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ABSTRACT . This study was carried cul to compare the changes in plasma cortisol
concentration produced by 5 different types of exercise, transportation and ACTH
administration. Venous blood was analysed for cortisol concentration before and
after each stimulus. The types of exercise were show jumping {(#=28), cross countiy
phase of a three-day event (n=232), trot race {(n==9}, galiop race (n= 10} and endur-
ance ride (n=8). The response following the intravenous injection of synthetic
ACTH (200 ug) in 6 of the event horses was determined . The ACTH test was carried
out one week after competition. In 3 horses, the response to road transport of one
hour was studied. Al stimuli, except {ransportation produced a significant increase
in plasma cortisol concentration. The endurance ride produced the largest increase
and the show jumping the smaliest. ACTH administration resulted in a 164 % rise in
plasma cortisol. Tt was concluded that 1) the degree of increase in plasma costisol
concentration appeared o reflect both intensity and duration of workload; endur-
ance ride appeared 1o be the most exhaustive and show jumping the least; 2) there
was a correlation (r*=082) between the individual cortiso! response to cross coun-
iry exercise and to cxogenous ACTH in the same horses and 3) there was an

important individuai effect on transport-induced cortisol changes.

INTRODUCTION

During the last few decades, there has been
an ever increasing popularity of equestrian
competitions. Numerous studies have been
carried out to investigate the “competition
stress” produced by such events P16.2020 .
deed, sport horses are submitted to intensive
training, frequent transportation and ex-
haustive competition All these situations
cause important physiological and biochemi-
cal fluctuations.®'*? In many species, the
increase in adrenocortical secretion associat-
ed with stress has been studied.'® In sport
horses, the exercise-induced changes in plas-
ma corticosteroids have been shown to be
closely related to physiological stress '*18
The aim of this work was 1) to compare
the effect of 3 types of equine competition
on plasma cortisol concentration. The events

consisted of different kinds of exertion, 1.e.,
very high intensity and short duration such
as gallop and trot races; high intensity and
long duration such as cross country; low in-
tensity and long duration such as endurance
ride; mild intensity and short duration such
as show jumping, 2) to compare the cortisol
response 1o cross country exercise with the
response to exogenous ACTH in the same
horses and 3) to study the effect of transpor-
tation on plasma cortisol concentration.

MATERIALS AND METHODS

Animals

The research was carried out on 92 clinically
healthy horses, aged from 3 to 16 years. For
the exercise investigation, 5 groups of sport
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Table 1. Characteristics of the 5 equine sports disciplines

# = aumber of horses

Age Speed Duration Length

Discipline " Type {years) {m/min} (sec) {m)

Jumping 28 Saddlebred B3¢ 331208 96.6" 500
+31.43 +108

Cross-country 32 Saddlebred 5-16 448.46 471.8 3526
+14 88 +238.3

Trot 9 Standardbred 57 740.82 178.2 2200
+5328 13

Gallop 10 Thoroughbred 3-5 926.50 1295 2000
+619 +0.9

Endurance 8 Saddiebred 6-11 183.33 14 000 44 000
+3930 +720

4 Range

& Mean  standard error

horses were studied during their respective
competitive events: show jumping, cross
country of a three-day event, trot race, gallop
race and endurance ride. The characteristics
of each discipline are given in Table 1. All
the horses of a given group were investipated
on the same day, during an official national
competition. All had been transported {o the
gvent on the day of the competition. For the
pharmacological investigation, ¢ of the 32
event horses were randomly chosen and 200
pg of a synthetic ACTH 1-24 preparation
(Synacthen R: tetracosactrin, 250 pgmi~!,
Ciba Geigy N.V.) was injected intravenous-
ty. Synacthen was diluted with 10 ml of
acidified saline (0.9% WNaCl). The test was
performed one week after the cross country
and with animals in a resting state,

The transport consisted of a I hour period
of transportation by road in a conventional
horse trailer.

