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Abstract. Background: Commercially available ELISA kits

are popular among investigators that quantify faecal
corticosterone or cortisol metabolites (FCM) for stress
assessment in animals. However, in faeces, these assays
mainly detect immunoreactive glucocorticoid metabolites.
Since different assays contain antibodies of different origin,
the detection level and cross-reactivity towards different
metabolites and other steroids differ considerably between
assays. Thus, the validity of one assay for FCM quantification
in stress assessment is not necessarily the same for another
assay. Materials and Methods: The present study was
designed to investigate corticosterone (CORT) in serum and
FCM levels in faeces of laboratory mice, as quantified in four
different ELISA kits (DRG EIA-4164, Demeditec DEV9922,
Enzo ADI-900-097 and Cayman EIA kit 500655). Assay kits
were chosen based on the origin of the antibody, detection
level and variation in cross-reactivity. Results: As expected,
all four assay kits could detect higher serum CORT levels in
mice treated with adrenocorticotropic hormone (ACTH),
compared to untreated mice. Unexpectedly though, the
measured concentration of serum CORT differed significantly
between assays, in both groups of mice. In faecal samples,
there was no consistent positive correlation between the levels
detected in the four assays and the measured concentration of
FCM also differed between assays. Conclusion: Whereas
commercially available CORT ELISAs are frequently
successfully used for FCM quantification, validation of the
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assays is necessary as all assays do not work well under all
circumstances. In this study, the ELISAs could determine
relative differences in serum CORT levels and FCM levels
between samples; however, the fidelity of the measurements to
the true concentrations was low.

Recognition and assessment of physiological stress is
essential in the care of, and experimentation on, laboratory
mice, since stress may have a considerable negative impact
on the welfare of animals, as well as on experimental data
(1). A common way of assessing stress is to measure the
concentration of corticosterone (CORT) in blood.
Corticosterone is increased in blood within a few minutes
during an acute stress response and, thus, measuring the
blood concentration of CORT is a well-validated method for
determining acute stress (2-7). However, a blood sample
gives only the momentary concentration and, therefore,
merely reflects the stress response at that very instant. The
blood sampling procedure itself is also problematic, since it
is invasive and requires certain form of restraint, which
causes stress and trauma to the animal (4, 5). To circumvent
these issues, faeces can be collected from the mouse cage
and faecal CORT metabolites (FCM) can be extracted. The
FCM levels reflect an average of the preceding CORT levels
in the blood during a chosen time period (8). Furthermore,
invasive procedures on the animals are avoided, since
collection of faecal pellets can be performed with minimal
or no interference.
Many studies, among them certain performed in our
laboratory, have applied commercially available enzymelinked immunosorbent assays (ELISAs) for the
quantification of FCM for stress assessment in several
animal species, including laboratory mice (3-5, 9-12).
However, such assays are generally designed for measuring
serum CORT in its native form, with the content of native
CORT being very low in faecal samples (13). Thus, in
faeces, these assays mainly detect a panorama of
immunoreactive CORT metabolites, which in many cases
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Table I. Overview of ELISAs applied in the study.
Assay

DRG EIA-4164

Antibody

Detection level

Polyclonal (species unspecified)

<1.6 nmol/l (553 pg/ml)

Demeditec DEV9922

Rabbit polyclonal

1.6 nmol/l (553 pg/ml)

Enzo ADI-900-097

Sheep polyclonal

26.99 pg/ml (0.078 nmol/l)

Cayman EIA 500655

Sheep polyclonal

30 pg/ml (0.087 nmol/l)

Data are based on information reported by the manufacturers.

accurately reflect the preceding levels of serum CORT (1416). However, since different assays utilise antibodies of
different origin and specificity, the detection level and crossreactivity towards different metabolites and other, unrelated,
steroids differ considerably between assays. Thus, the
validity of one assay for FCM quantification in stress
assessment is not necessarily the same for another assay.
In order to elucidate this matter, we designed the present
study to investigate CORT in serum and FCM levels in
faeces of laboratory mice, as quantified in four different
ELISA kits (DRG EIA-4164, Demeditec DEV9922, Enzo
ADI-900-097 and Cayman EIA kit 500655). Assay kits were
chosen based on the origin of antibody, reported detection
level and variation in cross-reactivity to different metabolites
and other steroids (see Table I for details). The DRG assay
has been extensively used and validated in our laboratory
(14, 15). Therefore, we used this assay as the reference assay
to compare the other assays with.
The null hypothesis was that all four assays would detect
the same levels of serum CORT and FCM from each unique
sample. The aim of the study was to generate information
that can be useful in the interpretation of data from faecal
samples during stress assessment in laboratory mice.

