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ABSTRACT We examined the effects of training intensity on VO,max and the time
course ol changes with training and detraining. After 4 months rest, 10 Thorough-
bred horses were trained on a treadmiil inclined at 6° slope, at speeds equivalent o
40% {slow) and 80% (fast) of VO;max aver a daily distance of 3000 m, 6 days a
week for 6 weeks. Both groups increased their VO,max by about 10% during the
first 2 weeks of training, from mean pre-training values (£ SEM) of 149141 ml
ke~ min~! and 142+5.6 m) kg~! min~', respectively, in the stow and fast groups
There was no difference in VO,max between the two groups and no further increase
in VO,max occurred during the subsequent 4 weeks of training. After 2 weeks of
detraining, VO;max decreased towards pre-training levels, We concluded that at a
total daily exercise distance of 3000 m, the rate of change of VO.,max was not
markedly affected by training intensity, when the intensity was submaximal and the
percentage of VO,max at which the horses are Lrained remains constant. However,

short term training can result in rapid adaptations of acrobic capacity.
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INTRODUCTION

While there is only one report of training at
submaximal intensities producing an in-
crease in maximum oxygen uptake (VOa
max) in horses,* in a number of investiga-
tions there is circumstantial evidence sug-
gesting that VO,max increases in response to
training.!'* It remains to be determined
how the training-induced increases in the
functional capacity of various steps in the
oxygen transport chain are related to in-
creases in VO,max. Training may result in a
coordinated enhancement of the activity of
each step in the oxygen transport chain. Al-
ternatively, training may increase the capaci-
ty of a single limiting step closer to the func-
tional capacity of other steps in the chain. In
a previous study, the increase in aerobic ca-
pacity was associated with an increase in
maximum stroke volume,® however, there is
no information about the time course of
changes in VO.max in the horse or the influ-
ence of training intensity.

The aim of this study was to investigate

the hypothesis that training horses at an in-
tensity approaching VO,max would result in
a greater and more rapid increase in VO~
max than that in horses undergoing lower
intensity training. Furthermore, as most
training investigations in the horse have
evaluated effects of progressive increases in
exercise intensity, we questioned whether
submaximal training at the same percentage
of VO,max would result in increases in
measurements of fitness as training pro-
gressed.

MATERIALS AND METHODS

Ten Thoroughbred horses, 9 geldings and 1
filly, were used. Their ages ranged from 2 to
9 years (4.8 0.7 years, mean+SEM). Be-
cause of problems unrelated to the training
programme, only 8 horses completed the
study. Prior to training, all horses had been
resting for 4 months and were confined to
yards for 3 months before the study. Before
the peried of rest, all horses had received
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regular treadmill exercise once or twice per
week. All horses previously had one of their
carotid arteries surgically relocated to a sub-
cutaneous pasition,

The experiment began with a | week accli-
matisation period of exercise on a treadmill
(Beltalong, Euroa, Australia) inclined at
104 slope. The horses were given short (<2
min} daily sessions of walking and slow trot-
ting, while wearing a respiratory gas collee-
tion mask. The gas collection apparatus used
was a flow through system utilising a mask
without valves,® for measuring oxygen up-
take (VO,). The coefficient of variation for
VO, measurement using this system was
about 5%.

At the completion of the acclimatisation
period, the horses were given an incremental
exercise test to determine their VO,max.’
Arterial and mixed venous blood samples
were collected from catheterised carotid and
pulmonary arteries.* Heart rate (HR) was
determined using telemetry electrocardiog-
raphy.® The test consisted of 3 min at 4 m
s, 90sat 6, 8and I0ms~!, 60sat 1l m
s~ and 60 s at 12 m s~'. Not all horses
completed the test, which was terminated
when the horse could no longer keep pace
with the speed of the treadmill.

During the last 5~10 seconds at each of the
exercise speeds, arterial and mixed venous
sampies were collected anacrobically into he-
parinised syringes, HR was recorded and ex-
pired gases were collected for measurement
of VO, Blood gas and acid base analyses and
haemogiobin concentrations were performed
on the arterial and mixed venous blood using
a blood gas machine (ABIL 3, Radiometer,
Copenhagen). Using the machine’s in-built
computer, oxygen contenis of arterial (Ca(h)
and mixed venous biocod (CvO,) were calcu-
lated. A thermistor, placed via the jugular
vein to the fevel of the right atrium,® allowed
measuremnent of central venous blood tem-
perature for correction of blood gas and pH
values. At the complietion of the incremental
exercise test, a venous bioad sample for hae-
matocrit determination was collected into a
tube containing dipotassium ethylenedia-

minetetracetic acid. Fvans blue dye was then
injected through a jugular venous catheter
for determination of blood volume by the
dye dilution technique® Stroke volume
(Vs} was calculated using the direct Fick
method.

