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In Malaysia, equine endurance race is an event conducted on natural tracks over
distances ranging from 40 to 120 km over a period of 24 hours. This event, under
challenging physical conditions involves both aerobic and anaerobic metabolisms
of the horse. The intense physical activity over an extended period often causes
susceptible horses to develop metabolic crises resulting in elimination from races.
Metabolic crisis is the extreme changes associated with the combination of the
physical parameters that result in the complex and detrimental physiological and
biochemical alterations leading to elimination of endurance horses from the race.
Metabolic abnormalities in horses under extreme conditions are reflected by abnor-
malities in physical and blood parameters during and after physical activity. The
development of metabolic crises in horses during endurance races is unpredictable.
This is due to the fact that there is no established method to determine, before
the race that a horse is not fit to participate in an endurance race. It was pos-
tulated that the physical and blood parameters of horses that develop metabolic
crisis and eliminated during endurance races differed significantly from those of
horses completing the race successfully. Thus the objectives of this study were to
determine the risk factors for horses to develop metabolic crises during endurance
races and to develop a method to predict before the race, that a horse may poten-
tially develop the crises. The subjects for the study were horses participating in
19 endurance races held between March 2010 and December 2012 in several states
of Malaysia. Three hundred and seventy five Arabian (n = 152) and Arabian cross
(n = 223) endurance horses aged from 6 to 15 years and weighing between 350
and 450 kg involved in these races were selected for the study. The height of these
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horses ranged from 14 hands 2 inches and 16 hands 1 inch. There was no sex
preference for horse selection and only apparently healthy horses were included
in the study. Of these horses 253 developed metabolic crises and 122 completed
the race successfully. Among the 253 eliminated endurance horses, 122 were se-
lected randomly from establishments A, B, and C to represent this category. Sixty
one horses in each independent category was represented by pre and post-ride
completed, pre and post-ride metabolic. All horses were physically examined and
physical data such as skin recoil, mucous membrane colour, capillary refill time
and intestinal motility were obtained before the race and after 20 to 30 minutes
of recovery period. Blood samples were collected at pre- and post-race periods to
determine haematological, plasma electrolyte and plasma biochemical parameters
including glutathione reductase (GR), serum amyloid-A (SAA) and interleukin-6
(IL-6). The mean environmental humidity and ambient temperature during the
endurance races were 71.73 ± 4.05 % and 29.06 ± 1.1oC respectively. The study
showed that Arabian cross horses were more prone to develop metabolic crises than
pure Arabian horses. Among the parameters analysed in this study, the significant
(p<0.05) findings in horses with metabolic crisis were increased packed cell volume
(0.66 ± 0.19 LL−1), creatine kinase (1988 ± 1447 UL−1) and IL-6 (3.25 ± 3.95
ng/ml), decreased GR (10.91 ± 3.95 ng/ml) and chloride (89.6 ± 4.4 mmol/L).
These changes are characteristic of metabolic crises in horses are associated with
muscle damage due to physical activity, increased sweating without water replen-
ishment, and the inherent inability of horses to neutralise the increased reactive
oxygen species production during endurance races. Using the plasma biochemical
parameters which are strongly associated with metabolic crises with a correlation
coefficient of (r = 0.8790; P < 0.001), a new method called Metabolic Crisis Index
(MCI) was developed as a predictor for horses with potential to develop metabolic
crisis in endurance races. This index, tested in an endurance competition and
by using retrospective data from previous and on going competitions indicated
a higher value greater than 5.5 for those eliminated and lower value below 5.5
for those that completed the race successfully, this proved to be accurate in the
prediction of metabolic crisis in endurance horses. The MCI is an innovative and
simple method use as a prediction method that will assist the equine endurance
society to reduce the rate of elimination and to safeguard against serious medical
problems during endurance races in the tropics.
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Di negara Malaysia, perlumbaan kuda lasak adalah satu acara yang dijalankan
pada laluan semula jadi yang panjangnya antara 40 hingga 120 km dalam tem-
poh 24 jam. Acara yang dijalankan dalam keadaan fizikal mencabar melibatkan
metabolisme aerobik dan anerobik kuda. Aktiviti fizikal tinggi dalam suatu tem-
poh yang lama, kerap menjadikan kuda rentan untuk mendapat krisis metabolisme
yang mengakibat pengguguran daripada perlumbaan. Krisis metabolisme adalah
suatu perubahan melampau berkaitan dengan gabungan parameter fizikal yang
membawa kepada perubahan fisiologi dan biokimia kompleks dan memudaratkan.
Keabnormalan metabolisme pada kuda dalam keadaan keterlaluan ini mencer-
minkan keabnormalan fizikal dan darah pada masa dan selepas aktiviti fizikal.
Perkembangan gangguan metabolisme kuda ketika dalam perlumbaan tahan lasak
tidak dapat diramalkan. Ini disebabkan ketiadaan kaedah yang boleh diguna un-
tuk menentukan sebelum perlumbaan, kesihatan kuda untuk bertanding dalam
perlumbaan tahan lasak. Adalah dipostulat yang parameter fizikal dan darah kuda
mengalami krisis metabolisme dan digugurkan daripada perlumbaan tahan lasak
berbeza daripada yang terdapat pada kuda berjaya menamatkan perlumbaan.
Justeru itu, objekif kajian ini ialah untuk menentukan faktor risiko pada kuda
untuk mengembangakan krisis metabolisme semasa perlumbaan tahan lasak dan
untuk membangunkan suatu kaedah untuk meramalkan kuda berpotensi mengem-
bangkan krisis tersebut. Subjek untuk kajian ini ialah kuda yang menyertai 19
perlumbaan tahan lasak yang dijalankan di antara bulan Mac 2012 dan Disember
2013 di beberapa negeri di Malaysia. Tiga ratu tujuh-puluh-lima ekor kuda Arab
(n = 152) and kacukan Arab (n = 223) tahan lasak berumur 6 hingga 15 tahun
dan berat badan antara 350 dan 450 kg telah dipilih untuk kajian ini. Tinggi kuda
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antara 14 tangan 2 inci dan 16 tangan 1 inci. Pemilihan kuda tidak mengambil kira
jantinanya dan kuda yang nampak sihat dipilih untuk kajian. Daripada kesemua
kuda ini, 253 ekor mengalami krisis metabolisme dan digugur daripada pertandin-
gan sambil 122 ekor berjaya menamatkan perlumbaan. Satu ratus dua-puluh-dua
ekor kuda daripada tiga pertubuhan yang digugurkan dipilih secara rawak. Kuda
yang dipilih ini diperiksa fizikalnya dan data seperti, pantulan kulit, warna mem-
bran mukus, masa pengisian semula kapilari, kemotilan usus telah diperolehi se-
belum perlumbaan dan pada tempoh 20 hingga 30 minit pemulihan. Sampel darah
dikumpul daripada kuda pada sebelum dan selepas perlumbaan untuk menentukan
parameter hematologi, elektrolit dan biokimia serum termasuk glutation reduktase
(GR), amiloid-A serum (SAA) dan interleukin-6 (IL-6). Min kelembapan dan suhu
ambien persekitaran pada masa perlumbaan masing-masing adalah 71.73 ± 4.05 %
dan 29.06 ± 1.1 oC. Kajian ini menunjukkan kuda kacukan Arab adalah lebih mu-
dah untuk mendapat krisis metabolisme daripada kuda Arab tulen. Di kalangan
parameter yang dianalisis dalam kajian ini, penemuan paling tererti (p<0.05) pada
kuda mengalami krisis metabolism adalah peningkatan isipadu sel padat (0.66 ±
0.19 L L−1), kreatin kinase (1988 ± 1447 UL−1) dan IL-6 (3.25 ± 3.95 ng mL−1)
dan penurunan GR (10.91 ± 3.95 ng mL−1) dan klorida (89.6 ± 4.4 mmol L−1).
Perubahan ini adalah cirian untuk krisis metabolisme dan ia berkaitan dengan
kerosakan otot disebabkan aktiviti fizikal, peningkatan perpeluhan tanpa minum
air, ketakupayaan semula jadi kuda untuk meneutralkan spesies oksigen reak-
tif yang meningkat semasa perlumbaan. Dengan mengguna parameter biokimia
serum yang terkait kuat dengan krisis metabolism pada pekali korelasi r = 0.8790;
(P<0.001), suatu kaedah baharu yang beri nama Indeks Krisis Metabolisme (MCI)
telah dihasilkan sebagai peramal kepada kuda berpotensi untuk mengembangkan
krisis metabolisme dalam perlumbaan tahan lasak. Indeks Krisis Metabolisme apa-
bila diuji dalam satu pertandingan kuda tahan lasak dan dengan mengguna data
retrospektif daripada pertandingan telah lepas menunjukkan nilai MCI lebih tinggi
daripada 5.5 dalam kuda yang digugurkan dan kurang daripada 5.5 dalam kuda
yang berjaya menamatkan perlumbaan. Indeks Krisis Metabolisme ini terbukti
tepat dalam meramalkan kejadian krisis metabolisme pada kuda yang bertand-
ing dalam perlumbaan tahan lasak. Indeks Krisis Metabolisme ini adalah suatu
kaedah peramalan krisis metabolisme yang inovatif dan mudah dilakukan yang
akan dapat membantu untuk mengurangkan pengguguran daripada pertandingan
dan masalah perubatan teruk di kalangan kuda yang bertanding dalam perlum-
baan tahan lasik dalam suasana tropika.
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CHAPTER 1

