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ABSTRACT Seven Thoroughbred horses underwent 12 wecks training on an in-
clined treadmill. During weeks 1-6, the exercise was essentially aerobic, but during
weeks 7-12 the horses underwent increasing amounts of high inlensity interval
training, at speeds equivalent to 100% of maximum heart rate Before and every 3
weeks during training, muscle biopsies were collected from the m, gluteus medius
for fibre typing and measurements of enzyme activities (CS, HAD, LDH)}. Metabol-
ic response {o excrcise was assessed at 0, 6 and 12 weeks of training, by a standard-
ised exercise test: 2 min warm up at 4 m s, followed by acceleration over 30510 a
speed of 11 O m s for 60 5. Prior to the test and immediatety after, muscle samples
were coliccted for metabolite analyses (ATP, ADP, AMP, PCr, creatine, NAD,
citrate, lactate (LA) and pH) Muscle {emperature was also measured After 12
weeks, there was a 354% decrease (<90 03} in the percentage of type I [ibres from a
mean 25.3+3.3 pre-training The percentage of type Ha fibres increased from
452427 to 55 82 0, from pre- to post-training (p<0.01} Activities of CS and
HAD increased (p<0.01) by approximately 140-160%, respectively from pre-train-
ing 1o 6 weeks training and, thereafter, showed liitle change. LDH showed no change
during the first 6 weeks of training, but by 9 weeks increased to 111 % (p<0.05) of
pre-training values and to 123% (p<0 02) by 12 weeks Mo change was found due to
training, in post-exercise ATP, ADP, AMP, PCr, creatine, NAD and citrate After
12 weeks training, muscle LA and muscle temperature decreased from post-exercise,
pre-training values (p <0.01), whereas muscle pH increased.
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INTRODUCTION

Repetitive loading and overloading is the
underlying philosophy behind all training
programmes for athletes preparing for com-
petitive events. While the specific aspects of
training for different forms of athletic com-
petition have been widely investigated in hu-
man exercise physiology, there is still a lack
of information about the effects of different
training regimens in the horse. Thorough-
bred horses race over relatively short dis-
tances at high exercise intensities and it
would be presumed that training for such
races should involve repetitive loading of the
anaerobic producing systems.

Where studies evaluating muscuiar adap-
tations to training in Thoroughbred horses
have been investigated, these have involved

horses in commercial training® 2! with few

investigations of experimental training pro-
grammes 222 In the majority of these
studies, there has not been a major focus on
high intensity exercise and the main training
adaptations in muscle have been an increase
in aerobic enzyme activities,

In this study, the premise that a training
programme in Thoroughbred horses which
included a large component of high intensity
exercise would result in adaptations in skel-
etai muscle which should enhance anaerobic
capacity was investigated.

MATERIALS AND METHODS

Seven Thoroughbred horses aged between 4
and 7 years, underwent a 12 week training
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programme on a treadmill (Beltalong, Euroa,
Australia). The horses had been at rest for a
minimum of 3 months prior to the com-
mencement of training but ali horses had
been previously accliimatized to treadmill ex-
ercise. The 12 week training programme was
divided into 4 phases, with horses exercising
for 6 days per week.

Phase 1. Low intensity, long distance
training

This phase, which involved the first 3 weeks
of training, involved horses trotting on the
treadmill inclined at 6° at a speed of 4 m 5™,
Daily exercise sessions were divided into
two bouts, morning and afterncon, and com-
menced with a daily distance of 48 km in
Week 1, increasing to between 5.6 and 8 4
km in Week 3. The weckly distances for each
horse were, 28 8, 34 0 and 41 6 km, respec-
tively for Weeks I, 2 and 3. Following the
initial training period, all further training
was performed on the treadmili at a de-
creased incline of 3°, so that the training
speeds were closer to those that would be
experienced by horses on the racetrack.

Phase 2 Combination of low intensity
exercise and moderate intensity

interval training

This phase, from Weeks 4-6, involved daily

trotting exercise at 4 m s™! over a distance of

1200 m, followed by 800-1000 m exercise
intervals at a speced which was calculated
from previous exercise tests to produce 90%
of maximum heart rate {HRmax). The
speeds at 90% HRmax ranged from 6.4 to
9.7 m s~'. Heart rate vs. speed regression
equations were calculated for each horse so
that individual speeds for exercise could be
determined, using weekly ineremental exer-
cise tests.” Interval exercise was given 5 days
per week, with the number of intervais being
initiafly 3 by 1000 m, with { min rest peri-
ods between the exercise bouts. In Week 6,
this exercise increased to two by [ 000 m and
two by 800 m intervals, separated by | min
rest periods. The total distance worked by

