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Summary

Various haematological analyses were performed on daily pre-ride and post-ride blood
samples collected from 20 randomly sampled horses pariicipating in the South African
National Endurance Ride of 1981, The ride is an annual three-day evenr during which
distances of 80 ki, 80 kut and 50 ki are covered over the three days respectively.

The wvalues of the majority of parameters increased during the ride on each of the three
days and returned to approximately the pre-ride values overnight. The blood glucose
decreased during the vide and also returned to the pre-ride values overnight. An exception
was the plasma urea concentration which showed a cimulative increase during the three
days. Only minor changes occnrred in the concentrations of the plasma cations.

The horses were vidden faster on the first day of the ride and the alterations in the blood
constituents were more marked on this day than on the two subsequent days.

The greater alterations in the concentration of blood constituents observed in less fit
horses ridden ar average speeds exceeding 19 kin/h suggest that they were more stressed
than the fit or more slowly ridden horses.

Introduction

Endurance riding has gained popularity in South Africa since 1974, Local competitive
rides are normally one-day events over distances of 80 km and exceptionally over
distances of 160 km. During July each year, a national ride is organised in the central
part of the country at a small town called Fauresmith. This is a three-day event over a
total distance of 210 km of which 80 km are covered on the first day, a further 80 km on
the second day and the final 50 km on the third day. Approximately 70 to 90 horses are
entered annually, with approximately 70% succeeding in completing the ride.

Strict veterinary control is exercised by a panel of veterinarians at the various check
poinis and on the route. All competitors are compelled to rest their horses for haif an
hour at the first check point, 30 km from the start, and for one hour at the second check
point (on the first two days), a further 30 km away. Apart from a general examination for
habitus, lameness and possible injuries, pulse and respiratory rates are determined for
each horse 20 minutes after arrival at each check point and at the end of each day’s ride.
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Horses found o be in a satisfactory condition and with pulse rates below 70 and
respiratory rates below 40 per minute may continue the ride after the rest period. Those
not conforming to these standards are examined again ten minutes later and, il within the
limits, allowed o continue the ride, but if not, they are disquatified.

The winning time has improved over the years {rom 11 hours I minute in 1974 to §
hours 38 minutes (405 m/min or 24.3 km/h) in 1982 over the same course.

The results of various blood analtyses on horses competing in 80 km, 100 km and 160
km rides have been reported by various authors in the past {Carlson and Mansmann,
1974; Snow and Mackenzie, 1977; Rose er al, 1977; Lucke and Hall, 1978; Rose er al ,
1979; Dybdal er a/., 1980; Lucke and Hall, 1980; Rose et a/, 1980; Rose 1982}, Probably
the most comprehensive study on changes occurring in endurance horses has been perfor-
med by Snow er al (1982) under experimental conditions. Although minor differences
may exist between the results, a reasonably clear picture can be formed from these
articles of the mean haematological and biochemical changes that occur in horses perfor-
ming endurance exercise. However, means do not always sauisfy, as great differences
between individual horses may occur. For exampie, the blood glucose concentration
increased to 1897 of the pre-ride value in one horse, while decreasing 1o 16% of the pre-
ride level in another during the same ride (Grosskopf, unpublished data). For this reason
attempts were made to group the horses according to speed and subjective fitness evalua-
tions and o compare the haematological changes among such groups.

This paper is the first report on the haematological findings of horses subjected to three
successive days of competitive endurance riding.

Materials and Methods

Jugular blood samples of approximately 15 ml were collected from the horses of co-
operative riders and placed into vacuum tubes containing lithium-heparin and
oxalate/fluoride anticoagulants. The samples were taken at different stages of the 1981
South African National Endurance Ride.

Samples were collected from 20 selected horses. Each of these was bled on departure
each morning and immediately on return in the afternoon. On the third day, an
additonal sample was taken [rom ecach horse exactly 20 minutes after arrival.
FFortunately only 3 of these 20 horses were withdrawn or disqualified during the ride so
that a complete picture of 17 horses over the three days could be obtained

The heparinised blood samples were used for the following analyses: haematocrit,
haemoglobin, total ptasma proteins, plasma electrolytes, plasma creatine kinase, plasma
cortisol and plasma urea. The fluoride/oxalated samples were used for the blood glucose
and plasma lactate determinations.

The following analytical methods were employed:

Haematoerie: Microhaematocrit centrifugation.

Total plasma proteins: Goldberg refractometer.

