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Abstract: Problem statement: Endurance horses are generally exposed to sestegss during
endurance competitions. These horses are howevetitiomed to cover the long distances of the
competitions at moderate speeAgproach: This study was conducted in Malaysia to deterntimee
post-race hematological, blood electrolyte and lémgical and physical parameters of horses of 40, 80
and 120 km endurance race categories and elimirzatéchorses that completed the races with good
performance. Whole blood, plasma and serum ssnplere collected after each raResults:
After physical examination 7 (9.72%) 120 km-, 4&.@7%) 80 km- and 17 (23.61%) 40 km-race
horses were eliminated. Eight horses, all from&bekm-race category completed the race with good
performance. The mean heart of the good performhoczes (74.2+13.9 beats minwas higher than
that of the eliminated 40 km- (68.2+14.7 beats WirB0 km-race (62.9+9.7 beats rinhorses. The
blood lactate concentration of good performancesémrwas 9.2+2.2 mmol 1, which was
significantly higher than in the 40 km- (6.0+2.9 win.™*), 80 km- (6.7+3.2 mmol T) and the 120
km-race (6.4+1.6 mmol T) horses. The blood glucose concentration was loimethe good
performance horses (1.620.9 mmol')Lthan the eliminated 40 km- (5.7+1.9 mmol‘). 80 km-
(4.3+2.4 mmol [) and the 120 km-race (5.0+1.4 mmol)LhorsesConclusion: The study showed
that eliminated horses exhibited poorer glucoskézation than good performance horses, which may
have resulted in poor lactate production. Thushiloed lactate and glucose concentrations of horses
during training may be used to predict their perfance in endurance races.
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INTRODUCTION of gas exchange, oxygen uptake and delivery to the

) exercising muscles. The working muscle of endurance

Endurance hors_e_s un_dergo severe stress d““”g tlﬁ%rses depends on aerobic metabolism of its glytoge
course of a competitive ride. These horses areetai stores, blood fatty acids and volatile fatty acfdsm

and conditioned to perform over long distances ahindgut fermentation, heart size and capacity tovele
moderate speeds. When conditioning a horse for Ionﬂarge volumes of blood to the tissue

distance competitions, the training program must be ~ petermination of the fitness or exercise tolerasice
designed and monitored to match the specific eserci 5 porse is by assessment, through physical exaomnat
type and intensity of competitive endurance ridingof heart and respiratory rates (Cottiral., 2006; Bashir
(Linder et al., 2006). The major physiological and Rasedee, 2009). Hematological and biochemical
adaptations that can directly influence exercigecay changes may also be evaluated by obtaining therjolast
and stamina of endurance horses include the efigie blood samples (Valberg, 2009). Post-exercise blood
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lactate concentration are sometimes used to imdicahorses were also observed for soreness or injores
fitness of the horse. As fitness increases, postegse  the back, withers, girth area, body or distal exities.
blood lactate concentrations of the horse shoutdedse.

In fact, maximal blood lactate steady state comaéioh ~ Sampling: Blood samples were obtained from all
and anaerobic threshold have been shown to predigiorses, anticoagulated with Ethyl Diaminotetra-Acet
training and long distance race performances @@on Acid (EDTA) for hematological analysis and lithium
et al., 2007). In endurance races, stress and fatigeie aheparin for biochemical analysis. The hematological
clearly expressed by changes in circulating eryiyi®  parameters determined were erythrocyte, leucocyte
and leucocyte numbers and in creatinine conceatrati thrombocyte counts and hemoglobin concentration
of the horses. Tissue remodeling can also occur ifiCell DYN 3700, Abbot) and hematocrit (PCV)
endurance races and this is seen as changes imaplas(Hettich-Hematocrit 210 and Hawksley
fibrinogen, urea, proteins and creatine kinasemicrohematocrit reader) and differential leucocyte
(Benamou-Smith et al., 2006). Endurance horses count, The plasma electrolyte and biochemical,sodi
require calcium for muscle contractions and inadégu potassium, chloride, calcium, urea, creatinindguiin,
plasma levels of calcium during strenuous exercise  Aspartate Transaminase (AST), Creatine Kinase (CK),
cause metabolic problems and failures, includingglucose, lactate, total protein, albumin and globul
synchronous diaphragmatic flutter. However, highconcentrations were determined by chemistry angalyse
blood calcium concentration is undesirable becduse (Hitachi 920) using standard diagnostic kits (RQche
may increase the frequency of thumps during enaaran

competitions (Lewis, 1995). In tying-up, horses ibkh RESULTS

elevated muscle enzymes, Creatine Kinase (CK),

aspartate aminotransferase (AST) and Lactate Seventy-two horses were eliminated from the

