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The use of breeding stallions for equestrian competitions requires that fertility is not
negatively affected by competition or transport to the competition site. In this study, ef-
fects of cortisol release induced by road transport (600 km), adrenocorticotropic hormone
(ACTH) administration (3 � 0.5 mg synthetic ACTH) and placebo treatment on semen
quality and testosterone release were investigated in Shetland stallions (N ¼ 13) using a
crossover design. Saliva for cortisol and blood for testosterone analysis were collected for
10 weeks after treatments. Semen was collected daily for 5 days directly after treatments
and twice weekly for another 9 weeks. Total sperm count, sperm morphology, motility, and
membrane integrity were analyzed. We hypothesized that elevated cortisol decreases
testosterone concentration and semen quality. Cortisol concentrations increased in
response to transport and ACTH (P < 0.001) but not control treatments (peak concentra-
tion, transport: 7.6 � 2.4, ACTH: 13.7 � 1.5, control: 3.8 � 0.9 ng/mL). No treatment effects
on testosterone existed. Total sperm count decreased with daily semen collections in week
1 (P < 0.01) but did not differ between the treatments. The percentage of motile, pro-
gressively motile, membrane-intact, and morphologically defective spermatozoa did not
change over time from Days 2 to 6, and there existed no differences between the treat-
ments. In conclusion, road transport evoked a stress response which was mimicked by
ACTH treatment. Both treatments had no effect on testosterone release and semen quality.
Testicular function in stallions is apparently well protected against transiently elevated
cortisol concentrations, and stallions can be transported over longer distances without
negatively affecting their fertility.

� 2015 Elsevier Inc. All rights reserved.
1. Introduction

Sport horse stallions are often used for breeding and
equestrian competitions in parallel. This requires that the
stallions’ fertility is not negatively affected by competition
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and training. Stallion owners and riders are often con-
cerned that either sport or breeding activity could
compromise the stallion’s performance for the other pur-
pose. In sexually experienced stallions, regular semen
collection is not perceived as stressful [1]. Also, semen
quality was not impaired in sport horse stallions entered
in competitions either occasionally or on a regular basis
[2]. However, equestrian sports require regular transport
of the horses to the competition site. With an increase in

mailto:katharina.deichsel@vetmeduni.ac.at
http://crossmark.crossref.org/dialog/?doi=10.1016/j.theriogenology.2015.02.015&domain=pdf
www.sciencedirect.com/science/journal/0093691X
http://www.theriojournal.com
http://dx.doi.org/10.1016/j.theriogenology.2015.02.015
http://dx.doi.org/10.1016/j.theriogenology.2015.02.015


K. Deichsel et al. / Theriogenology 84 (2015) 70–75 71
international equestrian events by nearly 30% from 2009
to 2012 [3], both the number and the distance of horse
transports have grown considerably. On the basis of
analysis of cortisol release, road transport is far more
stressful for horses [4–6] than equestrian training and
competitions [7–10].

Species differences exist in the response to stress and the
neuroendocrine regulation of reproduction. Glucocorticoid
hormones are importantmediators of the stress response. In
some species, glucocorticoids suppress reproductive func-
tion at the hypothalamic, pituitary, ovarian, and also uterine
level [11]. Thus, in male rats, boars, and humans, glucocor-
ticoids inhibit the expression of proteins involved in
testosterone biosynthesis [12–14].

Although stressful events may contribute to low
reproductive efficiency in several species, effects of
transport stress on semen quality in the horse have not
been studied so far. It was thus the aim of the present
study to investigate the influence of road transport and
elevated cortisol concentrations on steroidogenesis and
semen quality in the horse. We hypothesized that an in-
crease in cortisol concentrations caused by 12 hours of
road transport will lead to a temporary decrease in
testosterone concentrations and a transient impairment of
semen quality. Because the effects of transport are medi-
ated via cortisol, they can be mimicked by repeated in-
jection of adrenocorticotropic hormone (ACTH).

