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Abstract

The aim of the study was to define the influence of the selected factors (gender, age, transporta-
tion time, riding distance and air temperature during the ride) on the cortisol secretion and finding
a correlation between the hormone level and the horses’ sport results (veterinary parameters and the
ride route parameters). The research was performed on 38 Arabian pure breed horses taking part in
the endurance rides. The cortisol level was measured with enzyme-immunological method in saliva
samples, taken four times from each horse. In order to verify the differences between the mean
results the repeated measures design was applied. The significance of the differences between the
mean values was determined by the Tukey test. To evaluate the interrelations between the analysed
attributes Pearson’s correlation analysis was applied. The cortisol level at rest was not affected by any
of the analysed factors. In case of other results, the most significant influence (P ≤ 0.05) was related to
the gender, as well as the ride distance and air temperature during the ride. Higher cortisol level was
noted in mares, horses running the longest distances and at the highest temperatures. A significant
increase in the cortisol level was noted when the ride distance was longer. There were no clear
correlation between the adrenal cortex activity and the veterinary parameters at different riding
speed. High cortisol concentration can negatively affect the heart rate (HR) by increasing it, but it can
simultaneously stimulate the body to fight dehydration.
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Introduction

Stress triggers increased secretion of cortisol
which is a steroid hormone produced in the adrenal
cortex. As a result the body is stimulated to become
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less dependent on the external energy sources used
for the preparation for threatening situations. The
cells start to produce enzymatic protein, needed for
the glucogenesis process, using amino acids as the
substrates (Desmecht et al. 1996, Schmidt et al. 2010a,
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b, c, d). These reactions allow us to treat cortisol
level as an indicator of stress-related reactions
(Dorn et al. 2007). Cortisol level can be measured in
blood or in saliva (Peeters et al. 2010). The level in
saliva is directly proportional to its concentration in
the unbound fraction in blood, the presence of which
results from poor solubility of steroids in water.
Therefore, after secretion by the adrenal cortex,
85-98% of steroids bind to the plasma globulins. The
remaining corticosteroids, unbound to the plasma
proteins, circulate in the blood and affect the body
cells. Only the unbound fraction can infiltrate into
saliva, as the cortisol bound to the plasma proteins
does not leave the vascular bed. Determination of
cortisol level in saliva provides information on
changes in the biologically active unbound fraction
of this hormone in the blood and constitutes a re-
liable method of studying stress (Kirschbaum 2000,
Dorn et al. 2007, Peeters et al. 2010). The stress phe-
nomenon is mainly related to the sport use of horses
in equestrian competitions, during which they are
subject to different types of physical and mental fac-
tors that can negatively influence their final scores,
as well as their well-being or the riders’ safety
(Peeters et al. 2010). According to the research, the
stress level increase during the competitions is re-
lated to the horses’ young age and resulting lack of
experience (Nogueira and Barnabe 1997), transport
conditions (Schmidt et al. 2010d) or even staying in
an unfamiliar stable. The last factor was identified in
a study on American trotting horses awaiting the
start (Irvine and Alexander 1996). Insufficient train-
ing and too intensive exercise are also important con-
siderations (Mircean et al 2007). According to
Lassourd et al. (1996) not necessarily intensive but
long lasting physical exercise in endurance horses in-
creases the activity of the adrenal cortex, resulting in
triplicating the cortisol level in comparison to the
rest levels. As the current knowledge on different
factors affecting the cortisol level as a stress indicator
concerns mostly the horses doing short and intensive
exercise, we decided to identify the factors enhancing
cortisol secretion in endurance horses and to investi-
gate whether the hormone level correlates with the
horses’ condition during the ride and the competi-
tion results.