Dehydroger)asg (LDH) (Hodgson and Rose, 199.4)' endurance competition. Only nine horses managed to
The objective of this study was to determine the

ffect of q di dist th complete the race without abnormal signs and atewe
eriect ot —engurance Tding —distances —on from the 80 km distance category. All horses fréma t
hematological, biochemical and physical parameterﬁo and 120 km distance categories were eliminated

and the differences in level of these parameter% : . :
- ecause of metabolic or physical ailments. Horkas t
between eliminated horses those that completedsrace .
. completed the races with good performance showed a
with good performance. .
higher mean heart rate and more congested mucous
membrane than those that were eliminated (Table 1).
MATERIALSAND METHODS The hematology, plasma/serum electrolyte and
biochemical parameters are presented in TableThé&.
Subjects.  Eighty-one endurance horses thatmost significant change in hematology and plasma
participated in three endurance competitions eachiochemistry parameters were lactate concentrations
consisting of 120, 80 and 40 km-race distances werwhich were significantly higher in good performance
sampled. Among these, 72 horses were eliminated arfePrses that those eliminated from the enduranee o

they comprise of 17, 57 and 7 horses that partietpm  the other hand the plasma glucose concentratioms we
40, 80 and 120 km-races, respectively. lower in the good performance than eliminated srse

There was no remarkable change in other parameters.

Veterinary inspection: Veterinary inspection was
conducted after each leg of the race on all comgeti
horses and physical parameters recorded. Thegahysi

parameters evaluateq were the resting hgart rate44 popularity in Malaysia, with races being conducted
= normal, 65-70 = high, 71-90 = very high); mucousymost every month of the year. However, the
membrane (1 = normal, 2 = moderately congested, 3 fopulation of horses that are eligible to partitépa
severe congestion); capillary refill time (1 senermal,  these races is still small, resulting in the saroesés
2 sec = moderate, 3 sec = severe); skin recoil (1 Being used in most of the races. This may haveteesu
normal skin, 2 = moderate dehydration, 3 = severelyn these horse being inappropriately conditioned,
dehydrated); gut motility or sound (1 = normal, 2 =consequently causing a large percentage of thaseso
moderate, 3 = no motility or sound) and gait (1 =eventually being eliminated because of various
normal, 2 = moderate limp, 3 = severe limp). Themetabolic and physical disorders.
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Table 1: Post-endurance race physical parametérsreés

Enduranceerdistance (km)

Eliminated Good Performance
Parameter 40 (n =17) 80 (n =48) 120 (n=7) 8o 9)
Heart rate (beats niih 68.2+14.7 65.2+13.8 62.9+9.7 74.2413.9
Mucous membrane PH.5 1.5+0.6 1.7+0.8 2.0+0.7
Capillary refill time (sec) 1.940.8 1.8+0.7 1.6+0.8 1.8+0.8
Skin recoil 1.6+0.6 1.6+0.7 2.0+0.8 2.7+0.9
Gut motility 1.6+0.6 1.6+0.8 1.6+0.0 1.3%05
Gait 1.6£0.7 1.6+0.7 1.6+0.7 1.3£0.7

All values are expressed as mean+Std B&WVithin each row, means with different superseriate significantly different at p = 0.05. Heart
rate (44-64 = normal, 65-70 = high, 71-90 = vergh)j mucous membrane (1 = normal, 2 = moderatehgested, 3 = severe congestion);
capillary refill time (1 = normal, 2 = moderate=3severe); skin recoil (1 = normal, 2 = moderathydeation, 3= severely dehydrated); gut

motility and sound (1 = normal, 2 = moderate, 3o=mmotility or sound); gait (1 = normal, 2 = moderimp, 3 = severe limp)

Table 2: Post-endurance race erythrocyte paramefttiarses

Enduramace distance (km)

Eliminated Good feemance
Parameter 40 (n =17) 80 (n =48) 120(n=7) 80
Erythrocytes (x1&L™) 9.7+1.1 99+1.7 9%a.1 9.940.70
Hb (g L' 162.8+15.4 157.4 £16.6 162.6+12.4 169.3+11.4
PCV (L L™ 0.5+0.05 0.5+0.06 0.5+0.03 0.5+0.04
MCV (fL) 47.8+2.9 53.1+43 47.612.5 47.2+1.20
MCHC (g 'Y 333.6176.5 346.5+51.3 349.0+9.9 360.6+9.40

All values are expressed as mean+Std BRWithin each row, means with different superscrigts significantly different at p = 0.05.

Table 3: Post-endurance race leucocyte and throytdoounts of horses

Endurance race distance (km)

Eliminated Good Performance
Parameter (x10_™) 40 (n=17) 80 (n=48) 120 (n=7) 80 (n=09)
Leucocytes 9.4+2.5 9.7£3.5 78+4.1 8.9+2.8
Band Neutrophils 0.3+0.2 0.3+0.2 0.3+£0.04 0.3+0.2
Segmented Neutrophils 6.942.0 6.842.1 5.843.5 6.B+2
Lymphocytes 1.4+0.5 1.3x05 1.3+x05 1.1+0.3
Monocytes 0.4+0.1 0.4+0.1 0.3+0.1 0.4+0.1
Eosinophils 0.2+0.1 0.1+0.09 0.05+0.07 0.1+0.06
Basophils 0.15+0.1 0.14+0.1 0.09+0.06 0.15+0.06
Thrombocytes 115%37.4 97.1+34.0 102.7£75.6 114.8+40.6

