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Simple Summary: Cortisol is a very common hormone measured when studying the stress response.
While plasma cortisol is commonly utilized, concerns regarding stress caused by the sampling
procedure and whether that sample represents acute vs. chronic stress have paved the way for
measuring fecal cortisol metabolites (FCMs). The measurement of FCMs can be costly, and some
reagents used require special permission. Commercial ELISA kits have become popular as a cost-
effective method of cortisol measurement, but it is crucial to validate if these kits can detect a
biologically significant change in the hormone being measured within the animal being studied. In
our work, we conclude that the Arbor AssaysTM DetectX® Cortisol ELISA kit (K003-H1, Ann Arbor,
MI, USA) is a reliable, economic option for the measurement of biologically relevant changes in
cortisol in equine plasma and FCMs. This work helps to provide another potential tool for researchers
who want to evaluate horse stress and well-being.

Abstract: The measurement of fecal cortisol/corticosterone metabolites (FCMs) is often used to
quantify the stress response. The sampling method is relatively non-invasive, reduces concern for
elevation of cortisol from the sampling method, and has been shown to measure cortisol more
consistently without the daily diurnal rhythm observed in blood. Commercial ELISA (enzyme-
linked immunoassay) kits offer benefits over previously validated immunoassay methods but lack
validation. The objective of this study was to evaluate a commercial ELISA kit (Arbor AssaysTM

DetectX® Cortisol ELISA kit, K003-H1, Ann Arbor, MI, USA) and provide analytical and biologic
validation of equine fecal and plasma samples. Horses (4 male, 4 female, mean ± SD: 4 ± 5 yr)
were transported for 15 min with limited physical and visual contact via a livestock trailer. Blood
and fecal samples were collected pre- and post-transportation. Parallelism, accuracy, and precision
tests were used to analytically validate this kit. Data were analyzed using PROC MIXED in SAS
9.4. Plasma cortisol concentrations increased in response to trailering (254.5 ± 26.4 nmol/L, 0 min
post-transportation) compared to pre-transportation (142.8 ± 26.4 nmol/L). FCM concentrations
increased 24 h post-trailering (10.8 ± 1.7 ng/g) when compared to pre-transportation (7.4 ± 1.7 ng/g).
These data support that changes in FCMs can be observed 24 h post-stressor. In conclusion, the
Arbor AssaysTM DetectX® Cortisol ELISA kit is a reliable, economic option for the measurement of
biologically relevant changes in cortisol in equine plasma and FCMs.

Keywords: cortisol; ELISA; equine; horse; stress; fecal

1. Introduction

Cortisol is commonly measured as a physiological stress indicator. Measuring cortisol
does not directly quantify stress. However, as glucocorticoids (GCs) are key mediators
of the systemic stress response, cortisol measurements are commonly included as a stress
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marker [1]. Cortisol is the main GC in mammals [2,3]. Cortisol sampling can be performed
with a variety of sample types, including plasma and feces, and there are a variety of pros
and cons to each sampling method. The method should reflect the objectives to be assessed.

Blood, plasma, or serum has historically been the medium of choice for GC concen-
trations as it gives a “snapshot” of the animal at the time of sampling [4,5]. Due to the
biological rhythms of this hormone, it is important to control for the time of day that the
sample is taken [6,7]. When an animal is exposed to a short-term stressor, like trailering,
there is an almost immediate rise in plasma cortisol [8,9]. This makes plasma cortisol an
excellent measure of acute stress responses [10]. However, the activity of collecting blood
samples may induce a stress response [3,11]. Blood cortisol may not represent an accurate
measure for chronic stress as the altered GC production pattern due to sampling stress and
time of day must be considered [7,11].

The measurement of fecal cortisol/corticosterone metabolites (FCMs) is a method
for assessing the stress response [12,13]. This sampling method is relatively non-invasive,
especially when compared to sampling blood. Fecal collection reduces concern for a rise
in cortisol from the sampling method as opposed to the treatment. This method has been
shown to be a more consistent measure of cortisol in horses without the daily diurnal
rhythm observed in blood cortisol that may be useful in assessing animal well-being
compared to a particular time point, as the circulating FCMs are incorporated over time
and represent an aggregate secretion of hormone [12–14]. When considering the collection
of samples, the objectives of the study and sample type are important factors to consider.
The time it takes for an adrenocortical response to occur, which includes increased GC
concentrations in the plasma and corresponding changes in excreted FCMs, varies by
species [14]. FCMs are considered a biologically important measure of total GC release,
accounting for both intensity and duration of the adrenocortical response [4,15].