Materials and Methods

Design of the study

The research was conducted on 38 Pure Breed
Arabian horses which took part in the endurance
rides organized by one of the leading equestrian or-

ganization in Poland within the last two years. The
competitions were organized according to the official
endurance rides regulations, provided by the Inter-
national Federation for Equestrian Sports. The
group consisted of 11 stallions, 12 mares and 15 geld-
ings (gender factor: 1 – stallions, 2 – mares, 3 – geld-
ings) aged between 70 and 180 months (age factor:
1 – up to 100 months, 2 – between 101 and 120
months, 3 – over 120 months). The horses were
transported to the competition venue a day before
the start, between 6:00 and 10:00 a.m. The transpor-
tation time ranged between 2 and 11 hours (trans-
portation time factor: 1 – up to 3h, 2 – between 3 and
6h, 3 – over 6 hours). At the venue, the horses stayed
in two box stables of the same parameters. The riding
distance ranged from 80 to 160 km (distance factor:
1 – 80-100 km, short distance; 2 – 120-130 km, me-
dium distance; 3-160 km, long distance). All the
horses started the competition between 6:00 and 6:30
a.m. on the next day after arriving to the venue. The
rider’s rank and weight carried by the horses were
similar. The research included also air temperature
measurements taken during the ride. They were the
means of six separate measurements taken with an
external electronic thermometer by the competition’s
technical support team. The measurements were
taken every 3 hours, starting at 6:00 a.m. (tempera-
ture factor: 1 – 19.33oC, 2 – 28.04oC). In order to
evaluate the correlation between the saliva cortisol
level and the official competition score the informa-
tion about each horse’s condition was also taken into
consideration. It was obtained from the official vet-
erinary files completed at the veterinary gates after
each phase of the ride, so called “loop” and accom-
panied by technical parameters describing the speed
during ride parts, ride routes, average ride speed, the
time the horse and the rider entered the veterinary
gates, partial sport results (technical parameters).
Due to the fact that the veterinary parameters, like
gut sounds, mucus membrane condition and the gait
are not measurable, a unified scoring system, design-
ed especially for this occasion, was used. This study
was based on the results of horses whose speed at the
particular phases (loops) was similar. Description of
the veterinary and technical parameters, measure-
ments, own scores for some cases, mean values and
standard deviations are shown in Tables 1 and 2.

Sample collection

The saliva samples were collected in order to de-
termine the level of cortisol as a stress indicator, mir-
roring the adrenal cortex secreting activity. A cubical
sponge 2x2 cm in size soaked in 1% acetic acid was
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Table 1. Veterinary parameters of horses examined at the veterinary gates.

After the loop
preceding the

first test cortisol
level related
to exercise

After the After the
first loop last loop

mean s mean s mean s

Own score
Parameter Test method in case of no

metrics available

Measurement
or marking

HR during
first test

checked with
phonendoscope in the

heart area for 1 min. after
entering veterinary gate

bpm – 59.11 4.18 59.33 4.65 56.75 5.84

Gut sounds N-normal 5

↓ or ↑ – slightly
deviated 2.5 4.21 1.18 3.45 1.51 3.97 1.49

↓↓ – deviated 1

checked with
phonendoscope on the

right and left abdominal
area

Dehydration pulling the skin on the
neck or shoulder blade,

when the horse is s – 1.17 0.43 1.68 0.87 1.89 0.75
dehydrated the skin

doesn’t flatten
immediately

A: Light pink 5

AB: colour... 2.5 3.38 1.81 2.91 1.72 1.97 1.45

B: colour... 1

Mucus
membranes

checking the colour of the
third eye lid, which

changes from light pink
into dark red when the

horse becomes more and
more exhausted

Capillary
refill

pressing the non-
-pigmented gum

membrane of the top
incisor, filling the white s 1.24 0.41 1.44 0.46 1.72 0.66
spot created by pressing
should not take longer

than 3 seconds

regular
movement 5

irregular
movement 2.5 4.18 1.43 3.27 1.39 3.32 1.32

Lameness 0

Gait evaluated during a trot
on the hard surface, aimed
at catching all irregulari-

ties
and lameness

HR during
second test

checked with
phonendoscope in the
heart area for 1 min. bpm – 57.18 4.22 58.73 5.81 56.62 6.81
directly after quality

of movement checking

s – standard deviation

used to collect the samples (Pell and McGreevy 1999).
The sponge was inserted into the horse mouth with
metal tweezers and rubbed against its tongue, inner
cheeks and palate. The sponge was then placed in
a centrifugation tube, where a 2 cm long piece of plas-
tic straw separated it from the bottom. The samples
were stored in -18oC until the cortisol level determina-
tion took place.

