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Foreword

RIRDC is committed to seeing the results of research and development brought to the
horse industry. The areas of horse training and fitness have been the focus of much
research activity over the lagt twenty five years, both in Audtrdia and oversess.

However, there has been limited trandfer of new methods and technologies to the various
industry sectors. Thisdow rate of technology transfer probably reflects, at least in part, a
lack of rdevant information in aform that can be undersood by mogt industry

participants.

In this book the main research findings in exercise physiology of training and fitness
assessment of horses are reviewed and practicd techniquesfor fitnesstesting are
described. Important principas for training racehorses, event and endurance horses are
induded. Some of the practica information has been based on Dr Evans experiences as
aconaultant in commercid Thoroughbred horsetraining.

The book has been written in atyle that should be accessible for sudents, horse owners
and trainers. Some veterinary surgeons are increedngly interested in thisfield, and are

sometimes expected to assst or advise owners and trainers concerning use of heart rate
meters, measurement of blood lactate concentrations after exercise, and other techniques.
The materiad should aso contribute to veterinary education and lower wagtage ratesin
theindudry.

Thisreport, anew addition to RIRDC' sdiverse range of over 450 research publications,
formspart of our Equine R& D program, which amsto assg in developing the
Audrdian horse industry and enhance its export potentid.

Mogt of our publications are avallable for viewing, downloading or purchaaing online
through our webgite:

downloads a www.rirdc.gov.au/reports/Index.ntm

purchases a www.rirdc.gov.au/pub/cat/contents.html

Peter Core
Managing Director
Rurd Indudtries Research and Development Corporation
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1. Introduction

1.1. Background

A horse trainer has an extremely difficult task, regardless of whether thejob isto prepare a
racehorse, event, endurance or other type of performance horse. Firdtly, the trainer may be
asked to make judgements concerning the racing or performance potential of ayoung

horse, usudly with little or no information available except breeding, or bloodlines. The
trainer may have to speculate about whether the horse in question is likely to be able to run
very fast over 1200 or 3200 metres, or be able to gallop and jump kilfully, or compete over
long distances in an endurance ride. Not surprisingly, visua appraisal and assessment of the
appropriateness of the horse's breeding may have limited capacity to predict future
performance. The trainer must then prepare the horseto perform, and to reaiseitsfull
potential. The horse must be kept hedthy, and idedlly not be undertrained or overtrained. It
should be presented at competition with no muscle, skeletal, respiratory or other body
system disease that could reduce or limit performance. Aswell, the horse must be keen to
compete on the day, and be unlikely to behave in amanner that will limit performance.

Over the lagt 40 years there has been much research on the exercise physiology of equine
ahletes, induding racehorses, event horses and endurance horses. Many new industry
participants have more forma education in equine stience, and thereisan increasd

interest in the gpplications of research results in the horse training industries. However, the
results of this research have not been comprehensively assembled in aformet thet is
accessible to most industry participants. It is hoped that this book will address that problem.

12 Aims

The presentation of information concerning training of horses and assessment of fitnessin a
format suitable for use by industry participants will contribute to adoption of new
technologies. Adoption of new techniquesin training, fitness assessment, and techniques
for routine monitoring of horsesin training should lead to fitter horses with lower rates of
injury and fatigue. Industry wastage rates are very high, and many horses never win arace.
Research results do provide some guidelines in use of techniques to increase fitness and
reduceill hedth in athletic horses. Both of these factors are important in any attempts by
horse trainers to improve performance and reduce industry wastage rates. Most information
on research and fitness assessment isfound in scientific journals, and isinaccessible to
most industry participants. Likewise, interpretation of the results of many studies can be
difficult.

This book attempts to present the results of many studiesin areadable format, and
concentrates on aspects of training and fitness assessment. It concentrates on the principles
of training and fitness assessment. Many of the principles are common in training programs
for dl equine athletic competitions. There are many gapsin our knowledge, and more
studies of normal horsesin their commercid training environments are required. Successul
conduct of those studies will necessitate cooperation between trainers and scientists, and
thisis not aways easy within the congtraints of a busy training establishment. However, my
perception isthat horse trainers and owners are seeking more information. It ismy hope
that this review of many scientific studies, coupled with afew persona comments, will
asss dl horse trainers who are interested in adopting new methods that are soundly based
on evidence, rather than on hearsay, hope or tradition.




2. Overview of Equine Exercise
Physiology and Biochemistry

2.1. Introduction

Exercise physiology and biochemistry are both important areas of study related to the
science of training and fitness assessment. Exercise physiology refersto studies of how a
horse responds to exercise, and how those responses are modified after different
interventions. These interventions include training, periods of rest (detraining), and dietary
changes. Studies of exercise physiology frequently involve measurements of body
temperature, heart rate, blood lactic acid concentration and oxygen uptake in the exercising
horse. These measurements help scientists describe the intendity of exercise, and are
fundamenta in most measurements of fitness. In training centres devoted to preparation
and monitoring of elite human athletes these measurements are frequently used to guide
training intensity, and to demonstrate whether or not an individua isincreasing fitness.
Physiological measurements are aso used to identify talented individuals, suited to specific
athletic events. These appraisals sometimes al so involve measurements of body shape and
Sze.

The biochemistry of exercise refersto studies of how the body’s cellsand cdllular
components respond during exercise. Some examples of questions in biochemistry of
exercise include; how do the cells provide the energy for exercise, and which fuels are used
during exercise of different events? How does training, diet or other interventions change
cell function and either enhance performance or limit fatigue? What is the cause of fatigue?

In this chapter a brief summary of norma physiologica and biochemica responsesto
exercise and training will be presented. It is not meant to be a comprehensive discussion.
However, some understanding of these basic principlesisrequired in order to understand
materia in following chapters of the book.

2.2. Energy supply during exercise

All exercise depends on supply of molecules of adenosinetriphosphate (ATP). ATP, when
splitinto ADP and Pi (adenosine diphosphate and an inorganic phosphate) releases energy.

The energy derived from the splitting of ATP moleculesis used to maintain body
temperature, and by nerve and muscle cells for many important functions. These include
maintenance of the normal distribution of sodium and potassium ionsin the body, and
severd rolesin the contraction and relaxation of the cellsin the exercising muscles.
Without an adequate supply of energy from ATP, eements of muscle filaments cannot be
energised, the cells cannot relax quickly, and calcium cannot be * pumped” into its storage
Sites (the sarcoplasmic reticulum) within the skeletal muscle cdlls.

The chemical reaction so fundamental to mammalian life and performance of exerciseis.

ATP+H,0 > ADP+Pi+H" +energy



Mogt of the energy is released as heat. Some energy is used in the processesinvolved
muscular contraction, such as energising myosin filamentsin muscle cells, and pumping

cacium back into its storage sitesin the cdlls.

The horse has very small stores of ATP within its muscles. These stores, along with stores
of creatine phosphate (CP) are quickly used within seconds of commencement of exercise.
Thereactionis:

CP+ADP+H" - creatine+ ADP + energy

In order for ahorse to sustain exercise for more than afew seconds, it must be able to
replenish ATP at an appropriate rate. There are several metabolic pathwaysthat can
contribute to ATP resynthesis. The relative importance of each pathway is determined by
the intengity and duration of exercise.

The flow of subgtrates (fuels) for ATP resynthes's, and the products of anaerobic and
aerobic metabolism are summarised in Figure 1. Thisfigure was originaly published in an
article by Duren and Crandell (1998) and is reproduced with permission from World
Equine Health Network).
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2.3. Aerobic metabolism

When the demands for energy are low during dow speed exercise, aerobic metabolismiis
capable of meeting therequirementsfor continued ATP resynthesis. Aerobic metabolismis
therefore the primary pathway by which ATP is regenerated during endurance exercise.

Aerobic metabolism is the process by which fats and carbohydrates are oxidised,
culminating in the production of ATP, carbon dioxide and water (Figure 1). Fat is stored in
depots around the body and as triglycerides within muscle cells. Non esterified fatty acids
(NEFAS) are trangported to the muscle from the blood. Carbohydrates are stored in the
muscle and liver in the form of glycogen. Glucoseisthe product of metabolism of liver
glycogen, and the glucose is trangported to the muscle cells by the blood stream.

Glucose + 60, + 36ADP = 6CO, + 6H,0+ 36ATP

Mobilisation of NEFAsis dow, and their contribution as a substrate for agrobic metabolism
increases as the duration of exercise increases.

Palmitate + 230, +130ADP--> 16CO, +16H,0 +130ATP

The capacity of the horse to generate energy aerobicdly is primarily limited by the
availability of oxygen in the working muscles. Potential limitationsinclude the function of
the upper airways, lungs and cardiovascular system, and haemoglobin concentration in the
blood. The concentration of enzymesin the muscles appearsto be in excess of the levels
required to fully metabolise the oxygen delivered by the blood. Training enhancesthe
capacity for oxygen delivery to the muscle, therefore increasing the capacity of the animal
to generate energy aerobicaly. Aerobic metabolism occursin the mitochondriawithin cdls,
and mitochondria density and enzyme concentrations increase in muscle cells after
training.

2.4. Anaerobic metabolism

Anaerobic metabolism refers to biochemical reactions for synthesis of ATP that do not
require oxygen. During high intensity exercise of short duration (2-3 minutesin horses), the
degradation of muscle glycogen to lactate is the main pathway for supply of the ATP.
Accompanying the metabolism of glycogen are marked increases in concentrations of
lactate, hydrogen ions and inorganic phosphate (P) in the cells.

Glycogen + 3ADP > 2lactate + 2H" +3ATP

At the onset of fast exercise, the delivery of oxygen to the muscles does not instantaneoudy
reach the level required to support aerobic metabolism. Approximately 30-45 seconds of
exerciseis required before maximal rate of oxygen use are achieved. During this period, the
deficit in energy production is met by anaerobic metabolism. Thereisan increase in heart
rate and ventilation, an increase in the oxygen carrying capacity of the blood as the splenic
erythrocyte reserve is mobilised, and redirection of blood flow to the skeletal muscles.
Increases in body temperature may enhance enzyme activity.



Some |actate molecules diffuse from muscle cells to the blood stream and are transported to
the liver where they are oxidised to glycogen and stored in the liver. During exercise,
mobilisation of liver glycogen stores hel ps to maintain blood glucose concentrations. As
well, lactate molecules can be metabolised aerobically during and after exercise in heart
muscle fibres, and in muscle fibres with high aerobic potential, such as dow twitch fibres.

Fast exercise should not be thought of as purely anaerobic exercise. Aerobic metabolism
also contributes greetly to the energy supply during high intensity exercise such as
galloping or fast pacing. Anaerobic metabolism makes up the deficit in total energy
resynthesis during high intensity exercise. In ahorse galoping over 1200 m, aerobic
metabolism accounts for approximately 70% of the ATP generated (Eaton et d., 1995).
Demands for ATP resynthesis during exercise a gallop speeds less than 18 sec/200m can
usudly be mainly met by aerobic metabolismin fit horses.

During times of extreme energy demands, when ATP resynthesisis inadequate and ADPis
accumulating, a high energy phosphate group may be transferred from one molecule of
ADP to another. One molecule of ATP is produced with one molecule of adenosine
monophaosphate (AMP) which is metabolised to inosine monophosphate, and ammoniaand
uric acid. Thisisreferred to asthe myokinase reaction:

ADP+ADP-—-> ATP+AMP
2.5. Heart rate during exercise

In regting, cdm horses heart rates range from gpproximeately 20-40 beats per minute.
During exercise a maxima gpeeds, maximd heart rates are usudly in the range of 210-240
bests per minute. Figure 2 shows the typica relationship between heart rate and velocity
during a stepwise exercise tews. These testsinvolve performance of exercise over a st
digance or time at gradudly increesing speeds. Rest periods may or may not be used
between the steps of increasad gpeed. Heart rate increases as the horse increases vel ocity
from atrot (T) to dow gdlop (SG). In this horse, heart rate does not increase above 225
beats per minute. At this speed of exercise an increase in Speed resulltsin a plateau of the
heart rate. The highest heart rate measured in this plateau is referred to as maximum heart
rate (HRmax). V200 isthe velocity of exercise a which the heart rate is 200 bests per
minute.
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Figure 2. Heart rate during an exercise test with gradually increasing speed of exercise.
The test is finished when the horse is fatigued, or when maximal heart rate is demonstrated.

Messurement of heart rate during exerciseis easy. Modern equine heart rate monitors are
relidble and accurate. Theggnd isrardy logt, and the recaversare rugged. It isaso
possible to buy software to enable down load of the record of heart rates over the duration
of thetraining period or exercise test. If velocity iscdculated, it isasmple matter to draw
agraph of heart rate versus velocity, asin Figure 2.

Fgure 3 showstypica heart rates recorded in an event horse during afield exercise te.
The horse performed afitness test based on performance of four bouts of exercise at
increasing speed. The horse exercised a atrot, then dow canter, then fagter canter, and
finaly adow gdlop. Between exercises, the horse walked back to the sart of the 600
metre track. The whole procedure took gpproximately 20 minutes. Note thet the first
increase in heart rate is not associated with exercise. It illudtrates that heart rates during
anxiety or excitement can increase to over 150 begts per minute. Note dso thet in this
exercise test the horse did not exercise at sufficient speeds to demongrate HRmax.

Lap ¢
200 - - P

Lap 2
160 - Lap 1
HR 120
(bpm)
80 |

0 5 10 15
Time (min)

Figure 3. Heart rates recorded in an event horse during a field exercise test. The horse did not
exercise at high speeds, and maximal heart rate was not recorded.



The results of thisfidd test were used to draw agraph of speed of exercise (using records
from times of each bout of exercise to caculate peeds). Grgphs such asthosein Figure 4
enable caculaion of VV200.

220
200 - s
180 - 7~
Heart ratt <
1 7
(bpm) 160

140 - -~
120 - -

100 T T T
100 300 500 700

speed (m/mir

Figure 4. A relationship between heart rate and vel ocity, derived from results of the fidd
test shown in Figure 3.

At the commencement of exercise without prior warm up, heart rate only dowly increases
to reach its maximal value over 2-4 minutes (Evans and Rose 1988b). This phenomenon
could explain why some riders observe that heart rate during fast exercise only reaches
180-200 beets per minute, even though the horse is exercising at maximal or near maximal
Speeds. Heart rates and oxygen transport to exercising muscles will be higher at the start of
exercise if an appropriate warm up isused. A minimum of 5 minutes of trot and canter
exerciseis advisable.

Mogt studies have reported that there is no change in resting heart rate or in maximal heart
rates after training. Training does result in a decrease in heart rates during submaximal
exercise. The drawn relationship between heart rate and velocity movesto theright. In this
example, V200 increases from adow gallop to afaster galop. The horseisaso ableto
exercise a higher speeds before reaching maximal heart rate.

Heart rate (beats per minute)

Velocity of exercise

Figure 5. Typical changesin heart rate in a horse due to training. T refers to exercise at a

trot, SG a dow gallop, and FG a fast gallop.



2.6. Maximum oxygen uptake

Oxygen uptake of a horseis ameasurement of the rate at which oxygen used. When an
anima or human exercises at progressively increasing intensity, a speed of exerciseis
reached, where for a short period, power (work per minute) can be measurably increased
without further increase in the rate of oxygen uptake by the animal. Exercise responsesin
humans and horses are quditatively smilar in horses and humans except for three aspects.

1) splenic contraction in the horse gpproximately doubles haematocrit a maximal oxygen
uptake compared to truly resting vaues, while in man there are virtualy no changesin
haematocrit;

2) oxygen transport flow rates are about twice as great per kg in the horse asin man, and

3) pulmonary function is compromised in the horse. This compromiseis reflected in
considerable hypoxaemia (low blood oxygen concentration) and haemoglobin
desaturation, changes that are only seen in elite human athletes (Wagner, 1995).

In both species, maximum oxygen uptake is usudly limited by oxygen supply to the
mitochondriarather than by intrinsc mitochondrial oxidative capacity (Wagner, 1995. The
general consensusis that the rate of oxygen flow through the lungs and heart sets the upper
limit of an animal’ s maximum oxygen uptake (Bassett and Howley, 1997). Thisimplies
that the capacity of the heart to pump blood to the muscles is the mgor limiting factor in
determining an animal’ s maximum oxygen uptake.