INTRODUCTION

1.1 Endurance Sport

Endurance race is an equestrian sport involving controlled long-distance races rang-
ing between 40 and 160 km over a 24-h period. It is one of the intercontinental
competitions acknowledged by the F édération Équestre Internationale (FEI).
In endurance races, the horses are required to stop periodically at veterinary check
point for assessment of fitness before they are allowed to continue the race. The
winning horse is the first one to cross the finish line after passing all fitness tests.
The long distance ride of endurance races is arduous and this may compromise the
health status and performance of the horses. As a result the horses may develop
metabolic crises and/or musculoskeletal abnormalities, which result in the elimi-
nation of these horses from the race. Metabolic crisis is the extreme changes asso-
ciated with the combination of the physical parameters that result in the complex
and detrimental physiological and biochemical alterations leading to elimination
of endurance horses from the race.

Endurance is the ability to delay physical and psychogenic exhaustion and fa-
tigue (Piccione et al., 2010c). Endurance race or sporting activity is the measure
of the ability of a horse to withstand the rigors of speed under maximal aerobic
and anaerobic conditions (McMiken, 1983; Piccione et al., 2010b). In endurance
sports, the distance of race varies between 40 and 160 km. The races are divided
into different stages; each stage comprises a distance of 20 to 40 km depending
on the class of the race. The competition regulations require that horses should
have a recovery period of 20 to 30 minutes and compulsory resting period of 30
to 50 minutes after each stage. During this period the horse is cooled with cold
water until a heart rate of equal to or less than 64 beats per minute (bpm) is
attained, with normal cardiac, respiratory, musculoskeletal and hydration status
before presentation for evaluation by the line veterinarian at the veterinary gate.
Only horses that comply with the criteria of the evaluation are considered fit and
allowed to proceed with the next stage of the race. If otherwise, these horses are
eliminated from the race and sent to the clinic for observation and treatment.

Generally, endurance horses are eliminated from the race due to either lameness
or metabolic crises. In Malaysian endurance competitions, approximately 54 and
28 % of the horses were eliminated because of metabolic crises and lameness re-
spectively (Lawan et al., 2012). Lameness in endurance horses prevails as a result
of tendonitis, laminitis and musculoskeletal disorders. Metabolic crises ensues be-
cause of inability of endurance horses to maintain a heart rate of equal to or less
than 64 beats per minute (bpm) and in combinations with severe changes in the
mucus membrane,skin tent, capillary refill time and intestinal motility.
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Severely congested mucous membrane is apparently reddened, severely dehydrated
skin fold requires more than 3 seconds to return to its normal position, no motility
or sound is indicated when the sounds are reduced or absent and severe capillary
refill time is when the blood takes a prolonged time period of more than 3 seconds
for the pinkness to reappear in the mucous membranes of the mouth, after the
removal of the thumb pressure from the gum.

During races,horses show homeostatic changes, such as energy diminution and
alterations in fluids, electrolytes and acid-base balance, which result in negative
consequences on both performance and health of the horse. These changes man-
ifest as metabolic problems and exhaustion characterised as elevated heart rate,
dehydration and gastrointestinal signs (Carlson, 1983; Geor et al., 1996; Flaminio
and Rush, 1998; Castejn et al., 2006; Robert et al., 2010; Schott II, 2010). The
elimination of endurance horses from the races is also associated with changes in
haematological and biochemical parameters, antioxidant activity, concentration of
acute phase proteins and cytokine, which are biomarkers of metabolic crises in en-
durance horses. These parameters are essential to the tissues and organs, playing
a role in maintenance of health of the organism (Castejn et al., 2006). For example
the improvement of oxygen carrying capacity by increasing the blood oxygen con-
tent is important for the endurance of the horses (Castejn et al., 2006). The blood
components also function to maintain the osmolality of the blood, and changes
of some of the parameters are indicators of the hydration status of the animal
(Funkquist et al., 2000; Kearns et al., 2002). The blood components also function
in the maintenance of blood pH through its buffer capacity(Rose and Hodgson,
1994; Piccione et al., 2008).

Endogenous stresses and metabolic crises were due to biochemical alterations that
may subsequently lead to acid-base disorders like metabolic alkalosis, excessive
sweat, electrolyte loss and hyperthermia (Art and Lekeux, 2005; Castejn et al.,
2006; Fielding et al., 2009; Piccione et al., 2010a). This can result in fatigue and
muscle weakness, dehydration and poor performance (Sampieri et al., 2006). In
fact metabolic changes experienced during grueling endurance events have been at-
tributed to depletions of some biochemical components in working muscles, which
may cause skeletal muscle damage (rhabdomyolysis) and increase in muscle enzyme
concentrations in the blood (Hodgson et al., 1994; Fallon et al., 2001; Piccione et
al., 2008).

Circulating acute phase proteins, antioxidants and proinflammatory cytokines are
intimately linked to exercise performance and recovery. Acute phase proteins
(APP) are found in abundance during the acute phase reaction in the liver, and
are the innate, non-specific major response to many disorders (Gruys et al., 2005;
Petersen and Pedersen, 2006). Acute phase reaction (APR) is stimulated by pro-
inflammatory cytokines. Exercise-induced increase in blood APR is typified by
changes in pro-inflammatory cytokines (Fallon et al., 2001; Peeling et al., 2008).
In endurance horses after strenuous rides the APR increased significantly (Hee-

2
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gaard et al., 2000; Cywinska et al., 2012). Antioxidants on the other hand are
enzymes, vitamins and minerals that have to be synthesized abundantly and en-
dogenously in the body to counteract the effects of reactive oxygen species (ROS)
during arduous endurance races (Robson-Ansley et al., 2009; Williams and Burk,
2012; Adamu et al., 2013a). The ROS has tremendous biological activities and is
largely produced by the contracting excitable muscle tissues (Pederson et al., 2005;
Robson-Ansley et al., 2009). It also activates and promotes metabolic alterations
leading to local and systemic effects (Gruys et al., 2005; Petersen and Pedersen,
2006; Tizard, 2009; Cywinska et al., 2012).

1.1.1 Endurance Sport in Malaysia

Equine sporting events have become competitive in Malaysia, and are gaining
international recognition especially when Malaysia was invited to participate in
the world endurance championship (WEC) in Dubai in 1998. The equine en-
durance activities in Malaysia are recognised by the world body, the F édération
Équestre Internationale (FEI), an international governing council for equestrian
sports. As a result Malaysia was invited to organize the world endurance compe-
tition in 2008, held in Terrengganu, which attracted 142 foreign participants from
44 countries. This was the first endurance competition of international standard
to be held in a hot humid climate, attributing to Malaysia’s ability to organise
an event of such stature. Fortunately the country is blessed with the climate and
excellent infrastructure for endurance sport. This was the impetus for the coun-
try to organise regular endurance events, which are now being conducted almost
monthly.

1.1.2 Constraints

The number of endurance horses in Malaysia is on the increase, particularly from
the interest and participation of government organizations, private clubs and in-
dividuals from major cities of Malaysia. From this gaining interest, individuals
and organizations are now acquiring high performance horses from many coun-
tries across the world in order to increase the competitiveness of these endurance
events. Inspite of the purchase of high-quality horses, the level of performance
of horses in endurance competitions is still low. This was quite obvious because
many horses failed the qualification requirement by not obtaining certificate of ca-
pabilities (CoC) from FEI, which requires the horses, among others, to successfully
complete a classified number of rides at selected distances within a time period
over a specified speed. Due to the strict requirements the number of horse abled
to obtain CoC and proceed to compete is small. This is quite evident during the
2008 WEC in Terengganu where only a small number from Malaysia were allowed
to participate because of lack of CoC.

3
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During local endurance competitions, the number of horses eliminated from the
race was very high compared to international competitions, suggesting that the
horses were poorly conditioned and not fit to compete, inspite of being trained in
the environment of the competitions. Those horses that participated were prone
to develop metabolic crises and musculoskeletal injuries and eliminated (Lawan et
al., 2012).

