-related mortality and survival. Main figure shows cu-
mulative number of rats that died at each age (mo). Insert shows the 
percentage of rats surviving at each age (mo); dotted lines indicate the 
age at which one-half of the rats survived.
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