Plasma elecrrolytes: Automated atomic absorption specirophotometry (Varian Techton
AA 275)

Plasia creatine kinase (CK): Enzymatic UV-spectrophotometric method using the
Boehringer Mannheim assay kit. The very high levels had to be performed after dilution
of the plasma and are not claimed to be accurate.
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Plasmna cardisol: A double antibody radio-immunoassay using the method and reagents as
supplied by Diagnostic Products Corporation.

Plasma wrea: Enzymatic UV-specirophotometric method using the Boehringer
Mannheim assay kit,

Blood glucose: The GOD-Perid colorimetric method using the Boehringer Mannheim
assay kit

Plasma lactate: The enzymatic UV-spectrophotometric method using the Boerhringer

Mannheim assay kit,

A temporary taboratory was set up at the stables from which the horses departed and
to which they returned each day. Haematocrit and total plasma proteins were determined
immediately after sampling. The remainder of the samples were simultaneously
centrifuged, and the plasma was stored at —15°C until it was possible to analyse the
samples at the home laboratory during the following week. Maximum storage periods
which would not materially affect the result were determined beforehand, and all
analyses were performed well within these limits.

Plasma samples that appeared to be haemolysed were noted. Some of these were sub-
jected 1o spectrophotometric analysis in an attempt to distinguish between haemoglobin
and myoglobin. Both were found 1o be present in all samples examined, but because their
absorption spectra overlap it was not possible to express the findings quantitatively.

The mean values obtained for every parameter were subjected to the following
statistical analyses:

1 A one-way analysis of variance to determine the significance of the differences between
the pre-ride values on the three different days.

2. A one-way analysis of variance to determine the significance of the effect of the ride,
i.e. the differences between the pre-ride and post-ride values.

3. An analysis of variance to determine the significance of the recovery during the first
20 minutes after the ride on the last day, i.e. the differences between the immediately
post-ride values and the values 20 minutes later and

4. The differences between the initial pre-ride values and the values obiained after the
20 minute recovery period.

For the purpose of an analysis of the results, comparisons were drawn between fast/fit,
fast/less fit, slow/fit and slow/less fit horses on the three different days of the ride.

The average speed of each horse on each of the three days was 1aken as the criterion
for fast or slow. Horses averaging more than 317 m/min (19 km/h) were classified as fast
and those below 317 m/min as slow. Fitness was determined according to a formula used
by the veterinary panel of the Endurance Ride Association of South Africa and on the

reports of the two course veterinarians, The formula is the following: riding time in half

hours for a three-day ride (or in ten-minute periods for a one-day event) plus the mean
pulse rate at each check point taken 20 minutes after arrival plus the mean respiratory
rate at each check point also counted 20 minutes after arrival. The lowest value indicates
the fittest horse. On this basis, 9 of the 20 experimental horses were classified as fit and 11
as less fit. With one exception, all horses remained in the same fitness category for
statistical purposes throughout. The exception was one horse (no. 35) whose rider, con-
trary to the advice of the course veterinarians, tried to keep up with a faster horse on the
first two days. On the last day she rode alone, and the general condition of the horse
improved so much that it was no longer logical 10 keep it in the less fit group. On the first
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day only one horse was classified as slow/fit, and on the third day none of the less fit
horses exceeded 19 km/h, and therefore there was no fast/less fit group on the final day.

The differences between the daily pre-ride and post-ride values of each parameter were
determined for each horse. Analyses of variance were then performed on these differences
between the four groups 1o determine the statistical significance.

Results and Discussion

The mean changes in the haematological values are presented in Table 1. The statistical
significance of these changes is indicated in the right-har'd column.

Seven of the 20 experimental horses showed signs of stiffness, and two were reported to
have passed red-stained urine on the first day of the ride. Of these, 1wo had 1o be dis-
qualified for not being able to recover sufficiently at the first and second check points
respectively. A third horse had to be withdrawn on the first day because of lameness. In
retrospect it was quite obvious that the seven horses were suffering from a rhabdo-
myolytic syndrome precipitated by sudden work after three days with insufficient exercise.

The plasma of all the affected horses had a red to reddish-brown discolouration after
the first day’s ride and contained exceptionally high levels of creatine kinase, as indicated
by the results in lable 1.

It is evident from Table 1 that the mean values of a number of the parameters, notably
haematocrit, total plasma proteins, plasma lactate, plasma creatine kinase and plasma
cortisol, increased during the ride on each of the three successive days and, with the
exception of CK, decreased overnight to levels not much in excess of the pre-ride levels. [n
fact, the haematocrit and total plasma proteins nearly returned to their pre-ride values
within 20 minutes after the ride, indicating that severe dehydration did not take place.
This is contrary to previous experience (Grosskopf, unpublished results) where dehydra-
tion used to be a major problem. The riders have since accepted the advice to water their
horses more frequently, if possible every § km, so that dehydration is no longer a problem
on cool days (maximum temperature below 20°C).