The maxima cardiac output will depend on the horse’ s maximal heart rate and the maxima
stroke volume (volume of blood gected from the left and right sides of the heart in each
contraction). Maximal heart rates are usualy in the range of 210-240 begats per minute.
Stroke volume in the exercising horse ranges from approximately 0.9 — 1.3 litres, and is
increased after training (Evans et ., 1988). The maximal rates of blood flow from the
heart (cardiac output, or heart rate x stroke volume) can therefore range from
approximately 200-350 litres per minute, depending on inherited heart capacity, maximal
heart rate and state of training.

Maximd oxygen uptake istechnicaly difficult to messure. In Audrdia, the measurement
isonly currently available a the Equine Performance Laboratory, University Veterinary
Centre Camden.

Oxygen uptake is measured by gpplying amask to the horse s nose or face, and measuring
respiratory gas flow and the concentrations of oxygen and carbon dioxide in the exhded
respiraory gas. In aregting horse oxygen uptake is gpproximatdy 23 ml/kg/minute, or 1-
1.5 litres per minute for 2500 kg horse.

Figure 6 shows the relationship between vel ocity of exercise and rate of oxygen uptake,
expressed in ml oxygen per minute, per kg of body weight (ml/min/kg. During submaximal
exercise oxygen uptake increases as exercise speed increases from trot (T) to dow gallop
(SG) to fast gallop (FG).
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Figure6. Relationship between velocity of exercise and rate of oxygen uptake

In the example shown in Figure 6, oxygen uptake does not increase above 140 mi/min/kg.

At this speed of exercise an increase in speed resultsin aplateau of the oxygen uptake. The
highest rates of oxygen uptake measured in this plateau (maximal exercise) are referred to

maximum oxygen uptake. Thisisusudly written asVo,,.,. A horse that produced a
relationship such asthat in Figure 6 has a y,0, ., of 140 ml/min/kg.

Maximum oxygen uptake (VO,, ., ) expresses the maximum rate use of oxygen during
exercise, and it defines the agrobic capacity of the horse. The Vo, , isthe maximum
amount of oxygen that the horse has the capacity to transport through the lungs, pump by
the heart and use in muscles for the production of energy. It setsthe upper limitsfor ahigh
work potentia, especidly in events lasting longer than approximately 50-60 seconds.

The work intengity of any exercising horse can be described as a velocity, but this does not
indicate the metabolic demands (oxygen uptake or heart rate) in an individual horse. Two
horses exercising at the same velocities can have very different heart rates and oxygen
uptakes. Likewise, they can be exercising at different relaive intengties. Relaive
intengties describe the intengity of exercise compared to either maximal heart rate or
maximal oxygen uptake. For example, a horse exercising a a heart rate of 176 beats per
minute is said to be exercising a 80% of maximal heart rateif it hasamaxima heart rate of
220 beats per minute (176 x 100%/220). Likewise, relative exercise intendity can be
described as relative to maximum oxygen uptake. For example, a horse exercising with an
oxygen uptake of 135 mlO,/min/kg is exercising at 84% of Vo,,, if theVo, ., 15160
mi/min/kg (135 x 100%/160).

In Thoroughbred horses exercising on atreadmill oxygen consumption is predicted
reasonably well by the heart rate during exercise. The equation, applicable for heart rates

up to 220 bests per minute, is.

Oxygen uptake (ml/min/kg) = 0.833 (heart rate, beats per minute) —54.7 (Eaton et d.,
1995)



Relative heart rate during treadmill exercise (expressed as percentage of maxima) isadso a
good predictor of relative oxygen uptake.

Percent of maximal oxygen uptake (VO, ,.,) = 1.384(% of maxima heart rate) - 41 (Eaton et
a., 1995)

Therefore, if it was decided that strenuous treadmiill training should occur & 80% Vo, the

horse should exercise a a velocity that resultsin 87% of maximal heart rate
((80+41)x100% /1.384)).

Typical maximal rates of oxygen uptake in untrained horses are 80-140 ml of oxygen per
minute, per kg of body weight. These rates compare with values of approximately 30-50
mi/min/kg in untrained humans. The higher rates of maximal oxygen consumption in
horsesis mainly due to the much greater arterid oxygen content in horses during maximal
exercise, secondary to splenic contraction and addition to the blood oxygen transporting
capacity.

Maxima oxygen uptake increases by approximately 10-20% after training in horses. Figure
7 showsthe typica changes seen in oxygen uptake during a stepwise, incremental speed
exercise test. There has been no change in the oxygen uptake during submaximal exercise.
This means that in most cases a horse trotting or dow galloping will use oxygen at the same
rate before and after training. The efficiency of locomotion has not changed. Inred lifeitis
likely that the efficiency the gait does increase, as horses learnto gallop at high speed with
an economical gait. However, these changes are probably small, and would be difficult to
measure in alaboratory.

However, the maximal rate of oxygen uptake has increased from 130 ml/min/kg before
training, to 150 ml/mirvkg after training. Aswell, the horse is able to exercise a higher
speeds before the plateau at Vo, ,,, isreached.

__édftertraining

150
130

B 'vbeforetraining

- +— submaximal exercise —

Oxygen uptake (mls/min/kg)

Velocity of exercise

Figure 7. Typical changes in oxygen uptake during a stepwise, incremental speed exercise
test. Oxygen uptake during submaximal exercise is not changed with training. Maximal
rate of oxygen uptake has increased from 130 ml/min/kg before training to 150 mi/min/kg
after training.
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Elite middle distance and staying Thoroughbreds have recorded valuesfor Vo, , inthe
range 160-175 ml/min/kg. Good class Standardbred pacers have vaues in the range 150-
160 mi/min/kg. Most of the increasesin Vo, occur in the first 6 weeks of training.
However, in astudy of prolonged training, there was a gradua further increasein Vo,

over a7 month training period (Tyler et d., 1996).

max

A highVo, . does not guarantee excellent performance, but, in general, Standardbred
horseswith ahigher Vo, have superior performance (Gavreau et d., 1995).
Unfortunately there have been no studies of the associations between Vo, and racing

performance in Thoroughbreds, event or endurance horses. Performance of horses with a
high Vo, but low anaerobic capacity will probably be limited by poor sprinting ability.

Figure 8 illustrates the relationship between velocity and oxygen uptake in two horses with
equal Vo,,, (at C), but different rates of oxygen uptake during submaximal exercise (A).
This reflects a superior economy of locomoation, or economy of gait, in the horse with the
lower rates of oxygen use during the trot and dow canter. Thereislittle energy wasted in
movements that are not directed at moving the animal forward. A high stepping gait tends
to be inefficient. In this case both horses have the same vel ocity at which the rate of oxygen
uptake reaches a platesaul.
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Veocity of exercise

Figure 8. The relationship between velocity and oxygen uptake in two horses with equal
VO, ... (C) but different economies of locomotion (efficiency of gait) during submaximal
exercise (A). Both horsesreach Vo, at the same velocity (B).
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In elite athletes exercisng over long distances, the economy of exercise is adso an important
factor limiting performance. Economy of exercise, or efficiency of locomotion, is
expressed as ml O, consumed per kg body weight, per metre travelled (ml O,/kg/m). Gait
efficiency is an important determinant of economy of exercise. The contribution of this
factor to performance in any form of equine competition is unknown. The relevance of
economy of locomotion is probably greater in endurance events, where wasted, inefficient
movements during dow exercise generate more heat and contribute to greater hyperthermia
and dehydration.

I nefficient movements could include a high stepping gait and head movements. An
endurance horse with superior economy of gait could be expected to win more
competitions, other factors being equa. An example of poor efficiency of locomotion in
racing isahorsethat is“pulling”. Energy iswasted, and so heart rates and blood lactate
concentrations are likely to be higher earlier in the race than normal, and fatigue occurs
earlier intherace.

In Thoroughbred horses exercising on atreadmill the most efficient gaits were trotting and
low gdlop at 3-6 m/s, regardless of treadmill incline (Eaton et a., 1995).

Each litre of oxygen used generates 20.1 kJ of energy, and 75-80% is released as heat
(Carlson and Jones, 1996). The metabolic energy released during exercise depends on
oxygen uptake, body weight and time (Carlson and Jones, 1996).

Metabolic Energy = weight (kg) x time (minutes) X oxygen uptake (mi/kg/min) x 20.1 kJL
O,

For example, a450 kg event or endurance horse trotting for 30 minutes at 50 ml O,/kg/min
generates 13,567 kJ of energy. The amount of energy released as hest in this bout of
exercise could be decreased by;

1. reducing the oxygen uptake (by reducing load carried or the oxygen cost of exercise)
2. reducing the body mass of the horse.

Note that energy and power are not the same thing. Power equals work (energy) divided by
time; for example, power = litres of oxygen consumed/minute (Fox and Matthews, 1981).
In the above example the horse is using approximately 22.5 litres of oxygen per minute, or
approximately 475 kJminute. On an historical note, horse power (HP) isan old unit for
power. One litre of oxygen per minute equals approximately 0.474 HP.

Other things being equal, performance of horses in events of long duration will be
maximised if the horse has alow body mass, an efficient gait (low oxygen cost of exercise)
and carries alight weight. It should be remembered that body weight should not be lowered
before such events by reducing the water content. Dehydration will limit performancein
prolonged events because it reduces the volume of water that can store heat and transport it
to the skin and respiratory tract.
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2.7. Lactic acid accumulation during exercise

At very high speeds al horses must use more of the anaerobic energy supply pathwaysto
support the energetic requirement of the exercise, and accel erated anaerobic metabolism of
glycogen (glucose stored in the muscle cells) occurs. At exercise speeds greater than those
that cause metabolic rates of approximately 65-85 % of maximum oxygen uptake, blood
lactate concentrations rapidly increase (Evanset d., 1995, Eaton et d., 1995).

During exercise at high speeds, lactic acid concentration increases in the exercising muscle
cells, and then diffusesinto the blood. This response is attributable to alimitation to the use
of oxygen by the exercising muscle cells. During exercise at higher speeds the cells can
only maintain the required rate of ATP supply to the muscle cells by anaerobic use of
glucose. Anagrobic glycolysis resultsin accumulation of lactic acid in the muscle cdlls.

Blood lactate concentration in horses at rest is gpproximatdy 0.5 mmol/L. Smal increases
in this concentration occur as speed of exercise increases, and then at higher speeds, the
blood lactate concentration increases exponentidly. The characterigtics of thistypicd
relaionship have been used to monitor responses to traning and investigate factors limiting
race performance. Figure 9 showsthetypica rdaionship found in exercise tessthat
involve measuring blood lactate in a series of 5-8 Seps of exercise, a gradudly increasing
speed. Speed isusudly increased every 1-2 minutes. These plots are used to caculate
VLa&4, the velocity a which the blood lactate concentration is 4 mmol/L. Results from these
types of exercise tests can aso be expressed as alactate concentration at a set Speed, such
as 10 nv/s. Inthis casetheindex of performanceis expressed as La 10. Blood lactate
concentrations after exercise can increase to 20-30 mmol/L or greeter.
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Figure 9. Typical reationship between blood lactate concentration and velocity in exercise
testsinvolving a series of 5-8 steps of exercise, at gradually increasing speed
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The shape of the lactate versus velocity curve depends on the protocol used for the exercise
test. In non-continuous tests alinear relationship is found, rather than a curved relationship
(Kronfeld et d., 1995). A clear point of inflexion can be demonstrated, and an appropriate
index of fitnessis the intersection of the two Straight lines. Use of exercise tests that

identify the inflexion point is common in human exercise tests. A linear relationship
between blood lactate concentration and speed has aso been demonstrated in pooled results
from field exercise testsin Thoroughbred horses (Davie and Evans, in press).

The speed at which lactic acid accumul ates depends on many within-animal factors as well.
Theseinclude the rate of cardiac delivery of oxygen to exercising muscle, the ability of the
muscle cdls to use oxygen, and the rate a which lactate is metabolised in muscle cells
during exercise. These factors are limited by an individua horse' s inherited physiologica
characterigtics, but they can also be improved by training.

It isimportant to gppreciate that lactate production in muscle cdls and accumulaion in

blood is anoma response to energy production a moderate to high speeds or intengties of
exerdse The actud speed a which lactate begins to accumulate within the muscle cdlls

and blood will depend on gait, breed, horse, diet and state of training (fitness). In resting
horses, devated blood lactate concentrationsindicate failure of blood flow to the body
organs and tissues, and is often associated with colic. In norma, hedthy Thoroughbred
horses blood lactate concentrations increase when the speed of exerciseisincreased to
goproximately 11-12 m/s (700-800 nvmin) (Evans and Davie, in press). In pacing
Standardbreds lactate does not accumulate in blood until speeds exceed gpproximatdy 650
700 m/min (Wilson et d., 1983).

Horses with a high maximum oxygen consumption can be expected to exercise a higher
speeds before there is evidence of accumulation of lactate in either muscle cells or the
blood. A measurement of the lactate response to a standardised exercise test can therefore
provide vauable information concerning the extent of anaerobic supply of ATP during the
exercise.

A typical differencein blood lactate response during exercise in untrained and trained
horsesisillustrated in Figure 10. The trained horse has lower blood lactates during
submaximal exercise, and higher VLa4.
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Figure 10. Blood lactate response during an incremental speed exercise test in an
untrained and trained horse.
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After collection of the blood the assay for lactate concentration can be completed on whole
blood, or on plasma collected after centrifuging the blood. It isimportant that the assay is
conducted on blood or plasma. Results from blood and plasma assays cannot be compared
because the concentrations of lactate in plasma are up to 50% higher than in the red blood
cels(Rainger et d., 1995). Assays on whole blood are probably preferable because lactate
moleculesin the cdlls areincluded in the assay, and it isa sSimpler technique because no
centrifugation is required. Assays of plasma lactate concentration can also be conducted in
modern biochemica analysers.

2.8. Adaptationsin muscle and tendonsduring training

Prolonged training in enhances the metabolic capacity of skeletal muscle (Hodgson et d.,
1986). Training results in increased concentrations of hexokinase and citrate synthasein
skeletal muscle, indicating increased muscular capacity for aerobic metabolism (Cutmore et
al., 1985). Long term training also increases the resting muscle glycogen concentration
(Tyler et d., 1998). More recent studies have demonstrated that training has the potentia to
minimise fluid loss (Marlin et a., 1999), improves exercise tolerance and changes the
threshold for swesting.

Coallection of asmdl sample of musdle tissue (biopsy) for investigation of cdl Sructures
and function has aso been investigated as atool for measuring the changes in musde
during training. Rivero (1996) found that training resulted in muscular adgptations to
training. Fbre area (3ze) and the number of capillariesin contact with type-1 (dow twitch)
and type 2A (fast twitch, high oxidative) muscle fibres were dependent on Sate of training,
particularly in biopsy samples collected from a degp sampling Sitein the middle glutedl
muscle. It was concluded that these methods could become aussful aid for evauetion of
theindividud horsgs reponse to training.

Lovel and Rose (1991) found high intengity training resulted in an 11% increase in the
lactate dehydrogenase concentration in skeletal muscle of Thoroughbreds after ahigh
intengity treadmill training program. This adaptation to training suggests that there was an
improvement in the capacity of the anaerobic energy pathway. Such aresponse has not
been associated with conventiond training programs, and the intensive treadmill training
technique used in this study may have been responsibly for this unique result. The methods
used in this study are described in afollowing section (3.4. Strenuous training).

Tendons connect muscles to bones, and contain collagen fibrils that providethe tendon
with its strength. Pettersonkane et d. (1997) investigated the ideathat collagen fibrils
would hypertrophy (grow larger) in response to a specific defined training program. Hbril
diameters were measured in central and peripherd regions of the superficid digita flexor
tendon (SDFT) samples from five 18-month old horses which underwent a subsequent 18
month training program, and 6 age- and sex-matched controls that were not trained. Centrd
region fibrils from the trained horses had a mass-average diameter (MAD) of 105.3 nm,
which was sgnificantly lower (P < 0.01) then thet of 131.7 nm for the same region in the
control horses. Thisreduction in fibril diameter was interpreted as evidence of

microtrauma It implies the region was weekened by the training regimen. The authors
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concluded that repeated episodes of microtrauma to the tendons may accumulate and
eventudly result in degenerative lesons and dinicd tendonitis (inflammation). These

results aso suggest thet further sudies of the impact of shoeing, track surfaces, speeds and
distances of training and other possible risk factors for collagen fibril shrinkage and
tendonitis in racehorses are warranted.