Metabolic crisis is a complex of abnormal changes which include abnormalities
in the heart rate, changes in the color of the mucus membrane, capillary refill
time, gastrointestinal symptoms and hydration status during strenuous long dis-
tance races. To determine the development of these crises, the evaluation of the
performance markers in the blood samples and physical parameters of horses that
were eliminated and successfully completed is necessary. The data and information
obtained from the evaluations can be assessed and analysed to determine the cause
of the disorders and eventually used to improve performance of these endurance
horses.

1.2 Hypothesis, Research Questions and Objectives of Study

The hypothesis of the study is:

The values of performance markers differ significantly between endurance horses
of different performance levels.

To validate the hypothesis, the following research questions must be addressed:

I. What is the current performance status of Malaysian endurance horses?

II. What are the markers that can be used in the validation of endurance horses
of different performance levels that can be used for the screening and selection of
horses prior to an endurance competition?

III. Is there any relationship between the performance markers with the perfor-
mance levels?

IV. Which performance parameters can consistently be used to classify and dis-
tinguish endurance horses of different performance levels?

Therefore, the objectives of this study were to:

1. Classify local endurance horses in Malaysia into different performance levels.

2. Determine the baseline performance markers using standard laboratory test

4
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for the identification of endurance horses that complete the race successfully and
those that developed metabolic crises.

3. Determine physical, haematological and biochemical parameters that can be
used as indicators of fitness for horses to participate in endurance races.

4. Determine the risk factors for horses to develop metabolic crises during en-
durance races.

5. Determine the potential of acute phase proteins, antioxidants and cytokines
as performance fitness markers.

6. Develop a method for determination of horses that may potentially develop
metabolic disorders during endurance races.

5



© C
OPYRIG

HT U
PM

108 
 

REFERENCES 

 

Adamu, L., Adzahan, N. M., Abdullah, R., and Ahmad, B. (2010). Effects of race distance on 
physical, hematological and biochemical parameters of endurance horses. American 

Journal of Animal and Veterinary Sciences 5, 244-248. 

Adamu, L., Noraniza, M., Rasedee, A., and Bashir, A. (2013a). Metabolic responses of acute 
phase protein, antioxidant and cytokine in Arabian Endurance horses. Comparative 

Exercise Physiology 9, 51-57. 

Adamu, L., Noraniza, M. A., Rasedee, A., and Bashir, A. (2013b). Effect of Age and Performance 

on Physical, Hematological, and Biochemical Parameters in Endurance Horses. Journal 

of Equine Veterinary Science 33, 415-420. 

AERC (2006). Veterinary Guidelines for Judging AERC Endurance Competitions. 3-53. 

Al-Qudah, K. M., and Al-Majali, A. M. (2008). Higher lipid peroxidation indices in horses 

eliminated from endurance race because of synchronous diaphragmatic flutter (Thumps). 

Journal of Equine Veterinary Science 28, 573-578. 

Alhusseini, N. F., Belacy, N. A., Kasem, E. M., and Allam, M. M. (2010). Effect of exercise 

training on adiponectin receptor expression and insulin resistance in mice fed a high fat 

diet. American Journal of Biochemistry and Biotechnology 6, 77-83. 

Anderson, M. G. (1975). The influence of exercise on serum enzyme levels in the horse. Equine 

Veterinary Journal 7, 160-165. 

Andrews, F., Geiser, D., White, S. L., Williamson, L. H., Maykuth, P. L., And Green, E. M. 

(1995). Haematological and biochemical changes in horses competing in a 3 Star horse 

trial and 3‐day‐event. Equine Veterinary Journal 27, 57-63. 

Aoyagi, Y., McLellan, T. M., and Shephard, R. J. (1995). Effects of 6 versus 12 days of heat 

acclimation on heat tolerance in lightly exercising men wearing protective clothing. 
European Journal of Applied Physiology and Occupational Physiology 71, 187-196. 

Art, T., and Lekeux, P. (2005). Exercise-induced physiological adjustments to stressful conditions 
in sports horses. Livestock Production Science 92, 101-111. 

Art, T., Votion, D., and Lekeux, R. (1995). Physiological measurements in horses after strenuous 
exercise in hot, humid conditions. Equine Veterinary Journal 27, 120-124. 

Atalay, M., and Laaksonen, D. E. (2002). Diabetes, oxidative stress and physical exercise. 

Journal of Sports Science and Medicine 1, 1-14. 

Bagnati, M., Perugini, C., Cau, C., Bordone, R., Albano, E., and Bellomo, G. (1999). When and 

why a water-soluble antioxidant becomes pro-oxidant during copper-induced low-density 
lipoprotein oxidation: a study using uric acid. Biochemical Journal 340, 143. 

Barrey, E., Valette, J., Jouglin, M., Blouin, C., and Langlois, B. (1999). Heritability of percentage 
of fast myosin heavy chains in skeletal muscles and relationship with performance. 

Equine Veterinary Journal 31, 289-292. 

Barton, M. H., Williamson, L., Jacks, S., and Norton, N. (2003). Body weight, hematologic 

findings, and serum and plasma biochemical findings of horses competing in a 48-, 83-, 

or 159-km endurance ride under similar terrain and weather conditions. American Journal 

of Veterinary Research 64, 746-753. 



© C
OPYRIG

HT U
PM

109 
 

Bashir, A., and Rasedee, A. (2009). Plasma Catecholamines, Sweat Electrolytes and Physiological 

Responses of Exercised Normal, Partial Anhidrotic and Anhidrotic Horses. American 
Journal of Animal and Veterinary Sciences 4, 26-31. 

Bassel-Duby, R., and Olson, E. N. (2006). Signaling pathways in skeletal muscle remodeling. 
Annual Review Biochemistry 75, 19-37. 

Becker, B., Reinholz, N., Özçelik, T., Leipert, B., and Gerlach, E. (1989). Uric acid as radical 

scavenger and antioxidant in the heart. Pflügers Archiv 415, 127-135. 

Bergero, D., Assenza, A., and Caola, G. (2005). Contribution to our knowledge of the physiology 

and metabolism of endurance horses. Livestock Production Science 92, 167-176. 

Betros, C., McKeever, K., Kearns, C., and Malinowski, K. (2002). Effects of ageing and training 

on maximal heart rate and VO2max. Equine Veterinary Journal 34, 100-105. 

Bottinelli, R., Betto, R., Schiaffino, S., and Reggiani, C. (1994). Unloaded shortening velocity 

and myosin heavy chain and alkali light chain isoform composition in rat skeletal muscle 
fibres. Journal of  Physiology 478, 341-349. 

Boutellier, U., Lundgren, C., and Warkander, D. (2006). Apparatus and  method for training of 

the respiratory muscles  EP Patent 1,021,225. 

Boyd, J. (1983). The mechanisms relating to increases in plasma enzymes and isoenzymes in 

diseases of animals. Veterinary Clinical Pathology 12, 9-24. 

Bralet, J., Bouvier, C., Schreiber, L., and Boquillon, M. (1991). Effect of acidosis on lipid 

peroxidation in brain slices. Brain Research 539, 175-177. 

Capomaccio, S., Cappelli, K., Spinsanti, G., Mencarelli, M., Muscettola, M., Felicetti, M., Verini 

Supplizi, A., and Bonifazi, M. (2011). Athletic humans and horses: comparative analysis 
of interleukin-6 (IL-6) and IL-6 receptor (IL-6R) expression in peripheral blood 

mononuclear cells in trained and untrained subjects at rest. BMC Physiology 11, 3. 

Carlson (1983). Thermoregulation, fluid and electrolyte balance. In Snow DH, person. Equine 
Exercise Physiology, 291. 

Carlson, G. (1985). Medical problems associated with protracted heat and work stress in horses. 
The Compendium on Continuing Education for the Practicing Veterinarian 7, 356-376 

Castejón, F., Trigo, P., Muñoz, A., and Riber, C. (2006). Uric acid responses to endurance racing 
and relationships with performance, plasma biochemistry and metabolic alterations. 

Equine Veterinary Journal 38, 70-73. 

Chen, J., and Gollnick, P. D. (1994). Effect of exercise on hexokinase distribution and 

mitochondrial respiration in skeletal muscle. Pflügers Archiv 427, 257-263. 

Chiaradia, E., Gaiti, A., Terracina, L., and Avellini, L. (2005). Effect of submaximal exercise on 
horse homocysteinaemia: possible implications for immune cells. Research in Veterinary 

Science 79, 9-14. 

Coggan, A. R. (1991). Plasma glucose metabolism during exercise in humans. Sports Medicine 

11, 102-124. 