Laboratory analysis

After defrosting all samples were centrifuged (500
x g; 15 min). During centrifugation the plastic straw
separating the sponge from the bottom of the tube
prevented the saliva from soaking back into the
sponge. Cortisol level in the supernatant was deter-
mined with the enzyme-immunological method using
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Table 2. Technical parameters of competitions considered in the study.

Parameter Description Measurement Mean s

Speed in the first loop from the start to the entrance
of the first veterinary gate km/h 16.57 0.54

The speed in the loop preceding the first
cortisol level check

from the start to the following
loop until entering the

mid-distance veterinary gate
km/h 15.16 0.7

Speed in the last loop from the start of the last loop
until the finish line km/h 14.92 1.13

Average ride speed. sum of all the loop speeds
multiplied by the number of loops km/h 15.63 1.09

Time of entering the first veterinary gate from finishing the first until
entering the veterinary gate s 331.50 94.69

Time of entering the veterinary gate after the
first cortisol level check

from crossing the finish line
in mid-distance until entering

the veterinary gate
s 382.50 148.64

Time of entering the last veterinary gate after crossing the finish line until
entering the veterinary gait s 518.20 134.59

s – standard deviation

CORTISOL EIA kit (for saliva) DSL-10-67100 made
by Diagnostic System Laboratories Inc (USA). The
light absorbance wavelength was 450 and 620 nm. The
measurement was conducted in Multiscan reader pro-
duced by Labsystems, Helsinki, equipped with GEN-
ESIS V 3.00 software. The results were expressed in
nmol/l. Four samples were collected from each horse
at different time: late at time (between 8:00 p.m. and
10:00 p.m.), a day before the ride, early in the morn-
ing (between 5:00 a.m. and 6:00 a.m.) the following
day, 3 minutes after entering the veterinary gate in
mid-distance and 3 minutes after entering the veterin-
ary gate at the end of the ride. The collected saliva
samples were used to determine the following cortisol
level values: 1 – evening sample at rest – evening level
at rest, 2 – morning sample collection – morning level
at rest, 3 – first exercise sample collection in mid-dis-
tance – first exercise level, 4 – second exercise sample
collection at the end of the ride – second exercise
level.

The study was accepted by the Local Ethical Com-
mittee for Animal Experimentation and conducted
according to the European Community regulations
concerning the protection of experimental animals.

Statistical analysis

The statistical calculations were performed with
SAS software. In order to verify the differences be-
tween the average results repeated measures design
was applied (sigma-restricted model, active hypothesis
decomposition), taking into consideration the follow-

ing factors: gender, age, transportation time,
ride’s distance, air temperature during the ride,
cortisol level measurement and the common interac-
tions between all the factors. The choice of this
type of analysis was based on the fact that huge
variability of the analysed factors would not yield re-
liable results using ANOVA – GLM variance analy-
sis (Littel et al. 2002).The significance of the dif-
ferences between the mean values was determined by
the Tukey test. To evaluate the relationships be-
tween the analysed attributes Pearson’s correlation
was applied.

Results

The investigated factors did not affect the evening
and morning cortisol levels at rest (Table 3). The
mean values for each factor level ranged from 0.62 to
1.59 nmol/l. A different situation was observed when
analysing the mean values for the first and second
cortisol level after exercise. The mid-distance test re-
vealed a significantly higher cortisol level among the
stallions aged over 120 months, transported for 3-6
hours, taking part in medium distance ride in the
lower air temperatures. Similarly, the results of the
second test correlated with the ride distance and air
temperature, and the lowest cortisol level was ob-
served in the group of horses taking part in the me-
dium distance ride at lower temperatures. In the case
of other factors, the lowest values were shown for stal-
lions and geldings and for horses transported for up to
3 and over 6 hours. No correlation was observed
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Table 3. The results of variance analysis for the repeated measures of cortisol level (nmol/l) in the horse saliva.