The effect of 18 months treadmill training (galloping) on the diameters of collagenfibrilsin
the deep digita flexor tendon (DDFT) and suspensory ligament (SL) of 21 month old (on
average) Thoroughbred fillies has been investigated (Pattersonkane et a. 1998). Six horses
underwent a specific 18-month treadmill training program involving galloping exercise,

and six horses served as controls, undertaking low-volume walking exercise over the same
period. The collagen fibril mass-average diameters did not change significantly with
exercisetraining for either the DDFT or the SL. It was concluded that |oading of the DDFT
asaresult of this exercise regimen was not sufficient to stimulate collagen fibril
hypertrophy. This confirms that the DDFT is subjected to low |oads during exercise,
compared with the superficid digitd flexor tendon.

2.9  Adaptationsin boneduring training

Sore shinsisamgjor problem in young Thoroughbred racehorsesin training particularly in
two year old horses (Bailey, 1998). Bailey (1998) reported that shin soreness had the
highest injury rate in a study of 169 Thoroughbreds studied over atwo year period. As
wdll, shin soreness was the cause of 27% of dl lost training days. The next most common
cause of lost training days was fetlock problems (9%). Shin soreness aso was responsible
for 23% of the weeks spent rested at pasture. Shin soreness causes most of the wastagein
two year old Thoroughbredsin training.

Shin soreness may be due to failure to provide an adequate, progressive training stimulus
for bone. Until recently there have been few studies of how bone in young horses responds
during training. Price et d. (1995) investigated whether or not exercise induces an adaptive
response in the devel oping skeleton that may be monitored by measuring biochemical
markers of bone metabolism in the blood. The resultsindicated that the treadmill exercise
regaiI men regvllted in agenerd increase in bone turnover in 2-year-old thoroughbreds (Price
eta., 1995).

A dudy of the bresking strength of the right third metacarpa (cannon) bonesin 24
Thoroughbreds, 24 to 48 morths old and in race training found that horses with more
training months had greater bone diameter, corticd area and area moment of inertia
(Sherman et d., 1995). However, these adaptations did not affect metacarpa bone bresking

drength.

Recently there has been interest in using growth hormoneto treat and prevent arange of
musculoskeletd diseasesin equine athletes. Day et d., (1998) investigated the effect of
equine somatotropin injections over 112 daysin two year old Quarter horsesin aregimen
typicd for racehorsesin training. X rayswere used to sudy bone dengty of the third
metacarpa (cannon) bone during training. The trestment resulted in increases plasma
concentrations of insulintlike growth factor (IGF-1). However this treetment had no
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ggnificant effect on the regponsesto training, which were an initid decrease and then
increase in dengty of the cortica bone.

The effects of age and exercise on shgpe and volumes of the navicular bone were sudied by
Gabrid et d. (1999). All the externd measurements of the navicular bone decreased
ggnificantly with increesng age. However, in porting horses, the navicular cortica bone
volume increased with age and the cancellous bone volume decreased. Exercise gppeared to
have decreased bone resorption and increased bone formation. The findings confirmed thet
exercise might be good practice to prevent age-related bone loss in horses.

A high intensity treadmill exercise protocol resulted in rapid changesin the carpa (knee)
bones (Firth et d. 1999). Using 2 levels of controlled and defined exercise, it was observed
that the increase in trabecular thickening and density was localised to those regions
underlying common sites of cartilage degradation and bone fractures.

2.10. Limitsto performance in equine competitions

There isawide range of metabolic and physical demands in equine competitions. A
Quarter horse must run 400 yards in less than 20 seconds, and an endurance horse may be
required to exercise over 50 - 160 kilometres. These events represent extremes, smilar to
the wide demands of a human 100 metre race and 42 kilometre marathon. Successin any
event will primarily depend on whether or not the individua is physiologically suited to the
demands of the event. A successful Quarter horse needs large muscles that consist mostly
of Type l1b fibres. Thesefibres fatigue easily but generate high speed and power. The
energy for the event will be derived mostly from glycogen (stored glucose) in the muscle
cells, and depend less on the animals capacity to deliver oxygen to the cells. Successin
gprint events will aso depend on the horse' s muscle cells ability to buffer the lactic acid
that accumulatesin the cells.

At the other end of the spectrum, a successful endurance horse will have muscles with few
type b fibres, and more Type | and llafibres. These muscle fibres predominate in Arab
and Arab cross horses. They resst fatigue, and have a superior capacity for using oxygen. It
is aso important that endurance horses have an efficient gait, and so generate less heat
during exercise. Superior performance in endurance rides therefore depends on a highly
system for delivering and using oxygen in the muscle cells. An important aspects of a
superior rate of oxygen uptake during exerciseis alarge cardiac stroke volume, the volume
of blood pumped from the heart with each beat. A well-devel oped network of blood vessels
in the muscle cdlls dso asssts supply of oxygen to the muscle cells. The muscle cells need
to be well endowed with mitochondria and the associated enzymes that convert fat and
glucoseinto ATP. A successful endurance horse should also have alarge volume of plasma
in the blood. This component of blood helps store heat, and move it to the skin whereit can
be sweated and radiated to the environment. A large plasma volume tends to dilute the red
blood cells, and therefore a high red blood cell count and haemoglobin concentration are
not features of superior capacity for performance in endurance rides. A low red blood cell
count and haemoglobin concentration may be found in excellent performers.
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Thoroughbred and Standardbred horse racing, and event competitions, represent
intermediate metabolic and physica demands. Successful racehorses must be ableto
accelerate quickly, maintain an efficient gait, cruise at high speeds, and sprint quickly over
200-600 metres.

Event horses do not depend as much on accel eration and sprinting ability, but must be able
to run a moderate to high speeds without fatigue, and to jump and run fast at the same
time! Superior performance on day 2 of athree day event depends on ahigh level of

fitness, developed over many months, and skilful jumping at high speed. In the
showjumping in athree day event, skill, strength, fitness and adequacy of recovery from the
previous day’s exertions will al be important factors determining success.

The potentia of ahorse to perform at ahigh leve in any event with demands ranging from
those in a 1000 metre race to the demands of Day 2 of a3 Day event depends on many
factors. However the main determinant of success are likely to be maximal oxygen
consumption, or VO, ... and blood lactate responses to exercise. The important roles of
these factors have been demonstrated in Thoroughbred and Standard racing, but
unfortunately there is no evidence yet to support this contention for event horses. However,
the metabolic demands of eventing and jumping have been described, and these findings
strongly suggest that superior performance will depend on ahigh maximal rate of oxygen
consumption and low rate of lactic acid accumulation in muscle cells during the event.

211 Thebasesof fatigue during exercise

Fatigue isadecrease in the ability to do work. It is manifest as ahorse dowing in arace, or
unable to jump as high, or unable to maintain pace with a treadmill. Detection of fatigued
musdeis difficult. A recent sudy suggests thet dectromyography may be useful. Cheung

et . (1998).

It is now known that fatigue and decreased speed during high intensity exerciseis
associated with adecline in the concentration of ATP in the muscle cdlls, and an
accumulation of ADPand Pi (Harriset d., 1987). Muscle ATP loss with exercise has
implications for both fatigue and muscle damage (Harris et d. 1997). To study this process
at the single muscle fibre leve, five trained thoroughbred horses performed a treadmill
study at high exercise intensities. Muscle biopsies of the m. gluteus medius were taken at
rest, post-exercise and during 24 hour recovery. ATP loss after consecutive 90 second
gallops on an inclined treadmill followed by afina gallop to fatigue exercise was 32.2%.
Following exercise ATP levels were close to zero in some muscle fibres. At the sametime,
blood lactate was 20.0 mmol/L or more, and plasmaammonia 300-800 micromol/L,
following the fina galop. Interestingly, the exercise caused similar post-exercise decreases
inthe ATP contents of types| (dow twitch) and llaand I1b (fast twitch) muscle fibres. The
results pointed to marked differences between individua fibresin their biochemical
response with exercise, independent of fibre type.

Increased lactic acid concentration in muscle cells may have an affect on muscle

contraction by inhibiting the release of the C&’ ions from the sarcoplasmic reticulum.
Acidosis of the cells dso has an inhibitory affect on an important enzyme in the glycolytic
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pathway. These responses both limit the ability to produce energy, and so result in fatigue.
The horse dows down because the physica demands of competition are not met by the
output of the muscle cells. Fatigue limits performance, but it should aso be regarded as an
important mechanism for preservation of the hedlth of the horse. If there were no limitsto
muscle cdl activity during high intensity exercise, the pH of the cell would continue to
decline and irreversible damage would occur. As with many other physiological systems,
fatigue is a process designed to preserve the hedlth of the animdl.

Fatigue during prolonged exercise has avery different basis. During an endurance ride,
prolonged exercise does not cause accumulation of lactic acid. There may be small
increases attributable to a sprint at the finish of an enduranceride. Fatigue is attributable to
the combination of the effects of exhaustion of the energy supply (glycogen), hyperthermia
and dehydration. Unfortunately this combination does not aways result in dowing of the
speed of exercise, or refusa to exercise. Horse can willingly continue to exercise a dow
speedsin the face of severe dehydration and hyperthermia, and can die during recovery
from “ exhausted horse syndrome”. Careful administration of the rules of endurance riding
isin the interests of the welfare of the horses.

Blood lactate concentrations gradudly decline to normd over a 1-3 hour period after fast
exercdse Therate of decreaseis greater in some horses that walk or trot for 30 minutes
(Malinet d., 1987).

Given that accumulation of lactate in muscle cells during exercise contributesto fatigue, it
is reasonable to consder whether or not there are strategies for limiting the rate of lactate
build up and fal in pH. The most useful strategy isto train horses gppropriately. This
means training to increase the maximum rate of oxygen consumption. This has the effect of
increasing the speed at which the lactate accumulation commences. The horseis ableto run
faster without lactic acid build up. It is also appropriate to train at speeds that promote the
development of improved buffering capacity in the muscle cells. Buffers are chemicds that

limit thefal in pH of afluid when acid is added. Proteins and amino acids, especialy
carnosine, are important buffersin muscle cells, and training at appropriate speeds can

increase buffering capacity of the muscle cdlls. It should be noted that thereis no evidence
that amino add adminigration as food supplement sgnificantly increases the musde cell

buffering cgpecity.
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3. Exercise Training of Horses

3.1. Introduction

Training involves the use of regular periods of exerdse to promote changesin the structure
and function of the animal in order to enable it to compete more effectively. Adaptations
occur in the cardiovascular system, muscle cells, and in the structural eements such as
tendons and bone. An efficient training response depends on the use of appropriate training
stimuli. The appropriateness of the training stimulus necessitates consideration of the
following questions:

At what age should training commence?

How fast should the horse exercise?

Over what distance should the horse exercise?

What type of exercise should be used, considering gait, and use of swimming, treadmill

exercise, and jumping?

How isthe intensity of the training stimulus best measured?

Is the training stimulus adequate to produce an adaptive response in the horse?

Isthe training stimulus inadequate (undertraining), or isit too intense (overtraining)?

Over how many weeks should the horse be prepared prior to competition?

How many weeks should be used for training at sow speeds during the first phase of

training?

10. How often should the horse perform at speeds at or near racing or competition speeds?

11. How often can the horse be exercised at strenuous submaximal speeds (approximately
70-90% of maximal speeds)?

12. How can atrainer judge or measure whether or not the training is resulting in a change
in fitness?

13. What are the signs of overtraining in horses?

14. Isthe horse mentally prepared for competition?

15. Isthe horse likely to behave in away that will maximise, or a least not limit,

performance?

Woo~NSOT h~wWDNE

There are, of course, many other questions that need to be addressed during training of
horses. These relate to education and behaviour of the horse, and its transport, diet and
stable management. Strategies for “keeping the horse happy” should not be underestimated,
and much of the art of training involves maintaining the horse' s keen attitude over many
weeks of training and racing.

Most trainers manage to conduct their businesses without conscioudy considering the
above questions each day. However, many have learned answers to the questions, either by
observation of other trainers, or by trial and error. It isimportant to realise, however, that
although science has helped us to better understand the answers to many of these questions,
there will never be arecipe for ided training. The large differences between Thoroughbred
training techniquesin England, United States and Austrdiaillustrate that there are many
paths to training success.
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Aswel, training for each horse should be individualised, according to each horse's own
temperament, and capacity for exercise. It must also take into account the event that the
horseis being prepared for. However, regardless of whether ahorseis being prepared for a
1200 meter two year old Thoroughbred race or 160 kilometre endurance ride, there are
severa principles of training that, if not followed, lead to undertrained or overtrained

horses. Both of these states limit performance, and waste an owners time and money.

A common problem in horse training is a period of ‘over-reaching”. Thisterm refersto a
condition found in horses that have had a sudden increase in training speeds or distances, or
have been entered in competition before they are fully prepared. The sudden increasein
intengity of exercise causesa sudden increase in stress on bone, tendons and other
structures, and there may be injuries as aresult. After the exercise or race, horses are often
dow to recover, and have a poor appetite. If horses are continualy trained a high speeds, a
more serious condition can occur, called overtraining. This state can be likened to chronic
fatigue. Overtrained horses race poorly, lose weight, and cannot be kept in training. They
must be given a prolonged spdll to recover.

Lameness due to inflammation or damage to musculoskeleta structures (muscle, tendons,
ligaments, cartilage) isadaily concern of traners, probably more so than the fitness of the
animd. Many trainers use training techniques thet are designed to reduce lameness, rather
than increase fitness. Many trainers are fearful of more strenuous training programs
because of perceptions thet they will result in more lameness. Unfortunately it islikdly thet
easy training, and training that does not provide for gradud adaptation of the fithessand
strength will increase injury rates rather than decrease them.

Wilson and Robinson (1996) have reviewed risk factors for equine racing injuries, with a
focus on overseas racing. They observed that despite the long history of horse racing, only
recently have studies enumerated and e ucidated the risk factors for racing injuries. They
also date that many industry observers believe that the overal number of injuries has
increased rather than decreased in spite of medical and surgica advancesin diagnosis and
treatment during the past decade. Aswell, the authors expressed the view that if the horse
racing industry in the United States was able to design an economically feasible method for
minimizing race-related injuries, the high injury rate that occurs on U.S. racetracks could
be considerably reduced.

Training practices, the frequency of speed work, racetrack surface and condition, age, and
the presence of preexisting lesions have emerged asimportant factorsin injury occurrence
(Wilson and Robinson, 1996). In addition, new links between nutrition and injuries have
also been identified. The authors aso note that there have been declinesin injury ratesin
Japan and Great Britain following implementation of recommendations to improve racing

sofety.

The fdlowing sections outline the genera principles of training. Where appropriate,
scientific studies that have provided evidence for or against certain training strategies will
be included. Unfortunately there have been insufficient studies to help us answer dl the
guestions relevant to training. Equine training tudies are very expensive and time
consuming, and it is difficult to conduct experiments that compare the effects of different
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approaches to training on performance or injury rates. Large scae studies of normal
populations of horsesin commercid training will help answer these questions in the future.

3.2. Typesof training used for horses

Training of horses should follow several important principles. Firstly, al horseswill need
to complete a period of base training. In the past, this type of training has been referred to
as agrobic training, endurance training, and long, dow distance training. In this section
these terms will be avoided. All forms of exercise involve some aerobic and anaerobic
component. The term “long, dow distance” implies that horses only do very long distances

at sow speeds.

Endurance training involves use of base training techniques for many monthsin order to
prepare ahorse for an endurance race. Three day event horses should aso undertake
extensive base training, but they aso need other training methods.

During initid training of aracehorse and event horse it isimportant that the stimulus does
not remain the same from week to week. Every 10-14 days, the speed of the exercise and or
the distance should be increased. Thisincrease promotes gradual adaptation of the muscles,
tendons, and bones, enabling structural changes that help the animal cope with increased
demands of higher speed work.