Methods of collection and analysis

Venous blood was collected from the jugular
vein into tubes containing potassium EDTA,
at rest {8.00-10.00 a.m.) and after each ex-
periment: i.e. 2 min after the completion
of competitive events (2.00-4.00 p.m.), |
hour after intravenous ACTH injection

(8.00-9.00 a.m.) and 2 min after transporta-
tion (8.00~9.00 a.m.) Blood samples were
immediately centrifuged at 3000 rpm for 20
min. After separation, plasma was {1ozen at
—20°C until assayed for cortisol. Cortisol
was determined by a radioimmunoassay
method (Gamma coat '2*I Cortisol Radicim-
munoassay Kit; Baxter Travenol Diagn.
Inc.). The coefficient of intra-assay and in-
ter-assay variation were 5.1 and 6.6% re-
spectively. All assays were performed in the
same laboratory, using the same procedure.
The assay detection limit was 6.62 nmoll~'
and the cross reactivity of the antiserum to
other steroids has been previously de-
scribed.!” All samples were assayed in dupli-
cate.

Statistical analysis

Values were expressed as mean + standard
error of the mean (SEM). The post-plasma
cortisol values were compared to the resting
ones by a Student’s #~test for paired data.
Square root transformations were used to
obtain a normal distribution. A fixed linear
model including the discipline effect {(AN-
OVA 1) was adjusted to the resting (absolute
values) and post-exercise (relative values)
plasma cortisol data,
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Fig, 1. Plasma cortisol concentration (mean

+ SEM) in 87 horses, at rest and 2 min after

exercise. J = show jumping, € =cross country,
T=trot, G=gallop and E=endurance
*p<005, *p<001, ***p<0001: significantly
different from resting values with paired s-test

RESULTS

Fig. 1 displays the mean values + SEM of

the resting and post-exercise plasma cortisol
tevels of the 87 horses in the § disciplines.
All competitions produced a significant in-
crease in plasma cortisol. The exercise to
rest ratio was 1.72+0.19, 1.78%0.14,
200+0.28, 247+0.18 and 2.76+0.41 for
show jumping, cross country, trot, gallop
and endurance, respectively. The fixed lin-
ear model gives r* of 0.282 (p<0.05) and
0.377 (p<0.01) for the resting and post-exer-
cise plasma cortisol values, respectively, In
this model, the resting and post-exercise
plasma cortisol values of jumping horses
were significantly lower {(p<0.01) than the
mean resting and post-exercise values of the
other disciplines. The post-endurance plas-
ma cortisol values were significantly higher
{p<0.001) than the mean post-exercise val-
ues of the other disciplines.

The mean values + SEM of the resting and
post-transport plasma cortisol levels are giv-
en in Fig. 2. The coefficient of variation
(CV) of post-transport values was 91 .43%.

Plasing cortisol in sport horses 393

As shown in Fig. 3, for each horse, ACTH
test and exercise produced a high plasma
cortisol increase. The ACTH-induced corti-
sol changes were strongly correlated
(r*=0.82) with the exercise-induced cortisol
changes in these 6 horses.

DISCUSSION

This is the first study reporting the compari-
son of plasma cortisol changes in 5 groups of
sport horses studied in their respective disci-
plines during official competitions, and thus
including exercises of various intensity and
duration. The fact that the protocol was the
same during the whole investigation and that
all analyses were performed in the same lab-
oratory using the same methods, allowed us
to make a reliable comparison between disci-
plines.

Large fluctuations throughout the day in
the resting plasma cortisol values have been
previously reported in man'' and horses *"?
Therefore, in order to limit variations due to
this circadian rhythm and to allow an accu-
rate comparison between groups, the rest-
ing samples have been taken between
8.00-10.00 a m_ at the time of the highest
plasma values of the glucocorticoids in the
horse.!%?® The mean resting plasma cortisol
concentration reported in this study is in
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Fig. 2, Plasma cortisol concentration (mean

+ SEM} in S horses, at rest and 2 min afier trans-
portation.
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Fig 3 Plasma cortisol concentration in 6 horses,
at rest, 2 min after exercise (Test 1) and 60 min
after 200 pug ACTH administration {Test 2 per-
formed one week after Test 1),

agreement with the results reported earlier
and obtained with a similar technigue.? 1317
With all samples investipated in the same
way, no significant difference has been dem-
onstrated between Thoroughbreds and
Standardbreds.

