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ABSTRACT. Changes in heast rate (HR), plasma lactate {LA) and some other biood
parameters were studied in 16 healthy show jumping horses participating in {he
Belgian Junior Championship. Venous blood was collected from cach horse before
and immediately after competing and was analysed {or packed cell volume (PCV),
LA, plasma cortisol, blood glucose (GLU), total plasma protein bicarbonate ions
and serum levels of lactate dehydrogenase, creatine kinase, aspartate aminotransfer-
ase and gamma glutamyl transferase (GGT). A HR recorder placed under the saddle
continuously recorded HR from the warm-up to 5 min after the course in 10 horses.
Show jumping induced a significant increase in ali parameters, except GLU, which
decreased signilicantly, and GGT which remained unchanged. Resting values of LA
and HR were 0.43+0 05 mmol 17" and 44 7:£2 9 beats min~' respectively. Post-
exercise LA reached a mean value of 8 7+0.5 mmol 7, while HR rose to a peak of
189.2+ 3.5 beats min~' during the course. The results of the present study demon-
strated that, although the speed and duration of such an exercise are low, show

jumping represents severe exertion which requires some anaerobic metabolism,
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INTRODUCTION

A knowledge of the physiology of the exer-
cise performed by a horse for a specific com-
petition is necessary to help in devising an
adequate training programme. Numerous
studies have contributed to a better under-
standing of the physiological and biochemi-
cal changes during racing, endurance and
three-day event competitions,'%1%2%25 From
this understanding, a pattern is emerging
which could provide a basis for improving
the management, training programmes,
evaluation of performance potential and as-
sessment of the pathological processes in-
duced by exercise.

As there are no reports on the physiologi-
cal effects of show jumping competition, this
study was undertaken to monitor heart rate
(HR), plasma lactate and cortisol, and other
blood biochemical parameters during a com-
petition.

MATERIAL AND METHOD

Sixteen show jumping horses, Belgian Sad-
dlebred aged from 6 to 12 years, competing
in the Belgian Junior Championship were
used in this study. Al were clinically
healthy. They were investigated during an
outdoor event consisting of a 560 m course,
with fourtecn 140 cm high fences. The horses
were warmed up for varying periods from 10
to 35 min. The warm-up exercise consisted
of walk and trot, with short periods of canter
and jumping to 6 obstacles. The competition
was scored by knockdowns and time on the
course. The weather was dry and sunny
(temperature 24°C; relative humidity 70%;
barometric pressure 750 mmHg) and the
ground was flat and grassed.

Blood samples were collected at rest, 24
hours before the competition (i.e. between
£.30 and 10.30 a.m.), and 2 min after the
completion of the course. Biood was taken
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from the jugular vein using 20 gauge needles
{Terumo and 3 wvacuum collecting tubes
{Terumo), i.e. | silicone coated (10 ml), 1
containing sodium heparin and sodium
moniodoacetate (3 mi) and | EDTA K+
coated (3 mi). Bload in the first tube was
allowed to ciot. The second tube was imme-
diately centrifuged (20 min at 14000 ). The
third sampile was immediately analysed for
packed cell volume (PCV) by the microhae-
matocrit method and afterwards was centri-
fuged (20 min at 14000 G). After separation,
plasma from the second tube was stored at
18°C and analysed within 24 hours for glu-
cose {(GLU) and lactate (LA). Plasma from
the third tube was frozen at —20°C and as-
sayed for plasma cortisol concentration
within one month of collection. The sera
were stored at 4°C and were analysed within
24 hours for total plasma protein albumin
(TPP), bicarbonate (HCO7) serum activities
of plasma lactate dehydrogenase (LDH), cre-
atine kinase (CIK), aspartate amino transfer-
ase (AST) and gamma glutamyl transferase
(GGT).

Blood glucose was determined by the
GOD-PAP colorimetric method (Cat No.
166391, Boehringer) and LA by the enzy-
matic U, V. spectrometric method (Cat. No.

149993, Bochringer). Serum activities of

CK, AST, GGT and LDH were measured by
reaction rate analyses at pH 7.0 and 37°C
using the U V. method (Boehringer). Total
piasma protein was determined by the Biuret
method {Bochringer and HCO3 by enzymat-
ic procedure (Boehringer).