In the author’ s opinion, many problems in racehorse preparation can be attributable to
fallure to gradually increase the training stimulus. One day the horse istrotting and dow
cantering, and on the next day it is exercising at a strong half pace (about 600 metres per
minute). Thoroughbred horses aso frequently go from trot and canter work on pre-training
farmsto exercising at three quarter pace or faster (working gallops) on racetracks with very
little exercise a intermediate speeds. Sudden increases in velocity place the support
sructures (bone, tendon and muscle in particular) under great stress, and under such
conditions there is often failure of the structure to resist the strain imposed. The result is
seen in sore shins and sprained fetlocks, especidly in two year old Thoroughbreds.

Basic training
will be used to describe training at speeds of 200-approximately 500 and 600 metres per
minute in Standardbred and Thoroughbreds.

Strenuous training
will be used to describe training at speeds higher than 600 metres per minute that resultsin
accumulation of lactate in the blood, but at dower than racing speeds.

Sorint training
refersto exercise a or near racing speeds.

Interval training
refersto use of multiple exercise bouts, separated by rest periods for partial recovery.
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lls devel opment
refers to use of training techniques that increase the ability of the horse to complete atask.

Crosstraining
refersto use of exercise that is not specific to the event performed, such as swimming.

Recovery days
are days designated for recovery after races or hard training. They enable restoration of
energy stores (glycogen) and repair of minor injuries.

If ahorseisnot racing or competing, a horse trainer should be able to identify one or more
of the above training types on every training day in ahorse' s preparation.

Other training types, such as fartlek and resstance training, are rarely used in horse
training. Fartlek training has been defined as “an unstructured technique....the horseis
alowed to run asfar and at whatever submaximal speed it wishes (within reason)”.
Indefinite relief periods are followed by more such exercise (Bayly, 1985).

Resstance training refers to use of exercises where muscle groups work against resistance,
asinweight lifting. An example in horses is walking with large weights carried. A recent
study in two ponies found that 8 weeks of progressive res stance exercise training increased
the strength and size of fordimb muscles (Heck et a., 1996). The ponies carried lead over
the wither while walking on atreadmill three days per week. Ponies performed a series of
progressive sets of weight carrying to fatigue. After training, ponies were able to carry
more weight until the point of fatigue, and there was a 19% increase in forelimb cross
sectiona diameter.

3.3. Bagctraining

Basic training involves exercise a low intensities. Such exercise at speeds of about 3-8 m/s
(200-500 metresyminute) usudly resultsin heart rates of less than about 180 beats/min, and
little or no accumulation of lactate in the blood. The only equine event that may not need a
period of base training is dressage. In this case, the exercises undertaken during the
dressage training should suffice for fitness development. This approach aso hasthe
importent advantage of using the nerves and muscle groups that will be used in
competition. As aresult, dressage training results in specific adaptations in the muscles
used in competition.

Basic training of al other horses may involve 5 minutes to severa hours of exercise each at
the trot and/or canter, depending on fitness, environmenta conditions, time available, and
the ams of the training.

Low intensity base training is usually employed in the first weeks or months of al training
programs. Such training is designed to improve the agrobic capacity and limb strength, and
to educate the horse. The duration of this "pretraining” varies markedly between breeds,
countries and trainers. Some Thoroughbreds in Australia undergo only 4-5 weeks of ow
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training before moving on to faster exercise. In England, two months of basic training
would often be used, and frequently involve use of repeated dow canters up hills.

Use of many months of distance training before commencement of faster exercisein
Thoroughbred and Standardbred horses has been advocated (Ivers, 1983). The principa
argument for longer periods of low intengity training is the development of stronger limbs
and consequent reduced frequency of limb injury. Anecdota evidence suggests that the
incidence of injuriesislower in horses that have undertaken more dow training. Shin
soreness, or bucked shins, isacommon problem in the training of young horses, especialy
Thoroughbreds (Nunamaker et d., 1990). Thereis alower incidence of the diseasein
horses which do not undergo rapid race preparations (Buckingham and Jeffcott, 1990).

Thereis some evidence that prolonged periods of endurance training stimulate continued
adaptation of skeleta muscle. The activities of two enzymes, used as markers of oxidative
capacity of muscle, continued to increase throughout a nine month training program in
endurance horses (Hodgson and Rose, 1987). The implications of prolonged periods of
endurance training for improvements in maximal aerobic capacity have not been reported.

The main limitations to endurance training in horses are time available and hot humid
environments. Thefirgt priority is dlowing sufficient time for the horse to deep and edt.
Care must be taken when increasing distance or speeds of exercise in endurance horses,
especidly on hot humid days. Deaths and extreme fatigue (exhausted horse syndrome) of
horses at endurance rides illustrate that they willingly exercise for periods which result in
extreme dehydration and e ectrolyte imbalance.

Fit Standardbred racehorses often trot or dow canter for 30-40 minutes on "dow" days. Fit
Thoroughbred horses might trot or canter for 5-10 minutes over 3,000-5,000 m, and
endurance horses often exercise for severa hours.

Heart rate meters have been used to ensure that the training intensity is not excessive. Heart
rates greater than 180 beats per minute may result in accumulation of lactate in horses early
in their base training.

Treadmills can be used to help with the base training of horses. Exercise a 200-450 metres

per minute can be used on atreadmill inclined a 10%. Many studies of the adaptations of
horsesto training have used treadmills exclusively. A summary of different treadmill

training protocols follows. Interestingly, in one study, treadmill trained horses earned more
from prize money than non-treadmill trained horses (Kobluk et a., 1996).

In the author’ s experience, appropriate treadmill training coupled with track work over a
period of 6 weeks provides an excellent base training. The following table illustrates how
300 kilometres of trot and canter exercise was completed, at speeds up to 600 - 650 metres
per minute (18-20 seconds per 200 metres). In the last week of the program horses also
completed their strong half pace canters with 200-300 metres of exercise at 750-800 metres
per minute (approximately “evens’, or 15 seconds per 200 metres). This servesto introduce
the horse to the next phase of strenuous training.
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The following training scheme was used successfully as base training in gpproximately 15
Thoroughbreds aged three years or older. None of these horses suffered limb injury in the
program, and two horses went on to win metropolitan racesin Sydney and Brisbane at their
first starts. All horses completed 3 sessions of exercise per day on 6 days per week. Session
1 involved trotting beside ajog cart on a 600 metre track, with no rider. Session 2 was
ridden exercise on aracetrack (Canterbury, Sydney), and session 3 involved treadmill
exercise, with the treadmill dways at 10% dope. Horses had access to food and water
between sessions 2 and 3. All distances are metres. Slow, medium and fast canters (SC,
MC, FC) in session 2 refer to speeds of approximately 400, 500 and 600-650 metres per
minute (maximum 18 seconds per furlong).

Table 1. A basic training program for Thoroughbreds using a combination of treadmill
and track training.

Week SESSION 1 SESSION 2 SESSION 3 km/day
(jogged) (ridden) (treadmill)

1 trot 1200 trot 1000, SC 1000 trot 2000 5

2 trot 2000 trot 1000, SC 2000 trot 1000, SC 1000 6

3 trot 2000 trot 1000, SC 1000, MC 1000 trot 1000, SC 2000 8

1 trot 2000 trot 1000, SC 1500, MC 1500 trot 1000, SC 2000 9

5 trot 2000 trot 1000, MC 1500, FC 1500 | trot 1000, SC 3000 10

6 trot 2000 trot 1000, MC 1500, FC 2000 | trot 1000, SC 3000 1011

Training in weeks 7-10 and 11-14 are described in following sections,

34. Strenuoustraining

Preparation of racehorses and event horses for racing or competition necessitates gradual
increases in the speed of exercise. Horses racing over 400-4000 metres and the cross
country phase of the second day of athree day event al result in accumulation of lactic acid
in muscle cells, and in the blood. Thisimplies that some anaerobic metabolismisinvolved
in the ATPresynthess during the competition or race. It islikely that anaerobic metabolism
in a Quarter horse race supplies most of the ATP. In events of 1000-4000 meters distance,
anaerobic metabolism probably only supplies 20-30% of the energy (Eaton et ., 1995).
Endurance rides do not stimulate anaerobic glycolysis, and training of endurance horses
should involve continuation of the base training described above.

L actate dehydrogenase (LDH) concentration in skeletal muscle has been used as a marker
of anaerobic enzyme activity. Interval training at high speeds on atreadmill resulted in
increased concentration of LDH in skeletal muscle, but conventiona training does not have
the same effect (Lovell and Rose, 1993). In this study Thoroughbred horses were trained
for 12 weeks. In the final 3 weeks, horses exercised at a velocity that resulted in 100% of
maximal heart rate on 3 days per week, over 600 metres. Speeds of exercise were 9-12 m/s
on atreadmill inclined at 10%. Three bouts of exercise were given, separated by recovery
periods that were three times the duration of the 600 metres of exercise. On three other
days, horses exercised over 3000-4000 metres at 6-7 m/s (acanter). Total distances
exercised in the three weeks of training were 18, 20 and 16 kilometres.
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Training a amoderate intensity (80% of Vo, ) for 6 weeks did not result in increases in
skeletal muscle (gluteus medius) LDH concentration. However, such training did
significantly increase the muscle buffering capacity by 8% and increase theratio of fast

twitch, highly oxidative fibres to fast twitch fibres (FTH/FT) (Sinhaet a.1991). These
adaptations to training did not occur in agroup of horses trained concurrently at alower

intensity (40% VG, ,..). Aswadll, there was no difference in increases in maximal oxygen
uptake between the two groups (Knight et a., 1991).

In summary, strenuous training is designed to stimulate anaerobic glycolysis, but aso to
manage the training so that fatigue does not occur. Controlled exposure of the horse to
exercise that resultsin moderate increases in blood lactate concentration should:

1. Stimulate contractionsin fast twitch muscle cells, and promote their growth by
synthesis of more contractile proteins.

2. Increase concentrations of the enzymes that regulate glycolysis, such aslactate
dehydrogenase.

3. Promote increased buffering capacity in the fast twitch cells. Higher buffering capacity
enablesthe fagt twitch cellsto limit thefal in pH during fast exercise, and so resist
fatigue.

4. Promotethe potentia for the muscle cellsto use lactate as afuel during exercise.

It ispossible that changesin training strategies, such asinterval training at intensities near
maximal, could result in beneficial adaptations in muscle. Such training necessitates careful
monitoring of theintengity of exercise. Exercise a sub-optima intensitieswill limit therate
of adaptation, and frequent training at intensities above optimal will risk onset of fatigue
and overtraining syndrome.

The exercise intengity during initid weeks of training is probably not an important
determinant of the rate of changein Vo, . There was no differencein the changesin
V.O,max with training in two groups of horsestrained at 40% and 80% of Vo, (Knight et
al., 1991). Intensity of training may therefore be an important factor in determining the
degree of local adaptationsin skeletal muscle, but not for increasesin maximal oxygen
consumption.

Heart rate meters have been suggested as atool for monitoring the intensity of strenuous
submaximal exercise. For example, exercise speed resulting in a heart rate of 200
beats/minute has been suggested as suitable for race training (Gysin et d., 1987). However,
there have been no controlled studies that have confirmed this view. Aswell, the blood
lactate concentrations at intensities that result in a heart rate of 200 beats/minute vary
greatly. In unfit horses, exercise a heart rates of 200 beatsminuteislikely to result in high
blood lactate concentrations, and in fit horses such exercise may result in relatively low
blood lactate concentrations. The metabolic response to exercise a a heart rate of 200 beats
per minute can therefore be highly variable.
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There are d o practicd difficultiesin the use of heart rate meters during exercisein
gdloping horses. It is difficult for jockeys on Thoroughbred racehorses to monitor heart
rate and adjust speed accordingly. The maximal heart rate of some horsesis aso 210-215
beatsmin, only 5% greater than 200. Aswell, muscular adaptations, such asincreasesin
LDH concentrations, may not be optimal unless exerciseis at speeds that result in maximal
heart rate (Lovell et al., 1991).

Measurement of blood lactate after exercise isthe best method of monitoring the intensity
of exercise during the strenuous training phase. The appropriate intengity of exercise for
strenuous training is that which results in ablood lactate concentration of approximately 4-
8 mmol/L at 3-5 minutes after exercise.

At the completion of the six weeks of bagc training described in Table 1, Thoroughbred
horses commenced a4 week period of strenuous training designed to stimulate contractions
and anaerobic metabolism in fast twitch fibres. Table 2 describes thistraining. The intensity
of training was confirmed with blood lactate assaysin samples collected after treadmill and
racetrack exercise. Therefore actual speeds used for each horse were adjusted in order to
train each horse a asmilar reative intensity. Horses completed strenuous treadmill
exercise 6 days per week in weeks 9 and 10. After completion of this program, horses were
given 3-4 weeks of conventiond training before their first race.

Table 2. A four week strenuous training program for Thoroughbreds using a combination
of track and treadmill exercise after Six weeks of basic training. Distances are in metres.

Week SESSION 1 SESSION 2 km/day
of (ridden on racetrack) (treadmill)
training
7 2 daysof T 1000, and SG 600 6 daysof T 1000 andthen | 5
4 days T and then FC 3000 SC 1000, REST, then FC
800
8 3daysof T, and SG 600 asabove §]
3 days T and then FC 3000
9 4 daysof T, and SG 1000 6daysof T 1000 andthen | 8
2 days T and then FC 3000 SC 1000, REST, then FC
1200
10 4 daysof T, and SG 1000 (on 2 of these daysthehorse | 6 daysof T 1000 andthen | 9
isalowed to RG for 200-300 m) SC 1000, REST, then FC
2 days T and then FC 1000 1200

T trot at 250 m/min for 12000 m (unless otherwise indicated)
SC dow canter at approximately 400 m/min

MC medium canter at approximately 500 m/min

FC fast canter at approximately 600-650 m/min

SG dow gallop at approximately 800 m/min

FG fast gallop at approximately 900 m/min (working gallop)
RG gdlop at racing speed

REST iswalking for 5 minutes on the treadmill between the first and second bouts of
exercise
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If set speeds are used for dl horses, some horses could be exercising with blood lactates of
2-3 mmol/L, and be undertraining. Others could be exercising with blood lactates of 15-20
mmol/l, and be overtraining. For example, that Standardbred horses that pace over 1600
metres in 130 seconds (halvesin 7.5 seconds) have plasma lactates in the range 2-15
mmol/L (unpublished data). The metabolic demands imposed by the exercise are very
different in the horses exercising at intengities that result in plasma lactate concentrations of
2 and 15 mmol/L.

How often should horses exercise in order to obtain atraining effect? There have been very
few studies of this question. However, Gottliebvedi et al. (1995 found that interval training
at VL& on only three days per week is sufficient to cause adaptational changesin exercise
tolerance related parameters. The results aso indicated that some adaptations due to
training are rapidly lost over afour week period when horses cease training.

Intensity and duration of exercise training may aso influence the rate and degree of
adaptation to treadmill exercise training. The effect of intensity and duration of training on
blood lactate concentrations during and after exercise on atreadmill inclined at 10% was
investigated by Evans et a. (1995). Thoroughbred horses were trained at two exercise
intensities. One group trained at an intengity that resulted in post-exercise blood lactate
concentrations of 4-8 mmol/L. A second group trained at half the speeds of the first group,
but twice the distance. Both groups increased fitness, but there was no difference in the
changes in fitness between the two groups.

