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ABSTRACT. Six Thoroughbred horses were exercised at increasing speeds (in steps
of 1 m s~ after t min at each speed) from 6 m s~ upto 13 ms~ ' at 3° when fully fit,
andto 11 ms~' at 3° after 15 weeks out of tsaining. There were no significant effects
of detraining on maximum rate of O, consumption (Vo). any of the measured
cardiorespiratory variables, blood pases or pH at 11 m s™F. There was, however, a
significant doubling of blood lactate concentration Thus, although the cardiorespi-
ratory responses to high intensity exercise are not aflected by 15 weeks of relative
inactivily, there may be a reduction of the animals’ endurance as they become more

reliant on anacrobic metabolism
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INTRODUCTION

Lameness is the most common cause of days
lost to injury in racehorses. The treatment
often results in an enforced period of inac-
tivity. Detailed studies have been performed
on the effect of perieds of inactivity (bed
rest) and of cessation of training {detraining)
on the cardiovascular and respiratory re-
sponses to exercise in man.*!* The common
response is one of reduced maximum oxygen
uptake (Vi) accompanied by a reduction
in cardiac stroke volume, and hence in cardi-
ac output. A decline in arterial minus mixed
venous oxygen content may also occur.

In the few studies that have been per-
formed on horses, no significant effect of 5
weeks to 6 months of detraining was deter-
mined.'>® However, it appears that Vo,ma
was not reached in these studies. It was de-
cided, therefore, to exercise thoroughbred
racehorses up to Voym Using an exercise
protocol previously described®’ when they
were fully fit and after 15 weeks of relative
inactivity.

MATERIALS AND METHODS

Six Thoroughbred horses were used, ranging
in age from 3 to 13 years with mean body
masses that varied from 446+ 1310457211
kg over the experimental period. They were
stabled under the same conditions and fed
hunter cubes (Dodson & Horrell Lid) and
hay, with water provided ad lib. A carotid
artery was raised to a subcutancous position
in each horse in order to aid its subsequent
catheterisation.

All horses had been in training for a period
of 4 to 6 months A 6 to & week period of
stow long work periods of walking and trot-
ting was followed by 2 days a weck of work
that inciuded cantering at progressively in-
creasing speed plus 4 slow work days. The
horses then underwent galloping exercise for
2 days a week as well as 4 days per week of
slow work for at least 3 weeks. Foliowing
this, and prior to the horses going into the
petiod of relative inactivity, they were in-
volved for at least one month in high speed
exercise protocol on a treadmill. All the
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horses were considered to be racing fit prior
to the period of relative inactivity. Studies
were performed on a treadmill (S0, Swe-
den) housed in an air-conditioned building
maintained at a temperature of 20°C and a
humidity of 60% Whilst on the treadmill,
the horse wore a harness which was clipped
onto a strap attached to the frame surround-
ing the treadmill. One air fan, placed in front
of the horse, was used during exercise tests,
to assist heat loss.

The exercise tests were performed on the
treadmill set at an incline of 3° The horses
trotted at approximately 3.6 m s~! for 15
min before being taken to a canter at 6 m
5= The speed was then raised in steps of 1
m s~ after | min at each speed with no
period of recovery in between, and attain-
ment of Vi, was defined as a levelling of
Vaama: despite an increase in speed %7 When
fully fit, the horses were taken up to 13 m
s~!. Following the exercise test the animals
walked at approximately 1.6 m s~' for 30
min. The first test was performed when the
hotses were fully fit, and 3 subsequent tests
were performed at 5 week intervals. Follow-
ing the first test the horses were not exercised
at all except for a 20 min walk ecach morning,
when they were led rather than ridden. Only
data from the tirst and fourtlh tests (i.e. fully
fit and {5 weeks out of training) are present-
ed in this report.