2. Materials and methods

2.1. Animals

A total of 13 fertile Shetland stallions were used in this
study. All stallions were well accustomed to semen collec-
tion and transport. From the stallions, ejaculates are
collected and examined on a regular basis (two to three
times per week) either for breeding or teaching purposes
throughout the year. At the start of the experiment, the
animalswere agedbetween5 and 22 years (10.9�1.9 years)
andweighed between 118 and 199 kg (157� 8 kg). Stallions
were kept in two groups in spacious stables. One group
(n ¼ 5) had access to an outdoor paddock from 7:00 AM to
6:00 PM, and the other group (n¼ 8) had access to a paddock
at all times. The stallionswere fed hay twice daily, andwater
was freely available.
2.2. Experimental procedures

Experimentswere carried out fromMarch to October. All
stallions were transported over a distance of 600 km
(treatment T; transport time approximately 12 hours) and
received treatments of synthetic ACTH (Synacthen,
0.25 mg/mL; Defiante Farmaceutica, Funchal, Portugal) on
1 day (three treatments of 0.5 mg at 4-hour intervals;
treatment A) or received 0.9% NaCl as the control (treat-
ment C). All stallions received all three treatments in a triple
crossover design and thus served as their own controls. The
interval between the treatments was always 10 weeks.

The study was approved by the competent authority for
animal experimentation (Austrian Federal Ministry for
Science and Research, license number BMWF-68.205/0230-
II/3b/2012).
2.3. Transport

Always four to five pony stallions were transported
together in a standard horse trailer (floor size 3.4 � 1.7 m).
They were not tied and allowed to move loosely in the
trailer. Transport was started immediately after loading and
followed two-lane national roads in Lower Austria State,
Austria. The region is predominantly flat and the transport
neither led through bigger cities nor through hilly or un-
dulating terrain. Every 2nd hour, the transport was stopped
for collection of saliva samples. The stallions received hay
on the trailer and water every 4 hours. Immediately after
the end of the transport, they were unloaded and returned
to their stable or paddock.
2.4. Sample collection and hormone analysis

Saliva for cortisol determination was collected at 60-
minute intervals starting 2 hours before experimental
treatments. Further saliva samples were taken at 2-hour
intervals until 16 hours after treatment. During the subse-
quent 5 days, saliva samples were taken three times per day
(6:00 AM, 12:00 PM, 6:00 PM) and once a week during the
following 9 weeks. Saliva was collected with cotton-based
swabs (Salivette; Sarstedt, Nümbrecht-Rommelsdorf,
Germany) as described [9]. The Salivette was placed onto
the tongue of the horses with the help of a surgical arterial
clamp for at least 1 minute until it was well soaked with
saliva. The cotton roll was then returned to the Salivette
polypropylene tube and stored at 4 �C until centrifugation
at the end of the transport or centrifugedwithin 10minutes
at 1000 � g for 10 minutes. At least 1-mL saliva per sample
was obtained and frozen at �20 �C until analysis. The
sampling procedure was well tolerated by all stallions and
conducted by a single person without restraining the
animal.

Cortisol was determined by direct enzyme immuno-
assay without extraction as described [9]. The antibodywas
raised in rabbits against cortisol 3-CMO-BSA in the authors’
laboratory, and cortisol obtained from Steraloids (Wilton,
NH, USA) was used for preparation of the standard curve.
Because the antiserum cross-reacts with cortisone and
several corticosterone metabolites, values obtained have to
be interpreted as cortisol immunoreactivity. The intra-
assay coefficient of variation determined from duplicates
of a control saliva in each assay was 4.5%, the interassay
variation was 11.7% (n ¼ 66), and the minimal detectable
concentration defined as two standard deviations from
zero binding was 0.05 ng/mL.

For testosterone analysis, blood was collected from one
jugular vein into polystyrene tubes containing lithium
heparin (Vacuette; Becton Dickinson, Schwechat, Austria).
On the experimental days, bloodwas taken one hour before
start of individual treatment (5:00 AM) and again in the
late afternoon (6:00 PM). Further samples were collected
daily for 5 days and afterward once weekly for 9 weeks.
Blood samples were centrifuged immediately after
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Fig. 1. Cortisol concentration (mean � standard error of the mean) in saliva
of Shetland stallions (N ¼ 13) transported for 12 hours (gray bar ¼ transport
time), treated with synthetic ACTH three times at four-hour intervals (ar-
rows), or left untreated as controls on the day of transport or treatment (Day
1) and until 10 weeks thereafter. For Day 1, significant changes over time
(P < 0.001) and between the treatments (overall effect P < 0.001, T vs A vs C
at least P < 0.05; interactions time � treatment P < 0.001). No significant
differences between the groups from Days 2 to 6 and weeks 2 to 10 after
transport or treatment, respectively.
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collection for 10 minutes at 3000 �g; the supernatant was
aspirated and frozen at �20 �C until testosterone analysis.