Following the incremental tests, a VO,
versus speed regression equation over the
linear region of the data (4-10 m $~') was
calculated for each horse. Using this equa-
tion, the treadmill speed equivalent to 40%
and 80% VO,max was calculated for each
horse. The horses were randomly allocated
to two groups. Half were trained at 40%
max (slow group), the other at 80% VO.max
(fast group). Training speeds on the inclined
treadmili ranged from 3 to 5 m s~! in the
slow group and from 7 to 9 m s~ in the fast
group, Each training session consisted of
horses undergoing 2 3 min warm up at a
treadmill speed equivalent to 25% VO,max,
followed by acceleration to their predeter-
mined training speed, at which they exer-
cised for a distance of 1500 m. Training
sessions were given twice daily, 6 days a
week. At the beginning of the third and fifth
weeks of training, the horses were given in-
cremental tests to determine VO,max, and
VO, vs speed regression equations. The re-
calculated VO, vs speed tegression equation
was used to adjust training speed to ensure
that horses continued to train at the same
relative work intensity. Where HR was
measured, HR vs speed regression equations
were used to determine the speed at HR of
200 opm (Vagp).

At the end of the 6 week training period,
the horses were catheterised as described for
the pre-training test and given an increment-
al exercise test which inciuded the range of
measurements described for the pre-training
test

During the 6 week detraining period, the
horses were confined in their yvards. They
were given incremental tests at the beginning
of the third, fifth and seventh weeks of de-
training. The tests at the third and fifth
weeks examined changes in VOamax, where-
as the end of detraining test involved the
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Fig | Maximum oxygen uptake (VO,max) values
for horses during training and detraining Fast
group was irained at 80% VO,max, slow group at
4£0% VO,max. Values presented as mean + SEM
*Indicates a significant difference from pre-train-
ing value {p<0.01)

same measurements as those prior to, and at
the end of training.

The data were analysed by a repeated
measures analysis of variance to determine
whether there were significant effects of
training state or training intensity on the
values measured. The results are presented
as mean = SEM,

RESULTS

Training resulted in an increase in V(Q,max
for all horses. The results of the changes in
VQ,max are presented in Fig. 1. The mean
pre-training VO,max (all VO, given in
STPD) was 149.1+4 1 mi kg~' min~! for

horses allocated to the slow training group,
and 142.4+56 ml kg~' min~' for horses
allocated to the fast group. The two values
were not statistically different. After 2 wecks
of training, mean VQ,max had increased
(p<001) to 162.1+56 ml kg~' min~' for
the slow group, and to 158.2+7.0 mil kg™
min~' for the fast group There was no fur-
ther change in mean VO.max over the
course of the training programme. At the
end of training, mean VO,max in the slow
group was 163.6+54 ml kg~! min™', and
1572+53 ml kg~ min~' in the fast group

After 2 weeks of detraining, mean VO,-
max had fallen (p<0.01) to 149.5+2.0 ml
kg=' min~! for horses in the slow group and
147.9+6.9 ml kg~ min~! for horses in the
fast group, neither of which were different
from the pre-training value Mean VO,max
continued to fall throughout the detraining
period. At the end of the detraining period,
mean VO,max for both groups was
138.4+4 8 ml kg~! min~" whici was lower
than the mean pre-training value (p<0.05),

There was no difference in the mean VO,-
max values between the iraining groups at
any stage of training or detraining. The
slopes of the VO, vs speed regression were
unchanged throughout (raining or detrain-
ing

The haematocrit (PCV) and hacmoglobin
concentration increased during training and
detraining (Table 1) while plasma volume
increased during training in both groups
{p<0.005), from a mean of 22.9+0.8 | be-

Table | Effect of training state on haematological and cardiovascular parameters at VOymax

{mean * SEM)

Parameter Pre-training End training End detraining
PCV (11~ 060001 0.60+0.01 0.62x001*
Cla~v)O, (ml dI-") 239+035 252405 256+0.6%

Hb (gi~") 2555483 244 5+ 3 .6* 246.5+3. 5%
TBV (1) 533408 639+ 8+* 72.6L4.6%*
Vs {ml) 1 39154 1 426%50 1 271 +68*

Significant differences [rom pre-training values: *p<0.05, **p<0.01.
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Fig 2 Arteriovenous oxygen content differences

{C{a—¥)0,) in horses before and after training
and after detraining. Fast group was trained at
80% VO,max, slow group at 40% VQ,max Val-
ues presented as mean + SEM. *Indicates a sig-
nificant  difference from pre-training  values
(p<0.05)

fore training to 27.7Xx1.8 1 at the end of
training. There was no change in plasma vol-
ume during the period of detraining (Fig. 2).