The horses were fitted with a lightweight,
fibreglass mask which housed two flow
tubes, one for each nostril, leaving the
mouth free.'® Velocity of the airflow in the
tubes was detected by phase shifts in beams
of ultrasound transmitted alternately in one
and then the other direction.!” Respiratory
gas concenirations were monitored by a
mass spectrometer (Airspec Ltd, MGA 2000)
connected to one of the flow tubes. Respira-
tory airflow through both tubes and respira-
tory O, and CO- concentrations were record-
ed on a Gould 6 channel recorder with recti-
linear coordinates. During analysis of these
data, a period representing 5 to 8 respiratory
cycles was selected from recordings at the
end of each velocity. The traces of respira-

tory air flow and respiratory gas concentra-
tions were digitized, using an Acorn Archi-
medes microcomputer and a GTCO digitiz-
ing pad {(Digipad 3), thus enabling the foi-
lowing to be calculated: tidal volume (V ),
respiratory minute ventilation (V)), oxygen
consumption (Vg,), carbon dioxide produc-
tion (Vcg,), and respiratory exchange ratio
(R). Values for V; and V| have been correct-
ed to ATP, whereas those for Vg, and Veq,
arc at STPD. The characteristics of the mask
have been published elsewhere ¥

Heart rate (HR) was recorded telemetri-
cally (Mippocard) from electrodes on the
mid- and lateral thotax. The accuracy of this
system has been tested previousiy.'* A veter-
inarian monitored the performance of the
horse, and by pressing a buiton on a record-
ing watch, marked the recording so that spe-
cific times during the exercise couid be rec-
ognised.

A total of 3 catheters were inserted inio
the left jugular vein and the carotid while the
horse was standing in stocks. The areas of
insertion were clipped and scrubbed with po-
vidone-iodine ({(Pevidine, BK Veterinary
Products Ltd) and surgical spirit. Local an-
aesthetic, lignocaine hydrochloride (Astra
Pharmaceuticals Ltd), was administered be-
fore incisions were made in the skin. A poly-
thene catheter {7F) for sampling mixed ve-
nous blood and a thermistor lemperaturg
probe (8F) were inserted into the left jugular
vein. They were advanced until the catheter
tip lay in the right atrium A Swan-Ganz
catheter {7F) for measuring temperature and
taking blood samples, was inserted into the
raised carotid artery. The catheters were
flushed regularly with heparinised saline
(10-20 (U m1~") to keep them patent.

Before drawing a sample, the deadspace
was removed from the catheter and discard-
ed. Plastic blood gas syringes (Monoject)
were prepared by flushing with heparin
(5000 {U mi™"), which was then removed to
leave the deadspace filled with heparin, The
syringes also contained a moveable stainless
steel washer to aid mixing of the bilood A
total of 3 ml of blood were removed at each
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of 7 sample times. After withdrawal of the
blood sample, any gas bubbles were re-
moved, the end capped and the syringe
piaced on crushed ice and water for storage
{ <1 h) before analysis. Before a sample was
analysed for pH and blood gases, it was
mixed thoroughly and the blood in the tip
discarded.

Measurements were performed on an ABL
330 blood gas analyser (Radiometer Ltd)
which has an automatic temperature correc-
tion facility, based on the characteristics of
human blood. The accuracy of the correction
for horse blood was tested by comparing the
results from the analyser against values for
tonometered blood at different temperatures
which were determined at the appropriate
temperature with a BMS3 Mk [{I/PHM 73
analyser (Radiometer Ltd). The values from
the ABL 330 all fell within +0.3 kPa or
+0.01 pH unit of the values determined di-
rectly with the BMS3 Mk2/PHM 73.

Oxygen content was measured by the
method of Tucker'® A water-jacketed plass
chamber housed a Clarke-type O, electrode.
The chamber contained freshly prepared
0.69% (w/v) potassium ferricyanide solu-
tion, which also contained 03 g (100 ml)~'
saponin and a small amount of octan-1-ol, n-
octanol. This served to release the O, from
the blood. The solution was compiletely de-
oxygenated before being added to the cham-
ber and both were kept at 37°C. The system
was calibrated with distilled water at 0°C
equilibrated with pure O, The accuracy,
over 20 determinations, of measurements of
O, content was *+[.08% (range} of the ex-
pected value. Cardiac output was catculated
from O, uptake and arterial minus mixed
verous O, content using the Fick equation.
Blood lactate concentration [La] was assayed
spectrophotometrically and haemoglobin
concentration [Hb] was determined by a
haemoglobinometer {(Coulter Electronics
Ltd).

All variables were calculated as means &
SE and differences between 2 mean values
were determined by Student’s i-test with
p<0.05 taken as the level of significance.

The number of animals (1) contributing to
the mean values was 4, except for tempera-
ture of arterial blood, plasma lactate concen-
tration and blood pH, when n=6.

