[l. Exercising

Post-Race Blood Biochemistry in Thoroughbreds

D. H. SNOW, ). K. MASON?, S. W. RICKETTS? and T. A. DOUGLAS!
*University of Glasgow Veterinary School*.

’Royal Hong Kong Jockey Club, Hong Kong.

Beaufort Cottage Stables, Newmarket.

Summary

Blood samples were collected from Thoroughbred racehorses within 10 minutes after
races over distances of 1000 to 2402 m held at meetings at Newmarket, E ngland, and
Sha Tin, Hong Kong. The alterations in the blood concentration of each constitwen:
measured were of a similar magnitude at the two meetings. Following racing, marked
increases in haematocrit and circulating concentrations of glucose, glycerol, lactate,
pyrivate, uric acid and cortisol occurred. A moderate increase in total plasima protein,
sodium and phosphate, with no change or a slight elevation in potassium and no change
in clloride or urea concentrations were observed. The large increase in blood lactate con-
centration reswlted in changes in the acid-base status of the horses, with a venous pH
below 6.900 being recorded in some horses. A consistent and generally small increase in
both creatine kinase and aspartaie aminorransferase activities occirved. There appeared
to be no relationship between distance raced and degree of change seen.

Introduction

The effects of different intensities and duration of exercise on the concentrations of a
number of blood constituents have been determined during and following various devised
tests (Milne 1974; Lindholm and Saliin, 1974; Persson and Ullberg, 1974; Snow and
MacKenzie, 1977; Snow er af, 1982) and competitive endurance rides and eventing
(Lucke and Hall, 1980; Rose ez a/., 1977, 1980). However, only limited studies have been
carried out on the alterations in a number of important blood constituents following
racing of Thoroughbreds (Streter 1959; Keenan 1979) and Standardbreds (trotters)
(Krzywanek 1974). Such studies are important because they indicate the animal’s
response under actual competition and include the changes associated with pre-race
excitement. In addition to these investigations leading 1o an undersianding of the
demands of racing, thus aiding the planning of training schedules, measurements in a

*Present address: Equine Research Station of The Animal Health Trust, Balaton Lodge, Snailwell
Road, Newmarket, Suffolk CB8 7DW.
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large number of animals may indicate blood constituents that could be usefully analyzed
as indicators of ability.

The aim of the present study was to determine the changes in a number of blood con-
stituents as soon as possible after racing over varying distances. This investigation was
carried out at two race meetings, one in England and one in Hong Kong.

Materials and Methods

Study 1: England. This was carried out at a two-day race meeting at Newmarket held on
the July course. Weather conditions were fine and mild (temperature 23°C). Over the two
days, blood sampies were collected from 45 horses between 3 to 14 minutes (7.2 * 3.2)
after the completion of the race. Samples were collected in stalls next to the dismounting
yard which adjoined the exit from the race-track. The distances raced and number of
horses sampled were 1201 m (6f, 19 horses), 1401 m (7f, 15 horses), 1602 m (8f, 3
horses), 2002 m (10f, 4 horses) and 2402 m (12f, 4 horses). As resting blood samples
could not be collected prior to racing, 17 of the horses that were sampled and that were
stabled in the Newmarket area were bled 48 or 72 hours following their race and prior to
afternoon stable duties and feeding.

Study 1: Hong Kong. This was carried out at a race meeting at the Sha Tin race-course
on a fine warm day (20°C and 80% humidity). Blood samples were collected trom a total
of 45 horses raced over 1000 m (23), 1400 m (8}, 1800 m (7) and 2200 m (7). Samples
were taken between 2 and 8 minutes after racing (time of sampling was not recorded for
all animals; however, the mean time was estimated to be 5 minutes). On the afternoon
prior to the race day, resting blood samples were collected from 24 horses competing the
next day; 19 of these also had post-race samples taken.

At both race meetings samples were taken from those finishing throughout the field.
However, winners could not be sampled because of the dope testing requirements, and
place getters were usually sampled after 6 minutes because of the necessity to go to the
place winners enclosure first.

Sample collection and analyses

Venous blood samples were collected from the jugular vein into 20 ml syringes, and ali-
quots of blood were placed into tubes containing the appropriate anticoagulant, The
samples for lactate and pyruvate determination were deproteinized using a cold solution
of 10% trichloroacetic acid and 4.5% concentrated hydrochloric acid. Samples of 2 m} for
blood gas analysis were collected and stored anaerobically on ice. All samples were
stored on ice until the plasma or supernatant could be removed and stored at —20°C
for later analysis. Blood gas analyses and haematocrit determinations were carried
out within several hours of collection and the routine plasma biochemistry was carried
out within four days.