Thesre was no significant effect of training
on Vg in either of the groups. Vi values
(m s~%) during training were as follows:

7.59+0.41 (pre-training), 8.53+0.29 (end of

training) and 8.58 +0.31{ (end of detraining).
The end of detraining value for Vs was
jower than the pre-training and end of train-

ing values (Table 1). There was no cffect of

training regimen on the changes in Vs in
either group. There was a progressive in-
crease in Vs with increasing exercise intensi-
ty from 1060+57 ml beat™' at 4 m s~ to
1330+57 mibeat~'at 10 m s~ (p<0.01).
Arteriovenous oxygen content difference
{C{a—¥)0,) increased with increasing exer-
cise intensity. Maximum C{a—v)0; was
higher at the end of training {25205 ml
dl~%) and at the end of detraining (25.6*
0.6 ml di~") than the pre-training value
(23.9+0.5 ml dl7') (p<0.05) (Fig 3)

DISCUSSION

Training at low exercise intensities may en-
hance acrobic capacity as, in this study, in-
creases in VOsmax were found after only 2
weeks training at a relatively low exercise

intensity. The exercise load chosen was that
which we thought the horses could sustain in
the untrained state It is reported that VO,-
max increased by 23 % during training, asso-
ciated with an increase in Vs.* In contrast to
those findings, the increase in VO,max ob-
served in this study was associated with an
increase in the Cla—¥)0,.

Ca0, was higher at the end of training
compared with the pre-training values, while
Cv0, tended to be lower, although this
change was not significantly different. There
are a number of possible reasons for the lack
of change in Vs during training in the current
study. The relatively small inerease in VOa-
max and the indirect method for determin-
ing Vs may have meant that small changes in
Vs were not detectable. Additionally, the low
intensity and duration of training in the cur-
rent study, compared to an earlier investiga-
tion,* may have been insufficient to produce
an increase in the maximum Vs measured.
The failure to detect a change in Vi con-
trasts with other training studies, where de-
creases in HR at submaximal intensities
were found following training,’'? which
could suggest that little cardiovascular adap-
tation had taken place. An increase in maxi-
mum Vs, without a decrease in submaxi-
mum HR during training has been found,?
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Fig. 3 Plasma volumes of horses during {raining
and detraining Fast group was trained at 80%
VO,max, stow group at 40% VQ.max Values pre-
sented as mean = SEM  *Indicates a significant
difference from pre-training value (p<0.01).
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while no change in Vs together with a train-
ing induced exercise bradycardia has also
been reported.! Further work is needed to
resolve the intensity and duration of training
necessary to produce a change in Vs at VOye
max.

The higher CaQ, following training was
due to an increase in [Hb], while the satura-
tion was unchanged. The increase in the oxy-
gen carrying capacity of the arterial blood is
in accordance with previous findings,” re-
porting a correlation coefficient of 0.74 [or
total haemoglobin concentration with train-
ing state. Plasma volume at the end of train-
ing in the current study was 8% higher than
the pre-training values. The unchanged PCV
values throughout training indicate that an
increase in red cell mass oceurred, not sim-
ply an expansion of plasma volume due to
water retention.” Coinciding with the in-
crease 1n plasma and red cell volume was a
9% increase in VO,max However, VO,max
did not increase further during the training
period, although plasma volume was higher
at the end of training than after 2 weeks.
During detraining, VO,max decreased while
plasma and red cell volumes were un-
changed, supgesting that changes in VO.max
and plasma volume may not be related.

Mean CV0; decreased by almost 33% at
the end of training compared with the pre-
training value, suggesting that training also
enhances the capacity of the muscle to ex-
tract oxygen from the blood. Several factors
could contribute to this effect. These include
increased perfusion due to increased plasma
volume, redistribution of blood flow to ac-
tive tissues and enhanced muscle oxidative
capacity.

The relatively high pre-training and de-
training VO,max values could reflect the
high residual capacity of the cardiovascular
system. In the horses used for the present
study, muscle capillary density was higher
than has been reported in previous studies. !
The mean pre-training VO,max of 146 ml
kg=! min~' compared with a mean value of
129 m! kg~! min~' previously reported.”
However, mean VO.max at the end of this

study and an earlier one’ was 160 ml kg™!
min~!. A mean value of 154 ml kg~! min™'
has been reported in mature fit racing Thor-
oughbreds.'®

It has been shown that the increases in
VO,max produced by training are not as
large in previousty trained individuals as in
untrained subjects.!' Additionally, a brief
period of detraining produces a more rapid
decline in VO.max in human subjects with a
high VO,max or extensive training history."
In these subjects, changes in VO,max may be
more closely related to changes in the more
labile elements of {he oxygen transport
chain, such as oxidative enzyme activity,
plasma volume or vasomotor control. How-
ever, decreases in capiilary density may also
contribute. Cardiovascular adaptations may
persist in detrained animals, with increases
in VO,max during training being more close-
ly associated with increased ability to utilise
the pre-existing cardiovascular capacity, and
consequently following a more rapid time
course than in previously untrained subjects