However, there are some shortcomings in the ability to process samples, including
cost of analysis and sampling timeline. In horses, liquid chromatography with mass
spectrometry (LC-MS) has been found to allow for the greatest accuracy compared to
immunoassay; however, analytical costs are higher with this method. When comparing
differences within animals, immunoassays were found to be acceptable in horses, as long
as absolute values/ranges were avoided due to cross-reactivities and potential bias [16].
Commercial enzyme-linked immunoassay (ELISA) kits are a relatively cost-effective and
simple method of analysis without having to dispose of radioactive components [17,18].
Thus, ELISA kits lend a potential solution to the cost and ease of analysis. However, the
cortisol ELISA kits on the market have not been properly validated for use with equine fecal
and/or plasma samples [1]. A review on the non-invasive measurement of glucocorticoids
was conducted recently that gives an excellent overview of the advantages and limitations
of utilizing feces as a sample matrix [1].

Many commercial ELISA kits have passed analytical validation but lack any phys-
iological/biological validation to show that they can detect a biological change in the
sample matrix used (e.g., feces) and within the sample in the species being measured [1]. A
biological validation step is crucial to demonstrate that the extraction method and com-
mercial kit used can detect biologically significant changes in adrenocortical activity [1].
It is also important to note that once a particular kit and extraction process is validated
for use in a particular species, it does not result in validation for (1) the use of that sample
regardless of commercial kit (e.g., feces) and (2) regardless of extraction method for that
species [1]. To perform biological validation of commercial ELISA kits, the animal is ex-
posed to a known stressor that will elevate hypothalamic–pituitary–adrenal (HPA) activity
for minutes to hours with a rise in a known stress measurement (e.g., plasma cortisol, FCM,
or heart rate) [1,13]. Trailering has been shown to induce stress in horses, demonstrated
by elevated heart rates and blood and salivary cortisol concentrations determined via
ELISA [19–21]. Thus, trailering horses is expected to increase blood cortisol concentrations.
This is needed to validate the subsequent rise in FCM concentrations, which is expected to
occur approximately 24 h after a rise in blood cortisol concentrations [22,23].
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The objective of this study was to provide both analytical and biological validation
for the detection of biologically relevant changes in FCMs and plasma cortisol from horses
using a cost-effective, commercial cortisol ELISA kit (Arbor AssaysTM DetectX® Cortisol
ELISA kit, K003-H1) that has been validated in other species [24–26].

2. Materials and Methods
2.1. Animals and Husbandry

Quarter horses (n = 8) aged 1 to 15 years (mean ± SD: 4 ± 5 yr) consisting of four
geldings and four mares were used in this study. The number of horses used was based on
using a power test [27]. Horses were a part of the university herd and housed outdoors in
paddocks at the Ohio State University Equine Facility, Columbus campus in Columbus,
Ohio. All horses were healthy and sound prior to and during the study. The study was
conducted in October of 2022 and the horses were not ridden or in training during the
study. Horses were fed forage and a commercial concentrate to maintain body condition.
Water and mineral blocks were provided ad libitum. The study was approved by the Ohio
State University Institutional Animal Care and Use Committee (IACUC: 2022A00000045).

Horses were transported untied, in pairs, for a 15 min transportation session using a
livestock trailer that included a divider to prevent physical contact and limit visual contact.
Two trips took place on two consecutive days to ensure that the horses were transported
during the same time of day. Both 15 min transports were completed within a 30 min
period of time to reduce the chances of differences in plasma cortisol levels due to circadian
rhythm. Each horse was randomly assigned to a day and transported once during the study.
The driver, truck, and trailer were the same for every trip and the same route was used. All
horses had been transported prior to the study, but not consistently or for long periods of
time. Horses were brought into stalls prior to trailering to obtain baseline fecal samples.

2.2. Blood Collection and Analysis

Blood samples were collected via jugular venipuncture before (baseline), immediately
after, and 60 min post-transportation (Figure 1). The baseline blood sample was taken in the
area where the horses were housed, prior to the horses coming to be transported to avoid
any possible stress of temporary stalling that would result in a rise of plasma cortisol. Blood
samples were collected into a tube (BD Vacutainer™, Franklin Lakes, NJ, USA) containing
sodium heparin to allow for separation of plasma and to reduce the chance of interaction
with the assay used [28]. After inverting several times, blood samples were stored at 4 ◦C
for no more than 1 h prior to plasma extraction. Plasma was obtained by centrifuging the
blood samples at 1500× g for 10 min at 4 ◦C. Two aliquots of 1 to 1.5 mL were frozen at
−20 ◦C until analysis [29]. This protocol was determined based on previous literature and
the manufacturer’s recommendations [30].
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Figure 1. Blood sampling timeline relative to transportation of horses for 15 min in a trailer. Blood
samples were obtained prior to transportation (pre), immediately after transportation (0 min post),
and 60 min after transportation (60 min post).

