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SUMMARY

Six detrained Thoroughbred horses performed incremental treadmill tests.
Maximal oxygen uptake (VOzrnax) was measured during exercise by analysis of
expired gas. The relationships between oxygen consumption (Voz) and work rate,
heart rate (HR), cardiac output (Q), stroke volume (SV) and arteriovenous oxygen
content difference [C{a—¥)g,] were examined during submaximal and maximal
exercise. The relative contributions of blood flow and extraction of oxygen from
muscle capillaries were assessed during exercise at vOzmu' Mean Vozmu was
129:7 £ 2-9 (mean + s.E.M.) mlkg~'min™!, which occurred at a mean speed of
8-:0ms™!, with the treadmill set at a slope of 10%. At \"ozm‘x the mean HR was
222+ 7beatsmin~!. Maximal Q was 534 +22ml kg”'min”! and mean SV was
24+ 0-1mlkg™!. Mean C(a— ¥)o, was 24-5% 1-2ml 100 ml™! blood. Linear re-
lationships were found between Vg, and work rate, HR, Q and C(a— ¥)o,. Stroke
volume did not increase significantly during exercise. Increasing metabolic rate
during exercise was associated with linear increases in arterial haemoglobin
concentration and oxygen content, and decreases in arterial oxygen partial pressures
and haemoglobin saturation. We conclude that the relatively high vOzmnx in the
detrained Thoroughbred racehorse is dependent on the generation of a large
C(a—V)p,, despite development of hypoxaemia and haemoglobin desaturation,
during strenuous exercise.

INTRODUCTION

The large increases in oxygen consumption (Voz) during transition from rest to
exercise in the horse and the linearity of the relationship between Voz and
submaximal work effort have been well established (Hall & Brody, 1934; Orr et al.
1975; Thomas, Fregin, Gerber & Ailes, 1980; Waugh et al. 1980; Seeherman,
Taylor, Maloiy & Armstrong, 1981; Thomas & Fregin, 1981; Thornton et al. 1983;
Persson, 1983). However, the responses of the equine respiratory system during
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maximal exercise have been measured infrequently. The pioneering work of Karlsen
& Nadaljak (1964) is the only report of ventilation, oxygen usage and associated
variables in racehorses during maximal exercise. They examined the respiratory
responses of Standardbred trotters during an incremental exercise test on a racetrack.

Extrapolation to maximal heart rates of Vo, during submaximal exercise has been
used to estimate maximal oxygen uptake (ﬁfozm&‘) in the horse (Gillespie, 1975;
Meixner, Hornicke & Ehrlein, 1984; Foreman, 1984). These reports suggest that the
horse has a relatively high maximum aerobic power. 'There have been no reports of
directly measured maximum ventilation or Vg,ma in Thoroughbred horses.

In this study, the relationship between Voz and exercise intensity was examined in
six Thoroughbred racehorses during submaximal and maximal exercise. In particu-
lar, the means by which oxygen transport mechanisms adjust to meet the demands of
a wide range of metabolic rates during submaximal and maximal exercise were
investigated. Changes in heart rate (HR), stroke volume (SV), cardiac output (Q)
and arteriovenous oxygen content difference (C(a—v)p,) were examined as Vg,
increased during exercise.

MATERIALS AND METHODS

Six detrained Thoroughbred geldings, 4-8 years of age with body masses from 446
to 520kg, were used. Each horse was accustomed to exercise on a high-speed
treadmill (Beltalong, Euroa, Victoria, Australia) at the trot, canter and gallop,
wearing a face mask. However, the horses had received no regular physical
conditioning during the 4 months prior to the exercise test.

A standardized treadmill exercise test was used. After a 2-min period of exercise at
3ms~!, the treadmill speed was increased by 1 ms™' every 60s. Treadmill angle of
inclination was constant at 6° (+10% slope). The test was terminated when it was
obvious that the horse could not maintain power output, or when two stages of the
exercise test were completed without an increase in HR. A 120-W fan was placed in
front of the treadmill to direct air onto the horses during exercise. The treadmill was
housed under cover but not isolated from environmental temperature or humidity.