each horse in Weeks 4-6, ranged from 20-24
km per week,

Phase 3 Continuation of moderate

intensity intervals and conunencement

of high intensity training

Weeks 7-9 continued the acrobic interval
training, with horses exercising for 3 inter-
vals of 800-1 000 m at 90% HRmax, with {
min recovery periods between the exercise
bouts The speeds at 90% HRmax ranged
from 7.7 to 10.4 m s~! This training was
given on 4--3 days per week. On the remain-
ing days, the horses were given 3 intervals of
exercise over 600 m at 100% HRmax, with a
recovery period that was thiee times as long
as the exercise duration. The total distances
worked by each horse were 12,2, 252 and
19.8 km, respectively for Weeks 7, 8 and 9.

Phase 4 High intensity training

On 3 days per week, horses exercised at their
HRmax over a distance of 600 m. The
speeds at HRmax ranged from 9010 12.0 m
5! Three bouts of exercise were given over
this distance, separated by a recovery period
that was three times as long as the exercise
duration. On the other days, the horses exer-
cised over distances of 3~4 km at 6-7m s~
The total distances worked by each horse
were 18 3, 19.8 and 16.2 km, respectively for
Weeks 10, 11 and 12.

Prior to exercise commencing, and at 3
weekly intervals throughout training, resting
muscle biopsies were collected from the right
m. gluteus medius, using the needle biopsy
technique.®® Sample site was kept constant
for each biopsy and attempts were made to
obtain the muscle samples at a constant
depth. The muscle sample was placed on
aluminium foil and within 30 seconds of col-
lection, a portion was frozen in liquid nitro-
gen for enzyme analyses. Remaining muscle
was mousnted on cork blocks for histochem-
istry and frozen in iso-pentane, cooled in
liquid nitrogen.

For histochemical examination, {0 um
transverse serial sections were cut and
mounted onto coverslips. Muscle sections



Skeletal muscle adaptations to high intensity training

8o ‘e o
50 *—4_—4’/‘
g 40 |
2 o
5 0 I Kb
s T
é 204 §\é‘) |
10+
o . : . .
0 [ 12

Weeks of Training

Fig. 1. Percentages (mean = SEM) of types I, Ha
and {Ib fibres before and after 6 and 12 weeks of
training in 7 Thoroughbred horses. * p<0.05;
** <0 Ol—significant differences from week 0
values

were stained for myosin ATPase using a
method based on the technique of Brooke
and Kaiser,” following preincubation at acid
{pH 4.3, 4.6) and alkaline (pH 10.3) pH val-
ues. From these stains, fibres were identified
as type 1, lla and iIb and the proportions of
the different fibre types determined after
counting at feast 200 fibres.

After {reeze drying, dissection of any
blood or connective tissue, and weighing the
muscle, activities of three enzymes were
measured: citrate  synthase (CS) E.C.
4.1 3.7, 3-hydroxyacy! CoA dehydrogenase
(HAD) (E.C. 1.1.1.35) and lactate dehydio-
genase (LDH) (E.C 1.1.1.27). All assays
were based on the methods of Essén-Gus-
tavsson and Henriksson.® Enzyme activities
were determined by observation of changes
in NADH equivalents in pitro at 25°C, using
fluorimetry. Enzyme activity was calculated
in units of pmol NADH converted min~'
mg~! freeze-dried muscle.

Prior to training and following ¢ and 12
weeks of training, a standardised exercise
test was used to assess the muscle metabolic
response to training. For the exercise test,
the treadmill inclination was adjusted to 6°.
At rest, immediately prior to exercise, a
muscle biopsy was collected from the left m.
gluteus medius. Muscle temperature was
measured foliowing the biopsy using a
thermistor (Model 43 TF, Yellow Springs
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Instruments, OH). The exercise test used
was 2 min warm up at 4 m s~ followed by
acceleration over 30 s to 11 m s~!, with a
further 60 s at this speed. The treadmill was
brought to an immediate stop and a muscle
biopsy coilected from a second prepared site
within 10 s. The biopsy was frozen immedi-
ately in liquid nitrogen and muscle tempera-
ture measured.

Frozen muscie from the pre- and post-ex-
ercise biopsies was divided into 3 pieces.
Two small pieces, 30-60 mg wet weight,
were used for duplicate pH measurements™
and one large picce for metabolite assays.
For muscle metabolite measurements, freeze
dried samples of muscle were used. Measurce-
ments performed were: adenosine triphos-
phate (ATP), adenosine diphosphate (ADP),
adenosine monophosphate (AMP), creatine
phosphate (PCr), creatine, nicotine adenine
dinucieotide (NAD), lactate {La) and citrate.
These measurements were made using a fiu-
orimetric method 2

The data was analysed using a repeated
measures analysis of variance, to determine
any significant differences from pre-traisning
values. Results are presented as mean *
SEM.