Plasma cortisol concentrations were deter-
mined by a radicimmunoassay technique.
The assay detection limit was 6.62 nmol [~!
and the cross reactivity of the antiserum to
other steroids has been previously de-
scribed.!!

In 10 of the 16 horses, HR was recorded by
means of a commercial HR recording system
(Horse Tester PEH 200). The accuracy of the
system used in this study was checked by
comparing the HR recorded with those ob-
tained by a telemetric recording of the elec-
trocardiogram. The recorder was used to

store the number of heart beats during con-
secutive periods of 3 seconds; after the re-
cording, the stored data were displayed using
a computerised read out unit.

The horse tester recording system was
placed under the saddle 1015 min before
the course and HR was continuously record-
ed from the moment the rider started or
continued the warm-up until 3 min after the
end of the course. Performance, i e time for
completion of the course, fault and refusal,
of each horse was carefully noted.

Results are given as mean +-SEM. The val-
ues of the blood parameters post-exercise
were compared to the resting values by a
one-way analysis of variance. The changes in
HR were aiso statistically analysed by a one-
way analysis of variance.

RESULTS

Six horses performed a clear round, four fin-
ished with 1 fault and six with 2 faults. The
pace of the horses was regular and there was
no refusals. The average time taken to com-
piete the course was 84.27+1 45 seconds;
the mean speed was thus 398+ 5 m min—L

There were significant increases
(p<0.001) in PCV from 03520012 [ 17}
t00.494+0 015117 and in TPP from 64 + |
to 711 gi~! Post-exercise LA concentra-
tion reached a mean value of 8.7%0.5
mmol I=!; GLU showed a significant de-
crease  between the rest (547x0.15
mmol |~'}) and the post-exercise period
(4.84+0.21 mmol 1™} while plasma cortisol
increased significantly from 67.62 to 118.68
nmol 1-F (Fig. 1). Lastly, HCO; was signifi-
cantly lower after the show jumping, chang-
ing from 23.4+0.5t0 18.3:20.8 mmol |-%,

An increase in all plasma enzyme activi-
ties is demonstrated in Fig. 2. This tendency
was moderate but significant (p<0.01) for
AST and LDH, and marked for CK
{(p<0.001). The mean value of GGT at rest
was 6 8403 IU 1! This value did not in-
crease significantly after the completion of
the trial (7.9+0.5 [U 171,
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The mean values of HR at rest and at
different times during recording are shown
in Fig. 3. The horses had a mean HR of
96.5+ 5.3 beats min~' in the warm-up peri-
od. Heart rate showed a progressive and sig-
nificant increase from the stast of the course
to the end {179.4+3.9 to 189.2+3.5 beats
min~"). During the recovery, HR fell to
106.4+ 5.0 beats min~! after 2 min and to
75.2+6 4 beats min~! after 5 min.
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Fig 1. Piasma lactate
(LAY, blood glucose
(GLU) and plasma corti-
sol (CORT) at rest and af-
ter {Post-gx} the comple-
tion of a show jumping

80
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W09 competition. Mean *
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values with p<0.05;
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DISCUSSION

The results of this study showed that the
completion of the entire jumping competi-
tion, including the warm-up period, induced
marked changes in most of the parameters
measured. A metabolic acidosis, i.e. a sig-
nificant decrease in HCO5 concentration,
was induced by the jumping exercise. This is
associated with the substantial increase in
LA observed, It was previously reported that
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Fig 2 Serum enzyme ac-
tivities of lactate dehydro-
genase (LDH), aspartate
aminotransferase (AST)
and creatine kinase (CK)
in 16 horses at rest and al-
ter {(Post-ex)} the compie-
tion of a show jumping
competition. Mean &
SEM (n=16) ** Sipnifi-
cantly different from rest
values with p<0.01;

*k B 0001
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there were no changes in HCO35 or in LA
after a moderate exercise (350 m min~' on
the flat) and that workloads in excess of 600
m min~! would be required to observe any
changes in either parameter, even in the un-
conditioned horse ™ The same observations
were made concerning serum enzyme activi-
ties."* This suggests that the metabolic de-
mand of the entire show jumping competi-
tion is similar to these of a run at 600
m min~' on the flat