However, Thoroughbred horses trained in afast group (at 80% of Vo, ) had anincreasein
the retio of fast twitch, high oxidative fibres, whereas a group trained at only 40% Vo,
had no muscle adaptations. Muscle buffering capacity also increased in the fast group
(Snhaet d., 1991). These results suggest that training at approximately 80-90% of
maximum oxygen uptake stimulates greater adaptation of muscle compared to that found
when horses are trained at dow speeds. However, exercise speeds at these high intendities
may risk musculoskeletd injury if gpplied on aracetrack without a period of initial dow

Speed training.

max

Sorint training

Sprint training a or near racing speeds over 400-1600 m or more represents the final phase
of training. There are consderable differences the frequency of sprint training between the
UK, USA and Augtrdiaarein. In the UK, athree day cycleis used by some trainers.
Monday and Thursday are trot and canter days, Tuesday and Friday are dow gallop days,
and Wednesday and Saturday are fast gallop and racing gallop days. In Audtralia, two or
three fast gallops are generally used each week. A three day cycle is not dways possible on
Austrdian racetracks, with restricted access to grass surfaces for the fast work on some

days.
The sprint training should not be combined with long duration and distances of basic

training. If ahigh volume of base training is combined with sprint training thereisamuch
greater risk of overtraining, resulting in poor food intake, loss of weight, injuries and
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disnterest in training and racing. In thisfina phase of race training, it is only necessary for
horses to trot and canter gpproximately 2000-3000 metres on dow days.

It is not necessary to monitor heart rate or blood lactate after fast exercise or print training
in order to specify exact training speeds. All horses will have maximal heart rates (210-230
beats per minute), and have high blood lactate concentrations (15-25 mmol/L) after such
exercise. The horse should be alowed to learn how to gallop, pace or trot at high speeds,
and then the distance gradually increased. High-speed sprints are only possible over 800
metres. After 800 metres the blood lactate concentrations are near those found after racing,
implying that exercise at top speeds is probably unnecessary over distances greater than
800 metres.

When ahorse is race fit, the training schedul e between races can be base training, strenuous
training or sprint training. Base training is used as low intengity training exercise. Strenuous
training should be over 1200 to 2000 metres for Thoroughbreds, depending on the distance
that the horseisracing. Standardbred trainers tend to use either two one mile heats, with
the second heat as the strenuous training. Alternatively, many Standardbred and
Thoroughbred trainers combine the strenuous exercise with afina sprint or gallop over
400- 600 metres.

Most Standardbred trainers in Australia use one fast workout per week between weekly
races. However, some Standardbred trainers do not give fast work to some horses between
weekly races.

3.6. Interval training

Interval training refers to use of multiple exercise bouts, separated by rest periods. The
recovery period between sessions enables completion of extra exercise, and so the duration
of the simulus isincreased. There have been studies comparing the responsesto interval
training with “conventional training”, but no differences have been reported. However,
small differencesin performance are difficult to demonstrate in treadmill studies with small
numbers of horses. Thoroughbred trainers use interva training routinely, as do many
Standardbred trainersin Augtrdia. The only argument againgt use of intervasisthat horse
“get too fired up”. and become difficult to control. Thisis certainly a potential problem
because a“fired up” horse will over-race, or “pull”, and waste energy. However, a
Standardbred trainer reported that the “gate” speed (acceeration) of ahorse was improved
by training with multiple 100-200 metre sprints.

Severd studies have compared responsesto interval training. When conventiona and
interval training of Standardbreds were compared, no significant difference was found in
post-exercise heart rates. However the total dow and fast work distances undertaken were
the same in both training schedules (Gabe et d., 1983). Intervd training over 10 weeks did
not produce greater adaptation in Quarter horsestrotting on atreadmill (Rodiek et d.,
1987).

In astudy that compared responses to interva trained and conventionaly trained
Thoroughbreds in North America no difference was found in heart rate recoveries, run
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times over 1000 metres on an 800 metre track (Harkins and Kammerling, 1990).
Limitations of this sudy included small numbers of horses studied, few measurements of

fitness, and use of an 800 metre track for tests of running speeds.

It has been shown that Standardbred racehorses interva trained on a treadmill have
improved metacarpa bone quality (McCarthy et d., 1988). The training schedule consisted
of 5weeks of dow exercise of 6-12 kilometres/day at 5 m/s. Thiswas followed by a9 week
period of interval training, during the last 3 weeks of which the horses performed 3-4
intervals per day over 600-1000 metres at speeds that resulted in maximum heart rate. Bone
quality improved throughout the training period.

Interval training may increase the risk of injury (Bayly, 1985). It is therefore very important
that the speed of the exerciseis closaly monitored and is at appropriate speeds, and
recovery periods between bouts of exercise are adequate. However, Harkinsand
Kammerling (1990) interval trained Thoroughbred horsesfor over 7 monthswithout injury.

Figure 11 shows the heart rates during an interva training session used with an dlite event
horse. Six periods of exercise at a Speed generating heart rates of gpproximately 200 beats
per minute were separated by approximately 2 minutes of walking for recovery periods.
The horse was exercising at approximately 90% of HRmax (assuming that the maximum
heart rate in this horse was 222 beats per minute).

HR v time

0 5 10 15 20 25 30 35
time (min)

Figure1l. Heart rates during an interval training session used for an dlite event horse.

Heart rates during recovery in Figure 11 were 110-120 bests per minute. Advocates of
interval training have suggested that repeated heats should not occur if the heart rate does
not rapidly fall below 120 beats per minute. Elevated heart rates either during exercise or in
the recovery period could indicate pain, lameness, fatigue, hyperthermia or dehydration,
and are awarning sgn. Figure 11 aso shows that it is difficult to obtain an estimate of
heart rate during exercise from a single heart rate measurement during recovery due to the
rapid decrease in heart rate after exercise.
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3.7. illsdevelopment

Skills development training is designed to increase the ability of ahorseto complete a
specific task. Important skillsinclude galloping aongside other horses, entering starting
galls and standing sensibly, jumping out of the stalls, and rapid acceleration at the sart of
the race. Horses aso should learn to gallop beside and accelerate around other horses.
Horses also need to learn how to gallop on good as well as soft conditions. Pacers need to
learn to pace with hopples, and event horses to jump fences at 600-700 metres/min.
Dressage training is mostly about development of skills and temperament for specific
EXercises.

3.8. Crosstraining

Crosstraining refersto use of exercisethat is not specific to the event performed, such as
swimming. Training of horses should be specific to the athletic event involved whenever
possible. This principle need not be followed rigidly, as there are circumstances when
alternative types of exercise may be appropriate for some horses. Non-specific training
methods can be used to provide an interesting aternative exercise, and swimming exerdse
does develop and maintain agrobic fitness. Jumping exercise is also useful crosstraining for
Thoroughbred racehorses.

It has been shown that showjumping results in mean post-exercise blood lactate
concentrations of 9 + 0.5 mmol/L (Lekeux et a., 1991). These concentrations are Smilar to
those found in Thoroughbred horses exercising at 12-14 m/s. Jumping exercise for
racehorses may be a useful adjunct to the usua training routines. It may relieve boredom,
and may provide an aternative to high speed exercise as ameans of training the anagrobic
and muscle buffering capacity.

Swimming is popular with some trainers, and many training centres provide a swimming
pool. Horses use atrotting or pacing gait for swvimming, and it has been observed that the
breathing pattern was characterised by brief inspiration, prolonged expiration, and looked
"painful” (Murakami et a., 1976). Certainly many horses appear to have difficulty
breathing when swimming.

Studies of heart rate during swimming indicate that free svimming issimilar in intensity to
trotting and dow cantering (Murakami et d., 1976). A training effect was found, as heart
rate during swimming decreased over afour week period of regular swimming exercise.
Heart rates ranged from 140-180 beats per minute, and blood |actate concentrations only
increased by 2-4 fold above resting values during swimming. Horses were exercised for 5
minutes daily in the first week, and the duration was increased by 5 minutes each week
thereefter.

It was concluded that swimming was appropriate for the development of basic physica

fitness and for rehabilitation of horses with limb problems. Prolonged swimming for one
hour did not cause excessive increases in body temperature. It was suggested that the
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direction of swimming in circular pools be changed regularly during prolonged swimming
to avoid fatigue in the outside legs.

Heart rates during two swimming sessions in a horse being prepared for eventing are
illustrated in Figure 12. Heart rates during swvimming (from 15-37 minutes in the recording)
were gpproximately 130 beats per minute.
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Figure 12 Heart rates during two saMimming sessions in a horse being prepared for
eventing

Tethered svimming may be a useful way of increasing the intensity of swimming exercise.
This technique involves securing the horse by atail rope, and encouraging the horse to

greater effort (Thomas et ., 1980). This technique resulted in heart rates of 170-200 bpm,
and blood lactate concentrations of 1-10 mmol/L in 5 unfit horses swimming for 5 minutes.

An argument againgt use of swvimming isthat it is not event-pecific, and so does not train
muscles, bone or tendons for demands of any competition. Likewise, the horse is not
learning any specific skillsfor competition.

However, swvimming training does provide a training stimulus, and may reduce the
frequency of lameness, even though the exercise is not specific to norma equine
competitions. A Japanese study investigated whether or not swimming training changes the
frequency of locomotor diseasesin two year old Thoroughbreds (Misumi et a., 1994). In
this study, 24 horses were divided into three groups: Group A, trained by only running;
Group B, trained by running plus agradua increase in swimming, and Group C, trained by
running plus constant swimming. Only in Group B was an increase in fithess measured
(inferred from the relationship between blood lactate and velocity during standardised
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exercise tests). Theincrease in height in Groups B and C was greater than in Group A.
Increases in girth and weight were smaler in Group A than in Groups B and C. Groups A
and B had 62.5% and 12.5% of horses with locomotor diseases respectively. The authors
concluded that a training program that includes svimming training can reduce locomotor
diseasesin young horses.

3.9. Treadmill training

Treadmills can be used for base training, and for strenuous training. However, treadmill
training ignores development of important skillsfor racing or competition. Treadmills are
not appropriate for sprint training.

Treadmills are often used with an incline of 10%. Thisincreases the heart rate, oxygen
consumption and blood lactate concentrations (Eaton et a., 1995) because the horseis
lifting its mass againgt gravity aswell as moving forward. Treadmill speedsfor training
usudly range from 2-12 m/s (approximately 7-42 kilometres per hour). Gaits a these
speeds are walk (2 m/s), trot (34 m/s), gdlop (greater than 5-6 m/s). At speeds greater than
approximately 7-8 m/s (24-28 kilometres per hour) heart rate may be maximal in untrained
or partly trained horses. At these speedsit isimportant to monitor heart rate and blood
lactate concentrations after exercise to confirm the training intensity. This procedure should
be repeated once per week. Heart rates during and blood |actate concentrations after a
standardised treadmill set of exercises will gradually decrease asthe horse gains fitness.
Treadmill training therefore has the advantage of gtrict control of training intensity coupled
with performance of smple, standardised exercise teststo measure fitness.

Another interesting aternative to high speed exercise for strenuous training is treadmill
trotting in combination with weight lifting (Gottlieb et a., 1987). Weights were added to a
rope that ran over apulley, connected horizontally from behind the treadmill to a harness.
Whiletrotting at 4.8 m/s and lifting loads of 60-100 kg heart rates increased to a mean of
209 beats/min, and blood lactates after exercise ranged from 5-16 mmol/l. The relationships
between oxygen consumption and both heart rate and blood lactate concentrations are
smilar for draught work and normal submaximal treadmill exercise (Gottlieb-Vedi et al.,
1991). Thistechnique may be ussful for increasing the intensity of the training stimulus at
low treadmill speeds. Addition of loads to the sulky has aso been used during training of
trotting horsesin Sweden.

A large scale study has studied racing performance of Thoroughbredsin North America
with ahistory of treadmill training (Kobluk et a., 1996). Horses that had been trained on
the treadmill for at least 50% of their program for at least 60 days prior to the start of racing
were defined as treadmill trained. Racing performance in 107 treadmill-trained horses was
compared with resultsin 214 control horses. In all age groups and classes the treadmill
trained horses were equal or superior to the conventionally trained horses. The authors
argued that treadmill training aso facilitates more efficient quantification of performance.
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3.10. Recovery days

Recovery days are days designated for recovery after races or hard training. Their
importance should not be underestimated. It is during the 1-3 days after fast exercise that
the training responses actually occur. Cells are actively repairing damaged structures, and
anabolism, or protein building, occurs. The horse also restores its muscle cell glycogen
content over a24 hour period. During the 2 days after arace or intense print training
horses should be either completely rested, or only lightly exercised. One of Sydney’ s best
Standardbred trainers puts horsesin a paddock for two days after racing, and only light
exercise will be given on thethird day after the race.

During recovery days the appetite, gait and attitude of horses should be closely observed.
Minor injuries should be attended to, and ice packs used on any areas that are inflamed
(heat and swelling indicate inflammation). The flexible ice packs are excellent for strapping
onto shins, fetlocks and flexor tendons for 20 minutes or so. Ensure that thereis alayer of
cotton between the ice pack and the skin. Aswell, ice packs should be used immediately
after fast exercise on any area of ahorse’ slegsthat has been injured in the past. Likewise,
previoudy injured areas should be thoroughly warmed, and, if possible, Sretched before
training exercise and racing or competition.

It isaso appropriate to closaly inspect the legs after each race for signs of heat and
swelling to ensure that treatment is commenced early in the process, and that the horseis
not asked to exercise a high speeds again with an injury. Trainers should aso develop the
skill of carefully examining the back muscles for signs of soreness after arace. Ice,
massage and ultrasound therapy can then be used to treat the painful areas of muscle.

There are no specia strategies for recovery from prolonged exercise except provision of
water, eectrolytes, and a high energy diet. Prolonged hosing with cold water and use of ice
will assist the cooling down process. Low energy diets such as hay may contribute to
delayed glycogen resynthesis in the 2-3 day period after exercise (Snow et al., 1987). This
delay is of little consequence unless the horse is competing on successive days.

The recovery process after intense exercise isinfluenced by the use of a"warm-down"
period of exercise. Both walking and trotting for 20-70 minutes after exerciseincrease the
rate at which blood and muscle lactate concentrations decrease after exercise. Ten minutes
of activity had little effect, but by 40 minutes post-exercise, blood lactate concentrations are
about 4-10 mmol/l lower with continuous trotting, and 2-5 mmol/l lower if the horses
waked during recovery. These results probably reflect increased use of lactate asa
subgtrate for aerobic metabolism, supporting the post-exercise activity (Marlin et ., 1987).

Didurbances to immune function have aso been reported in horses during strenuous
exercietraining (Buschmann et d., 1990). Dysfunction of the lower respiratory tract has

a 50 been reported after intense exercise and trangport (Raidd et d., 19973, 1997b). The
implications of these obsarvations for performance or the incidence or severity of diseesein
horses during strenuous training are unknown. However, avoidance of further stress during
the 2- 3 day recovery period after intense exercise seems sensble.



3.11. Detraining

Detraining refers to the sudden cessation of training. Many horses have their training
preparationsinterrupted by ill-health or injury. In Standardbreds, mean treadmill speed a a
heart rate of 200 beats/minute was not significantly different from values obtained after 5
weeks of intense training (Thorntom et a., 1983). The same study found that there was no
consgstent changein VL &4 (treadmill velocity at which blood lactate is 4 mmol/L) with
detraining. It is possible that the weekly exercise testsin this detraining study maintained
fitness.

Two weeks detraining reduced VO, to values near those before training (Knight et al.,
1987), and the vaue continued to decrease over a6 week period. In the same horses,
buffering capacity significantly decreased over a6 week period (Sinhaet d., 1991),
reversing the adaptation that occurred with prior training.

Three weeks of detraining resulted in a 12% decreasein VO, in ten Thoroughbreds (Art
et a., 1993). These results suggest that thereis rapid loss of some training adaptations with
enforced rest.

3.12. Overtraining

For most horse trainers, there is delicate ba ance between attaining and maintaining peak
fitness, and lameness or overtraining. Overtraining is defined as aloss of performance
ability, despite the maintenance of or an increase in training effort. Athletic performance
decreases, and horses must cease or reduce training for variable periods of time in order to
recover.

The overtraining syndrome has aso been described in human athletes subjected to rigorous
training programs incorporating inadeguate rest periods. Typicaly, animbaance between
exercise training and recovery periods leeds to a Stuation where further adgptation to
training does not occur. The syndromeis characterized by a decrease in performance
cgpacity. In humans, sgns of overtraining aso indlude mood disturbances, persstent
muscle fatigue and pain, weight |oss, ingppetence and increased susceptibility to injury and
infection (Kuipers 1998, Sone et d., 1991). Smilar Sgns, including poor appetite, body
weight loss, behaviourd changes and reluctance to exercisetypicaly accompany the
reduction in performance observed in overtrained horses (Bruin et d., 1994, Persson et dl.,
1980). Despite congderable scientific investigation in human ahletes, the physologica
bads of the overtraining syndrome remans rdatively poorly understood. Severd
mechanisms have been proposed, including decreased adrend sengitivity to
adrenocorticotropin (ACTH) (Lehmann et d., 1997) and falure of the hypothdamusto
cope with the total amount of stress (Kuipers 1998).