RESULTS

All horses tolerated the training well for the
first 9 weeks and there were no indications of
any musculoskeletal disorders. During the
last 3 weeks of training with high intensity
exercise intervals, some of the horses showed
decreased appetite but there was no weight
loss.

There were no alterations in fibre compo-
sition during the first 6 weeks of training, but
in muscle biopsies coliected after 12 weeks of
training, there was a significant decrease
{(p<0035) in the percentage of type I fibres
and an increase (p<0.01) in type lla fibres
(Fig. 1)

Significant increases (p<0.05) in CS and
HAD occurred after 6 weeks training after
which the activities of both enzymes pla-
teaued until the end of training. At this time,
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Fig 2 Activities (mean * SEM) of citrate synth-
ase (C8), 3-hydroxyacyi CoA dehydrogenase
{(HAD) and factate dehydrogenase {LDH) in freeze
dried muscle from 7 horses before, during and

values for CS and HAD were respectively
141 and 161 % higher than pre-training val-
ues. No changes occurred in LDH until
Week 9 when LDH values were 111 % above

pre-training values (p<0.05) Activity of

LDH continued to increase from Weeks
0-12, there being an increase over pre-train-
ing values of 23% (p<0.01) after 12 weeks
training. These resuits are illustrated in
Fig. 2.

No changes were found in the muscle con-
centrations of ATP, ADP, AMP, NAD or
citrate throughout training. However, at 12
weeks training, post-exercise muscle LA was
significantly lower (p<0.01) than pre-train-

after 12 weeks of training * p<0.035; ™ p<0Q 0l
ik p< (00 —significant differences from pre-
training (week 0) values

ing values. Post-exercise muscle pH was
higher (p<0.01) and muscle temperature
lower (p<0.01) than the pre-training values.
These results are shown in Table 1.

DISCUSSION

The concept of this training study was to
provide horses with a gradual increase in the
intensity of exercise, which after a period of
initial slow trotting iraining, was based on
the percentage of individual horse’s HRmax.
We wanted to determine if racehorses could
tolerate greater amounts of high intensity
exercise than are currently given in commer-
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Tabic 1. Muscle metabolities (mean + SEM)
after exercise at 0, 6 and 12 weeks of training

Results from 7 horses afler a standardised exercise
test All metabolities expressed as pmol g=' D. W

Week O Week 6 Week 12

ATP 280%£1.9 260x15 273218
ADP 3.5+03  3.0x02 424073
AMP 0,72+0.08 062006 0.58+0.08
PCr 27618 265+27 331426
Creatine 949348 943440 988245
NAD 164+0.23 1.39+0 12 1.86+0.29
Lactate 158.0%15.31580+11.2 93.4+10.5%*
Citrate 27+12 2103 17x04
Temp (°C) 40.1£0.2 40.0x0.2 35.5+0.1**
pH (units) 6 73+0.03 6.78:200236 §9:+0.04*

* p<0.05 ** p<0.0l-differences from week 0.

cial training programmes. The reason for se-
lection of exercise intensity as a percentage
of HRmax was based on the finding that the
speeds at HRmax and VO,max are highly
carrelated ® Training hosses at the same per-
centage of MRmax ensures that all horses
were exercising at similar exercise intensi-
ties. At speeds equivalent to HRmax, horses
are exercising at about VO,max but well be-
low their maximum speeds. Thus there
should be enhancement of both aerobic and
anaerobic capacities. Training horses at a set
speed or at a speed equivalent to a heart rate
of 200 bpm (V,q), makes no allowance for
individual differences in relative exercise in-
tensities or individual HRmax values.

The large increase in acrobic enzyme
markers in muscle as a response to endur-
ance training is well documented in both
mant 191216 and horses.!* '3 189 There have
been relatively few studies of the effects of
high intensity exercise on muscle composi-
tion or the metabolic responses to exercise in
either humans or horses. Studies in human
athletes have investigated changes in en-
zymes and fibre composition, with some
finding no changes in the activities of anaci-
obic enzyme markers,**” and others finding
increases.'®®® In studies of horses where