Materials and Methods

Animals. All animal housing and experimental protocols in the
present study were approved by the Danish Animal Experiments
Inspectorate (license no. 2012-DY-2934-00018) under the Ministry
of Environment and Food and after review of the local animal
welfare body of the faculty. The animal use was, thus, in accordance
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Cross-reactivity (>0.1%)

Progesterone 7.4%
Deoxycorticosterone 3.4%
11-dehydrocorticosterone 1.6%
Cortisol 0.3%
Pregnenolone 0.3%
11-deoxycorticosterone 2.4%
Progesterone 0.7%
Cortisol 0.3%
Aldosterone 0.2%
Deoxycorticosterone 28,6%
Progesterone 1.7%
Tetrahydrocorticosterone 0.28%
Aldosterone 0.18%
Testosterone 0.13%
11-deoxycorticosterone 11%
11-dehydrocorticosterone 7%
Progesterone 0.31%
Cortisol 0.17%

to Danish legislation on experimental animals and to Directive
2010/63/EU on the Protection of Animals used for Scientific
Purposes.
Twenty-four male outbred BomTac:NMRI mice from Taconic,
Ry, Denmark, were used in the study.

Housing conditions. The animals were housed in an animal facility
fully accredited by the Association for the Assessment and
Accreditation of Laboratory Animal Care (AAALAC) in accordance
with the Guide for Care and Use of Laboratory Animals (17) and with
Directive 2010/63/EU (18). Before the experiments, the mice were
single-housed in individually ventilated Macrolone type III cages (800
cm2 floor area; 15 cm high) for one week prior to experimentation.
Wooden chips (Tapvei Oy., Kortteinen, Finland) were used as bedding
material. Bite bricks (Tapvet®, Kortteinen, Finland), Enviro-dri®
nesting materials (Shepherd Specialty papers, Quakertown, PA, USA)
and cardboard houses (Brogaarden, Gentofte, Denmark) were used
for environmental enrichment. A diurnal rhythm was maintained with
a 12:12 hour light-dark cycle, with artificial light from 06:00. Cage
temperature was kept at 22˚C, relative humidity at 50% and the air
was exchanged 75 times per h. Mice were fed ad libitum with
Altromin 1319 pellets (Brogaarden, Gentofte, Denmark) and acidified
tap water was available at all times.

Study design. Mice were divided into four groups with six mice in
each. Group size was based on a power analysis (19) where a twofold increase in mean FCM levels after adrenocorticotropic hormone
(ACTH) injection was considered biologically relevant, based on
previous studies (14-16). The standard deviation was estimated to
be approximately 0.75 times the mean, the level of significance (α)
was set to 5% and the desired power (1-β) was set to 80%.
At 9 a.m., mice in all groups were placed in a clean cage to
enable sampling of faecal pellets dropped after the experiment
started. Mice in Group 1 and 3 were left alone until the subsequent
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Figure 1. Concentration of corticosterone (CORT) in serum samples (ng/ml) in non-treated and adrenocorticotropic hormone (ACTH)-treated mice
as quantified in the four ELISAs. Data are presented as individual data points for each animal and assay. A: 2 h and B: 8 h after intervention with
mice in the ACTH groups.

blood and faecal sampling. Mice in Group 3 and 4 were injected
subcutaneously with 2 mg/kg ACTH (ACTH 1-24; PolyPeptide
Laboratories, Strasbourg, France) in 0.25 ml PBS. At 11 a.m. (2 h
after start), blood and faeces were collected from mice in Group 1
and 2 and, at 17 p.m. (8 h after start), blood and faeces were
collected from mice in Group 3 and 4.

Blood and faecal sampling. At the time of sampling, mice were
concussed and decapitated; blood was collected in Eppendorf tubes.
The procedure was completed within 30 seconds. Blood was left to
coagulate in a refrigerator for 45 min, followed by centrifugation
for 10 min, in order to obtain serum. Serum was stored at −20˚C
until analysis. After blood sampling, the bedding material from the
cage was collected, whereafter all faecal pellets in the cage were
gathered and analysed for faecal corticosteroid metabolites.