Cortisol level Evening at rest Morning at rest First after the exercise Second after the exercise

Sex factor

Stallions x̄ 1.59aa’ 2.07aa’ 19.63ab’ 25.07ab’
s 1.91 1.36 26.76 30.36

Mares x̄ 0.66aa’ 2.42a’ 31.64bb’ 39.87bc’
s 0.64 2.26 32.23 36.08

Geldings x̄ 0.62aa’ 6.12aa’ 30.31bb’ 30.10ab’
s 0.60 9.13 27.21 28.28

Age factor

Up to 100 months x̄ 1.23aa’ 4.84aa’ 21.83 a b’ 30.94ab’
s 1.79 8.55 16.43 26.79

From 101 to 120 months x̄ 0.67aa’ 2.72aa’ 20.24ab’ 27.44ab’
s 0.49 2.67 24.52 33.81

Over 120 months x̄ 0.77aa’ 3.53aa’ 39.85bb’ 34.57ab’
s 0.75 5.23 38.91 35.11

Transportation time factor

Up to 3 h x̄ 0.67aa’ 2.91aa’ 37.66ab’ 25.74ac’
s 0.68 2.50 40.45 34.11

From 3 h to 6 h x̄ 0.74aa’ 4.04aa’ 15.35bb’ 37.08bc’
s 0.51 5.71 13.67 37.24

Over 6 h x̄ 1.31aa’ 4.41aa’ 28.49cb’ 28.82ab’
s 1.86 8.80 22.27 16.48

Ride distance factor

80-100 km x̄ 1.21aa’ 6.78aa’ 25.92ab’ 31.93ab’
s 2.03 11.83 19.03 24.38

120-130 km x̄ 0.63aa’ 2.62aa’ 15.32bb’ 21.38bb’
s 0.47 2.38 12.73 24.47

160 km x̄ 1.12aa’ 3.68aa’ 42.45cb’ 45.74cb’
s 1.33 5.28 38.06 46.26

Air temperature factor

19.33oC x̄ 1.04aa’ 1.84aa’ 7.27aa’c’ 11.09ab’c’
s 1.09 0.84 3.19 6.7

28.04oC x̄ 0.83aa’ 5.53aa’ 46.08bb’ 57.06bc’
s 1.31 8.07 28.81 28.99

Explanations:
mean values referring to subsequent levels of particular factor designated with the same letters are not significantly different:
a – in columns, a’ – in versus (in other cases, the difference significance at P ≤ 0.05).

between the age factor and cortisol level after the sec-
ond exercise.

The results showed significant differences in corti-
sol concentration at rest for all the discussed factors.
The differences were also noticed for the consecutive
exercise values of mares, horses transported up to
6 hours and those competing at the highest tempera-
tures. In most cases the cortisol level at the end of the
ride was higher than at mid-distance. In other cases,
where the consecutive cortisol exercise values were
compared, as well as the values at rest, the average
results were similar.

Most significant correlations between the cortisol
level in saliva during consecutive measurements and
the veterinary parameters were recorded during the
test conducted at the end of the ride (Table 4). Sig-
nificant factors were usually positive, when we com-
pared the evening test at rest and the second test after
exercise with the HR taken at the second test, both
exercise tests, with the mucus membranes condition
and the gait quality. Negative correlations were found
for the morning cortisol levels at rest and the state of
dehydration and capillary refill time. The latter vet-
erinary parameter also negatively correlated with the
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Table 4. Correlation between cortisol level and the veterinary parameters..