The following determinations were carried out: haematocrit, total plasma protein, pH,
pCO,, p0O,, HCO;7, base excess, clectrolytes (Na’, K', CI and PQ,?"), urea, glucose,
glycerol, uric acid, lactate, pyruvate, cortisol, bilirubin, aspartate aminotransferase
(AST) and creatine kinase (CK). Conventional laboratory techniques were used for
the determinations, although for some constituents these differed between the two
laboratories carrying out analyses of constituents routinely determined. Enzyme assays
were carried out at 37°C. At Newmarket, the blood gas analyses were carried out at
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37°C and a haemoglobin of 150 g/1, whilst at Hong Kong, measurements were carried
out at 38.9°C after setting for the true haemoglobin concentration. Technical problems
with the O, electrode precluded the determination of pO, at Hong Kong.

A full haematological examination was carried out and this has been reported
elsewhere (Snow er al., 1983a). In addition, the change in the composition of the circulat-
ing free fatty acid pool was determined in some animals (Snow er al., 1983b).

Where possible, statistical analyses were carried out using either a paired or unpaired
Student’s ‘U’ test. Because of the variation in post-race sampling times comparison
between individuals was not possible.

Results

The winning speeds and the results of blood gas determinations are shown in Tables 1a
and 1b. The results of haematocrit, total plasma protein, enzyme, cortisol and bilirubin
determinations are shown in Tables 2a, 2b, 4a and 4b.

There was a marked change from resting values for pH, pCO,, pO,, HCO;" and base
excess with racing, and the magnitude of change was similar over the various distances.
Considerable variation for these measurements was seen between animals even in one
race. The lowest venous pHs recorded at Newmarket and Hong Kong were 6.894
(1201 m, post 10 min.) and 6.874 (1000 m, post 8 min.), whilst the highest were 7.162
{1201 m, post 6 min.) and 7.145 (1400 m, post 3 min.), respectively. The pH values were
significantly lower in the horses raced at Newmarket than in the horses raced in Hong
Kong (p < 0.001), and the difference would be even greater if both values were adjusted
for an assumed post-race body temperature of 40°C (Table 1a, 1b).

As shown in Tables 2a and 2b there was an approximate increase in haematocrit of
50%, total plasma protein concentration of 17% and plasma sodium concentration of
10%. A smaller increase was seen in plasma potassium concentration when post-race
values were compared to the resting group. When the paired groups were compared
before and after racing, a significant increase (p < 0.02) was only found for the
Newmarket horses.

With the exception of plasma urea, there was a very marked increase in the metabolites
measured which was similar over all distances (Table 3a, 3b). The concentrations of most
of these metabolites were found 10 vary widely following racing. Lactate concentrations
ranged from 16.4 to 35.0 mmol/l and from 18.1 to 38.5 mmol/! at Newmarket and Hong
Kong, respectively. The range of plasma glycerol concentrations was even greater,
ranging from 0.277 1o 1.66 mmol/l and from 0.380 to 1.61 mmol/l at Newmarket and
Hong Kong, respectively. No resting values are given for the uric acid concentrations at
Newmarket as many animals had values below the sensitivity of the assays (< 50umoi/l).
In general the highest post-race uric acid concentrations were found in those sampled the
longest time after finishing.

A marked increase in cortisol concentrations is evident from Tables 4a and 4b, with a
tendency for greater concentrations over the longer distances at Newmarket but not
Hong Kong. A moderate increase in both CK and AST activities was generally found post
race. In the paired horses the increase was highly significant {(p < 0.001). In the Hong
Kong horses, where the resting samples were obtained on the day prior to racing, there
was an increase in the activity of both enzymes by more than 20% in 15 of the 19 horses.
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*Omne horse that finished second had post race CK and AST activities of 1071 and
2214 1U/l, respectively, and 72 hours later these were still elevated at 1494 and
1306 1U/1, respectively. The other horse had post-race CK and AST activities of 519 and
763 IU/1, respectively, and, 48 hours later, of 660 and 715 IU/L, respectively.