An unexpected cumulative increase in the mean plasma urea concentration was
encountered over the three days. Lucke and Hall (1980) ascribed the increase to reduced
renal perfusion, but the fact that it did not decrease overnight suggests that it originated
from increased gluconeogenesis and deamination of amino acids. This has also been
suggested by Snow er al (1982). Similarly, a continuous small decrease in the mean
plasma calcium concentration was noted over the three days which was also not reversed
avernight,

The mean blood glucose level decreased on each day of the ride but returned more or
less to its pre-ride level overnight. An insignificant increase (approximately 10% of the
post-ride level) was recovered within 20 minutes after the ride.

‘The mean plasma sodium concentration remained absolutely constant throughout the
ride. A small decrease {from 139 to 137 mmol/1) occurred within the first 20 minutes after
the ride, This could have been due to the replenishment of water. The mean potassium
concentration in the plasma increased during the ride on the first day, further increased
overnight, decreased during the ride on the second day and then remained constant until
the next day when it increased a little during the ride and dropped back to its pre-ride
level within 20 minutes after the ride. Plasma magnesium concentrations showed a
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similar small increase {approximately 16% of the pre-ride level) during each day of the
ride and returned to normal overnight.

In general, these findings agree with those of other authors, although there seems to be
no general agreement on the changes in the concentrations of electrolytes during the

TABLE 2. The mean differences (and standard deviations) between the daily pre-ride and
immediately post-ride values of a number of haematological parameters in four groups
of endurance horses.

Fast/fit Fast/less fit Slow/fit Slow/less fit

Parameter Day
Diff’ sSD Diff SD Dift SD DnfT. 5D

Haematocrit {I/1) 1 +0.078 0.054 +0.155 0.082 +0055 — 0 0.021
2 +0.065 0030 +0.106 0022 +0.047 0.042 +0.077 0014
3 +0.085 0.033 _— —  +0.057 0021 +0.048 0.050
PPlasma protein 1 +5.4 2.3 +11.0 5.7 + 1.0 — +125 0
{g/N 2 +9.8 5.0 +107 19 +5.9 4.5 +7.6 1.6
3 +6.4 2.5 — — +4.6 1.3 +35.0 20
Glucose 1 -042 073 ~120 099 19 — 054 040
(mmol/1) P ~142 026 230 036 109 036 —132 0.79
3 -0.81 0.57 — — =112 021 103 049
Lactate i +149 061 +183 095 +032 -~ +0.9¢ 057
{mmol/}) 2 +0.96 057 +1.25 114 +0.89%9 029 4042 049
3 +116 1.76 — — +0.86 082 4030 076
Urea (mmol/1) 1 +2.0 1.35  +2.7 2.97 417 e +4.0 163
2 +1.8 041 +1.9 059 +1.9 085 31 1.13
3 +0.7 0.60 - — +0.5 105 +1.1 0.74
Creatine kinase 1 +3.25 090 4332 121 4217 - +221 125
{log units/1) 2 +281 0.36 4291 040 +243 055 +239 0.73
3 +2.37 026 —_— — +1.97  0.31 +258 (.49
Sodium 1 +2 6.7 -1 39 +9 e +2 0.7
(mmol/I) 2 +3 67 0 22 0 4.5 -3 4.5
3 +2 2.9 — —_— 43 7.8 w1 5.6
Potassium 1 +0.56 098 +115 232 4003 — +1.78 232
{(mmol/1) 2 +0.16 032 4025 072 +0.07 045 =017 079
3 +006  0.57 - — D04 035 +047 113
Calcium 1 -0.04 011 =020 032 -020 -— 004 0.02
(mmol/1) 2z 006 0.15 —~018 008 013 011 =030 0.15
3 -0.18 0.22 —_— - 023 013 -036 017
Magnesium i +009 0066 017 017 +006 — +0.22 008
{mmaol/1) 2 +0.11 012 +017 009 4013 003 +017  0.07
3 +0.07  0.09 — — +0.07 010 +0.11  0.10
Cortisol 1 +229 132 +403 87 +103 —_ +417 265
(nmol/1) 2 +151 71 +378 48 +163 33 +146 82
3 +200 139 — — +13 13¢ +141 85
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rides. For example, some found the plasma sodium concentrations to vise (Rose et al,
1977 Lucke and Hall, 1980; Snow et al, 1982), others found it to decrease (Carlson and
Mansmann, 1974; Rose er al, 1980), while another (Lucke and Hall, 1978} found no
difference between the pre-ride and post-ride values. Similarly, the above authors do not
agree on the changes in plasma potassium and calcium. It appears that the prevailing
environmental temperature and humidity and the degree of dehydration of the horses
may be responsible for these discrepancies.