All values are expressed as mean+Std BE%.Within each row, means with different supersarigte significantly different at p = 0.05

Table 4: Post-endurance race plasma electrolyteerrations of horses

Endurance race distance (km)

Eliminated Good Performance
Electrolyte (mmol/L) 40 (n=17) 80 (n =48) 12017) 80(n=29)
Sodium 137.87.2 131.5+4.2 130.8+3.3 134.8+4.3
Potassium 3%&1.7 3.6+1.12 44428 4.6+0.4
Chloride 92.8:7.4 87.8+7.0 95.2+6.1 85.045.1
Calcium 3.3+0.6 3.2+0.4 3.4+0.5 3.4+0.3

All values are expressed as mean+Std B&wVithin each row, means with different supersarigte significantly different at p = 0.05
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Table 5: Post-endurance race blood biochemicahpeters of horses

Endurance race distance (km)

Eliminated o@l Performance
Parameter 40 (n =17) 80 (n =48) 120 (n=7) 80 Q)
Urea (mmol %) 7.441.7 7.4+1.2 6.6+1.2 7.7+1.4
Creatinine (umol [) 165.7+44.2 190.4+46.4 201.1+87.0 187.9+32.7
Bilirubin (umol L™ 44.5+13.0 44.1+13.3 45.4+10.9 40.3+10.2
AST (UL 875.0+745.9 563.5:467.2 818.8t562.0 700.1+£668.0
CKU L™ 1346.4+762.2 1250.5+808.7 1004.3+225.2 1689.0+937
Glucose (mmol [%) 5.7+1.9 43424 5.0+1.4 1.6+0.9
Lactate (mmol [*) 6.0+2.9 6.7+3.2 6.4+1.6 9.242.2
Total Protein (g [*) 81.5+11.6 83.418.05 77.846.3 82.616.4
Albumin (g L) 37.7+4.6 35.8+3.4 34.6+4.1 37.5£1.9
Globulin (g 'Y 44.449.3 47.6+6.0 43.8+3.6 45.1+5.6

All values are expressed as mean+Std D& Within each row, means with different superscrimts significantly different at p = 0.05 AST =
aspartate transaminase; CK = creatine kinase

This study was conducted on horses  The endurance horses that were eliminated in our
participating in sanctioned 40, 80 and 120 km ratees study had lower circulating blood lactate and highe
determine the effect of the race distances on thélood glucose concentrations than good performance
physical, hematology and blood biochemistryhorses. It is uncertain why the eliminated horses
parameters. The result showed that only approxignate produced less lactate from tissue metabolism during
10% of these horses managed to complete the races éxercise. From the increased blood glucose
good condition. The rest of the horses were elitetha  concentration there is a possibility that decrease

Apart from the inherent characteristics, lactate production could be associated with poor
performances of the horses in races are closelglucose utilization by the metabolizing tissue.alcute
associated with cardiac function and tissueexercise, the glucose transporters in the skeietiscle,
oxygenation. These are dependent on the oxygenvhich mediate insulin-responsive uptake of glucose,
carriage capacity of blood, which is dependent orincreases (Hayastet al., 1997; Tomaset al., 2002;
erythrocyte number and hemoglobin concentrationsHirshman et al., 1988; Prenest al, 2005; Alhusseini
Endurances horses that showed metabolic disorders £t a., 2010). Consequently, the exercising muscles
races could not produce optimal muscle performaanrOduce lactate from glucose through the anaerobic

either due to inadequate oxidation or poor glucos@0cess. Thus from the result of this study, pestiaf
utilization to produce sufficient energy for musmul the inherent lack of the glucose transporters i@ th

actions during endurance ride. In exercise the dJIooSkeletal. muscle that causes the poor performa_nce of
lactate concentrations are expected to increatieese §usqept|ble horses (Hayashial., 19.97)’ thus resulting
horses. The level of blood lactate in the horsesisd " high blood glucose concentrations and low blood

as a measure of performance and fatigue (P8so,; 200'?Ctate in the eliminated horses.
Letafatkaret al., 2009). It has been shown, in exercise
blood lactate concentrations increase, but theldeve
seldom exceed 4 mmorlteven in sick horses. In fact In conclusion, the study showed that eliminated

the speed of the horse when the blood lactatgq ses had low blood lactate and high blood glucose
concentration attains 4 mmol'll_(VLA4_) is used as an  cqncentrations than the good performance horses. Th

indicator of fitness of horse during conditioning piood biochemical manifestation in eliminated horse

(Fielding et al., 2009; Lindneret al., 2009; 2010). In may pe associated with inefficient muscle tissue

our study, however, the mean blood lactatemetabolism. These parameters may be used as
concentration for all horses were hlgher than 6 ImmOindicators of performance potentia] of horses (g,l[hTE

L™ This value was attained after endurance racegonditioning regime.

irrespective of distance. Horses that completed the

CONCLUSION

races with good performance had even higher blood ACKNOWLEDGEMENT
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