Enzyme-linked immunosorbent assays (ELISAs). Four different
ELISA kits were used in the study. Each serum and faecal extract
sample was analysed in parallel in four different commercially
available ELISA kits, namely DRG EIA-4164 (DRG Diagnostics,
Marburg, Germany), Demeditec DEV9922 (Demeditec, KielWellsee, Germany), Enzo ADI-900-097 (Enzo Life Sciences,
Plymoth meeting, PA, USA) and Cayman EIA kit 500655 (Cayman
Chemical Company, Ann Arbor, MI, USA), according to the
manufacturers’ instructions. Assays were chosen based on origin of
antibody (sheep or rabbit IgG), detection level (25-500 pg/ml) and
variation in cross-reactivity profile (see Table I for details).

Quantification of CORT and immunoreactive CORT metabolites.
Serum samples from each individual mouse were thawed and tested
for CORT concentration in all the four different ELISA kits, in
accordance with the manufacturers’ instructions. Faecal samples
were thawed and faecal CORT and FCM were extracted as
previously described (3, 14, 15). In brief, FCM were extracted by

Figure 2. Concentration of corticosterone (CORT) in serum samples
(ng/ml) detected by the DRG assay compared to the concentration in
the other three assays. Data are presented as individual data points for
each animal and assay. Coloured lines represent the linear regression.

incubating faeces in 96% ethanol overnight at a ratio of 5 ml
ethanol per gram faeces. The homogenate was centrifuged at 3,000
× g in a Labogene Scanspeed 1236R centrifuge (Labogen A/S,
Lynge, Denmark) for 20 min, the supernatant was decanted and the
pellet discarded. A 1-ml aliquot of the supernatant was further
centrifuged at 10,000 × g for 15 min in a table top centrifuge
(Eppendorf 5415D; Eppendorf AG, Hamburg, Germany). A volume
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Figure 3. Levels of immunoreactive faecal corticosterone metabolites (FCM) in faecal samples (expressed as ng excreted per h) in non-treated and
adrenocorticotropic hormone (ACTH)-treated mice as quantified in the four ELISAs. Data are presented as individual data points for each animal
and assay. A: 2 h and B: 8 h after intervention with mice in the ACTH groups.

of 200 μl of the supernatant was recovered with a pipette while
carefully avoiding aspirating any pelleted material and evaporated
in a Genevac EZ-2 evaporator (Genevac Ltd., Ipswich, UK). The
crystalized material was re-suspended in 200 μl assay buffer and
analysed as described above.
Statistical analysis. All graphs and statistical calculations were
performed in GraphPad Prism 5.0 (GraphPad Inc. La Jolla, CA,
USA). Serum CORT concentrations (ng/ml) and FCM levels
(excreted ng/h) were log-transformed and compared with a two-way
analysis of variance (ANOVA) with Bonferroni’s post-hoc test.
Treatment and assay were set as variables. Furthermore, linear
regression was performed for all values obtained in the Demeditec,
Enzo and Cayman assays in relation to the DRG assay.

Results

Serum CORT. The serum CORT concentrations detected in the
four assays are shown in Figure 1. All four assays could detect
significantly higher serum CORT levels in mice treated with
ACTH, compared to untreated mice, 2h after intervention
(p<0.001), as determined with a two-way ANOVA with
Bonferroni’s post-hoc test. The same test also showed that the
measured concentration of serum CORT differed significantly
between assays (p<0.0001), for both groups of mice.
The serum CORT levels detected in the DRG assay were
compared to the levels in the three other assays using linear
regressions (Figure 2). All three assays were positively
correlated with the DRG kit where the Demeditec assay had
742

Figure 4. Levels of immunoreactive faecal corticosterone metabolites
(FCM) in faecal samples (expressed as ng excreted per h) detected by
the DRG assay compared to the concentration in the other three assays.
Data are presented as individual data points for each animal and assay.
Coloured lines represent the linear regression.