Discussion

In the initial planning of these studies it was intended that all blood samples would be
collected at a uniform time foliowing the race so that comparisons between individual
horses could be made, However, due to practical problems, this was not {easible and
therefore comparisons between individuals are not possible as the concentrations of some
of the blood constituents measured can change considerably within the first ten minutes
following maximal exercise. This applies especially to glycerol, uric acid, pO, and pCO,,.
These findings should therefore be considered only as indicative of the magnitude and
range of concentrations that may be expected following racing. The similarity of findings
between Newmarket and Hong Kong indicates that a similar effort was being exerted by
both groups of horses. The slower times at Newmarket over the shorter distances are not
a reflection of a poorer quality of horses but are attributable to the uphill nature of the
course. The similarity in changes over the different distances raced is not surprising as
the greatest difference in time of maximal galloping was approximately one minute, with
the greatest effort being demanded over the last 200 metres.

Blood gas and acid/base changes have not been previously reported after Thorough-
bred racing. The decreases seen in blood pH are considerable and greater overall than
those reported following Standardbred trotting races over distainces of 1900 to 2500 m
(Krzywanek 1974). The resting values for pCO, and derived HCO; and base excess
recorded at both Newmarket and Hong Kong are higher than those generally reported as
normal for horses (Bergsten 1974; Milne 1974). The reason for these high values is
unknown, but they may be due to a training effect seen with these horses or to possible
dietary manipulation, or differences in technology.

The marked alterations seen in venous acid/base balance and pCO, and pO, reflect
the severe metabolic demands of racing over relatively short distances, requiring an
extremely high turnover of ATP to maintain muscle contraction. As the rate of oxygen
utilization by muscle cannot meet all the requirements for ATP, anaerobic metabolism,
ie. the breakdown of creatine phosphate and, more importantly, the formation of lactate,
occurs. The very high concentrations of blood lactate reflect the extent of anaerobic
metabolism, and it is the efflux of lactate together with hydrogen ions into the blood
stream that is responsible for the altered acid/base status. The blood lactate concentra-
tions in this study are of similar magnitude to those previously reported by Keenan
(1979) following Thoroughbred racing, and greater than those seen following trotting
races (Krzywanek 1974). The lower blood lactate concentrations seen after trotting are
probably due to the slower (11.0~12.2 m/s} and more even speed throughout a trotting
race. Although the horses were not sampled at identical times during the first 15 minutes
following maximal exertion, only small changes in blood pH and lactate occur as the
efflux of lactate from muscle continues. Krzywanek (1974) reported that exhausted

*In the Newmarket resulis two horses were excluded from the calculation of mean activities.
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horses had a considerably greater increase in lactate and decrease in blood pH compared
to non-exhausted horses after racing. In this present study no attempt was made to carry
out such an evaluation or to relate lactate levels 1o performance.

Despite the high production of CO, from metabolism during exercise, a marked
decrease in venous pCO, was seen following racing. A similar finding has previously been
reported by Snow and MacKenzie (1977) for horses following strenuous exercise, and it is
considered to be due to hyperventilation following racing.

The increases in haematocrit, total plasma protein, sodium, porassium and phosphate
concentrations are very similar to those reported by Keenan (1979). The marked increase
in haematocrit is mainly due to the influx of red blood célls into the circulation as a result
of splenic contraction, and also to a decrease in plasma volume, as indicated by the
increase in total plasma protein concentration. The decrease in plasma volume is a result
of fluid shifts from the vascular compartment, including losses from the lungs and in the
form of sweat. The alterations in plasma sodium, potassium and chloride were not
similar and did not match the increase in total plasma protein conceniration. The
difference in change seen with sodium and chloride may be explained by their concentra-
tions in sweat {Kerr and Snow, 1982). Sodium concentration in sweat is only slightly
higher than that in plasma, whilst sweat chloride concentration is almost twice that of
plasma. Changes in plasma potassium are a result of both loss in sweat and influx from
coniracting muscle. I there was no efflux from muscle to plasma, a considerable decrease
in total circulating potassium would occur, as sweat potassium concentration is of the
order of 40-60 mmol/l (Kerr and Snow, 1982). Therefore the finding of a significant
increase in plasma potassium in the paired group at Newmarket, but not in Hong Kong,
may be due to a greater sweat production under the more humid conditions on the day in
Hong Kong than in Newmarket.