For hormone analysis, 5 µL of Dissociation Reagent (Arbor Assays, Ann Arbor, MI,
USA) was added to a clean 1.5 mL tube according to the manufacturer’s instructions. A 5 µL
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plasma sample was also added to the tube, vortexed, and incubated at room temperature
for at least 5 min. Assay buffer (Arbor AssaysTM, Ann Arbor, MI, USA) was then added,
and plasma cortisol concentrations (PCC, ng/mL) were determined using a commercial
cortisol enzyme immunoassay kit (Arbor AssaysTM DetectX® Cortisol ELISA kit, K003-H1,
Ann Arbor, MI, USA) and ran in duplicate.

2.3. Fecal Collection and Analysis

Fecal samples were collected via drop or grab sampling prior to transportation and 20,
24, and 28 h post-transportation (Figure 2). Due to the timeline for measuring FCMs, if fecal
samples were not collected from drop samples within 15 min of the stated sampling time, a
sample was taken directly from the rectum using a sleeve over the hand and arm of the
sampler. Only one fecal sample was taken directly from the rectum. A minimum of 100 g
of feces was collected at each time point. Samples were thoroughly homogenized to ensure
that FCMs were distributed equally throughout the feces [22]. After homogenization, fecal
samples were split into 2 aliquots of at least 50 g, and frozen at −20 ◦C within 10 min of
defecation. Fecal samples were stored at −20 ◦C until hormone extraction and analysis
to avoid further bacterial metabolism of FCMs [17,31,32]. Frozen fecal samples were put
into an oven at 55 ◦C for 48 h without thawing first to prevent both microbial metabolism
and heat damage [12,17,33–35]. At 24 h, the fecal samples were manually broken up to
help ensure even, complete drying of the feces. Dried fecal samples were ground using
a coffee grinder and split into four aliquots (0.20 g each). Hormones were extracted from
the fecal samples in glass tubes with Teflon caps. An amount of 1.0 mL of 90% ethanol per
0.1 g solid (2 mL for 0.2g feces) was added [14,19,28,33]. Samples were shaken vigorously
at 37 ◦C for 30 min using a commercial incubator shaker and then centrifuged at 3300× g
for 15 min at 4 ◦C. The supernatant was decanted into clean 1.5 mL tubes and centrifuged
again at 3300× g for 15 min at 4 ◦C to ensure no solids remained. An amount of 600 µL of
supernatant was collected into a clean 1.5 to 2.0 mL tube and evaporated under nitrogen to
dryness to avoid steroid hormone oxidation [36,37]. Extracts were stored at −80 ◦C until
hormone analysis. This procedure was created specifically for the extraction of equine
FCMs with consideration given to previous literature [24–26].
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Figure 2. Fecal sampling timeline relative to transportation of horses for 15 min in a trailer. Fecal
samples were obtained prior to transportation (pre), 20 h after transportation (20 h post), 24 h after
transportation (24 h post), and 28 h after transportation (28 h post).

Extracted samples were dissolved into 100 µL of 90% ethanol, vortexed, and rested
for 5 min. This was repeated two additional times to ensure steroid solubility. Assay
buffer (Arbor AssaysTM, Ann Arbor, MI, USA) was then added, and FCM concentrations
(ng/g feces) were determined using a commercial cortisol enzyme immunoassay kit (Arbor
AssaysTM DetectX® Cortisol ELISA kit, K003-H1, Ann Arbor, MI, USA) and ran in duplicate.
Due to the uncertainty of how much native molecules and reactive metabolites were
quantified using this kit, the term FCM concentration will be used.
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2.4. Data Analysis

Analytical validation was evaluated for precision (inter-assay and intra-assay co-
efficients of variation, % CV), parallelism, and accuracy (percent recovery of a known
spike) [14]. Precision (% CV of intra- and inter-assay of the standard control) was calculated
using the formula [(standard deviation/average) × 100]. Parallelism was determined
by comparing the equality of slope between the sample curve and the standard curve to
demonstrate a dose–response relationship. Accuracy (% recovery) was calculated using
the formula [(measured concentration/known concentration) × 100]. According to the
manufacturer, cross-reactivity is as follows: cortisol 100%, dexamethasone 18.8%, pred-
nisolone (1-dehydrocortisol) 7.8%, corticosterone 1.2%, cortisone 1.2%, progesterone < 0.1%,
estradiol < 0.1%, cortisol 21-glucuronide < 0.1%, 1α-hydroxycorticosterone < 0.1%, and
testosterone < 0.1%. However, cross-reactivity on various FCMs has not been described.