LDH has been used as a marker of anaerobic
enzymes activities, no increases have been
reported %22 However in all the latter
studies, the high intensity training compo-
nent of the training programmes was rela-
tively small. Where more intensc training
PIOBrammnies were undertaken,*** anaerobic
enzyme markers in muscle were not investi-
gated. The current study found that there
was enhancement of the capacities of muscle
for beta and end-terminal oxidation after 6
weeks of training involving aerobic exercise
over distances which represented 2 to 3
times those performed by Thoroughbred
horses undergoing commercial training in
Australia or North America?® The 10.7%
increase in LDH during the final 3 weeks of
training, when the programme included a
large component of high intensity exercise
intervals, was an interesting finding as it rep-
resents the first report of an enhancement of
LDH activity in response to training in the
horse 1t is interesting to note that during
this period of high intensity training, there
was litile change in either CS or HAD, sug-
gesting a plateau in activity in response to
the decrease in aerobic exercise. It is evident,
therefore, that if substantial amounts of high
intensity exercise are included in a training
programme, enhancement of anaerobic en-
zyme activity is possible. An additional
henefit is the likely increase in muscle buff-
ering capacity, as previously reported’™* in
horses undergoing training which included
some high intensity exercise. The horses in
the current study showed no adverse effects
on the muscuioskeletal system during train-
ing, indicating that it is possible for horses to
tolerate substantial increases on the current-
ly accepted amounts of exercise. However,
training was undertaken on a treadmill,
which with a consistent surface and no
bends, may not impose the same musculo-
skeletal stresses as a racetrack. It is not possi-
ble to determine whether there would have
been any substantiai benefits to performance
from the increase in anaerobic enzyme activ-
ity. However, the standardized exercise
test performed at intensities at or above
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VO,max, resulted in a decrease in muscie LA
following the high intensity training. When
these findings are translated into possible
advantages on the racetrack, a lower muscle
LA and higher muscle pH may be found after
racing. If a decrease in muscle pH has an
effect in limiting performance by enzyme
inhibition,® then a large component of high

intensity training could be advantageous if

improved buffering capacity limits the de-
crease in muscle pH. A possible mechanism
for the decrease in muscle LA in the current
study could be that lactate became utilised as
a substrate in muscle, the increase in LDH
being due to an increase in the heart isoen-
zymes resuiting in conversion of lactate to
pyruvate. While the possibility exists that
the decrease in La was due to enhanced oxy-
gen delivery to muscle, the increase in
VO,max in these same horses’ was maximal
after 7 weeks training and showed no further
change with time. The values for VO.max at
0, 7 and 12 weeks of training were respec-
tively, 1303, 160+ 11 and 1505 ml kg™'
min~! (Evans and Rose, unpublished data),
A possible increase in muscle buffering ca-
pacity'"*' could partially explain the higher
post-exercise muscle pH, together with the
lower muscle La,

The other metabolic responses to exercise
were similar to those reported previously,™
although there was no change in muscle
AMP. While decreases in ATP in muscle
have been reported after single bouts of track
exercise,'* the exercise intensity in the cur-
rent study did not approach maximum in-
tensity. Our aim was to exercise the horses at
or above an intensity equivalent to VO,max,
which was confirmed by concurrent meas-
urements of VO.max during training. Be-
cause the VO,max increased by around 23%
with training,”? the relative exercise intensity
after training would have been less than that
before training. This could also explain the
decrease in muscle temperature after 12
weeks training which would be likely to have
a beneficial effect on the horses’ abilities to
withstand fatigue.

While an increase in percentage of type Ila

fibres is a well recognised adaptation teo
training in horses,'* ** the decrease in type |
fibres was an unexpected finding. Where an
increase in the percentage of type 11A fibres
has been found in response to training, the
increase has usually been at the expense of
the type Ilb fibres.'" 2" (n studies where
shorter training periods were investigated’
or where less intense training regimens were
adopted,™ no changes in the proportions of
type I, a or lIb fibres were found. While the
possibility exists that muscle fibre type
transformation from iype I to type Il has
occurred in response to the high intensity
training, this seems unlikely. The only pre-
vious study in which a change in the propor-
tion of type [ fibres occurred during training
was in the study of Henckel,'® where an in-
crease in type | fibres was found after 6
months of moderate intensity training in
Standardbred horses. Given the large vari-
ation in the proportion of type 1 fibres that
may occur with repeated sampling from the
same site,!” the decrease may simply repre-
sent sampic variation. Because the propor-
tion of type | fibres increases with depth in
the m. gluteus medius®® it is possible that
despite attempls to keep our biopsy tech-
nigue constant, biopsies at 12 weeks could
have been collected from more superficial
areas of the muscle,

In conclusion, this study has shown that
increases in anacrobic enzyme activity are
possible in response to high intensity inter-
val training in Thoroughbred racehorses.
Whether this provides any benefit in terms
of improved performance and resistance to
fatigue awaits further investigation. Possible
benefits have 1o be offset against the possibly
greater potential for musculoskeletal inju-
ries.
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