The increase in plasma phosphate following racing was also found by Keenan (1979)
and s considered to be due to the escape from muscle of phosphate formed during the
breakdown of high-energy phosphates. The continual rise of plasma uric acid following
racing is similar to that seen following racing (Keenan 1979) and endurance exercise
(Snow et al., 1982). Snow er al. (1982) suggested that this was due to an efflux from
muscle as a result of complete metabolism of some of the purine nucleotides being rapidly
cycled during exercise.

The increases in glucose and glycero! following exercise are similar to these reported by
Snow and MacKenzie {1977} following maximal exercise, and they probably reflect the
marked increase in sympathetic activity stimulating hepatic glycogenolysis and adipose
lipolysis. However, as high lactate concentrations are considered to inhibit lipolysis (Boyd
et al., 1974}, a complete explanation for the extremely high plasma glycerol concentra-
tions found in horses following racing is still outstanding. Recently Snow er al. (1983b)
have suggested that FFAs are utilized even during short periods of maximal exertion.

The increase in plasma cortisol concentration in this present study is of the same mag-
nitude as that reported following the first of three gallops in a repetition gallop test {Snow
and MacKenzie, 1977). The significant increase in CK and AST following exercise was
too great to be attributable to a decrease in plasma volume. The increase probably
represents an efflux of these enzymes from muscle groups being maximally utilized. This
efflux probably represents a transient change in permeability of the sarcolemma rather
than any permanent damage to the muscle fibres. Nimmo and Snow (1982) have
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suggested that in the horse mitochondrial membrane permeability changes are associated
with maximal exercise. Whether the extent of the increase in plasma enzymes is a reflec-
tion of the state of fitness of the animal, the degree of exertion, or the inherent
susceptibility of the muscle fibres siill has 1o be ascertained. It was of interest to find that
the horse at Newmarkel with the highest post-race CK and AST levels had a history of
elevated plasma enzyme activities during its racing career in the absence of any clinical
problems. As suggested clsewhere (Kerr and Snow, 1983), elevated plasma enzyme
activities following exercise do not necessarily suggest lack of fitness, or exhaustion.

T'he present findings should be considered as a preliminary investigation describing the
extent of alterations in a number of blood constituents. Further studies are needed in
comparing the alterations found in top-class as well as mediocre performers on the race-
course.
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The Effects of Maximal Exercise on Acid—-Base
Balance and Arterial Blood (ias Tension in
Thoroughbred Horses

W. M., BAYLY, B. D. GRANT, R. G, BREEZF and J. W. KRAMER
Department of Veterinary Clinical Medicine and Surgery, and Department of
Microbiclogy and Pathology, College of Veterinary Medicine, Washington State
University, Pullman, WA 99164.

Summary

Carotid artery blood samples were sequentially collected for acid-base and blood gas
measurements from five fir Thoroughbred horses during maximal exercise. Each horse
galloped 1.6 km, and samples were collected wia a cacheter when the horse was at rest,
after 0.8 km and 1.6 km of galloping, immediately upon stopping and 5 minutes after
exercise. The arterial oxygen tension (PaQ,) and pH decreased progressively dwring
exercise in all horses and four of them developed an obvious hypercapnoea. Each animal
became progressively more acidaemic in the time it took to pull it up and in the succeed-
ing 5 minutes. The horses developed a respiratory alkalosis, however, and the PaQ, retur-
ned to a level higher than that measured ar rest. It was concluded thar this phenomenon
possibly Iimits performance in racing horses, The reasons for the development of
hypoxaemia and hypercapnoea are not clear, although there are several possible causes:
1. the existence of marked ventilation-perfusion inegualities due to arteriovenous shunt-
ing; 2. an increase in the blood—alveolar diffusion distance; 3. alveolar hypoventilation.
Further work is needed ro assess the possible role of each of these factors in affecting
performance during maximal exercise,

Introduction

Little information is available concerning the response of the equine respiratory system to
exercise and the role it might play in limiting performance. On the basis of prediction for-
mulae, Gillespie {1974) concluded thar ventilatory factors were unlikely to limit oxygen
consumption in horses exercising maximally. It is generally believed that man’s ability to
exercise is not limited by respiratory considerations, and the evidence for this opinion has
been well reviewed (Wasserman er al,, 1981). Treadmill studies with horses working at
submaximal levels have reinforced Gillespie's opinion and indicated that equidae and
humans may be similar as regards the response of the respiratory system to exercise
(Bergsten 1974; Bayly 1979; Thomas and Fregin, 1981).
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