Connelly, K. G., and Repine, J. E. (1997). Markers for predicting the development of acute 

respiratory distress syndrome. Annual Review of Medicine 48, 429-446. 



© C
OPYRIG

HT U
PM

110 
 

Cottin, F., Barrey, E., Lopes, P., and Billat, V. (2006). Effect of fatigue during five successive 

heats (800 m at high velocity) and recovery runs on heart rate variability in Standard 
breds. In "Proceeding of the 7th International Conference on Equine Exercise 

Physiology, Fontainebleau, France", Vol. 68. 

Cywinska, A., Szarska, E., Gorecka, R., Witkowski, L., Hecold, M., Bereznowski, A., 

Schollenberger, A., and Winnicka, A. (2012). Acute phase protein concentrations after 

limited distance and long distance endurance rides in horses. Research in Veterinary 

Science 93, 1402-1406. 

Davie, A., Priddle, T., and Evans, D. (2002). Metabolic responses to submaximal field exercise 

tests and relationships with racing performance in pacing Standardbreds. Equine 
Veterinary Journal 34, 112-115. 

Derman, K., and Noakes, T. (1994). Comparative aspects of exercise physiology. The Athletic 
Horse. Philadelphia, PA, Saunders, 13-25. 

Donovan, D. C., Jackson, C. A., Colahan, P. T., Norton, N., and Hurley, D. J. (2007). Exercise-

induced alterations in pro-inflammatory cytokines and prostaglandin F2alpha in horses. 
Veterinary Immunology and Immunopathology 118, 263-9. 

Downey, J. (1990). Free radicals and their involvement during long-term myocardial ischemia 
and reperfusion. Annual Review of physiology 52, 487-504. 

Doxey, D., Milne, E., Gilmour, J., and Pogson, D. (1991). Clinical and biochemical features of 
grass sickness (equine dysautonomia). Equine Veterinary Journal 23, 360-364. 

Eckersall, P. (2000). Recent advances and future prospects for the use of acute phase proteins as 
markers of disease in animals. Revue de Medecine Veterinaire 151, 577-584. 

Essen-Gustavsson, B., Gottlie-vedi, M., and Lindholm, A. (1999). Muscle adenine nucleotide 

degradation during submaximal treadmill exercise to fatigue. Equine Veterinary Journal 
31, 298-302. 

Essen-Gustavsson, B., Karlstrom, K., and Lindholm, A. (1984). Fibre types, enzyme activities and 
substrate utilisation in skeletal muscles of horses competing in endurance rides. Equine 

Veterinary Journal 16, 197-202. 

Fallon, K., Fallon, S., and Boston, T. (2001). The acute phase response and exercise: court and 

field sports. British Journal of Sports Medicine 35, 170-173. 

Febbraio, M. A., Ott, P., Nielsen, H. B., Steensberg, A., Keller, C., Krustrup, P., Secher, N. H., 

and Pedersen, B. K. (2002). Exercise induces hepatosplanchnic release of heat shock 

protein 72 in humans. Journal of Physiology 544, 957-962. 

Fielding, C. L., Magdesian, K. G., Rhodes, D. M., Meier, C. A., and Higgins, J. C. (2009). 

Clinical and biochemical abnormalities in endurance horses eliminated from competition 

for medical complications and requiring emergency medical treatment: 30 cases (2005–
2006). Journal of Veterinary Emergency and Critical Care 19, 473-478. 

Fielding, C. L., Meier, C. A., Balch, O. K., and Kass, P. H. (2011). Risk factors for the 
elimination of endurance horses from competition. Journal of the American Veterinary 

Medical Association 239, 493-498. 

Flaminio, M., and Rush, B. R. (1998). Fluid and electrolyte balance in endurance horses. The 

Veterinary Clinics of North America. Equine Practice 14, 147. 



© C
OPYRIG

HT U
PM

111 
 

Fleming, P. A., Paisley, C. L., Barnes, A. L., and Wemelsfelder, F. (2013). Application of 

Qualitative Behavioural Assessment to horses during an endurance ride. Applied Animal 
Behaviour Science. 144, 80–88. 

Foreman, J. (2012). The effects of prolonged endurance exercise on the neurological system in 
horses. Comparative Exercise Physiology 8, 81-93. 

Frankiewicz-Józko, A., and Szarska, E. (2000). Anti-oxidant level to exercise in the blood of 

endurance horses. Biology of Sport 17, 217-227. 

Frauenfelder, H., Rossdale, P., Ricketts, S., and Allen, W. (1986). Changes in serum muscle 

enzyme levels associated with training schedules and stage of the oestrous cycle in 
Thoroughbred racehorses. Equine Veterinary Journal 18, 371-374. 

Funkquist, P., Nyman, G., and Persson, S. (2000). Haemodynamic response to exercise in 
Standardbred trotters with red cell hypervolaemia. Equine Veterinary Journal 32, 426-

431. 

Gandhi, G., and Gujan (2009). Exercise-induced genetic damage: A review. International Journal 

of Human Genetics 9, 69-96. 

Geor, R., McCutcheon, L., and Lindinger, M. (1996). Adaptations to daily exercise in hot and 
humid ambient conditions in trained Thoroughbred horses. Equine Veterinary Journal 28, 

63-68. 

Geor, R. J., and McCutcheon, L. J. (1998). Hydration effects on physiological strain of horses 

during exercise-heat stress. Journal of Applied Physiology 84, 2042-2051. 

Geor, R. J., McCutcheon, L. J., Ecker, G. L., and Lindinger, M. I. (2000). Heat storage in horses 

during submaximal exercise before and after humid heat acclimation. Journal of Applied 

Physiology 89, 2283-2293. 

Gleeson, B. (2006). Thermal barrier coatings for aeroengine applications. Journal of Propulsion 

and Power 22, 375-383. 

Gleeson, M. (2007). Immune function in sport and exercise. Journal of Applied Physiology 103, 

693-699. 

Gondim, F. J., Zoppi, C. C., dos Reis Silveira, L., Pereira-da-Silva, L., and Vaz de Macedo, D. 

(2009). Possible relationship between performance and oxidative stress in endurance 

horses. Journal of Equine Veterinary Science 29, 206-212. 

Goodyear-Bruch, C., and Pierce, J. D. (2002). Oxidative stress in critically ill patients. American 

Journal of Critical Care 11, 543-551. 

Green, H., Jones, S., Ball-Burnett, M., Farrance, B., and Ranney, D. (1995). Adaptations in 

muscle metabolism to prolonged voluntary exercise and training. Journal of Applied 

Physiology 78, 138-145. 

Grosskopf, J., and Van Rensburg, J. (1983). Some observations on the haematology and blood 

biochemistry of horses competing in 80 km endurance rides. Equine Exercise Physiology 
1, 425-431. 

Grosskopf, J., Van Rensburg, J., and Bertschinger, H. (1983). Haematology and blood 
biochemistry of horses during a 210 km endurance ride. Equine Exercise Physiology 1, 

416-424. 



© C
OPYRIG

HT U
PM

112 
 

Groussard, C., Morel, I., Chevanne, M., Monnier, M., Cillard, J., and Delamarche, A. (2000). Free 

radical scavenging and antioxidant effects of lactate ion: an in vitro study. Journal of 
Applied Physiology 89, 169-175. 

Gruys, E., Toussaint, M. J., Niewold, T. A., and Koopmans, S. J. (2005). Acute phase reaction 
and acute phase proteins. Journal of  Zhejiang University Science B 6, 1045-56. 

Halliwell, B. (2006). Oxidative stress and neurodegeneration: where are we now? Journal of 

Neurochemistry 97, 1634-1658. 

Harris, P., and Snow, D. (1992). Plasma potassium and lactate concentrations in thoroughbred 

horses during exercise of varying intensity. Equine Veterinary Journal 24, 220-225. 

Harris, P. A., Snow, D., Greet, T., and Rossdale, P. (1990). Some factors influencing plasma 

AST/CK activities in thoroughbred racehorses. Equine Veterinary Journal 22, 66-71. 

Hayashi, T., Wojtaszewski, J. F., and Goodyear, L. J. (1997). Exercise regulation of glucose 

transport in skeletal muscle. American Journal of Physiology-Endocrinology and 
Metabolism 273, E1039-E1051. 

Heegaard, P. M., Godson, D. L., Toussaint, M. J., Tjørnehøj, K., Larsen, L. E., Viuff, B., and 

Rønsholt, L. (2000). The acute phase response of haptoglobin and serum amyloid A 
(SAA) in cattle undergoing experimental infection with bovine respiratory syncytial 

virus. Veterinary Immunology and Immunopathology 77, 151-159. 