Testosterone concentrations were determined by direct
enzyme immunoassay without extraction (Testosterone
ELISA; Demeditec Diagnostics, Kiel, Germany). Wells were
coated with a mouse monoclonal antitestosterone anti-
body. The assay was validated for equine plasma in our
laboratory. Recovery of testosterone standard added to
plasma was 100%, and increasing dilutions of plasma
samples resulted in changes in optical density parallel to
the standard curve. All samples were assayed in duplicates.
The intra-assay coefficient of variation determined from
duplicates of a control saliva in each assay was 7.4%, the
interassay variation was 8.4% (n ¼ 9), and the minimal
detectable concentration was 0.01 ng/mL.

2.5. Semen collection and semen analysis

Semen was collected with an artificial vagina (Hannover
model; Minitube, Tiefenbach, Germany) on a dummy daily
for 5 days after the individual experimental treatments
(treatments T, A, C) and twice a week for the following
9 weeks. For semen collections, stallions were exposed to a
teaser mare until erection and readiness to mount, followed
bymountingof thedummy. Immediatelyafter collection, the
gel fraction of the ejaculatewas removed. Semenwasfiltered
through sterile gauze, and volume and color were deter-
mined. Sperm concentration was measured by Nucleo-
Counter (ChemoMetec, Allerød, Denmark). Total sperm
countwas calculated fromvolume and sperm concentration.
The pH was determined with test strips (Merck, Darmstadt,
Germany). Sperm morphology was evaluated by an experi-
enced laboratory assistant as previously described [15].
Spermatozoa were evaluated in a wet mount preparation as
unstained samples fixed in buffered formal saline (1:4 ratio).
At least 200 spermatozoa were checked for morphologic
aberrations (abnormalities of acrosome, head, neck, mid-
piece, and tail) under a phase-contrast microscope with oil
immersion (magnification: �1000). The percentage of
motile (total motility), progressively motile spermatozoa,
and membrane-intact spermatozoa was evaluated with a
computer-assisted sperm analyzer (SpermVision, Minitube)
as described [16,17]. Thirty frames per field were evaluated.
To select cells from debris, the camera recognizes the posi-
tion of the sperm heads in successive frames. At least seven
fieldsper samplewith approximately 100 cells perfieldwere
evaluated. Spermatozoa with average orientation change
less than 8 mmwere considered immotile. Spermatozoawith
curvilinear velocity 10 mm/s or greater, distance straight line
6 mmor greater, and radius 15 mmor greaterwere considered
progressively motile. For assessment of sperm membrane
integrity, 100 mL of semen was mixed with 2 mL of SYBR-14/
propidium iodide and incubated for 10 minutes at room
temperature indarkness.Onedropletwasplacedontoaglass
slide, covered with a glass coverslip, and evaluated by fluo-
rescence microscopy at magnification � 400 (Olympus
AX70; Olympus, Vienna, Austria; U-MWB filter block,
BP420–480 excitation filter, BA515 suppressor filter, dichro-
maticmirror: DM500). At least 15 fields were evaluated, and
the average value was calculated by the computer-assisted
sperm analyzer system. Results are given as percent of
membrane intact cells. For further analysis, the mean of the
two weekly samples in weeks 2 to 9 was calculated.
2.6. Statistical analysis

Statistical analysis was performed with the SPSS statis-
tics program (version 20.0; IBM-SPSS, Armonk, NY, USA).
Data were analyzed for normal distribution by the Kol-
mogorov–Smirnov test, and for nonnormally distributed
parameters, data were log-transformed before further
analysis. Changes in testosterone and salivary cortisol
concentrations and semen parameters were determined by
ANOVA using a general linear model for repeated measures
with time and treatment as within subject factors, thus
taking into account the successive treatments in the same
animals. A P value less than 0.05was considered significant.
All data given are the mean � standard error of the mean.