The exercise-induced plasma  cortisol
changes have been reported previously in
man,?’ dogs” and horses, 13182327 byt con-
flicting results exist, reporting either an in-
crease or a decrease in the exercise-induced
changes. Basically, moderate exercise causes
tittle alteration in plasma cortisol concentra-
tion while strenuous and exhaustive exercise
produces a marked increase.”? In man, a
workioad that could be maintained for |
hour, at approximately 60% of the maximal
oxygen uptake, appeass to be the critical lev-
el above which a rise in plasma cortisol oc-
curs.? In the present study, all the disciplines
produced a significant increase in plasma
cortisol concentration. The relative changes
after exercise are in agreement with the 3-
fold rise following endurance,'? and the 2-
fold rise after gallop race.!” The cortisol val-
ues reported by Rose'® after the cross coun-
try are higher than those reported in this
study but were measured al an international
event, which was longer and faster. Cortisol

changes after show jumping have never been
reported previously. In the present study,
show jumping produced the smallest post-
exercise plasma cortisol changes This could
be explained by the short duration and mild
intensity of this cxercise compared to the
other disciplines.

The post-endurance plasma cortisol values
were significantly (p< 0 001) higher than the
mean of the post-exercise values of the other
disciplines, indicating that an exercise of
long duration and low intensity produces a
higher plasma cortisol change than one of
high intensity and short duration, like a gal-
lop race. It must be emphasized that the
post-gxcrcise samples were taken immedi-
ately after the trial, so, for exercises of short
duration, cortisol concentration may have
continued to rise after collection of the post-
excrcise samples as has been demonstrated
in man® and in other equine studies.*'S The
fixed linear model shows that the discipline
effect is significant on the resting cortisol
values (p<0.05). This could be explained by
the fact that the resting cortisol is partly in-
fluenced by the type of training. A previous
study suggested that the training stress stim-
ulates the adrenocortical function. ™ So, the
significantly lower resting values of jumping
horses could be explained by the fact that
these horses are subjected to a less intensive
training than the others. For the post-exer-
cise cortisol values, the discipline effect is
more significant (p<0.01) The data in Fig.
I support this supposition, It should be em-
phasized that this discipline effect, although
signtficant did not explain all the variations.
Factors other than the exercise workload
may also contribute to the variahility ob-
served after exercise

The effect of transport on the glucocorti-
coid changes have been reported.® In this
study, the transport did not produce a sig-
nificant plasma cortisol increase. The CV of
the post-transport values was high, suggest-
ing that while the 5 investigated horses were
loaded and sampled in the same conditions,
individual responses are important. This
could be explained by transport-induced



stress being highly influenced by individual
psychological factors.

In the pharmacological study, the ACTH-
induced plasma cortisol increase reported
was of the same magnitude as the coriisol
response described in ponies after intrave-
nous ACTH injection at dosages of 100 or
200 pg ' When the post-ACTH cortisol vai-
ugs were compared to the corresponding
post-exercise values, the relative increase in
plasma cortisol was higher after the pharma-
cological experiment than after the physio-
logical one (p<0.001). This observation sug-
gests that the effort performed by horses did
not produce a maximal cortisol response.
The strong correlation between the post-ex-
ercise and post-ACTH relative increase sug-
gests that each animal has a specific stress-
induced adrenocortical response indepen-
dent of the type of stress experienced. In-
deed, the horses which showed the lowest
and the highest post-exercise cortisel in-
crease were those which showed the lowest
and the highest post-ACTH cortisol increase,
respectively.

The results of this study suggest that 1) the
discipline effect is significant on the plasma
cortisol concentration both at rest and im-
mediately after exercise, 2) the plasma corti-
sol increase produced by a standardized
pharmacological test couid be used to pre-
dict the exercise-induced cortisol response
and 3) there is an important individual effect
on transport-induced cortisol changes.
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