Hellsten-Westing, Y., Balsom, P., Norman, B., and Sjodin, B. (1993). The effect of high‐intensity 

training on purine metabolism in man. Acta Physiologica Scandinavica 149, 405-412. 

Hellsten, Y. (1994). Xanthine dehydrogenase and purine metabolism in man. With special 

reference to exercise. Acta Physiologica Scandinavica. Supplementum 621, 1-73. 

Hinchcliff, K., Lauderdale, M., Dutson, J., Geor, R., Lacombe, V., and Taylor, L. (2002). High 
intensity exercise conditioning increases accumulated oxygen deficit of horses. Equine 

Veterinary Journal 34, 9-16. 

Hinchcliff, K. W., Kaneps, A. J., and Geor, R. J. (2004). "Equine sports medicine and surgery: 

basic and clinical sciences of the equine athlete," WB Saunders\ Elsevier Science. 

Hirshman, M. F., Wallberg-Henriksson, H., Wardzala, L. J., Horton, E. D., and Horton, E. S. 

(1988). Acute exercise increases the number of plasma membrane glucose transporters in 

rat skeletal muscle. FEBS Lett 238, 235-239. 

Hodgson, D., Davis, R., and McConaghy, F. (1994). Thermoregulation in the horse in response to 

exercise. British Veterinary Journal 150, 219-235. 

Hodgson, D. R., and Rose, R. J. (1994). "The athletic horse: principles and practice of equine 

sports medicine," WB Saunders Co. 

Holloszy, J. O., and Coyle, E. F. (1984). Adaptations of skeletal muscle to endurance exercise and 

their metabolic consequences. Journal of Applied Physiology 56, 831-838. 

Hudson, M. B., Hosick, P. A., McCaulley, G. O., Schrieber, L., Wrieden, J., McAnulty, S. R., 

Triplett, N. T., McBride, J. M., and Quindry, J. C. (2008). The effect of resistance 

exercise on humoral markers of oxidative stress. Medicine & Science in Sports & 
Exercise 40, 542. 

Hyyppä, S. (2008). Blood glucose in horses at rest and exercise. Nutrition of the Exercising Horse 

125, 17-29. 



© C
OPYRIG

HT U
PM

113 
 

Irving, R., Noakes, T., Burger, S., Myburgh, K., Querido, D., and Van Zyl Smit, R. (1990). 

Plasma volume and renal function during and after ultramarathon running. Medicine 
Science and Sports Exercise 22, 581-7. 

Jahn, P., Härtlová, H., Mal, M., Kaber, R., and Hanák, J. (1996). PCV and plasma biochemistry in 
relation to fitness of horses competing in endurance rides. Pferdeheilkunde 12, 506-509. 

Jansson, A., Nyman, S., Morgan, K., Palmgren-Karlsson, C., Lindholm, A., and Dahlborn, K. 

(1995). The effect of ambient temperature and saline loading on changes in plasma and 
urine electrolytes (Na+ and K+) following exercise. Equine Veterinary Journal 27, 147-

152. 

Jenkins, R. (1988). Free radical chemistry: relationship to exercise. Sports Medicine 5, 156-170. 

Ji, L. L. (1999). Antioxidants and oxidative stress in exercise. In "Proceedings of the Society for 
Experimental Biology and Medicine. Society for Experimental Biology and Medicine 

(New York, NY)", 222, 283-292. Royal Society of Medicine. 

Judson, G., Frauenfelder, H., and Mooney, G. (1983). Biochemical changes in thoroughbred 

racehorses following submaximal and maximal exercise. In "Equine Exercise Physiology, 

(Proceedings of the first International Conference Equine Exercise Physiology, Granta 

Editions)", pp. 408-415. 

Kang, Y. H., Min, H. K., Son, S. M., Kim, I. J., and Kim, Y. K. (2007). The association of serum 

gamma glutamyltransferase with components of the metabolic syndrome in the Korean 
adults. Diabetes Research and Clinical Practice 77, 306-313. 

Kastner, S. B., Haines, D. M., Archer, J., and Townsend, H. (1999). Investigations on the ability 
of clenbuterol hydrochloride to reduce clinical signs and inflammation associated with 

equine influenza A infection. Equine Veterinary Journal 31, 160-168. 

Kearns, C., McKeever, K., John-Alder, H., Abe, T., and Brechue, W. (2002). Relationship 
between body composition, blood volume and maximal oxygen uptake. Equine 

Veterinary Journal 34, 485-490. 

Kearns, C. F., Lenhart, J. A., and McKeever, K. H. (2000). Cross‐reactivity between human 

erythropoietin antibody and horse erythropoietin. Electrophoresis 21, 1454-1457. 

Kedzierski, W., Bergero, D., and Assenza, A. (2009). Trends of hematological and biochemical 

values in the blood of young race horses during standardized field exercise tests. Acta 

Veterinaria 59, 457-466. 

Kim, S., Kim, H., Seo, J., Lee, K., Oh, J., Kim, N., Choi, K., Baik, S., and Choi, D. (2005). 

Relationship between serum adiponectin concentration, pulse wave velocity and 

nonalcoholic fatty liver disease. European Journal of Endocrinology 152, 225-231. 

King, C., Evans, D., and Rose, R. (1994). Cardiorespiratory and metabolic responses to exercise 

in horses with various abnormalities of the upper respiratory tract. Equine Veterinary 
Journal 26, 220-225. 

Kinnunen, S., Hyyppä, S., Lappalainen, J., Oksala, N., Venojärvi, M., Nakao, C., Hänninen, O., 
Sen, C. K., and Atalay, M. (2005a). Exercise-induced oxidative stress and muscle stress 

protein responses in trotters. European Journal of Applied Physiology 93, 496-501. 

Kinnunen, S., Hyyppä, S., Lehmuskero, A., Oksala, N., Mäenpää, P., Hänninen, O., and Atalay, 
M. (2005b). Oxygen radical absorbance capacity (ORAC) and exercise-induced oxidative 

stress in trotters. European Journal of Applied Physiology 95, 550-556. 



© C
OPYRIG

HT U
PM

114 
 

Kinugawa, T., Kato, M., Ogino, K., Osaki, S., Tomikura, Y., Igawa, O., Hisatome, I., and 

Shigemasa, C. (2003). Interleukin-6 and tumor necrosis factor-α levels increase in 
response to maximal exercise in patients with chronic heart failure. International Journal 

of Cardiology 87, 83-90. 

Kline, H., and Foreman, J. (1991). Heart and spleen weights as a function of breed and 

somatotype. Equine Exercise Physiology 3, 17-21. 

Kuppusamy, P., and Zweier, J. (1989). Characterization of free radical generation by xanthine 
oxidase. Evidence for hydroxyl radical generation. Journal of Biological Chemistry 264, 

9880-9884. 

Kuwahara, M., Hiraga, A., Kai, M., Tsubone, H., and Sugano, S. (1999). Influence of training on 

autonomic nervous function in horses: evaluation by power spectral analysis of heart rate 

variability. Equine Veterinary Journal 31, 178-180. 

Lamprecht, E. D. (2010). Inflammatory and antioxidant status of horses undergoing intense 

exercise and nutritional supplementation, Rutgers University-Graduate School-New 

Brunswick. 

Lang, R., Patel, D., Morris, J. J., Rutschman, R. L., and Murray, P. J. (2002). Shaping gene 

expression in activated and resting primary macrophages by IL-10. The Journal of 
Immunology 169, 2253-2263. 

Lawan, A., Noraniza, M., Rasedee, A., and Bashir, A. (2012). Prevalence of Lameness and 
Metabolic disorders in endurance horses. Malaysian Journal of Veterinary Research 3, 

33-37. 

Lazarim, F. L., Antunes-Neto, J. M., da Silva, F. O., Nunes, L. A., Bassini-Cameron, A., 

Cameron, L.-C., Alves, A. A., Brenzikofer, R., and de Macedo, D. V. (2009). The upper 

values of plasma creatine kinase of professional soccer players during the Brazilian 

National Championship. Journal of Science and Medicine in Sport 12, 85-90. 

Lee, D.-H., Blomhoff, R., and Jacobs, D. R. (2004). Review Is Serum Gamma 

Glutamyltransferase a Marker of Oxidative Stress? Free Radical Research 38, 535-539. 

Lee, D.-H., and Jacobs, D. R. (2005). Association between serum gamma-glutamyltransferase and 

C-reactive protein. Atherosclerosis 178, 327-330. 

Lee, D., and Haymes, E. M. (1995). Exercise duration and thermoregulatory responses after 

whole body precooling. Journal of Applied Physiology 79, 1971-1976. 