3. Results

Cortisol concentrations in saliva of stallions increased
significantly during road transport and in response to ACTH
injections (P < 0.001 over time) but not after control
treatment (Fig. 1). Mean salivary cortisol concentrations on
the day of treatments did also differ between transport and
ACTH treatment (overall effect P < 0.001, individual post
hoc comparisons T vs A vs C at least P < 0.05; interactions
treatment � time P < 0.001). Peak cortisol concentration
toward the end of transport was 7.6 � 2.4 ng/mL, and peak
cortisol concentration in saliva after injection of ACTH was
13.7 � 1.5 ng/mL. Near baseline cortisol values were
reached again at two hours after the end of transport and
unloading and at four hours after the last ACTH adminis-
tration, respectively. After the treatment day, i.e., during
the subsequent 10 weeks, cortisol concentrations were low
and at no time differed between the treatments.

Testosterone concentrations in plasma changed slightly
but significantly from Days 1 to 6 (P < 0.05; Fig. 2A). No
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Fig. 2. (A) Testosterone concentration in plasma and (B) total sperm count, (C) percentage of motile spermatozoa, (D) membrane-intact spermatozoa, and (E)
percentage of morphologically defective spermatozoa in semen of Shetland stallions (N ¼ 13) transported for 12 hours, treated with synthetic ACTH three times at
4-hour intervals or left untreated as controls, day of experiment ¼ Day 1 (arrow). Values are mean � standard error of the mean. Significant differences over time
during Days 2 to 6 and weeks 2 to 9 after treatment are indicated in the figures, no significant differences between the treatments.
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significant differences existed between the groups. When
pre andposttreatment testosterone concentrationsonDay1
were compared individually for each group, significant
changes did not exist, neither for transport (P ¼ 0.154) nor
for ACTH (P ¼ 0.416) and control treatments (P ¼ 0.300).
From week 2 to week 10, neither significant changes over
time nor differences between the groups could be found
(Fig. 2A).

Total sperm count decreased continuously with daily
semen collections in week 1 after treatments (P < 0.01) but
did not differ between the treatments T, A, and C. When
semen was collected twice weekly thereafter, total sperm
count calculated as the mean of the two weekly semen
collections increased duringweeks 2 and 3 but again did not
differ between the treatments (Fig. 2B). The percentage of
motile, progressively motile, membrane-intact, and
morphologically defective spermatozoa did not change
significantly over time fromDays 2 to 6 after treatments, and
there existed no significant differences between the groups
(Fig. 2C–E). During weeks 2 to 10, the percentage of
membrane-intact spermatozoa tended to decrease with
time (P < 0.05) but did not differ between the treatments.
4. Discussion

In the present study, road transport elicited an imme-
diate and marked increase in salivary cortisol concentra-
tions in Shetland stallions. On the basis of salivary cortisol,
heart rate, and heart rate variability, it has been reported
previously that transport is perceived as a stressful chal-
lenge not only when horses were transported for the first
time but also when they were accustomed to regular
transportation [4–6]. Cortisol concentrations in the stal-
lions increased with the onset of transport, remained
elevated throughout transport time, and decreased to
baseline values within 2 hours after unloading. Transport is
thus not only a stressor to which most sport horses are
regularly exposed but, in equine stress studies, provides a
well controllable stress model. It also evokes a more pro-
nounced stress response than equestrian training or com-
petitions [7,8,10]. Stallions were allowed to move freely on
the trailer, but transport-induced cortisol release did not
differ from previous studies in which Warmblood horses
were transported either facing the direction of transport
[5,6] or perpendicular to the transport direction [4].
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Stress effects on testicular function have been suggested
to be mediated via cortisol [11–14]. Thus, in our study, as a
second treatment, we stimulated cortisol concentrations in
stallions by administration of synthetic ACTH. Salivary
cortisol concentrations reached a maximum at 2 hours
after ACTH injections but decreased rapidly thereafter,
which is in agreement with previous studies [18–21]. To
achieve elevated cortisol concentrations for the same
duration as in the transported stallions, three ACTH treat-
ments at 4-hour intervals had to be given. This treatment
schedule resulted in peak cortisol concentrations approxi-
mately twice as high as during road transport, whereas
cortisol nadirs in between ACTH administration did not fall
below the concentrations measured during transport. With
three ACTH treatments at 4-hour intervals, we could thus
mimic an elevated cortisol concentration for up to 12 hours.