RESULTS

Maximum oxygen uptake (Vpiu) was not
significantly affected by 15 weeks out of
training {Table 1). Oxygen consumption
reached a plateau at 9o 10 m s~ both when
the horses were {it (F) and after relative inac-
tivity (R}). The respiratory exchange ra-
tio was higher at lower speeds in the horses
after 15 weeks of relative inactivity, At a
speed of 7 m s~! the value from the horses
out of training was significantly higher than
that obtained when they were fit (1 02+ 0.04
vs 0. 88001}

The respiratory and cardiovascular re-
sponses to exercise were also similar before
and after a period of relative inactivity (120
breaths min™' at 911 m s~!). Minute venti-
lation reached maximum values at 10 ms™!
of 1564+60 | min~' (F) and 1470136 !
min~' (RI). At higher speeds V, did not in-
crease in proportion to the increase in V03
(Fig. 1}.

HR was not significantly lower at [ | ms~!
after 15 weeks out of training. Coupled with
a slightly lower mass-specific cardiac stroke
volume in the horses out of training, there
was a statistically insignificant reduction in
mass-specific cardiac output at Vg,p,, (Ta-
ble 1).

Arterial PO, (PaO,) fell to exactly the
same value (8.4 kPa, 63 mmHg)at {1 ms~!
in the horses when fit and after a period of
relative inactivity. None of the other blood
gas values were significantly affected by the
horses being out of training either. The re-
duction in Pa0Q,, compared to resting values,
was more than compensated by a 47% in-
crease in [Hb] at 10 m s~', which main-
tained arterial oxygen content (CaQ,) signifi-
cantly above the resting values [B.64£0.5
mmol 171 (F), 9.3+0.1 mmol I=! (RI)] in the
horses when fit and detrained. In fact, after
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Fig | The relationship between respiratory min-
ute volume and oxygen uptake in 4 Thoroughbred
racehorses when fully {it (A) and after 15 weeks
out of training (@),

an initial increase at 6 ms™, Ca0Q, remained
constant throughout the exercise period at
approximately Il mmol 1=}, as PaQ, de-
clined and [Hb] increased. However, mixed
venous O, content declined progressively
during the exercise protocol [from 7.0+04
mmol 7' (F), 7.5+0.3 m mol =7 (RI) at rest
to2,1+0.4mmoll~' (F),2.5+0.7m mol [-!
(RDyat 10 ms~'}

Temperature of arterial blood increased
from 37.2°Catrest to41.2°Cat [{ ms~'in
the horses when fit and after a period of
relative inactivity. The only measured vari-
able which showed a statistically significant
change after 15 weeks out of training was
{La] (Table 1), in which there were signifi-
cant differences between the two sets of data
at 10and 11 ms~—' When the horses were fit,
[La] increased from 0.6+0.03 mmol 1= at
rest to 54+0.96 mmol [7' at the conclusion
of the 11 m s~! run. After 15 weeks out of
training, the values were 0.9+0.31 mmol 1-'
and 11.1+2 49 mmol 17! respectively. De-

Table 1. Mean (+ SD) of respiiatory, cardio-
vascutar, blood gas and acidibase variables
during exercise at Ve, in 4 Thovoughbred
horses when fit and after 15 weeks out of
fraining

Treadmiil speed for blood gas determinations was
10 m s~' and for all other variables speed was 11
ms™!

15 weeks out

Fit of training

Vs 158+ 16 141 %0 34
(ml kg~ min~!

STPD)

v, 152616 1 458 = 68
(Il min~' ATP)

Veos 16015 157441
{(mlkg™' min™*

STPD)

Vo,

Vo POX01 1 12%003

Heart rate 210+35 2032
{beats min~"}

Cardiac output 789 %102 622424
{ml kg=! min-")

Cardiac stroke 3804 32+013
volume {ml kg~")

Haemoglobin 28+065 2184033
concentration

{dl=")

Pa0, {kPa) 84+03 §4x06

PaCO, (kPa) B2+06 68:+02

Ca0, i09£0.7 11L.7+0.7
{m mol 1"

CV0, 21+04 25207
{m mol [

pHa (n=6) 7.198+0.035 71760095

Arterial 41.2x07 41 1+08
temperature (°C)

(n=06)