a slope of 1.21±0.21, which was significantly different from
0 (p<0.0001), and the goodness of fit (r2) was 0.64. The
Enzo assay had a slope of 2.02±0.25 (p<0.0001) and an r2
of 0.74. The Cayman assay had a slope of 1.22±0.1251
(p<0.0001) and an r2 of 0.83.
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Faecal CORT metabolites. The FCM levels detected in the four
assays are shown in Figure 3. There was no significant effect
of the ACTH treatment on the FCM levels. However, similar
to the serum concentrations, there was a significant difference
in FCM between the four assays, as determined with the twoway ANOVA (p<0.0001), in both groups of mice.
The FCM levels detected in the DRG assay was compared
to the levels in the three other assays with linear regression
(Figure 4). Here, all assays, except for Cayman, were
positively correlated with the DRG kit. The Demeditec assay
had a slope of 0.68±0.18 (significantly different from 0;
p<0.005) and a goodness of fit (r2) of 0.40. The Enzo assay
had a slope of 0.81±0.07 (p<0.0001) and an r2 of 0.84. The
Cayman assay had a slope of –0.12±0.21 (not significantly
different from 0; p=0.59) and an r2 of 0.01.

Discussion

The present study investigated the suitability of using different
commercially available ELISA kits for quantifying the levels
of FCM in relation to the levels of CORT detected in serum.
As expected, all four assays could detect higher serum
CORT levels in mice treated with ACTH, compared to
untreated mice. Furthermore, a higher level of serum CORT
in non-ACTH-treated mice was seen in the evening (8 h after
intervention), which follows the natural circadian rhythm of
mice (20, 21). Unexpectedly though, the measured
concentration of serum CORT differed significantly between
assays, for both groups of mice. On the other hand, in all
assays the relative difference between treated and non-treated
mice followed the same pattern; all assays were positively
correlated with the DRG assay. This means that the CORT
assays tested in this study are, as expected, fully applicable
in order to distinguish between high and low levels of serum
CORT. However, caution must be taken when discussing
absolute concentrations of CORT, since the ELISAs appear
to deviate from the true serum values by some margin.
In faecal samples, similar to serum samples, the actual
concentration of FCM measured also differed unexpectedly
between assays. It was expected that the FCM values would
be higher 8 hours after ACTH injection, since this is the
approximate lag time (16, 22, 23) from adrenal release to
subsequent excretion in faeces of CORT for rats and mice.
However, in a recent study from our laboratory, we discovered
that a single injection of 2 mg/kg ACTH, which was used in
the present study, is not sufficient to induce a satisfactory
increase in blood CORT that causes a significantly elevated
FCM level in faeces but that repeated injections of this dose
are necessary (15). Thus, we were unable to confirm that
elevated serum levels of CORT actually do lead to elevated
levels in FCM in the present study. However, this was not the
main scope of the present study and, since we have previously
presented evidence of the applicability of FCM (15), we chose

not to proceed with this matter. As expected though, lower
levels were observed in non-ACTH-treated mice in the
evening (8 h after intervention). This was expected since the
FCM rhythm is inverted compared to serum levels, following
the lag time discussed above.
Commercially available immunoassays may be
problematic for FCM quantification, since they detect
immunoreactive CORT metabolites in faeces, and the precise
composition of metabolites in faeces is rarely known and is
likely to vary between sex and between strains of mice, as
well as between different experimental conditions. Therefore,
other approaches have been suggested for quantifying FCM
in an appropriate manner. It has, for instance, been suggested
that the CORT metabolite 5α-pregnane-3β,11β,21-triol-20one measured in faeces is predictive of preceding serum
CORT levels in mice (13, 24). However, the assay for 5αpregnane-3β,11β,21-triol-20-one is not commercially
available and, thus, needs to be set up in the laboratory.
Since other studies have demonstrated that quantification of
a number of immunoreactive metabolites is indeed
representative of preceding CORT levels both in rats and
mice, this method should be considered just as reliable,
provided that it is properly validated. The results presented
in this study illustrate the importance of assay validation
when using FCM for investigating adrenocortical activity in
mice and that all assays applied need to be validated before
any interpretation can be done, regardless of whether a set
of immunoreactive CORT metabolites or a specific
metabolite is being used.
In conclusion, commercially available corticosterone
ELISAs are useful for FCM quantification in most cases;
however, validation of an assay is necessary before it can be
applied in stress assessment. Furthermore, the ELISA can
accurately determine relative differences in serum CORT and
FCM levels between samples but the precision in
determining the actual value of the concentration is low.
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