In a cross-sectiond sudy of overtraining in horses, plasma cortisol concentrations & rest
and in response to ACTH adminigration were lowest in horses with red-cll hypervolaemia
and ahigtory of performing below expectation (Persson et d., 1980). The authors suggested
that basal and ACTH-simulated cortisol concentrations could be useful for detecting
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imminent overtraining prior to the occurrence of red cdl hypervolaemia, a syndrome which
was associated with a poor prognosis for return to athletic performance. However, plasma
cortisol concentration two hours after ACTH adminigration was Sgnificantly higher ina
longituding study of overtraining in horses (Bruin et d., 1994). In that sudy the horses
may not have been truly overtrained because no decrement in performance capeacity
(assessed astotd run time during a Standardised exercise test) was reported. Aswell, a
control group was not included, and it is possible thet the result could have been dueto
prolonged training, rather than overtraining. Signs of overtraining of Standardbred horses
were not related to changes in ether maxima aerobic cgpacity (Tyler et d., 1996) or a
difference in kdetd muscle adaptations (Tyler et d., 1998).

A longitudind study of overtraining in Standardbred horses found that the syndrome was
not assodiated with adecrease in adrend gland sengitivity to stimulation by
adrenocorticotropic hormone (Golland et d., in press). Rather, overtraining was associated
with adecrease in the cortisol response to intense treadmill exercise, suggesting that the
dysfunction in overtrained horsesisin the centra nervous sysem. ACTH response tests
will not be useful for diagnosis of this condiition.

The treadmill velocity at a heart rate of 200 bpm may be increased in overtrained horses
(Persson et d., 1980). Regular measurement of heart rate during a standardised submaximal
exercise test may assist the management of horses during periods of intense training.

Blood tests are frequently used to monitor horsesin training. In a prolonged study of
training and overtraining in Standardbred horses there were no significant changes
atributable to the overtraining group (Tyler-McGowan et d., 1999, in press).
Messurements of red blood cell concentration, haemoglobin concentration, packed cell
volume, white blood cell counts, and neutrophil to lymphocyte ratio changed with training,
but there were no changes that indicated onset of the stress of overtraining. Regular red and
white blood cell counts for monitoring stress of training in horses has no scientific basis.

Overtraining was associated with significant changes in a plasmabiochemical marker; AST
(aspartate aminotransferase). A gradual increase in plasma AST in blood samples collected
before exercise at the same time of the day should be regarded as awarning sign for onset
of overtraining (Tyler-McGowan et al., 1999, in press). AST concentrations also increase
for severa days after exercise, and it isimportant that both the day and time of the week be
standardised for blood collections. For example, there would be little point comparing the
results from a sample collected on Monday morning, after arest day, with results collected
on the morning after aday of fast exercise. There was no significant effect of overtraining
onplasma GGT or CK activitiesin the same study.

Regular assessment of a horse' s ability to cope with intensive training, transport and racing
schedules should not be based on regular measurement of plasma AST concentrations
alone. Monitoring of appetite, body weight and the recovery of body weight after racing is
advisable.
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3.13. Risk factorsfor injury and rehabilitation strategies

The effect of exercise on the hedling of articular cartilage defects in the equine carpus was
examined in 12 horses (French et d., 1989). It was concluded that a 13 week period of
graduated exercise (walking, trotting and later cantering) after surgical creation of a
cartilage defect was not detrimentd to the rate of repair.

Training also increases the strength of the suspensory ligaments (Bramlage et d., 1990).
The mean absolute load necessary to cause failure of the suspensory ligaments with
compression testing was higher in tissue from trained horses. In untrained horses the site of
rupture was through the suspensory ligament, whereas in the trained horses, the site of
rupture in most cases was through the proximal sesamoid bones. Restoration of strength in
the suspensory ligaments should employ a graduated period of exercise training.

Estberg et d. (1998) investigated the relationship between intensive racing and training
schedules, and risk of either catastrophic musculoskeetal injury (CMI) or lay-up from
racing in Californian Thoroughbreds. Periods of rapid average daily accumulation of high-
speed exercise distance were identified for each horse from officia race and training
histories. Horses that had period of rapid accumulation of high-speed exercise distance (a
hazard period) had 4.2 times the risk of CMI within 30 days. Horses were dso 4.8 times
more likely to have to be spelled after a period of rapid accumulation of high-speed
exercise distance. In summary, rapid increases in distance of high-speed exercisein
Thoroughbreds increases the likelihood of a catastrophic musculoskeletal injury (CMI) and
having to spell the horse.

Of course horses should be cautioudy reintroduced to fast exercise after aspell from
training. The importance of care in the three week period after a“spdll” has been confirmed
inastudy of Californian Thoroughbreds (Carrier et d., 1998). The study investigated
whether atwo-month or longer period without officia high-speed workouts was associated
with humerd or pelvic fracture within hazard periods of 10 and 21 days following lay-up.

The study investigated many aspects of race training of horses that had been euthanased
because of a complete humera or pelvic fracture. Risk factors investigated included age,
seX, activity, number of lay-ups, number of daysfrom arace or officia timed workout to
fracture, number of days from end of last lay-up to fracture, mean duration of lay-ups, and
total number of daysin race training. Horses with pelvic fractures were more often female,
older, and had no lay ups or greater than or equal to 2 lay-ups. Horses with humerd
fractures were typicaly 3-year-old maesthat had 1 lay-up. Horses with pelvic fractures
had more total daysin race training, fewer days from last exercise event to fracture, and a
greater number of daysfrom end of last lay-up to fracture than horses with humera
fractures. Return from lay-up was strongly associated with risk for humeral fracture during
hazard periods of 10 and 21 days. It was concluded that risk of humera fracture may be
reduced if horses are cautioudy reintroduced into race training after alay-up.
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3.14. Training the hor s2' s behaviour

Many of the activities involved in horse training are unreated to development of speed.
gamina and grength. Training of the horse s behavioursis just asimportant. All the hard
work and time put into getting a horse physicdly fit can be undone by ingppropriate horse
behaviour. Use of counterproductive or inefficient techniquesin behaviour modification
can limit performance just as easlly asinedeguate physical fitness. All good trainers know
that training the horsg s mind, and kegping horsesinterested in training and competing is as
important astraining the heart and musdles. It is not within the scope of this book to ded
with these behaviour and management issues.

A recent review and Zeeb and Schnitzer (1997) includes discussions of topics such as
exercise, sodd contacts, feeding, dimate, grooming and environmentd factorsin horse
management. The chapter on training includes sections on the horse asagregarious animd,
the ability of man to empathise with horses, predator avoiding behaviours, horse learning
by reward, and ams and sructure of schooling. Aswdll, there are sections on damage and
“vices’ caused by incorrect horse management.

Strereotypic behaviours are repeated behaviours without a known function, such aswind
sucking, wood chewing and weaving. They have been referred to in the past as“vices'.
These behaviours can be can be reduced by appropriate horse management drategies.
Smple changes, such asincreasing avalability of dietary roughage (hay) and increesing
socid contact between horses can reduce the frequency of equine stereotypic behaviour ina
gable (McGreevy et d., 1995).

3.15. Thoroughbred training

The above sections dedl with important principals to be followed for training
Thoroughbreds. It is not the purpose of this book to provide strict recipes for training
horses. Many of the commentsin the previous sections of this chapter are relevant to
Thoroughbred training. The diversity of training methods used with Thoroughbredsin
different countries cautions us al about being too prescriptive about what is right and
wrong in Thoroughbred training. Horses in the Japan Cup and Dubai Classic have very
different preparations for the same event! The 1993 Mebourne Cup win by an Irish horse,
Vintage Crop, after no lead up racesin the previous month is aso a cautionary tale. There
are important principlesto follow in horse training, but few rules!

Staaden (1991) is recommended reading. This book provides afascinating collection of the
thoughts on Thorougbred, Quarter horse and Standardbred training by trainersin Audrdia,
UK and USA. Thelate TJ Smith talks frankly about his training methods and sdlecting
horses. Details of the distances, speeds and times used for training achampion filly over its
two and three year old career are included. Harkins and Kammerling (1990) provide details
of conventiond training of Thoroughbredsin North Americafor interested readers.
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3.16. Sandardbred training

Previous sections outline principals to be followed in training Standardbreds. However, one
book highly recommended for further reading is “ Racehorse training and Driving” (
Demmler 1998). The book include some guiddines on preparation of a pacer for racing,
and specifics of times, gpeeds and distances used in training pacers. It dso includes
excdlent information on other agpects of training and managing horses. Others to have
described Standardbred training procedures in some detall include Lovel (1994) and Gable
(1989).

Shearman and Hopkins (1996) have investigated the training practices used with
Standardbred maiden pacersin New Zedand. Interestingly, there was no rdaionship
between rank order of trainer (number of winners) and training load. It was concluded that
only large changesin training load are likely to affect the success rate of horses, despite the
observation that “training loads generdly appeared light rdaive to those of comparable
human athletes’. However, trainers who won more races had more horses and more than

two preparation phases, suggesting that duration of training may be afactor in training
SUCCESS.

The program for atypicd top trainer included 5-6 weeks of jogging 6 days per week &
gpeeds of 15-25 knmvhour for gpproximately 40 minutes. A second, 5 week phase of training
conssted of hopple workouts twice per week, ahopple or jog one day per week, and 3 jog
sessons (between fast days). Hopple speeds in this phase averaged 32 km/hour, but the
range of veloditieswas high. In thefina phase (4 weeks duration), horses jogged three
times per week, and hoppled 3 times were week. ). Hopple speedsin thisfind phase
averaged 40 knmvhour. After arace, horsesracing every 14 days did not perform hopple
workouts until the 4" or 5 day after arace, and then were hoppled again twice before the
next race. The find hopple was given two days before arace (Shearman and Hopkins
(1996).

3.17. Event horsetraining

Training the three-day event horse to perform at an dite level is an extremely demanding
task. Success in competition necessitates superior staming, strength (for jumping), skills
(dressage, jumping), and a capacity to recover quickly after day 2 of the competition. The
trainer must also be able to manage the horse' s temperament —calm and relaxed for
dressage, keen and fit for cross country and jumping.

Design of suitable training programs depends on an understanding of the metabolic
demands of the event. Munoz et a. (1999) investigated the cardiovascular and metabolic
responses to two cross-country events (CC* preliminary level and CC*** advanced level)
in 8 male eventing horses. Plasma lactate response exceeded the “anaerobic threshold” of 4
mmol/L, reaching amaximum leve of 13.3 mmol/l. Heart rates ranged from 140 to more
than 200 bpm, peaking at 230 bpm. The authors concluded that muscle energy resynthesis
during a cross country event is provided by oxidative metabolism and glycolysis. Both
stamina and power exercises are required for event horses during their training.
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In another study, blood samples were collected for |actate concentration determination at
the arrival of the cross-country phase from 40 horses of various class levels competing in 6
different three-day eventsin astudy by Amory et d. (1993). In 8 horses, heart rate (HR)
was aso recorded every 5 seconds during the cross-country. Heart rate ranged from 170 to
190 beatsmin during the firgt part of the cross-country, and reached or exceeded values of
190 to 200 beats/min at the end of the course. The authors concluded that the anaerobic
threshold is reached during cross-country. Recruitment of anaerobic metabolism at the end
of the course was a so demonstrated by the high values of blood lactate. These aerobic-

anaerobic metabolic requirements should be taken into account when designing the training
program of an event horse.

The importance of specific training to match the various demands of the three-day event
has been emphasised in an excellent description of training protocols used by a successful
event horse competitor. Any person interested in training an event horse should consult the
article (Raolton, 1999). Important points made include:

Start with a hedthy horse

Egtablish abase levd of fitness (using long walks, basic dressage, long trots, using hills
if possible)
Event-specific training and skill development, with interva training

Intensive gallops using Thoroughbred training facilities are described in the article. Two
intensive workouts with gallops were performed each week. A heart rate monitor was used
torecord heart rate during exercise and recoveries between intervals during the interval
training.

An example of speed and interval sets described by Rolton (1999) on an all-weather 1400
metre track follows:

5 minutes walk

15 minutestrot

2 minutes canter, 1 minute at 400-500 m/min, 1 minute at 600-700 m/min
3 minute walk (back to the start of the gallop)

2 minute canter, 1 minute a 500-600 m/min, 1 minute & 600- 700 mymin
20 minutestrot

6 minutes canter at 500-600 m/min accderations

6 minutes canter at 500 m/min

6 minutes canter at 500-600 m/min accderations

5 minutes trot

10 minutes wak

Readers are referred to the original article for further explanatory details, and more
excellent advice and information. There are aso many other excellent books by
experienced event horse trainers. Dyson (1994) and Clayton (1994) are a so recommended
reading for more details on aspects of training for dressage, jumping and the three day
event.
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3.18. Quarter horsetraining

Rammergtorfer et d., (1998) investigated basdline physiological responses

to typicd reining training in five mature Quarter Horses. In an initial standardised exercise
test which smulated reining horse exercises, heart rate and plasma lactate concentration
indicated that galloping circles, spinning and stopping were “anaerobic” exercises (203
beats/min and 8.86 mmol/L, respectively). In a subsequent experiment the effects of reining
training were investigated in ten mature Quarter Horses. Heart rate and plasma lactate
concentrations were lower after 28 days of reining training.

3.19. Endurance horsetraining

Endurance training involves prolonged use of techniques described for basic training. As
well, some strenuous training sessions are al so advisable to develop fitness for fast
exercise. Ridgeway (1994) emphasi ses the importance of selecting the appropriate horse,
and the processes involved in mental and physical conditioning of endurance horses.
Endurance horse trainers should regularly use a heart rate meter to monitor training
intensity and recovery of heart rates after training exercise. Fartlek and interva training
have been recommended for endurance horses as away of providing speed training
(Ridgeway, 1994).
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4. Fithess Tests for Horses

4.1. Introduction

Fitness can be described as the physical capacity to perform in an event or race. A horse's
fitness will therefore depend on its inherited physiological attributes, and on the degree to
which the structure and function of the animal has been changed during training.
Essentidly, theissueis: how well will the horse perform in the event, and can something be
mesasured to describe the horse’ s likelihood of success? The basis of dl fitnesstestsisthe

same. They involve measurement of one or more aspects of ahorse's physiologica
response to exercise during or after a standardised exercise test. Common measurements
include heart rate and blood lactate concentration. The main aims of this section are to
describe the principles of and rationde for the use of fithess tests, to outline methods of
conducting such tests, and to describe the limitations of such tests.

Tests of fitness are used to try to answer the following questions concerning a horse's
capacity for exercise:

1. Will the horse run agood racein its next start?

2. How does the horses fitness compare with that of other horses ?

3. How does the horses fitness compare with its fitness at previous times or during previous
preparations?

4. Has the horse's fithess changed with recent training or detraining?

Another question relates to attempts to predict performance in horses not previoudy raced
or used in competition.. A question that al owners eventually ask is. doesthe horse have
the inherent physiologica attributes and talent to enable it to compete successfully?

Of al areas in equine exercise physiology, the prediction of performance is one of the most
difficult. However, the sizeable nature of the risk associated with purchasing ayoung
racehorseis likely to continue to stimulate research in thisarea. A recent study of a cohort
of young racehorses illustrates the magnitude of therisk (More, 1999). The study
developed a profile of the racing careers of Thoroughbred horses in south-eastern
Queendand, and examined factors that affect racing during the first years of racing.