Although cortisol concentrations were clearly elevated
in response to both road transport and ACTH treatments,
both treatments had no effects on plasma testosterone
concentrations and semen parameters. The lack of me-
dium or long-term changes in semen quality and testos-
terone concentrations after both transport and ACTH
treatment indicates that testicular function in stallions is
apparently well protected against increased cortisol
release. In mature stallions, this is probably achieved by
conversion of active cortisol to inactive cortisone [22] via
oxidative 11b-HSD enzyme activity which is present both
in Leydig cells and epididymal cells [23]. The horse is a
prey species that responds to stressful situations with
increased cortisol release [24,25], enabling a “flight or
fight” reaction. Protecting testicular functions from
negative effects of such a stress response will avoid re-
ductions in fertility in a stressful environment. In the wild,
such mechanisms will ensure survival of the species. The
negative results with regard to endocrine and germinative
testicular function in the stallions of this study are in
agreement with results on road transport and reproduc-
tive functions in horse mares. Transport over 700 km
which is similar to the situation in the present study
induced a marked cortisol release but this was not asso-
ciated with estrous cycle irregularities, reduced concep-
tion rates in mares transported close to ovulation [26], or
an increase in embryonic mortality when mares were
transported in early pregnancy [27]. Thus, not only on the
male, but also on the female side, equine reproductive
function is more stress resistant than in other species such
as cattle and sheep [28–32].

In boars [33–35], bulls [36], and male rabbits [37],
ACTH treatment as in the stallions of the present study
induced an immediate cortisol release. However, in
these other species, ACTH also caused a rapid increase
in plasma testosterone concentrations lasting for 1 to 2
hours [33–36], followed by a depression in testosterone
concentrations [35–38]. Although the transient increase
occurred independently from LH and might be due to a
cortisol-associated increase in testicular blood flow, the
second phase with decreased testosterone concentra-
tions is apparently due to an inhibition of LH release
[36–38]. This immediate stimulatory effect of transport
or ACTH on testosterone release is not in contrast to
our results in stallions. The aim of our study was to
detect potential effects of transport or ACTH-induced
cortisol release on testosterone and on semen quality
lasting at least until the day after transport or ACTH
treatment. If changes of shorter duration were present,
they were not detected with the sampling protocol in
our study.

In the present study, semenwas collected once daily for
5 days after transport and ACTH treatment. As expected
from previous studies in horses [39–41], daily total sperm
count decreased during this time because of depletion of
sperm from the epididymis and vas deferens. As expected
[39], with twice daily semen collection thereafter, total
sperm count increased again. Sperm motility, membrane
integrity, and percentage of morphologically normal sper-
matozoa changed over time with repeated semen collec-
tions but were neither affected by road transport nor by
ACTH treatment. Spermatogenesis in the stallion takes 55
to 57 days and is followed by maturation and storage in the
epididymis for approximately 9 days [42]. In the present
study, semen was collected for 10 weeks after each exper-
imental treatment; thus, spermatozoa collected during
week 10 had undergone spermatogenesis completely after
the respective treatment.

In agreement with the findings of the present study,
moderate regular exercise did not affect equine sperm
motility [2,43]. A negative influence of repeated strenuous
treadmill exercise on semen quality could be attributed to
increased scrotal temperature due to the treadmill setup
and not to increased cortisol release [44]. Three months of
overtraining caused a decrease in plasma testosterone
concentrations and total sperm count in human athletes
[45], and prolonged psychosocial stress has been associated
with decreased sperm concentration and motility in pre-
viously fertile men [46]. Comparable studies on the effects
of long-term stress on fertility do not exist in horses.
However, as shown in the present study, transient stress in
horses had no effect on long-term testosterone concen-
trations in plasma and semen quality.
4.1. Conclusions

Road transport evokes a marked stress response in
stallions which could be mimicked by ACTH treatment.
Increased cortisol release had no effect on testosterone
concentrations in plasma and on semen quality when
assessment was started 1 day after treatment. Equine
semen quality and testosterone secretion are thus resistant
to short-term stress, and breeding stallions can be trans-
ported without negatively affecting their fertility.
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