From a practical training perspective, sev-
eral important points emerge. The intensity
of training, at the workloads used in the cur-
rent study, does not appear to affect the rate
of increase of VQ,max. This could be be-
cause of an interaction between training in-
tensity and duration, the horses in the slow
group being exercised for about twice the
duration of fast group. Further increases in
aerobic capacity, if possible, may rely on
increases in training distance, or longer
training periods which elicit increases in one
or more of the elements of the oxygen trans-
port system. While VOsmax increased rapid-
ly in response to training, it aiso decreased
quickly with detraining, which may be im-
portant when considering the effects of inter-
ruptions to training schedules. It has been
found that increases in the activities of oxi-
dative enzymes associated with 5 weeks
training in Standardbred horses persisted
throughout 5 weeks of detraining.”

In conclusion, this study demonstrated
that short term training at 2 submaximal
exercise intensities performed with the rela-
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tive workload unchanged throughout train-
ing resulted in rapid but small increases in
VQ,max Within 2 weeks of the onset of
detraining, the VO,max values returned to-
wards values prior to training. These find-
ings suggest that short term interruptions to
training schedules in horses may have a dele-
terious effect on aerobic capacity.

ACKNOWLEDGEMENTS

We acknowledge the financial suppost of the
New South Wales Racing Research Fund
and the Australian Equine Research Foun-
dation for this study. Technical assistance
was provided by Shirley Ray MSc.

REFERENCES

t DBayly, W M  Gabel, A A and Barr, § A {1983)

Cardiovascular effects of submaximal acrobic train-

ing on a treadmiil in Standardbred horses, using a

standardized exercise fest Am ] Vet Res 44,

344553

Essén-Gustavsson, B, McMiken, D, Karlstrom, K,

Lindholm, A, Persson, 8. and Thoernton, I {1989}

Muscular adaptations of horses during intensive

training and detraining Equine Vet J. 21, 27-33

3 Evans, D. L and Rase, R 1 (1986) Method of
investigating the accuracy of four digitally-displaying
heart rate meters suitable for use in the exercising
horse Equine Vet J 18, [29-132

4. Evans, D L and Rose, R | (1988) Cardiovascular

and respiratory responses (o submaximal exercise

training in the Thoroughbred horse Pfliigers Arch

411, 316-321

McKeever, K. H, Schuesg, W AL Jarrett, S H and

o

o

6

14

Convertino, V. A {1987) Exercise training-induced
hypervolemia in the horse Med Sci Sports Exerc
19, 21-27

Persson, S G B {1967} On blood volume and work-
ing capacity of horses Acta Vet Scand Suppi 19
Persson, § G B {1968} Blood volume state of
training. and working capacity of race horses Equine
Vet | 1, 52-62,

Rase, R. T, Schlierf, H A, Knight, P K. Plummer,
C, Davis, M and Ray, § P (i989) Eficets of n.n-
dimethylglyeine on cardiorespiratory function and
tactate production in Thoroughbred horses perform-

ing inecremental treadmill exercise Vet Rec 25,
268-271
Rose, R F, Hodgsen, D R, Kelsg, T B, McCut-

cheon, b1, Reid, T -A., Bayly, W M and Gollnick,
P D (1988). Maximum O, uptake, O, debt and
deficit, and muscle metabolites in Thoroughbred
rorses. | oAppt Physiol 64, 781788,

- Rose, R, Hendricksen, D K. and Knight, P. K

(E990) Clinical exercise testing in the normal Thor-
oughbred horse Aust Vet 1., 67, 345-358]

Saltin, B, Blomqvis:, G, Mitchell, ] H., loknson,
R L. Wildenthal, K and Chapman, C B (1948)
Response to exercise after bed rest and after training
Circulation 7, 1-78.

Siaha, A K (1989) Characteristics of equine skel-
ctal muscle and responses to training and detraining
B 8c (Vet) Thesis, Uiniversity of Sydney

Thomas, D P, Fregin, G F, Gerber, N H and
Ailes, N B (1983) Effects of trainiag on cardiorespi-
ratory function in the horse Am. J. Physiol 243,
RI60-R163

Thornton, T, Essén-Gustavsson, B, Lindholm, A,
McMiken, I3 and Persson, S G B (1983) Effects of
training and detraining on oxygen uptake, cardic out-
put, bloed gas tensions, pH and lactate concentra-
tions during and after exercise in the borse i Snow,
D H, Persson, § G B and Rose, R.J {eds )
Cauine Exercise Phiysiology, Granta Editions, Cam-
bridge, pp 470486