Despite the information that could be gained from the mean changes in the values of
the different parameters, the problem of why certain horses become fatigued and others
do not stil} remains to be clarified. It was therefore decided to compare the reactions of fit
and less fit and fast and slow horses. Such comparisons are shown in Table 2. The
parameters are discussed individually.

Haematocrit
As expected the haematocrits of the less fit horses ridden faster than 317 m/min (19
km/h) increased the most during the ride, while the fit, more slowly ridden horses showed
the least increase. The differences between the fast/fit and fasi/less fit, between the
fast/fit and slow/fit, between the fast/less fit and slow/less fit and between the slow/fit and
slow/less fit were all statistically significant at the 1% level.

The 1wo horses disqualified for not recovering at check points on the first day had
haematocrits of 0.65 1/1 and 0.57 1/1 at the time of disqualification, These were the high-
est and third highest values recorded during the ride,

Lucke and Hall {1980) do not regard haematocrit increases as reliable measures of
dehydration. This viewpoint is supported. The haematocrits of the majority of horses
returned to values very close 1o the pre-ride levels within 20 minutes after the ride. In
such cases it was concluded that the increased haematocrits were mainly due to a reaction
10 the exercise and not to dehydration On the other hand, when the higher haematocrit
persists after exercise it might be a useful indication of the degree of dehydration.

Total plasma protetns
As with the haematocrits, the increase in plasma protein concentration in the fast/less fit
group appeared to be higher than in the other groups, but the differences between groups
were not significant. The plasma protein concentration increased in every horse on each
of the three days. This general increase has also been recorded by other authors, e.g.
Carlson and Mansmann (1974), Rose ez al. (1977}, Rose e¢ al. (1980}, Lucke and Hall
{1980) and Snow et al. (1982).

Blood glucose

‘The blood glucose concentrations decreased in all four groups of horses on all the days of
the ride. This is in agreement with the findings of Rose et al (1977), Lucke and Hall
(1978), Dybdal et al. {1980) and Snow et al (1982). The greatest drop was recorded in
the fasi/tess fit group, while the decreases in the other groups were more or less of the
same order. No significant differences between the groups could be demonstrated.

The lowest value (0.8 mmol/l) was found in horse no. 38 (fast/less fit group) at the end
of the second day’s ride.
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Piasma lactate

The plasma lactate concentration increased during the ride in every horse that averaged
more than 267 m/min (16 km/h) on that day. The increase was more pronounced in the
two fast groups. Significant differences at the 5% level could be indicated between the
fast/fit and slow/fit groups and between the fast/less fit and slow/less fit groups. The
latter significant difference can possibly be ascribed to the fact that the riders of the less
fit horses realized that they had to ride much more slowly on the last day if they wanted
to complete the ride,

Snow and Mackenzie (1977) found greater lactate rises in untrained than in trained
horses working aerobically over a distance of 22.4 km.

Plasma creatine kinase {(CK)

Creatine kinase increases in the plasma with strenuous muscular exercise and reaches
high concentrations after muscular damage. Extremely high CK values were encountered
in seven of the horses after the first day’s ride. Although only one of them presented the
typical clinical symptoms ol exertional rhabdomyolysis, six others were partly stiff on the
first day but were allowed to continue. With the exception of two horses which were
classified in the fast/fit group, the other five were grouped as fast/less fit on the first day.
On the third day only three of the latter were still in the ride and these were all in the
slow/less fit group.

If the horses with the extremely high CK values are disregarded, the CK values of the
others a]l increased to a greater or lesser extent. They increased more in the less fit than
in the fit groups. However, mainly because of the great deviations in the increases, the
differences between the groups were not significant.

Plasma cortisol
Cortisol levels increased in all the horses with the exception of two on the last day (one of
the two being the winner). Highly significant differences (p < 0.01) in the changes in
cortisol concentration could be demonstrated between the fast/fit and fast/less fit groups,
between the fast/fit and slow/fit groups, between the fast/less fit and slow/less fit groups
and between the slow/fit and slow/less fit groups.

Plasma electrolytes
The changes in plasma electrolytes during the ride have been discussed. No statistical
differences could be demonstrated between the changes that occurred in the four different
groups.
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