Cortisol level Evening at rest Morning at rest First after the exercise Second after the exercise

After the first loop

HR during the first test -0.298 -0.048 0.121 0.284
HR during the second test -0.093 -0.030 0.171 0.205
Gut sounds -0.302 0.090 -0.083 0.050
Dehydration -0.077 -0.065 -0.313* -0.065
Mucus membranes -0.286 0.312 0.201 0.050
Capillary refill 0.105 0.004 0.303 0239
Gait 0.029 -0.033 -0.221 -0.092

After the loop preceding the first cortisol level check

HR during the first test 0.206 0.285 0.074 0.155
HR during the second test 0.077 0.138 0.140 0.376*
Gut sounds 0.072 -0.011 -0.593* -0.595*
Dehydration -0.202 -0.150 -0.052 0.061
Mucus membranes -0.051 0.134 0.146 -0.181
Capillary refill -0.081 0.016 -0.269 -0.298
Gait -0.075 0.086 0.162 -0.030

After the last loop

HR during the first test 0.113 -0.247 0.009 0.390*
HR during the second test 0.315* -0.275 0.106 0.384*
Gut sounds -0.198 -0.249 0.008 0.097
Dehydration 0.193 -0.370* 0.281 0.031
Mucus membranes 0.136 -0.127 0.442* 0.371*
Capillary refill 0.057 -0.313* -0.350* -0.302
Gait 0.176 -0.136 0.402* 0.485*

* – correlation significant at P ≤ 0.05

Table 5. Correlation between cortisol level and the individual technical parameters.

Individual technical parameter/
Cortisol level Evening at rest Morning at rest First after the exercise Second after the exercise

Speed in the first loop -0.265 0.296 0.100 -0.023

Speed in the loop preceding the first
cortisol level check -0.383* 0.133 -0.225 -0.507*

Speed in the last loop -0.167 0.257 -0.201 -0.259

Average ride speed. -0.439* 0.302 0.005 -0.012

Time of entering the first veterinary
gate -0.046 -0.050 -0.167 0.308

Time of entering the veterinary gate
after the first cortisol level check 0.127 0.101 0.108 0.480*

Time of entering the last veterinary
check gate -0.553* 0.074 -0.186 -0.155

* – correlation significant at P ≤ 0.05

cortisol level measured at mid-distance. Veterinary
parameters defined at the veterinary gate after the
loop preceding the first exercise test significantly cor-
related with three investigated factors. First of all,
negative correlation was found between the gut
sounds and both exercise tests cortison levels and, sec-
ondly, HR positively correlated with the second exer-
cise test cortisol level. After the first loop a significant

negative correlation was confirmed only for dehydra-
tion and cortisol level in the first exercise test.

Cortisol level measured in the evening at rest and
after the second exercise correlated with the individ-
ual technical parameters of the horses (Table 5). In
the case of the first measurement negative interre-
lation was observed for the parameter defining the
speed on the loop preceding the first exercise test
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of cortisol level, average ride speed and the time of
entering the final veterinary gait. However, cortisol
level from the second exercise test negatively corre-
lated with the speed on the loop preceding the first
exercise and positively with the time of entering the
veterinary gate after this loop.

Discussion

Proper training schedule, adjusted to the planned
exercise, and the control over undesirable factors pro-
tects the horse biochemical homoeostasis from
stress-related disturbances. Cortisol secretion de-
pends on the animal experience in competitions
(Nogueira et al. 2002), ride duration, transport condi-
tions (Schmidt et al. 2009), animal age (Nogueira and
Barnabe 1997), character (Fazio et al. 2011) and stay-
ing in new environment before the start (Alexander
and Irvine 1998a).