Lekeux, P., Art, T., Linden, A., Desmecht, D., and Amory, H. (1991). Heart rate, hematological 

and serum biochemical responses to show jumping. Equine Exercise Physiology 3, 385-

390. 

Lewis, L. D. (1995). "Equine clinical nutrition: feeding and care," Williams & Wilkins. Wiley-

Blackwell; 1 edition pp 1- 587. 
 

Lindinger, M., and Ecker, G. L. (1995). Ion and water losses from body fluids during a 163 km 

endurance ride. Equine Veterinary Journal 27, 314-322. 

Lindinger, M., and Marlin, D. (1995). Heat stress and acclimation in the performance horse: 

where we are and where we are going. Equine Veterinary Education 7, 256-262. 

Lindinger, M. I. (1999). Exercise in the heat: thermoregulatory limitations to performance in 

humans and horses. Canadian Journal of Applied Physiology 24, 152-163. 



© C
OPYRIG

HT U
PM

115 
 

Lindinger, M. I., McCutcheon, L., Ecker, G., and Geor, R. (2000). Heat acclimation improves 

regulation of plasma volume and plasma Na+ content during exercise in horses. Journal 
of Applied Physiology 88, 1006-1013. 

Lindner, A., Mosen, H., Kissenbeck, S., Fuhrmann, H., and Sallmann, H. (2009). Effect of blood 
lactate-guided conditioning of horses with exercises of differing durations and intensities 

on heart rate and biochemical blood variables. Journal of Animal Science 87, 3211-3217. 

Lindner, A., Von Wittke, P., Schmald, M., Kusserow, J., and Sommer, H. (1992). Maximal lactate 
concentrations in horses after exercise of different duration and intensity. Journal of 

Equine Veterinary Science 12, 36-39. 

Lucke, J., and Hall, G. (1978). Biochemical changes in horses during a 50-mile endurance ride. 

Veterinary Record 102, 356-358. 

Marchesini, G., Brizi, M., Bianchi, G., Tomassetti, S., Bugianesi, E., Lenzi, M., McCullough, A. 

J., Natale, S., Forlani, G., and Melchionda, N. (2001). Nonalcoholic fatty liver disease a 

feature of the metabolic syndrome. Diabetes 50, 1844-1850. 

Marlin, D., Scott, C. M., Schroter, R., Harris, R., Harris, P. A., Roberts, C., and Mills, P. (1999). 

Physiological responses of horses to a treadmill simulated speed and endurance test in 

high heat and humidity before and after humid heat acclimation. Equine Veterinary 
Journal 31, 31-42. 

Marlin, D. J., Fenn, K., Smith, N., Deaton, C. D., Roberts, C. A., Harris, P. A., Dunster, C., and 
Kelly, F. J. (2002). Changes in circulatory antioxidant status in horses during prolonged 

exercise. The Journal of Nutrition 132, 1622S-1627S. 

McBride, J. M., and Kraemer, W. J. (1999). Free radicals, exercise, and antioxidants. The Journal 

of Strength & Conditioning Research 13, 175-183. 

McConaghy, F. (1994). Thermoregulation. The athletic horse. WS Saunders CO, Philadelphia, 
USA, 181-202. 

McCutcheon, L., and Geor, R. (1996). Sweat fluid and ion losses in horses during training and 
competition in cool vs. hot ambient conditions: implications for ion supplementation. 

Equine Veterinary Journal 28, 54-62. 

McCutcheon, L., and Geor, R. (2000). Influence of training on sweating responses during 

submaximal exercise in horses. Journal of Applied Physiology 89, 2463-2471. 

McKeever, K., Hinchcliff, K., Reed, S., and Robertson, J. (1993). Role of decreased plasma 

volume in hematocrit alterations during incremental treadmill exercise in horses. 

American Journal of Physiology-Regulatory, Integrative and Comparative Physiology 

265, R404-R408. 

McKeever, K., and Malinowski, K. (1997). Exercise capacity in young and old mares. American 

Journal of Veterinary Research 58, 1468-1472  

McKeever, K., and Malinowski, K. (1999). Endocrine response to exercise in young and old 

horses. Equine Veterinary Journal 31, 561-566. 

McKeever, K. H. (2008). Body fluids and electrolytes: responses to exercise and training. Equine 

Exercise Physiology: The Science of Exercise in the Athletic Horse 100, 328. 

McKeever, K. H., Wickler, S. J., Smith, T. R., and Poole, D. C. (2010). Effects of high altitude 

and exercise on plasma erythropoietin in equids. Comparative Exercise Physiology 7, 

193-199. 



© C
OPYRIG

HT U
PM

116 
 

McMiken, D. (1983). An energetic basis of equine performance. Equine Veterinary Journal 15, 

123-133. 

Meeusen, S., DeVay, R., Block, J., Cassidy-Stone, A., Wayson, S., McCaffery, J. M., and 

Nunnari, J. (2006). Mitochondrial inner-membrane fusion and crista maintenance requires 
the dynamin-related GTPase Mgm1. Cell 127, 383-395. 

Mills, E. M., Gunasekar, P. G., Pavlakovic, G., and Isom, G. E. (1996). Cyanide‐induced 

apoptosis and oxidative stress in differentiated PC12 cells. Journal of Neurochemistry 67, 
1039-1046. 

Mills, P., and Higgins, A. (1997). Oxidant injury, nitric oxide and pulmonary vascularfunction: 
Implications for the exercising horse. The Veterinary Journal 153, 125-148. 

Moldoveanu, A. I., Shephard, R. J., and Shek, P. N. (2001). The cytokine response to physical 
activity and training. Sports Medicine 31, 115-144. 

Moncada, S., and Erusalimsky, J. D. (2002). Does nitric oxide modulate mitochondrial energy 

generation and apoptosis? Nature Reviews Molecular Cell Biology 3, 214-220. 

Moriwaki, Y., Yamamoto, T., and Higashino, K. (1999). Enzymes involved in purine 

metabolism-a review of histochemical localization and functional implications. Histology 
and Histopathology 14, 1321-1340. 

Moshage, H. (1997). Cytokines and the hepatic acute phase response. The Journal of Pathology 
181, 257-266. 

Munoz, A., Riber, C., Trigo, P., Castejon-Riber, C., and Castejon, F. (2010). Dehydration, 

electrolyte imbalances and renin‐angiotensin‐aldosterone‐vasopressin axis in successful 

and unsuccessful endurance horses. Equine Veterinary Journal 42, 83-90. 

 

Muñoz, A., Riber, C., Trigo, P., Castejón, F. M., Lucas, R. G., and Palacio, J. (2011). The effects 
of hypertonic dehydration changes on renal function and arginine vasopressin in the horse 

during pulling exercises. The Veterinary Journal 189, 83-88. 

Muñoz, A., Santisteban, R., Rubio, M., Riber, C., Agüera, E., and Castejón, F. (1999). Locomotor 

response to exercise in relation to plasma lactate accumulation and heart rate in 

Andalusian and Anglo-Arabian horses. Veterinary Research Communications 23, 369-
384. 

Muraoka, S., and Miura, T. (2003). Inhibition by uric acid of free radicals that damage biological 

molecules. Pharmacology & Toxicology 93, 284-289. 

Myburgh, K. H. (2003). What makes an endurance athlete world-class? Not simply a 

physiological conundrum. Comparative Biochemistry and Physiology Part A: Molecular 
& Integrative Physiology 136, 171-190. 

Nakanishi, N., Nishina, K., Li, W., Sato, M., Suzuki, K., and Tatara, K. (2003). Serum γ‐
glutamyltransferase and development of impaired fasting glucose or type 2 diabetes in 

middle‐aged Japanese men. Journal of Internal Medicine 254, 287-295. 

Nieman, D. C., Dumke, C. L., Henson, D. A., McAnulty, S. R., Gross, S. J., and Lind, R. H. 
(2005). Muscle damage is linked to cytokine changes following a 160-km race. Brain, 

Behavior and Immunity 19, 398-403. 

Nimmo, M., and Ekblom, B. (2007). Fatigue and illness in athletes. Journal of Sports Sciences 25, 

93-102. 



© C
OPYRIG

HT U
PM

117 
 

Norman, B., Sollevi, A., Kaijser, L., and Jansson, E. (1987). ATP breakdown products in human 

skeletal muscle during prolonged exercise to exhaustion. Clinical Physiology 7, 503-510. 

Oldruitenborgh-Oosterbaan, S. v. (1994). "The treatment of the exhausted horse under field 

conditions." Journal of Equine Practice 4, 236-244 

Pearson, R. A., and Dijkman, J. T. (1994). Nutritional implications of work in draught animals. 

Proceedings of the Nutrition Society 53, 169-179. 