Biood lactate 5454096 11 15%25
concentration

{m mol -1

(N6}

spite the higher [La] during exercise after 15
weeks out of training, there were no signifi-
cant effects on either arterial or mixed ve-
nous pH.
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Fig 2 The relationship between mean biood lac-
tate concentration ({La]) and mean oxygen uptake
{(Vo,} = SE, in Thoroughbred racchorses when
fully fit (A) and after 15 weeks out of training (@)
Also included are data for Standardbred horses
after 5 weeks out ol training {[La] 5.4 mmol -7,
Vo, 111 ml kg™' min=*)'" and for Quarter horses
nfif:rs 6 months out of training ([La], 3.0 mmol
4y

DISCUSSION

The increase in R at lower speeds after 15
weelks without training is the reverse of what
happens with training in both horses and
humans.®?' There were no signs of hyper-
ventilation during exercise in the horses af-
ter the period of reclative inactivity, com-
pared with when they were fully fit, as blood
gases were virtually identical, at least up to 8
m s~'. This would suggest that metabolic
substrates shifted from a mixture of fais and
carbohydrate when the horses were fit to-
wards pure carbohydrate after 15 weeks of
relative inactivity, thus leading to a greaier
rate of depletion of muscle glycogen.*

The values obtained in the present study
for Voymay, and for V|, cardiac output, cardi-
ac stroke volume, HR and blood gases at
Voamax Were similar to those previously ob-
tained for fit Thoroughbred horses.*® When
walking and trotting, horses may show signs
of hyperventilation and increases in arterial
and end-tidal Pg,', but at higher levels of
exercise (>6 m s™%), arterial hypoxaemia
develops. ' It was reported that submaximal

exercise training gave rise fo a 23% increase
in Voamae to 160.0211.0 ml kg=! min~' in
Thoroughbred horses®. There was a signifi-
cant increase in cardiac stroke volume, with
no change in HR. There was also a signifi-
cant decline in arterial minus mixed venous
oxygen content, There was no significant ef-
fect on V, nor on [Hb]. Training also caused
a significant reduction in [La] and an in-
crease in Oy carrying capacity during exer-
cise in Standardbred horses.!™'? A 15 week
period of inactivity might be expected to
reverse these changes.

Although there were trends toward re-
duced cardiac stroke volume and cardiac
output at Vg, after detraining, these were
not significant. In humans, the reduction in
cardiac stroke volume during exercise fol-
lowing a period of detraining appears to be
the result of a decline in blood volume,
which in turn could limit ventricular filling.*
The only variable which showed a significant
change in the present study after a period of
relativeinactivity was[La] Thisiscontraryto
previous findings. In standardbred trotters
detrained for 5 weeks [La] values of 5.4
mmol 1~ (at Vg, of 111 mEmin~"kg~") were
measured. '’ While in Quarter horses de-
trained for 6 months [La] values of approxi-
mately 3 mmol 17! were recorded during ex-
ercise.’ This apparent discrepancy may be
because these investigations did not invelve
exercising the horses at sufficiently high lev-
els to expose the effeets of detraining.

In the present study, such values during
exercise after 15 weeks out of training were
also not significantly different from those
obtained at the same (submaximal) values of
\702 when the horses were fit (Fig. 2). These
findings relate well to those in which an in-
crease in the M subunit of LDH after 10
weeks of detraining was reported '¢

Even when taken to VOgmaxw it appears that
a period of relative inactivity of 15 weeks
does not significantly affect the cardiorespi-
ratory responses to exercise in the previously
trained horses.!” However, the more rapid
accumulation of lactate after such a period
of relative inactivity may well affect the en-
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durance of the animals as they apparently
become more reliant on net anaercbic me-
tabolism.

ACKNOWLEDGEMENT

The authors wish to thank the Horserace
Betting Levy Board and Sheikh Mohammed
al Maktoum for financial support K. 8 was
in receipt of a SERC studentship.

REFERENCES

1.