Based on manufacturer’s recommendation, the suggested dilution of plasma was 1:100
with reagent diluent provided by the manufacturer. A recommended dilution for feces was
not provided, only that the final ethanol concentration would be less than 5%. Therefore,
serial dilutions of 1:100, 1:150, 1:200, and 1:250 of plasma samples and 1:10, 1:20, 1:40, and
1:80 of fecal samples were used to test for dilutional parallelism. Four random samples
each were chosen to perform serial dilutions for both sample matrices. The manufacturer’s
recommended standard curve was developed using the provided cortisol stock solution
(Arbor Assays, Ann Arbor, MI, USA) at concentrations of 11.10, 5.55, 2.77, 1.39, 0.69, 0.35,
0.17, and 0 nmol/L.

Plasma from three random samples was diluted 1:200 with either reagent diluent
or reagent diluent spiked with a known amount of cortisol standard (1.11, 2.22, and
4.44 nmol/L; Arbor Assays, Ann Arbor, MI, USA). Four random fecal samples were diluted
1:40 with either reagent diluent or reagent diluent spiked with a known amount of cortisol
standard (0.55, 1.11, and 2.22 nmol/L; Arbor Assays, Ann Arbor, MI, USA). Percent recovery
was determined by comparing observed and expected concentrations (Table 1).

Table 1. Average concentrations (range) of cortisol in equine plasma and feces diluted with reagent
spiked with cortisol.

Plasma Feces

Spike,
nmol/L

Observed,
nmol/L

Expected,
nmol/L Recovery, % Spike,

nmol/L
Observed,

nmol/L
Expected,
nmol/L Recovery, %

0 0.98
(0.24–1.84)

0.98
(0.24–1.84) 100.0 (100.0) 0 1.01

(0.35–1.83)
1.01

(0.35–1.83) 100.0 (100.0)

1.11 2.42
(1.96–3.10)

2.09
(1.35–2.95)

99.7
(99.4–99.9) 0.55 1.37

(0.81–1.90)
1.56

(0.91–2.38)
100.2

(99.8–100.5)

2.22 3.07
(2.56–3.52)

3.20
(2.46–4.06)

100.1
(99.5–100.5) 1.11 2.46

(1.84–3.34)
2.12

(1.46–2.93)
99.7

(99.1–100.1)

4.44 5.74
(4.64–6.42)

5.42
(4.68–6.28)

99.7
(99.2–100.1) 2.22 3.05

(2.32–3.44)
3.23

(2.57–4.05)
100.2

(99.5–100.6)

Biological validation was performed by comparing plasma cortisol concentrations
(PCCs) and FCM concentrations before and after transport. For these data, the horse was
the experimental unit and was treated as a random variable nested within trip nested
within sex, along with trip nested within sex. Data were analyzed using PROC MIXED
with a repeated measures statement in SAS 9.4 (SAS Institute Inc., Cary, NC, USA) with
time, sex, and their interaction (Sex × Time) as fixed effects. The covariance matrix Toeplitz
structure (2) was chosen as it produced the lowest Akaike information criterion corrected
(AICC). For this study, data were considered significant at p ≤ 0.05 and a significant trend
is described when p > 0.05 and ≤0.10.
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3. Results
3.1. Validation Tests

The average recoveries of a known spike of cortisol in plasma and FCMs were 98.2 and
100.0%, respectively (Table 1). Average inter-assay and intra-assay coefficients of variation
for plasma cortisol were 11.0 and 7.2%, respectively. Average inter-assay and intra-assay
coefficients of variation for FCMs were 9.0 and 10.8%, respectively.

For plasma samples, dilutional parallelism was observed for 1:100, 1:150, 1:200, and
1:250 (Figure 3). Dilutional parallelism was observed between dilutions 1:20, 1:40, and
1:80 for fecal samples (Figure 4). Dilutions of 1:40 for fecal samples and 1:200 for plasma
samples were chosen for further evaluation. The limit of detection was determined to
be 0.35 nmol/L as there were no observed differences between 0, 0.17, and 0.35 nmol/L
standard values.
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3.2. Plasma Cortisol Concentrations