Pedersen, W. A., Fu, W., Keller, J. N., Markesbery, W. R., Appel, S., Smith, R. G., Kasarskis, E., 

and Mattson, M. P. (1998). Protein modification by the lipid peroxidation product 4‐
hydroxynonenal in the spinal cords of amyotrophic lateral sclerosis patients. Annals of 
Neurology 44, 819-824. 

Pederson, B. A., Cope, C. R., Irimia, J. M., Schroeder, J. M., Thurberg, B. L., Depaoli-Roach, A. 
A., and Roach, P. J. (2005). Mice with elevated muscle glycogen stores do not have 

improved exercise performance. Biochemical and Biophysical Research Communications 

331, 491-496. 

Peeling, P., Dawson, B., Goodman, C., Landers, G., and Trinder, D. (2008). Athletic induced iron 

deficiency: new insights into the role of inflammation, cytokines and hormones. 

European Journal of Applied Physiology 103, 381-391. 

Persson, L. (1983). Food consumption and the significance of detritus and algae to intraspecific 

competition in roach Rutilus rutilus in a shallow eutrophic lake. Nordic Society Oikos 41, 
118-125. 

Persson, S. (1997). Heart rate and blood lactate responses to submaximal treadmill exercise in the 
normally performing standardbred trotter—age and sex variations and predictability from 

the total red blood cell volume. Journal of Veterinary Medicine Series A 44, 125-132. 

Petersen, A., and Pedersen, B. (2006). The Role of IL-6 in mediating the anti-inflammatory. 
Journal of Physiology and Pharmacology 57, 43-51. 

Petersen, E., Carey, A., Sacchetti, M., Steinberg, G., Macaulay, S., Febbraio, M., and Pedersen, B. 
(2005). Acute IL-6 treatment increases fatty acid turnover in elderly humans in vivo and 

in tissue culture in vitro. American Journal of Physiology-Endocrinology and Metabolism 

288, E155-E162. 

Petersen, H. H., Nielsen, J. P., and Heegaard, P. M. (2004). Application of acute phase protein 

measurements in veterinary clinical chemistry. Veterinary Research 35, 163-87. 

Piccione, G., Casella, S., Giannetto, C., Messina, V., Monteverde, V., Caola, G., and Guttadauro, 

S. (2010a). Haematological and haematochemical responses to training and competition 

in standardbred horses. Comparative Clinical Pathology 19, 95-101. 

Piccione, G., Fazio, F., Giannetto, C., Assenza, A., and Caola, G. (2007). Oxidative stress in 

thoroughbreds during official 1800-metre races. Veterinarski Arhiv 77, 219. 

Piccione, G., Giannetto, C., Casella, S., and Caola, G. (2010b). Daily locomotor activity in five 

domestic animals. Animal Biology 60, 15-24. 

Piccione, G., Grasso, F., Fazio, F., and Giudice, E. (2008). The effect of physical exercise on the 

daily rhythm of platelet aggregation and body temperature in horses. The Veterinary 

Journal 176, 216-220. 

Piccione, G., Messina, V., Casella, S., Giannetto, C., and Caola, G. (2010c). Blood lactate levels 

during exercise in athletic horses. Comparative Clinical Pathology 19, 535-539. 



© C
OPYRIG

HT U
PM

118 
 

Pollock, J., Welsh, M., and McNair, J. (2005). Immune responses in bovine tuberculosis: towards 

new strategies for the diagnosis and control of disease. Veterinary Immunology and 
Immunopathology 108, 37-43. 

Poso, A. (2002). Monocarboxylate transporters and lactate metabolism in equine athletes: a 
review. Acta Veterinary Scandinavian 43, 63-74. 

Poso, A., Soveri, T., Alaviuhkola, M., Lindqvist, L., Alakuijala, L., Maenpaa, P., and Oksanen, H. 

(1987). Metabolic responses to exercise in the racehorse: changes in plasma alanine 
concentration. Journal of Applied Physiology 63, 2195-2200. 

Poso, A. R., Hyyppä, S., Geor, R. J., Hinchcliff, K., and Kaneps, A. (2008). Metabolic responses 
to exercise and training. Equine Exercise Physiology, The Science of Exercise in the 

Athletic Horse (eds. Hinchcliff, KW Geor, R. J. Kaneps, AJ), 248-273. 

Poso, A. R., Lampinen, K. J., and Rasanen, L. A. (1995). Distribution of lactate between red 

blood cells and plasma after exercise. Equine Veterinary Journal 27, 231-234. 

Powers, S. K., and Hamilton, K. (1999). Antioxidants and exercise. Clinics in Sports Medicine 18, 

525-536. 

Powers, S. K., and Lennon, S. L. (1999). Analysis of cellular responses to free radicals: focus on 
exercise and skeletal muscle. In "Proceedings-Nutrition Society of London", Vol. 58, pp. 

1025-1033. Cambridge Univ Press. 

Prince, A., Geor, R., Harris, P., Hoekstra, K., Gardner, S., Hudson, C., and Pagan, J. (2002). 

Comparison of the metabolic responses of trained Arabians and Thoroughbreds during 

high‐and low‐intensity exercise. Equine Veterinary Journal 34, 95-99. 

Reynolds, J., Potter, G., Odom, T., Vogelsang, M., Smith, W., Nielsen, B., Senor, D., and Bird, E. 

(1993). Physiological responses to training and racing in two-year-old Quarter Horses. 

Journal of Equine Veterinary Science 13, 543-548. 

Rivero, J., and Henckel, P. (1996). Muscle biopsy index for discriminating between endurance 

horses with different performance records. Research in Veterinary Science 61, 49-54. 

Rivero, J., Ruz, M. C., Serrano, A., and Diz, A. (1995). Effects of a 3 month endurance training 

programme on skeletal muscle Histochemistry in Andalusian, Arabian and Anglo‐
Arabian horses. Equine Veterinary Journal 27, 51-59. 

Robert, C., Benamou-Smith, A., and Leclerc, J. L. (2002). Use of the recovery check in long‐
distance endurance rides. Equine Veterinary Journal 34, 106-111. 

Robert, C., Goachet, A. G., Fraipont, A., Votion, D. M., van Erck, E., and Leclerc, J. L. (2010). 

Hydration and electrolyte balance in horses during an endurance season. Equine 
Veterinary Journal 42, 98-104. 

Robson-Ansley, P., Barwood, M., Canavan, J., Hack, S., Eglin, C., Davey, S., Hewitt, J., Hull, J., 
and Ansley, L. (2009). The effect of repeated endurance exercise on IL-6 and sIL-6R and 

their relationship with sensations of fatigue at rest. Cytokine 45, 111-116. 

Rose, R. (1986). Endurance exercise in the horse—A review. Part I. British Veterinary Journal 

142, 532-541. 

Rose, R., and Hodgson, D. (1994). Hematology and biochemistry. The athletic horse: Principles 
and Practice of Equine Sports Medicine, 63-78. 



© C
OPYRIG

HT U
PM

119 
 

Rose, R., Hodgson, D., Sampson, D., and Chan, W. (1983). Changes in plasma biochemistry in 

horses competing in a 160 km endurance ride. Australian Veterinary Journal 60, 101-
105. 

Rose, R., Ilkiw, J., Arnold, K. S., Backhouse, J., and Sampson, D. (1980). Plasma biochemistry in 

the horse during 3‐day event competition. Equine Veterinary Journal 12, 132-136. 

Rose, R., Purdue, R., and Hensley, W. (1977). Plasma biochemistry alterations in horses during 

an endurance ride. Equine Veterinary Journal 9, 122-126. 

Rosendal, L., Larsson, B., Kristiansen, J., Peolsson, M., Søgaard, K., Kjær, M., Sørensen, J., and 

Gerdle, B. (2004). Increase in muscle nociceptive substances and anaerobic metabolism 
in patients with trapezius myalgia: microdialysis in rest and during exercise. Pain 112, 

324-334. 

Rowbottom, A., Garland, R., Lepper, M., Kaneria, S., Goulden, N., Oakhill, A., and Steward, C. 

(2000). Functional analysis of the CD8+ CD57+ cell population in normal healthy 

individuals and matched unrelated T‐cell‐depleted bone marrow transplant recipients. 

British Journal of Haematology 110, 315-321. 

Rowell, L. (1986). Circulatory adjustments to dynamic exercise. Human circulation regulation 

during physical stress, Physiological Reviews 57, 779-815.. 

Sampieri, F., Schott, H., Hinchcliff, K., Geor, R., and Jose-Cunilleras, E. (2006). Effects of oral 

electrolyte supplementation on endurance horses competing in 80 km rides. Equine 
Veterinary Journal 38, 19-26. 