Significant influence of these factors on cortisol
secretion and release of the unbound fraction to the
endurance horses’ saliva was found. However, the de-
scribed situation concerns only cortisol levels after the
exercise. Comparison of cortisol levels in the evening
the day before the competition and in the morning on
the day of the start showed no significant differences
for the analysed factors. Even though, the morning
test revealed a tendency to elevated cortisol level in
comparison to the test conducted in the evening on
the previous day. It is worth emphasizing that cortisol
levels at these moments only sporadically reached
1 nmol/l, which means that none of the horses showed
visible signs of stress in pre-start conditions (Irvine
and Alexander 1996). The results, however, do not
exactly correspond to the later research performed by
the Alexander and Irvine (1998b). According to them,
staying in a new environment and waiting for the start
induces stress. Another study claims that low cortisol
level is linked to the horse’s experience (Nogueira et
al. 2002) which is confirmed by our results. All the
horses taking part in the research were experienced in
competitions. The results we obtained might have also
be influenced by the balanced temper of the endur-
ance horses which, according to Fazio et al. (2011),
modifies the cortisol secretion from the adrenal cortex
and is a key factor shaping the stress reactions. Differ-
ent situation was observed when evaluating the influ-
ence of the analysed factors on the cortisol level after
exercise. The saliva cortisol level during the ride was
lower in the stallions than in the mares and geldings.
The results for the mares revealed an interesting ten-
dency – the highest cortisol levels were observed in
mid-distance and at the end of the ride. It is worth
mentioning that the most visible cortisol level increase

during the second exercise test was not recorded in
the group of geldings. The age of endurance horses
only slightly affected cortisol levels in their bodies.
The differences were only seen in the mid-distance
test, in the group of the oldest horses, which had sig-
nificantly higher hormone levels. No increase in ad-
renal cortex activity was noticed in this case in relation
to the duration of the ride in any of the groups. Some
authors claim that the age factor and lack of experi-
ence significantly boost the stress hormone secretion.
Cortisol level falls as the animal gets older (Lassourd
et al. 1996, Nogueira and Barnabe 1997). This is prob-
ably related to gaining more experience or to the phe-
nomenon of chronic stress. The results obtained in
this study do not fully confirm those presented in the
cited publications. It may be due to the fact that all
the horses, even the youngest ones, had enough com-
petition experience. Another factor – the transporta-
tion time, significantly affected the cortisol levels after
exercise in the focus group of the endurance horses.
The mid-distance result analysis showed the highest
cortisol levels in horses transported for the shortest
and the longest time. This situation changes at the
end of the ride, where the highest cortisol levels were
observed in horses transported for between 3 and
6 hours. Many authors (Shanahn 2003, Szarska 2003,
Schmidt et al. 2009, Schmidt et al. 2010d) claim that
the transportation negatively influences the physical
and mental condition of the sport horses. Our results
for the mid-distance seem to corroborate the findings
presented by Schmidt et al. (2010d) and Ohmura et al.
(2006). According to those authors the increased ac-
tivity of the hypothalamic-pituitary-adrenal axis dur-
ing transportation appears already at the first stage of
the travel. Cortisol secretion during a short travel is
practically the same as during longer one. It seems
however, that our results contradict those of Fazio et
al. (2008), who stated that cortisol level and therefore
stress level at the end of the travel do not depend on
the distance. It is worth investigating why there is not
a similar relationship for cortisol level in the discussed
groups at the end of the ride. Most probably, the
transportation time is a cortisol releasing factor, but
only to a certain point of the ride, after which other
factors become more important. Another analysed as-
pect was the ride distance. The highest cortisol level
after exercise was observed in horses covering 160 km
(maximum distance for a one-day ride). Most likely,
high cortisol level in this case is directly related to the
amount of exercise the horse has to do in order to
complete the ride. The lowest and the medium values
were observed in horses on medium and short distan-
ces, respectively. It seems that the distance under 100
km is connected with the horse excitement related to
the very participation in the competition and not di-
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rectly related to body exhaustion. The lowest hor-
mone values on the distance of 120-130 km might in-
dicate that the excitement is fading away as the com-
petition continues and the animal is not very exhaus-
ted yet. This situation can also be explained by better
physical preparation of the horses taking part in the
rides longer than 100 km. According to Urhausen et
al. (1995) exhausting physical exercise significantly
lowers the top cortisol levels which is considered to be
a defence reaction of the body. It can also be assumed
that the horses evaluated in our research, which
covered the distance of 160 km, were simply not ex-
hausted. It is worth mentioning that the results of this
research correspond to the ones described by
Lassourd et al. (1996), who noted maximum triple
level of cortisol after exercise as compared to the level
at rest. The cortisol levels after exercise described in
this study were even ten times higher than at rest. It
may be due to a different ride distance. The last of the
analysed factors – air temperature during the compe-
tition, also revealed substantial changes in cortisol
level, high concentration of which was linked to high
temperatures. Comparable results, but concerning the
transported horses, were published by Fazio et al.
(2011). Similarly, Schmidt (2010d) and Stull and
Rodiek (2000) noticed the effect of long travels in
high temperatures or sunlight on the body weight loss
and substantial dehydration. Another aspect descri-
bing the value of a horse is the link between cortisol
level and the results of the compulsory veterinary
check-ups and its way of covering the distance shown
by the partial and total speed and the time of entering
the veterinary gate. The shorter the time of entry the
better the shape of the horse, which can quicker start
the next loop. The results obtained for this topic show
that this does not work for all the veterinary par-
ameters and in some cases there is no direct correla-
tion at all. It becomes more visible only at the end of
the ride. Positive correlation between the cortisol
level and HR becomes more explicit. Simultaneous
analysis of those two parameters is considered justifi-
ed, as heart rate variability reflects the balance of sym-
pathetic and parasympathetic tone and provides infor-
mation on the stress response of the autonomic nerv-
ous system (von Borell et al. 2007, Schmidt et al. 2010
c). The mucus membranes condition and the quality
of gait are also related to the cortisol level in saliva
collected at the end of the competition. However, in
this case the dependency is completely different than
for the HR, which might show that the body reactions
to cortisol secretion are different for particular vet-
erinary parameters. Therefore, it is quite a challenge
to define the most beneficial cortisol level from the
point of view of physiological parameters observed
during competitions. It should also be noted that cor-