A catheter, for arterial blood sampling, was placed in the left common carotid
artery, which had been surgically relocated to a subcutaneous position. The
pulmonary artery was catheterized using a Swan—Ganz balloon-tipped catheter,
placed via the left jugular vein. Blood samples were collected anaerobically into
heparinized syringes, simultaneously from the carotid and pulmonary arteries over
the last 155 of each exercise stage. The blood samples were used for measurement of
blood gases, haemoglobin concentration and acid—base values using a blood gas
analyser (ABL 2, Radiometer, Copenhagen). Before capping and storage of the
samples in an ice bath, care was taken to ensure that there was no air in the syringes.
The samples were analysed within 1h of collection. Blood samples taken at the
conclusion of the first stage of an exercise test were processed at the resting rectal
temperature. Subsequent blood samples were processed at the rectal temperature
immediately post-exercise.
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The Q was calculated from rates of \"OZ and C(a—¥%)p, according to the Fick
principle.

The gas collection mask contained two inspiratory and two expiratory unidirec-
tional rubber valves, the areas of which were 115 and 125 cm?, respectively. Total
mask deadspace, estimated from water displacement, was 1-5 1. The expiratory gas
was channelled into 9 cm diameter flexible tubing, 2-3 m in length, and from there
into a mixing chamber constructed of 10 mm thick Perspex. The design of the
chamber, which had a volume of 57-4 1, was similar to that reported for human use
(Jones & Campbell, 1982). The expired gas then passed through 0-9 m of the flexible
tubing to the inlet of a flowmeter (GD 101, Fluid Inventor, Sweden). Total volume
of the tubing and mixing chamber was 77-8 1. The transit times for passage of expired
gas from mask outlet to flowmeter ranged from 4 to 7s during exercise. As the gas
entered the flowmeter, its temperature was measured with an industrial ther-
mometer. Sample tubes were placed downstream from the flowmeter for connection
to a paramagnetic oxygen analyser (Servomex 570A, Sybron-Taylor, UK) and
infrared carbon dioxide analyser (CD 102, Datex, Finland). An Aridus sampling
tube (Gambro Engstom AB, Sweden) was used to limit the entry of water vapour
into the oxygen analyser. The carbon dioxide analyser was calibrated daily with room
air and two precision gas mixtures containing carbon dioxide concentrations between
2 and 6%. The oxygen analyser was calibrated daily, using a mixture of carbon
dioxide and nitrogen, and room air.

The HR was recorded using a radiotelemetry electrocardiograph (Evans & Rose,
1986). Respiratory frequency was measured by counting the audible expirations over
a 15-s period. Mixed expired gases were collected and the gas flow rate, temperature,
%0, and %CO; recorded over the same period. Standard formulae were used for
calculation of the respiratory variables (Jones, 1980; Jones & Campbell, 1982).

Regression and correlation analyses were used to examine relationships between
variables during exercise. Only results from work efforts up to and including those at
which Vozmax was achieved were used to examine the relationship between VOz and
other variables. The Vozmax was identified as the point at which a levelling off in Voz
occurred despite an increase in exercise intensity. Significance of the linear
regression slope was determined by an F-test, and the correlation coefficient by a
t-test. All mean values are expressed as £ standard error (S.E.M.).

The work rate was calculated as follows:

Work rate (W) = speed (mmin~') X sin treadmill angle X 6-127",

RESULTS

Mean rectal temperature immediately prior to exercise tests was 37-5+ 0-17°C.
Immediately after the completion of the exercise tests, mean rectal temperature
was 39-6+£0-14°C. Mean environmental temperature on exercise test days
was 16:5%1-30°C and mean barometric pressure was 761:8+ 1:97 mmHg
(1 mmHg = 133-3 Pa).






