Two measures of performance were examined: race earnings during the first year of racing
and cumulative proportion of horses still racing up to 2 years after their first sart. 1,804
horses were enrolled in the study including 916, 701, 152 and 35 horsesthat first raced & 2,
3, 4 and 5 years of age, respectively. During their first year of racing, haf the horses earned
no more than A$450 from race earnings, and 710 (39.4%) horses earned no money at al. In
comparison to poorly performing horses, well-performing horses were more likely to be
male, to have started as 2-year-olds and to have had more starts during this year. Of the
horses that first started as 2 and 3-year-olds, only 71 and 46% continued racing for at least

1 and 2 years after their first start, respectively. This study confirmed a high wastage

among racing Thoroughbreds. As expected, premature retirement from racing was linked to
poor performance. During the first year of racing, the race earnings of 1,567 (86.9%) horses

42



were insufficient to cover training costs. The 2-year-old racing cohort outperformed the
older racing cohorts in each of the performance measures under investigation.

Of course Thoroughbred and Standardbred trainers are able to observe performance during
training galops and trids to help answer these questions. However, many horse trainers
and owners have also sought answers to these questions with measurements obtained
during specific fitness tedts. In the past, haematologica and serum biochemical assessments
in the week before a race have been popular as means of attempting to assessfitness. The
use of these measurements will not be discussed in detail. There have been many recent
excellent reviews and articles on the subject. These reviews conclude that haematological
parameters such as red and white blood cdll counts are not useful in assessment of fitness or
predicting performance (Beech, 1988), or for diagnosing poor performance (Stewart et d.,
1983). Routine assessments of haematology and plasmabiochemistry hasarolein
diagnosing disease, but has no use for describing fitness (Revington, 1983).

4.2. Fitnessand itsreevance to performance in equine events

Performance by ahorse on any particular day will be limited by fitness, but aso by many
other factors. These include previous diet, feeding strategies on the day of racing or
competition, disease or injury, shoeing and horse's mentdl attitude and behaviour before
and during the race. In this section the focus will be on aspects of “physiological” fitness,
both inherited and acquired by training.

Thetwo main issuesin physiologicd fitness are:
The ability to sprint over 200-600 metres, and to accelerate over 50-100 metres
Staming, or the ability to maintain a speed over along period (or fatigue resistance)

Fitnessfor sprint and acceleration

Scientists now better understand the physiological bases of superiority in each of these
aspects of performance. Therate of acceleration and the ability to sprint over 200-600
metres is dependent primarily on anaerobic capacity. It is not dependent on superior rates of
use of oxygen transport by the respiratory and cardiovascular systems, or its use by muscle
cells. Rather, ahigh anaerobic capacity confers superiority for acceleration and speed. This
refers to the capacity for ATP resynthesis by metabolism of glycogen. The principa
limiting factors are the numbers of Type || muscle fibres that can contract and relax very
quickly, and can generate high forces because of their larger size.

Equine scientists have measured anaerobic capacity with specidised treadmill tests. These
studies have enabled a better understanding of the proportions of aerobic and anaerobic
energy supply in events of different duration. An extremely important finding isthat even
in events lasting 60 seconds, it seems likely that aerobic ATP supply predominates.
Therefore a 1000 Thoroughbred raceis not a true sprint, like a human race over 200-400
metres. Metabolically, a 1000 metre horse race depends much more on oxygen
consumption than a human 800 metre race. This difference is attributable to the horse's
capacity for greatly increasing its oxygen carrying capacity in the blood at the
commencement of exercise by splenic contraction. The spleen acts as a store of red blood
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cellsthat can be used during exercise, dmost like a“ sdf-transfusion” Asaresult, thered
blood cdll and haemoglobin concentration increases during exercise by 50% or morein the
horse. This confers an advantage because the horse is more able to use oxygen at the
commencement of fast exercise.

Another important finding relates to manipulation of the horses energetic response at the
beginning of arace by “warm up”. Therate of oxygen use in thefirst 30 seconds is much
greater if an gppropriate warm up has been given, and there is less reliance on anaerobic
metabolism, and less lactate accumulation at the commencement of fast exercise.

A comparatively high maximum oxygen consumption and high rates of increase in oxygen
consumption at the start of intense exercise are two factors that explain the physiological
superiority of horses compared to other mammals. Maximum oxygen uptake is increased

by training, and the rate of aerobic energy delivery at the commencement of exercise can be
mani pul ated.

For example, warm up significantly increases aerobic energy delivery in racehorses during
high intengity exercise (Tyler et d. 1996). In this study, the rate of increase in oxygen
consumption was measured at the commencement of exercise in two groups. One group
completed afive minute walk before the exercise. In the dternative, horses exercised at
50% of maximum oxygen uptake (adow canter) for 5 minutes for awarm up, then walked
for two minutes before starting the high intensity exercise. Horses with awarm-up had
faster kinetics of gas exchange and a greater proportion of their total energy requirement
was supplied by aerobic metabolism. The aerobic contribution to total energy requirement
with and without warm-up was, respectively, 79.3 + 1.0% and 72.4 + 1.7% (P < 0.01).
There was d 0 a higher maximal accumulated oxygen deficit (P < 0.01) in horses that had
not been given awarm-up. The authors concluded that during high intensity exerciseto
fatigue lasting 1 to 2 minutes, more than 70% of energy supply is from aerobic energy
sources, and that this contribution is even greater when the horses have received awarm-

up.

It islikely that alower oxygen deficit at the commencement of exercise will limit the rate
of onset of fatigue. Standardbred horses are generdly properly warmed up before racing.
Many Thoroughbred racehorses are not. Trainers should ensure that horses get at least 5-10
minutes of trotting and cantering before fast training exercise. Before arace jockeys should
be cantering or trotting the horse whenever possible.

Fitnessfor ssamina

The factors that limit the horse’ s ability to maintain a high speed for a period longer than 60
seconds depend on the duration of the event. In events lasting from 60 seconds to the
approximately 10 minutes, stamina and the ability to limit fatigue (referred to as“ staying
ability”) will depend greatly on superior oxygen transport and use, and on limited increases
inlactic acid, ADPand P concentrations in the muscle cells. Superior horses will be able
to maintain aerobic ATP resynthesis a high speeds, and do not rely on anaerobic
resynthesis of ATP until speed isvery high, and near maximal. They are also likely to have
superior buffering capacity in muscle cells, limiting the fall in pH during exercise.



In arace over 1200 metresit has been estimated that 60-70% of the energy supply is
aerobic (Eaton et d., 1995). In a 3200 metrerace, it islikely that 80-90% of energy supply
is aerobic, and so the success or otherwise of an individua horse depends more on staming,
and less on the ability to accelerate or sprint. However, in adowly run race, the ability to
sprint will play agreater role in determining the winner. It isaso likely that horses that
have the highest oxygen uptake and lowest rates of lactic acid accumulation during most
Thoroughbred and Standard races will be more capable of a sprint over the final 600
metres. Thisis because they have less disturbance to the pH, and less accumulation of ADP
and Pi during the event.

4.3. Traditional approachesto fithess measurement

Horse owners and trainers have long been interested in fitness measurement. Over the
years various measurements such as resting PCV and haemoglobin levels have been used
frequently as an index of performance. However, no resting measurement has been shown
to provide avalid index of performance. Small changesin these variables can befound in
the first few weeks of training, but thereafter no further adaptations tend to occur. Also
resting blood datais limited by the existence of alarge reservoir of red blood cellsin the
spleen, which complicates attempts to extrapolate from RBC concentration to the tota
oxygen carrying capacity during exercise. With prolonged endurance training there can aso
be anormal decreasein red cell concentrations due to expansion of the plasma volume.

The ultimate expression of aerobic capacity is maximum oxygen uptake, or VO, . .
Measurement of VO, currently necessitates use of atreadmill and expensive equipment

for gas analysis. Alternatives are the analysis of HR and blood lactate in response to
specific work loads.

4.4. Treadmill fitnesstests

Treadmill testing of equine fitness has been used at the University of Sydney for 6-7 years,
with over 200 horsestested in that time. The tests are usually used to help diagnose the
cause of poor performance.

A typical treadmill test protocol used at the University Veterinary Centre Camden involves
aperiod of 3 days of acclimation to the treadmill, during which time the horsesleamsto
walk, trot and canter at speeds up to 10-13 m/s. A catheter placed in the jugular vein
facilitates collection of blood during exercise for measurement of blood lactate
concentrations, and a heart rate meter is applied. A loose fitting mask is used to enable
measurement of maximum oxygen uptake. The horse is trotted for 3 minutes (at 4 m/s) on a
treadmill inclined at 10%, and then exercisesfor Iminute at 6 m/s, 8 m/s, 10 m/s, 11 m/s
and so on until the horseis no longer able to keep pace with the treadmill. Thisindicates
the onset of fatigue. All horses undertake the same protocol. This enablesvalid
comparisons of results in different horses, and comparisons of results from repeated testsin
the same horse.
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45. Heart rate and fithesstests

Increases in fitness are reflected in decreases in heart rate during submaximal exercise. For
example, heart rate during trotting at 250 metres per minute could decrease. Aswell, the
velocity at which the horseis exercising a a particular heart rate will increase. For
example, V200, the velocity at which heart rate is 200 beats per minute, will increase with
training.

Measurement of heart rate 30 minutes after exercise is an important index of fitnessin the
endurance horse during competition. Increases in heart rate reflect the metabolic
disturbances that occur during endurance exercise (Rose et d., 1977). These results
provided asmple, practicd and accurate method for evauation of the “ stressed” endurance
horse. The assessment of the heart rate recovery following exerciseis now widdy used by
ridersin the training of endurance horses aswel as by veterinariansin the assessment of a
horse' s “fitness’ to continue in an endurance ride.

4.6. Blood lactate measur ementsin fitness tests

Expression of the relationship between speed and lactate concentration has usually been
expressed in two ways. Firstly, VL a4, the work velocity resulting in ablood lactate
concentration of 4 mmol/l has been used. This measurement necessitates exercise testswith
4-6 steps of increasing speed. Alternatively, the blood lactate concentration at the
completion of, or soon after, exercise for a set duration and speed has been used. For
example, La10 isthe blood lactate concentration after exercise a 10 my/s. This
messurement has been used in Swedish trotters, with blood collected after 4000 m at 10
m/s. That measurement was negatively correlated with maximal trotting velocity over 1000
m (r=-0.66, p< 0.001). This means that the fastest trotters had the lowest blood lactate
concentrations after the standard exercise test.

Timeform rating in English Thoroughbreds was aso highest in horses with the lowest La
10 measured two minutes after treadmill exercise on a10% incline (r=-0.68, p<0.01). This
result infers that approximately 45-50% of the variability in Timeform was attributable to
the variability in the blood lactate response to the submaximal treadmill exercise test
(Evanset d., 1993).

In contrast to the above studies, one recent investigation found that running speed of
Thoroughbred horses running on a 800m race track was positively correlated with V0L a4
measured in treadmill exercise tests (Harkins et a, 1993). However, this result should not
be used to infer that superior Thoroughbred racehorses have the highest blood lactate
concentrations after an exercise test, as peak running speeds on the track were only about
80% of Thoroughbred racing speeds.

In general, superior trotters and Thoroughbreds have the lowest blood lactate
concentrations after standardised submaximal exercise tests. The generation of religble
results from such tests on treadmills depends on appropriate acclimation of the horse to the
treadmill routine. Excitement, fear and anxiety can dl eevate the blood lactate
concentration, as glycogenolysisis simulated by catecholamines. The production of
reliable LA10 vauesin pacers or trotters depends on the ability of the driver to exercise the
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all horses over the same distance a the same speed. Minor variationsin speed or rates of
acceleration could invaidate the test results.

47. Fidd exercisetests

There has been little application of blood lactate measurements or heart rates for fitness
testsin commercia training establishments. Part of the reason for the dow adoption of
these techniques has been the difficulty of design and implementation of exercisetestsin
the field. Treadmills are useful because they help with conduct of standardised exercise
tests. However, few trainers use treadmills or have access to them. Understandably, trainers
also have reservations about adopting new techniques that could disrupt busy training
schedules, and for which thereis limited evidence for benefits of their use. Aswdll, trainers
can earn aliving training unfit or poor quality horses. However, many owners continue to
be frustrated by lack of information about the performance capacity of horses. Severa
recent studies have outlined new methods of performing exercise tests on racetracks.

There are several important principlesto follow if steps are taken to implement use of field
tests of fitness. Firstly, the test protocol must be smple. Multiple steps of increasing speeds
of exercise are frequently usein treadmill testing, but these forms of exercisetesting in the
field are unlikely to be popular with trainers. Exercise tests dso need to be easy to
implement, and not disrupt normd training schedules.

There are severd features of the exercise that must be maintained. These include:
Same warm up routine prior to testing

Same rates and distances of acceleration during the exercise

Same test distance

Constant speed during the exercise

Distance of the deceleration should be constant

Blood should be collected at a constant time after exercise

Consstent speeds of post exercise activity should be used

NoghkwdhpE

The lactate response to specific speeds has been used in laboratory treadmill testing for
assessing performance and fitness. Fitness has usually been described with speed at a
lactate concentration of 4 mmol/L (VLad). Asthe horse increases fitness, V0L a4 increases.
Field tests with multiple speeds and blood collections have been conducted in Standardbred

horses to assess performance (Wilson et d., 1983). However, multiple exercise speeds and
blood collections may not aways be convenient.

The exercise test used by Wilson et d. (1983) consisted of four steps of exercise over 1000
metres, as described below. The horse should walk for 3-5 minutes between each of the
four steps.

Blood was collected into fluoride oxaate tubes three minutes after each step. Heart rates
were aso recorded during the exercise test to measure V 200.
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Speed (Mm/min)

Step 1 450-550
Step 2 600-700
Step 3 700-800
Step 4 >800

A plot of speed versus lactate isthen drawn on graph paper. By drawing aline horizontal to
the 4 mmol/l concentration, the VL a4 can be directly caculated.

Wilson et d., (1983) observed that superior horses seemed to have lower blood lactate
responses after this exercise test. However, in astudy of Swedish Standardbreds, ten horses
performed a submaxima test on the track. The test consisted of five incrementa heats at
approximate speeds of 9.1, 9.5, 10.0, 10.5, and 11.1 m/s over 1000 metres. A blood sample
was drawn from the jugular vein for plasma lactate analysisimmediately after each hest.
Plasma lactate response to exercise differed between horses, but no correlation was seen
with aracing performance index (Roneus et a., 1999).

However, studies of larger numbers of horsesthat have alarge range of racing abilities are
more reliade. Courouce et d. (1997) examined the relationship between VL a4, age and
racing performance of Standardbred trotters. A tota of 159 horses were divided into 5 age-
groups from 2 to 6 and over, and performed standardised exercise tests of 3 steps
performed at increasing speeds. The velocity of the horses was measured with atachometer
on the sulky. Mean VL a4 values increased significantly (P<0.05) with age between 2 and 4
years. Horses were defined as good performers (GP) when finishing between the first and
the fifth place in arace or poor performers (PP) when finishing lower than fifth. VLa4 was
significantly higher for GP than for PP (P<0.05).

Theresultsin this study also emphasised the need for care when comparing results from
different tracks. Veterinarians, trainers or ownersinterested in using these testsin
Standardbred horses should devel op their own exercise test routine on asingle racetrack. It
should also be noted that blood lactate concentration is likely to be increased by excitement
during the test, and by "pulling”, an inefficient gait due to effort expended againgt restraint
by the driver. Results from exercise testsin which horses pull hard against ajockey or
driver should be regarded with suspicion, and the test repeated.

A review of exercisetests for French trotters exercising in the field concluded that track
testing provided a more limited range of measurements than treadmill testing, but had the
advantage of being performed in the horse's natura environment (Courouce, 1999). Various
measurements such as heart rate during exercise and blood lactate concentration after
exercise may be measured on the track, enabling calculation of physiologica variables such
as V200 and VLa&4. Although VL& is caculated during submaximal intensity exercise, it is
related to racing performance and seems to be the most important measurement to assess
changes in fitness (Courouce 1999).