tisol level at rest is linked to three different veterinary
parameters. In the future we may be able to deter-
mine the range of the saliva cortisol level at rest, dur-
ing which specific physiological states could be ex-
pected. Cortisol concentration in the saliva samples
collected in the evening of the day preceding the start
and its concentration at the end of the ride also de-
pends on individual technical parameters. Negative
correlation with the ride speed indicates the effect of
cortisol secretion on the horses’ scores. Shanahn
(2003) and Krumrych (2008) share this view claiming
that a stressful situation significantly reduces the
body’s immunity responses and makes the horses
more susceptible to disease and achieve worse results
due to worse condition.

Conclusions

Increased cortisol secretion during and after exer-
cise in endurance horses can be expected during com-
petitions, mostly in the case of mares, horses covering
longest distances and during competitions taking
place at high temperatures. Other factors do not seem
to be clearly related to the cortisol levels which may
be due to the their interactions. The correlation be-
tween cortisol level and sport results is rarely visible
and there is no clear answer to the question how the
increase in the adrenal cortex activity affects the
horses’ veterinary parameters or their speed during
the competition. The results presented in this study
suggest that high level of cortisol can negatively raise
the horses’ heart rate, but at the same time it stimu-
lates the body to fight dehydration. It does not
shorten the time needed to cover the ride distance.
Considering the practical applications the correlation
between the scores and cortisol level at rest the day
before the start looks rather promising. In the future
a pre-start saliva cortisol concentration might be in-
cluded into parameters examined in horses participa-
ting in endurance competition.

References

Alexander SL, Irvine CH (1998 a) The effect of social stress
on adrenal axis activity in horses: the importance of
monitoring corticosteroid-binding globulin capacity.
J Endocrinol 157: 425-432.

Alexander SL, Irvine CH (1998 b) Stress in the racing horse:
Coping vs not coping. J Equine Sci 9: 77-81.