[15]

Anderson, L S, Butler, P 3., Robents, C, Smale, K |
Snow, D. H and Wouakes, A} (£989). Partial pres-
sures of arterial and end-tidal gases during graded
exercise in Thoroughbred racchorses. | Physiol 418,
131P

Bayly, W M. Grant, B. D Breeze R G and Kra-
mer, ] W {1983). The effects of maximatl exercise on
acid-base balance and arerial blood gas tension in
Thoroughbred horses. i Snow, I H, Perssen, S
G B and Rose, R 1 {eds ) Eguine Exercive Plyyi-
ology Granta Editions, Cambridge, pp 400407
Covle, E F, Martin, W. H 1}, Sinacore, D. R,
Joyner, M 1, Hagberg, ] M and Holloszy, | O
(1984} Time course of loss of adaptations afier stop-
ping prolonged istense endurance training J Appl
Physiol.: Resp Environ Exerc  Physiol 57,
18371864

Coyle, E. F, Hemment, M K and Coggan, A R
(1986) Effects of detraining on cardiovascular re-
spoases (o exercise: rofe of blood volume. 1. Appl
Physiol 60, 95-99

Erickson, H H , Sexton, W L, Erickson, B K and
Coffman. I R (1987} Cardiopulmonary response Lo
exercise and detraining in the Quarter horse. fn, Gil-
lespic, ] R and Robinson, N E. (eds ). Equine Exer-
cive Phvsiology 2 TCEEP Publications, Davis, CA,
pp 41-51

Evans, D L. and Rose, R T {1987} Maximum oxy-
gen uptake in racehorses: changes with training state
and prediction from submaximal cardiorespiratory
measurements fn Gillespie, I R and Robinson N
E (eds ¥ Equine Exercive Physiology 2 1CEEP Publi-
cations, Davis. CA. pp. 52-67

Evans, I L and Rose, R ] (1988 a) Determination
and repeatability of maximum oxygen uptake and

16

other cardiorespiratory measurements in exercising
horse Equine Ver J 20, 94-0§

Evans. D. L and Rose, R T (1988 &) Cardiovascular
and respiratory responses to submaximal exercise
training in the Thoroughbred horse Pfliigers Asch
411, 316-321

Golinick, P D. (1985) Metabolism of substrates:
energy substrate metabolism during exercise and as
modified by training Fed Proc 44, 353-357.

Guy. P 8§ and Snow, D H (1977 The effect of
training and detraining on lactate dehydrogenase iso-
enzymes in the horse Biochem Biophys Res
Comm 75 863-969

Lykkeboe, G, Schougaard, H and lohansen, K
(§977) Training and exercise change respiratory
properties of blood in race horses. Resp Plysiol 29,
315325

Physick-Sheard, P W., Harman, J C, Snow, D H
and Woakes, A T (1987) Evaluatien of factors infle-
encing the performance of four eguine heart rate
meters /o Gillespie, ] R, and Rebinson, N E
(eds.): Equine Exercive Plyviology 2 1TCEEP Publica-
tions, Davis, CA, pp. 103116

Saltin, 8., Blomgvist, G, Mitchell, ] H, Johason,
R L Jr, Wildenthal, K and Chapman, C B (i968)
Response to exercise after bed rest and afier training
Amer Heast. Assoc §, 1-77

Thomas, D. P, Fregin, G F, Gerber, N H and
Ailes, N B (1983) Effects of training on cardiorespi-
ratory function in the horse. Am J Physiol 245,
RI6G-R 165

Thornton, ] Essén-Gustavsson, B . Lindhoim, A,
McMiken, D and Persson, S {1983) Effects of train-
ing and detraining on oxygen uptake, cardiac output,
blood gas iensions, pH and lactate congentrations
during and after exercise in the horse In Snow, D
H , Persson, 5. G B and Rose, R, 1 (eds h LEquine
Lxercive Plysiclogy. Granta Editions, Cambridge,
npp 470486

Tucker, ¥ A (1967) Method for oxygen content and
dissociation curves on microliter biood samples 1}
Appl. Physiot 23, 410-413

Woakes, A J and Butler, P 1.{1979) An implanta-
ble transducer for the measusement of respiratory air
flow i Amlaner, C J Jr and MacDonald, D W
{eds): A Handbook on Biotelemenry and Radio
Tracking Pergamon Press. Oxford, pp 187-292
Woeakes, A T, Butler, P J and Snow, D H (1987)
The measurement of sespiratory airflow in exercising
horses In Gillespic. J R and Robinson, N E
(eds. ) Equine Exercise Physiology 2 1CEEP Pubiica.
tions, Davis, CA, pp 194-1203