Cortisol levels are used to characterize ad-
renal activity and physiological stress. Large
fluctuations in resting values throughout the
day have been reported in horses.'? Howev-
er, variations due to circadian rhythm are
limited by the fact that resting samples in
this study were taken 24 hours before the
competition between 8.30 am. and 1030
a.m ., which is the time of the highest plasma
glucocorticoid values in the horse’' Exer-

Fig 3 Mean HR values = SEM in
10 horses at rest, during the warnme-up
period [W-U (1)), just before the
start [W-U (2}, at the start, at the
end of the run, after 2 min recovery
[Rec (1)] and 5 min recovery [Rec
(] * Significantly different from
preceding  value  with  p<005;
¥k (001,

Rec{l) Rac(Z2)

cise-induced plasma cortisol changes have
been reported previously in man,’ dogs’ and
horses®*** but conflicting results exist
which report either an increase or a decrease
in the exercise-induced changes. Basically,
moderate exercise causes little alteration in
plasma cortisol concentration while sirenu-
ous and exhaustive exercise produces a
marked increase, > The entire show jumping
competition includes the warm-up and the
event, and therefore represents an averaged
30 min period of mild work followed by 2
min of high intensity exercise. The 1. 5-fold
rise in cortisol level reported here is lower
than the 3-fold rise following an endurance
competition*' —which is much longer—and
the 2-fold rise after racing—which is more
intense.’®, This is in agreement with the fact
that plasma cortisol rise depends on dura-
tion and/or intensity of the exercise.

In both man® and horse, varied effects of



exercise on levels of GLU have been report-
ed, which depend largely on the intensity
and duration of the exercise. GLU has been
reported to increase following racing and
three-day eventing and to fall with endur-
ance exercise.'™? In the current study GLU
remained essentially unchanged; this has
also been observed in horses after a canter: !

The CK, LDH and AST activities in-
creased significantly above resting values. It
is documented that these enzymes activities
can increase 5 to 24 hours alter the end of
exercise.” The increase in enzyme levels was
expected, as similar findings have been re-
ported in horses afler varying shost distance
excrcises’ and endurance rides.'® Several
studies in man have also indicated that se-
rum muscle enzymes rise after exercise.” The
mechanism by which cellular enzymes are
relased into the bloodstream is still obscure.
A transient change in cell membrane perme-
ability or damage resulting in cell destrue-
tion and release of its content have been put
forward to explain this phenomenon .

The increase of PCV was less dramatic
than that found after maximal exercise '’
This may be due to an incomplete contrac-
tion of the spieen, which is probably associ-
ated with lower sympathetic activity at sub-
maximal than at maximal workioad.

Most of the jumping horses showed a pro-
gressive increase in HR from the start to the
end of the course. This pattern has also been
observed in horses exercised at high work-
loads, where HR approached a final plateau
within 45 to 120 seconds.’>!'® This increase
of HR in the latter stage of the course was
attributed partly to fatigue and partly to the
need for accelerating near the finish ® The
same may be true in this study.

Heart rate and LA have been studied, re-

ported and correlated as a function of

speed.> "™ The onset of LA accumulation
has been defined as a threshold reached
when a horse is running at  450-300
m min~'. At this speed, LA and HR are ex-
pected to rise above 4 mmoll~' and
180-200 beats min~' respectively ***° The
horses studied ran at an average speed of 398
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m min~' Clearly LA and HR were above
the expected values for such a speed. This
leads to the conclusion that the effort re-
quired in the jumping of a course of fences
represents severe exercise, and invokes the
use of anaerobic metabolism.

This study attempts to define the type of
exercise performed by a horse during an en-
tire show jumping competition. It appears
that although the speed and duration of this
kind of event are low, the energy contribu-
tion is provided not only by oxidative pro-
cesses but also to a great extent through an-
aerobic metabolism. Therefore, if genetic,
conformation, kinesiological aspect of loco-
motion and psychological motivation are vi-
tal factors in determining the performance of
the elite jumping horse, the results of this
study suggest that the training schedule is
also important. Endurance training is neces-
sary in the early preparation of a jumping
horse to increase its stamina, but afierwards
a power training, for example running uphill
or working on an inclined treadmill, is also
essential, It provides the stimulation and re-
cruitment of fast contracting fibres, which
are responsible for speed and power
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