Desmecht D, Linden A, Amory H, Art T, Lekeux P (1996)
Relationship of plasma lactate production to cortisol re-
lease following completion of different types of sporting
events iv horses. Vet Res Commun 20: 371-379.

Dorn LD, Lucke JF, Loucks TL, Berga SL (2007) Salivary
cortisol reflects serum cortisol: analysis of circadian pro-
files. Ann Clin Biochem 44: 281-284.

540 I. Janczarek et al.



Fazio E, Medica P, Aronica V, Grasso L, Ferlazzo A (2008)
Circulating f-endorphin, ACTH and cortisol level of stal-
lions before and after short road transport: stress effect
of different distance. Acta Vet Scand 50: 50-56.

Fazio E, Cravana C, Medica P, Ferlazzo A (2011) Cortisol
response to road transport stress in calm and nervous
stallions. In: van Dierendonck M, de Cocq P, Visser
K (eds) Proceedings of 7th International Equitation
Science Conference. Equitation Science: principles and
practices – science at work. Academy Bartels-Hooge
Mierde-The Netherlands, p 99.

Irvine CH, Alexander SL (1996) Update on equine endoc-
rinology. In: Aver D, Houghton E (eds) Proceeding of
11th International Conference Racing Anales and Vet-
erinaria, Queensland, Australia, pp 86-91.

Krumrych W (2008) Stres wysiłkowy a funkcje
odpornościowe koni. Materiały XLV Konferencji
Naukowj pt. „Fizjologia i patologia wysiłku koni”. Bos-
zkowo.

Lassourd V, Gayrard V, Laroute V, Alvinerie M, Benard P,
Courtot D, Toutain PL (1996) Cortisol disposition and
production rate in horses during rest and exercise. Am
J Physiol 271: R25-33.

Littel R, Stroup W, Freund R (2002) SAS for Linear
Models. 4th ed., SAS Institute Inc., Cary, USA, pp 34-48.

Mircean M, Giurgiu G, Mircean V, Zinveliu E (2007) Serum
cortisol variation of sport horses in relation with the level
of training and effort intensity. Bulletin USAMV-CN
64: 488-492.

Nogueira GP, Barnabe RC, Bedran-de-Castro JC, Moreira
AF, Fernandes WR, Mirandola RM, Howard DL (2002)
Serum cortisol, lactate and creatinine concentrations in
Thoroughbred fillies of different ages and states of train-
ing. Braz J Vet Res Anim Sci 39: 54-57.

Nogueira GP, Barnabe RC (1997) Is the thoroughbred
race-horse under chronic stress? Braz J Med Biol Res
30: 1237-1239.

Ohmura H, Hiraga A, Aida H, Kuwahara M, Tsubone H,
Jones JH (2006) Changes in heart rate and heart rate
variability in Thoroughbreds during prolonged road
transportation. Am J Vet Res 67: 455-462.

Peeters M, Sulon J, Serteyn D, Vandenheede M (2010) As-
sessment of stress level in horses during competition us-
ing salivary cortisol: preliminary studies. J Vet Behav
5: 216.

Pell SM, McGreevy PD (1999) A study of cortisol and beta
– endorphin levels in stereotypic and normal Thorough-
breds. Appl Anim Behav Sci 64: 81-90.

Schmidt A, Aurich C, Neuhauser S, Aurich J, Mostl
E (2009) Comparison of cortisol levels in blood plasma,
saliva and faeces of horses submitted to different stres-
sors or treated with ACTH. In: McGreevy P,
Warren-Smith A, Oddie C (eds) Proceedings of 5th Inter-
national Symposium on Equitation Science, Sydney, Aus-
tralia, p 53.

Schmidt A, Biau S, Mostl E, Becker-Brick M, Morillon B,
Aurich J, Faure JM, Aurich C (2010 a) Changes in corti-
sol release and heart rate variability in sport horses dur-
ing long-distance road transport. Domest Anim Endoc-
rinol 38: 179-189.
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