Conduct of racetrack exercise tests for measurement of V0La4 or Lal0 are very difficult in
Thoroughbreds, asit is difficult to obtain constant track conditions and constant speeds
during exercise. However, Vonwittke et a., (1994) used a standardised. two step exercise
test to investigate the blood lactate running speed relationship in 9 thoroughbred
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racehorses. Each horse completed a two-speed field test at intervals of 6-8 weeksto
determineits running velocity (V) diciting blood lactate concentrations of 4 (v(4)) and 12
mmol/l (v(12)). Changesof v(4) and v(12) in a horse between two consecutive tests were
used to assess effects of training history variables calculated for the period between two
consecutive tests. The percentage of days with gallop workouts between two consecutive
tests showed a significant correlation with changesin v(4) (r = 0.71, P< 0.01) and v(12) (r
=0.56, P < 0.05). The number of gallop workouts (r = 0.60, P < 0.05) and the totd time of
training (r = 0.58, P < 0.05) also correlated with the change of v(4). Furthermore the
percentage of days without training was negatively correlated to changes of v(4) (r =-0.75,
P<0.01) and v(12) (r = -0.56, P < 0.05).

These results imply that increases in fitness, as measured with the blood lactate response to
submaximal exercise in atwo-step field test are more likely in Thoroughbred horses tha
have more galloping than trotting, and have higher numbers of galopsin atime period.
More days without training was associated with reduced fitness, and more training at higher
Speeds was associated with greater fitness.

A field exercise test was used with 8 French Thoroughbred horses in France to investigate
the use of heart rate measurements during and after track exercise as a suitable measure of
changesinfitness (Vaette et d., 1996). Thetest consisted of awarm-up followed by three
3 min-steps one cantering and two galloping, followed by arecovery period. Heart rate was
recorded during the entire test, and blood samples were taken during the 2 min rest periods
following each step, and after the recovery period for the measurement of lactate
concentrations. Fitness was described by the rel ationships between lactate concentrations,
heart rate and vel ocity. The authors concluded that procedure indicated that the
cardiovascular system seemed to be improved during the protocol and that the efficiency
score and the cardiac recovery index seemed to be good indicators of potential speed.

An dternative gpproach isto describe the blood lactate concentration to a single bout of
srenuous, submaxima exercise. An gppropriate gpeed of the exercise must be chosen. The
amisto have an exerdse test that is demanding for some horses, but achieved eeslly in
others. Typica speeds for such tests are 800 metresin 65- 70 seconds in a Standardbred
horse (Wilson et d., 1983), and in 55-60 seconds in Thoroughbreds (Davie and Evans, in
press). These speeds would need to be confirmed in an individud stable, because they will
depend on the qudlity of horses being trained, and possibly on track sze and surface
conditions.

A one-step fidd test has been designed that enables comparisons between Thoroughbred
horses (Davie and Evans, in press). This sudy investigated the feeghbility of conducting a
sandardised, discontinuous, submaxima 800 m exercise test in Thoroughbred horsesin the
field. Linear and exponentia regression andyses were conducted to describe the

rel ationships between blood lactate and velocity of exercise. Predicted lactates for each
horseg's exercise test velocity were caculated from the line of best fit, and the difference
between measured and predicted lactate was used to describe arating (R) for eech horse. It
was concluded thet there is alinear relationship between blood lactate and velocity in
discontinuous submaximal exercise tests over 800 m at speeds between 13 and 16 m/sin
Thoroughbred horses. A single step test that takesinto account variability of velocity
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within ategt, and which is based on cdculaion of the difference between the messured and
predicted |actate concentration, has potentia gpplication in fidld evauations of fitnessin
Thoroughbred horses. Further sudies are required to investigate whether comparisons of
the blood lactate response to exercise in an individua horse with the predicted responsein a
reference population is an accurate and rdiable corrdate of racing performance.

It should be remembered that |actate tests such as those described above are indications of
endurance ability, or stamina. Lactate tests measuring VL a4 or Lal0 do not expressthe
ability of ahorse to accelerate at the start or finish of arace, or the ability of ahorseto
sprint 400-600 m. However, observation and a stop watch are al that are needed to assess
these attributes.

Mesasurement of the blood lactate concentration after maximal exercise has been used to
estimate anaerobic capecity, defined asthe ability of an individua to resynthesise ATP via
anaerobic metabolism. The blood lactate concentration after maximal exercise to fatigue
does not change with submaximal exercisetraining (Evans, et d., 1994), and so isnot a
useful marker of fitness. Aswadll, the blood lactate concentrations after maximal exercisein
trotters (Krzywanek, 1974) and Thoroughbreds (Evans et d., 1993) were not correlated
with race performance.

A study of the relationships between racing performance and severa physiological
measurements was aso conducted in 25 Standardbred trotters (Roneus et al., 1999). Blood
samples and muscle biopsies were obtained 5-10 minutes after racing. The biopsieswere
analysed for fibre type composition and enzymatic profile and blood samples for plasma
lactate and ammonia concentrations. Fibre type composition varied among horses (range 9-
27% for Type 1, 32-54% for Type 1A, and 27-46% for Type 11B). Fibre type composition,
muscle enzyme activities, plasmalactate and ammonia responses to racing were not
correlated to aracing performance index.

These results suggest that the blood lactate response to maxima exercise has limited
usefulness as ameasure of fitnessin horses. It is unlikely that any physiological
messurement after maximal intengity exercise will be more closdly correlated with racing
ability than information generated by use of a stop watch.

4.8. Maximum oxygen uptake

One study has reported that there was amoderate associ ation of running speed with
maximum oxygen uptake in Thoroughbred horses (Harkins et a, 1993). Maximum oxygen
uptake is aso higher in superior Standardbred horses (Gauvreau et d., 1995).

Gauvreau et d. (1995) compared the metabolic and respiratory measurementsin ten
Standardbred racehorses during a standardised treadmill test. Thisis the only study that has
investigated the role of maximum oxygen uptake as alimiting factor in racing performance.
The horses were divided into two groups. group A (n =5) had mean racing speedsof 4.4 s
faster than group B (n = 5) over a 1-mile distance. Group A had significantly higher (P <
0.05) measurements of maximal oxygen consumption (Vo,,., ), oxygen pulse (volume of
oxygen gjected with each cardiac contraction), and tidal volume (volume of respiratory gas
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exhaed in one breath). Venous lactate concentration was aso significantly higher (P <
0.05) ingroup A. Group A was aso able to complete asignificantly higher (P < 0.01)
number of workloads before fatigue. It was concluded that the higher aerobic and anaerobic
capacity of group A horses may be amajor contributor to afaster racing performance.

Many further studies are required to investigate the rel ationships between maximum

oxygen consumption and racing performance. However, these studies necessitate
trangporting horses from their stables to treadmill |aboratories for exercise tests, which is
not very convenient for trainers. It is possible that large scae studies of thisissue will not

be conducted until new technol ogies enable measurement of oxygen consumption of horses
during fast galloping, trotting and pacing exercise on the racetrack (Evans and Marlin,
1999).

4.9. Red cdl volume

Tota red cell volume expresses the volume of erythrocytesin the circulation of the horse,
including the volume in the spleen. It necessitates measurement of plasma volume and the
induction of splenic contraction before the haematocrit (PCV) is measured, so that red cells
sequestered in the spleen at rest are also measured. Splenic contraction has been induced by
adrenaline injections and moderately intensive exercise (Persson, 1967). Total red cell
volume relative to body weight was significantly correlated with maximal trotting speed
over 1000m in 35 Swedish trotters (r=0.68, P< 0.001) (Persson and Ullberg, 1974).

These results suggest that the measurement is an important factor in the ability to trot
rapidly, but there have been no studies of the relationship in other breeds. However, the
PCV &fter maximal exercise in Thoroughbreds, which ranges from 60-70%, was not
correlated with Timeform rating (Evans et d, 1993). Aswadll, the physiological responses
to treadmill exercisein red cdll hypervolaemic horses are not different from non-
hypervolaemic horses (Poso et al., 1993)

4.10. Body fluid status and fitness of endurance hor ses

Recent research has provided a better understanding of the impact of fluid and e ectrolyte
losses on the fitness for endurance exercise has described effective methods for the
treatment of exhausted endurance horses. The results emphas sed the importance of body
fluid status as an important factor in performance of endurance exercise, and focus
attention on strategies for improving fitness by using appropriate pre-race strategies. Oral
electrolyte pastes have been used before, during and after endurance rides to prevent and
treat dehydration (Schott and Hinchcliff, 1998). Use of ora e ectrolyte pastesin dehydrated
horsesis aso an effective treatment if water is available (SosaLeon et d., 1998). It dso has
been noted that successful endurance horses do not dehydrate as much as less successful
competitors (Schott et d., 1997).
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4.11. Predicting performance

Some progress has been made in research into use of physiologica measurements to predict
performance, but there remains agreat dearth of knowledge in this area. Answersto severa
guestions are needed. These include:

1. What are the energetic bases of performance in events lasting 1-10 minutes

2. Towhat extent does performance during racing and other competitions depend on
maximum oxygen uptake and other measured of fitness?

3. Towhat extent does performance during racing and other competitions depend on
efficiency of locomotion (oxygen uptake per metre)?

4. Doesfitnessin unfit two year old horses accurately predict fitnessin the same horses
after training, or does the response to training vary greatly between horses?

5. Doesfitnessin 6-12 month old horses predict fitness in the same older, race fit horses?

Answers to these questions will only be obtained from large scale studies of fitnessin
normal populations of racing horses. Development of suitable fitness testing facilities near
race tracks would enable some of these questions to be addressed. Aswell, new

technol ogies that enable maximum oxygen uptake to be measured in horses during norma
racetrack exercise would be agreat advance. Small, light-weight masks that enable
measurement of respiratory air flow and oxygen uptake have been devel oped for field
studies in human athletes, and this may be the future for equine fitness testing because such
techniques obviate the need for expensive treadmill laboratories.

Popular techniques for performance prediction in the past have included measurement of
heart score by eectrocardiography, and more recently, ultrasonography (cardiac
ultrasound).

Heart scoreis only moderately correlated with race performance a best. Some studies have
been unable to demonstrate any correlation between heart score an racing performance, and
the gradual decline in the popularity of thistechniques for performance prediction is
understandable. However, it remains popular with some owners and trainers.

The presence of supposedly abnormal T wavesin wavesin three or more

el ectrocardiographic leads has been used to diagnose the cause of poor race performancein
horses. One study has investigated the relationship between previous racing performance
and T waves, and the effect of training onthe T wave in Standardbred horses (Evans and
Polglaze, 1994). Thirty-two horses were electrocardiogragphed in two Sydney racing stables.
Sixteen horses (50%) had ECGs with three or more leads with abnormal T waves, and these
horses had won more races, had a greater ratio of wins per start and a greater number of
dollars earned per sart than horses with less than three abnormal T waves (P < 0.05).
Horses with abnorma T waves dso had significantly faster racing times (P < 0.01).

There were significant (P < 0.01) correlations between the number of abnorma T waves
and both number of wins (R = 0.47) and dollars earned per start (R = 0.45). Fastest winning
mile rate was aso negatively correlated with number of leads with abnorma T waves (R =
{0.52, P< 0.01). There was no relationship between racing performance and heart score.
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The effect of training on the T wave was aso investigated in nine previoudy untrained and
unraced Standardbred racehorses. There were significant effects of training (P < 0.01) on
the number of abnormal T waves and mean chest lead wave amplitude. It was concluded
that abnorma T waves are acommon finding in the racefit Standardbred horse, and can be
found in more than 50% of horses currently performing well in races. In addition, chest
lead T waves become more positive after training, confirming findings in Thoroughbred
horses (Evans, 1991).

Echocardiography is now popular a horse salesasatool for performance prediction. The
popularity of this approach is based on dl or some of the following assumptions:

1. Stroke volume (the volume of blood gected by a cardiac ventricle) in a 15 month old
horse is an accurate predictor of stroke volume during exercisein the same horseasa
two year old or older.

2. Stroke volume in a 15 month old horse accurately predicts cardiac output (the product
of heart rate and stroke volume) during maximal exercise.

3. Thoroughbred racing performance is highly correlated with stroke volumein an
untrained yearling.

Unfortunately none of these premises has been demonstrated. A large scale study did not
show any correlations between echocardiographic measurements in Thoroughbred
yearlings and racing performance in the same horses as two or three year olds (Leadon, et
a (1993). Thereis no evidence to support the use of echocardiography to predict
performance of yearlings with norma hearts.

In the past there has been enthusiasm for use of muscle biopsies to predict future
performance. It was thought that classification of horses on the basis of their muscle fibre
type percentages in the gluteus medius muscle held promise as a means of talent
identification, or predicting the "sprinting” or "staying" potential of horses. Lindholm
(1985) dso reported that excellent racehorses had higher activities of oxidative enzymes
(citrate synthase (CS) and 3-OH- acyl-CoA dehydrogenase (HAD)) and a higher ratio of
[1A to 1B musclefibres.

Unfortunately the fibre type distribution in one biopsy sampleis not sufficiently
representative of the whole muscle, fibre type varies from muscle to muscle, and depends
on depth of the biopsy in the middle gluted (Kline et al., 1987). Consequently, talent
identification by calculation of fibre type distribution has very limited usefulness. The
technique is also quite invasive, and has limited aesthetic appedl.

Recent studies in endurance horses suggests that a refined approach to the muscle biopsy
technique for performance prediction in endurance horses may be more useful (Rivero et
al., 1993, 1998). Biopsies from three different depths of the gluteus medius muscle were
obtained from 36 endurance horses. Twenty of the horses were considered excellent
performers according to the mean speed of their three fastest records in endurance events.
The other 16 horses were considered moderate performers, with a mean racing speed less
than 12.5 km/h (in 120- to 180-km endurance rides), less than 14 km/h (in 80-120 km
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endurancerides), or lessthan 13.5 kmvh (in 40-60 km endurance rides). The activities of
citrate synthase (an indicator of the citric acid cycle activity), 3-OH-acyl-CoA-
dehydrogenase (a marker for lipid oxidation) and lactate dehydrogenase (an indicator of
anaerobic metabolism) enzymes were aso studied.

Significant differencesin oxidative enzyme activities, but not in the glycolytic lactate
dehydrogenase enzyme activities, were recorded between performance categories.
Excellent performers had higher activities of citrate synthase (P<0.001) and 3-OH-acyl -
CaA-dehydrogenase (P<0.02) enzymes than the poorest. The three enzyme activities
changed significantly with the increase of sampling depth within the muscle Citrate
synthase and 3-OH-acyl-CoA -dehydrogenase activities increased by 60% and 75%,
respectively, and that of |actate dehydrogenase decreased by 23% from surface to deep
sampling depths. When lactate dehydrogenase/citrate synthase and lactate
dehydrogenase/3-OH-acyl-CoA -dehydrogenase enzyme activity ratios were regressed on
sampling depth in order to describe the general metabolic profile of the muscle, astrong
linear relationship was found in both performance groups (P<0.001). The authors
concluded that the results clearly show that the best performing endurance horses have a
grester aerobic capacity and ardatively lower anaerobic capacity in the gluteus medius
muscle than those horses that have been moderately endurance raced useful (Rivero et d.,
1993, 1998). These results show that the muscle fibre metabolic profileis directly related to
the athletic ability of the horse for endurance events.

Aswell, sgnificant differencesin muscle fibre type composition and fibre size were
recorded (Rivero et a., 1993). Excdlent performers had a higher percentage and alarger
size of type | and type llafibres and alower percentage of type I1b fibres including both
type |1b oxidative and I1b nonoxidative. The differencesin distribution of myofibre types
and in fibre sizes were more marked in the deeper parts compared with the superficia
regions of muscle.

4.12. Conclusion

Success in equine athletic competition depends on severa important factorsin healthy
horses. These include stamina, sprint speed and acceleration rate. The relative importance
of these factors will depend on the metabolic demands of the individua event. Fitnesstests
can be used to measure factors associated with stamina. These include maximum oxygen
uptake and blood lactate response to a standard sed submaximal exercise test. Fitnesstests
that measure maximal rates of oxygen use, lactic acid production during exercise and heart
rates have also been widely used by researchers to study training responses and fitnessin
horses. More large-scale studies are required, using horses in normal training programs, if
practica measurements of fitness and predictors of performance are to be described.
However, no measurement or combination of measurements will ever be perfectly
correlated with the ability to perform. Nevertheless, results of appropriate fitness tests can
help guide decisions by horse owners and trainers concerning the training and use of horses
in competitions or races.
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