Plasma cortisol concentrations increased in response to trailering (254.5 ± 26.4 nmol/L,
0 min post-transportation) compared to pre-transportation (142.8 ± 26.4 nmol/L) and
showed a tendency to decline 60 min post-transportation (176.8 ± 26.4 nmol/L) when
compared to immediately post-trailering (Figure 5). Plasma cortisol concentrations pre-
trailering were similar to 60 min post-trailering. There were no differences in plasma
cortisol concentrations due to trip or sex.
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3.3. FCM Concentrations

FCM concentrations changed in response to transportation (Figure 6). FCM concentra-
tions increased 24 h post-trailering (10.8 ± 1.7 ng/g) when compared to pre-transportation
(7.4 ± 1.7 ng/g). FCM concentrations pre-trailering were not different from 20 h
(8.7 ± 1.7 ng/g) or 28 h post-trailering (10.0 ± 1.7 ng/g). There were no differences
in FCM concentrations due to trip or sex.
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4. Discussion

Cortisol has long been used to evaluate animal stress, and in a larger sense, animal
welfare [1,7,38]. ELISA kits have grown in popularity as a way to measure cortisol in
various samples, such as plasma, feces, and saliva, and the need to validate these kits
has also increased. Analytical validations comprise measures of precision, sensitivity,
specificity, and accuracy and are crucial components to allow for accurate interpretation
of results. Spike and recovery test results indicate that other components of the sample
matrices utilized did not interfere with the estimation of cortisol concentrations, while % CV
indicates an acceptable level of precision. The results from the test of dilutional parallelism
demonstrated that both sample matrices for this ELISA interact with the assay antibody in
a dose-dependent manner and thus support that the standards and samples have similar
antibody binding characteristics. However, it is possible for a kit to be analytically validated
without the ability to detect a biological signal in the sample matrices [1].

To biologically validate an assay measuring cortisol, a demonstrated increase in
cortisol is required in response to a stressor. These data support previous research whereby
providing transportation via horse trailer for 15 min with limited visual and physical contact
with other horses was sufficient to produce a stress response observed in plasma [20,21,30].
Previous research showed that transportation varying from 1 to 8 h resulted in a stress
response measured via fecal samples [19,30]. However, this study showed that a shorter
timeframe (15 min) with limited visual/physical contact between conspecifics was adequate
to elicit an acute stress response in horses and is appropriate to use in biological validation
methods that require a stress response reflected in both plasma and feces.

Transporting horses is a common practice as owners engage in equine recreational
activities, including various competitions, trail rides, and more [39]. Transport is generally
less than 8 h and various studies have found that transport is considered stressful by
the horse using a variety of techniques (e.g., plasma cortisol, FCM, salivary cortisol, and
heart rate variability [HRV]) [8,40–42]. Notably, Schmidt and colleagues [8] found that the
degree of changes to cortisol release and HRV were proportionate to the length of transport.
Longer transports were more stressful than shorter ones [8]. In a similar study, it was
observed that transport-naïve horses experienced a greater level of stress that decreased
with exposure to transport [43]. Some research indicates as little as 15 min of transport is
sufficient to result in a significant rise in blood cortisol in horses [21].

In this study, increases in plasma cortisol were observed at the time of the stressor
and in FCM concentrations 24 h post-stressor. These data support that changes in plasma
cortisol in response to a stressor are observed immediately after the stressor [44]. These
data also support that changes in FCMs occur approximately 24 h after a stress-inducing
challenge (e.g., trailering) [2,13,22]. Thus, it may be important to collect several samples
over time to ensure that an environmental stressor (single event) does not skew the overall
results if investigating long-term stress. Equine FCM concentrations have ranged between
1.3 and 121.4 ng/g, which is a large range, possibly due to differences in sampling methods,
metabolite measured, method of analysis, environment, diet, storage methods, and stres-
sors [11,31,45–50]. Due to the lack of data on cross-reactivity to FCMs for this commercial
kit, the term FCM was chosen to better describe what this commercial cortisol ELISA kit
may detect. The values for FCM concentrations were similar to some previous literature
in horses [11,48,51] but were lower than others [8]. This may be due to a difference in
cross-reactivity of certain fecal cortisol metabolites across different analyses or different
variations of stressors used (e.g., longer transportation periods). Further research is needed
to determine the extent of cross-reactivity with various FCMs in this commercial kit and
what these concentrations represent.

5. Conclusions

In conclusion, the commercial ELISA kit evaluated in this study can be used as a
reliable, economic option for the measurement of a biologically relevant change in equine
plasma cortisol and FCMs. In the present study, increases in plasma cortisol were observed
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at the time of the stressor and in FCM concentrations approximately 24 h post-stressor.
Further research should be conducted to examine the cross-reactivity of equine FCMs and
this commercial kit.
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