Santos, S., Silva, R., Azevedo, J., Mello, M., Soares, A., Sibuya, C., and Anaruma, C. (2001). 

Serum electrolyte and total protein alterations in Pantaneiro horse during long distance 
exercise. Arquivo Brasileiro de Medicina Veterinária e Zootecnia 53, 351-357. 

Sautin, Y. Y., and Johnson, R. J. (2008). Uric acid: the oxidant-antioxidant paradox. Nucleosides, 
Nucleotides, and Nucleic Acids 27, 608-619. 

Scharhag, J., Meyer, T., Gabriel, H., Schlick, B., Faude, O., and Kindermann, W. (2005). Does 
prolonged cycling of moderate intensity affect immune cell function? British Journal of 

Sports Medicine 39, 171-177. 

Schneider Oliveira, M., Flavia Furian, A., Freire Royes, L., Rechia Fighera, M., de Carvalho 

Myskiw, J., Gindri Fiorenza, N., and Mello, C. (2004). Ascorbate modulates 

pentylenetetrazol-induced convulsions biphasically. Neuroscience 128, 721-728. 

Schöffski, P., and van Oosterom, A. (2005). Imatinib mesylate inhibits glucose uptake in 

gastrointestinal stromal tumor cells by downregulation of the glucose transporters 

recruitment to the plasma membrane. American Journal of Biochemistry and 
Biotechnology 1, 95-102. 

Schott, H., and Charlton, M. R. (1996). Postexertional ileus in an Arabian gelding. The 
Compendium on Continuing Education for the Practicing Veterinarian 18, 559–563. 

Schott II, H. C. (2010). Challenges of Endurance Exercise: Hydration and Electrolyte Depletion. 
Kentucky Equine Research. 20, 651–656 

Sen, C. K., and Packer, L. (1996). Antioxidant and redox regulation of gene transcription. The 

FASEB Journal 10, 709-720. 



© C
OPYRIG

HT U
PM

120 
 

Serrano, A. L., Baeza-Raja, B., Perdiguero, E., Jardí, M., and Muñoz-Cánoves, P. (2008). 

Interleukin-6 is an essential regulator of satellite cell-mediated skeletal muscle 
hypertrophy. Cell Metabolism 7, 33-44. 

Smith, D. A., and Sleep, J. (2004). Mechanokinetics of rapid tension recovery in muscle: the 
myosin working stroke is followed by a slower release of phosphate. Biophysical Journal 

87, 442-456. 

Smith, J. A., Kolbuch-Braddon, M., Gillam, I., Telford, R. D., and Weidemann, M. J. (1995). 
Changes in the susceptibility of red blood cells to oxidative and osmotic stress following 

submaximal exercise. European Journal of Applied Physiology and Occupational 

Physiology 70, 427-436. 

Smith, L. L. (2000). Cytokine hypothesis of overtraining: a physiological adaptation to excessive 

stress. Medicine and Science in Sports and Exercise 32, 317-331. 

Snow, D. (1983). Skeletal muscle adaptations: a review. Equine Exercise Physiology. Granta 

Editions, Cambridge 160-183. 

Snow, D., and Harris, R. (1985). Thoroughbreds and greyhounds: Biochemical adaptations in 

creatures of nature and of man. In "Circulation, Respiration, and Metabolism" 227-239. 

Springer. 

Snow, D., Harris, R., MacDonald, I., Forster, C., and Marlin, D. (1992). Effects of high‐intensity 

exercise on plasma catecholamines in the Thoroughbred horse. Equine Veterinary 
Journal 24, 462-467. 

Snow, D., and Valberg, S. (1994). Muscle anatomy, physiology, and adaptations to exercise and 
training. The Athletic Horse 145-179. 

Steensberg, A., Morrow, J., Toft, A., Bruunsgaard, H., and Pedersen, B. (2002). Prolonged 

exercise, lymphocyte apoptosis and F2-isoprostanes. European Journal of Applied 
Physiology 87, 38-42. 

Stockham, S. L., and Scott, M. A. (2002). "Fundamentals of veterinary clinical pathology," Iowa 
State Press. Wiley-Blackwell 2, 3-831. 

Streltsova, J. M., McKeever, K. H., Liburt, N. R., Gordon, M. E., Horohov, D. W., Rosen, R. T., 
and Franke, W. (2006). Effect of orange peel and black tea extracts on markers of 

performance and cytokine markers of inflammation in horses. Equine and Comparative 

Exercise Physiology 3, 121-130. 

Suzuki, K., Peake, J., Nosaka, K., Okutsu, M., Abbiss, C. R., Surriano, R., Bishop, D., Quod, M. 

J., Lee, H., and Martin, D. T. (2006). Changes in markers of muscle damage, 

inflammation and HSP70 after an Ironman triathlon race. European Journal of Applied 
Physiology 98, 525-534. 

Tandogan, B., and Ulusu, N. N. (2006). Kinetic mechanism and molecular Properties of 
glutathione reductase. FABAD Journal of  Pharmacological Science 31, 230-237. 

Tizard, I. (2009). Veterinary Immunology: An Introduction, Saunders Elsevier, St. Louis, MO 
pp.1- 498. 

Tomás, E., Zorzano, A., and Ruderman, N. B. (2002). Exercise and insulin signaling: a historical 

perspective. Journal of Applied Physiology 93, 765-772. 

Treiber, K., Hess, T., Kronfeld, D., Boston, R., Geor, R., Friere, M., Silva, A., and Harris, P. 

(2006). Glucose dynamics during exercise: dietary energy sources affect minimal model 



© C
OPYRIG

HT U
PM

121 
 

parameters in trained Arabian geldings during endurance exercise. Equine Veterinary 

Journal 38, 631-636. 

Trigo, P., Castejon, F., Riber, C., and Muñoz, A. (2010). Use of biochemical parameters to predict 

metabolic elimination in endurance rides. Equine Veterinary Journal 42, 142-146. 

Tullson, P. C., Bangsbo, J., Hellsten, Y., and Richter, E. A. (1995). IMP metabolism in human 

skeletal muscle after exhaustive exercise. Journal of Applied Physiology 78, 146-152. 

Tullson, P. C., and Terjung, R. L. (1991). Adenine nucleotide synthesis in exercising and 

endurance-trained skeletal muscle. American Journal of Physiology-Cell Physiology 261, 

C342-C347. 

Väihkönen, L. K., Heinonen, O. J., Hyyppä, S., Nieminen, M., and Pösö, A. R. (2001). Lactate-

transport activity in RBCs of trained and untrained individuals from four racing species. 
American Journal of Physiology-Regulatory, Integrative and Comparative Physiology 

281, R19-R24. 

Väihkönen, L. K., and Pösö, A. R. (1998). Interindividual variation in total and carrier-mediated 

lactate influx into red blood cells. American Journal of Physiology-Regulatory, 

Integrative and Comparative Physiology 274, R1025-R1030. 

Valberg, S., Geyer, C., Sorum, S., and Cardinet 3rd, G. (1996). Familial basis of exertional 

rhabdomyolysis in quarter horse-related breeds. American Journal of Veterinary Research 

57, 286-290 

Valberg, S., Jönsson, L., Lindholm, A., and Holmgren, N. (1993). Muscle histopathology and 

plasma aspartate aminotransferase, creatine kinase and myoglobin changes with exercise 
in horses with recurrent exertional rhabdomyolysis. Equine Veterinary Journal 25, 11-16. 

Valberg, S. J., Cardinet III, G. H., Carlson, G. P., and DiMauro, S. (1992). Polysaccharide storage 

myopathy associated with recurrent exertional rhabdomyolysis in horses. Neuromuscular 
Disorders 2, 351-359. 

Valberg, S. J., Mickelson, J., Gallant, E. M., Macleay, J. M., Lentz, L., and Corte, F. (1999). 
Exertional rhabdomyolysis in quarter horses and thoroughbreds: one syndrome, multiple 

aetiologies. Equine Veterinary Journal 31, 533-538. 

Van Oldruitenborgh-Oosterbaan, M. S., Wensing, T., Barneveld, A., and Breukink, H. (1991). 

Work-load in the horse during vaulting competition. Equine Exercise Physiology (third 

ed.), ICEEP publications, Davis, California, 331-336. 

thoroughbred race horses. Comparative Biochemistry and Physiology-Part A: Molecular 
& Integrative Physiology 128, 99-104. 

Whitfield, J. (2001). Gamma glutamyl transferase. Critical Reviews in Clinical Laboratory 
Sciences 38, 263-355. 

Williams, C., Gordon, M., Betros, C., and McKeever, K. (2008). Apoptosis and antioxidant status 
are influenced by age and exercise training in horses. Journal of Animal Science 86, 576-

583. 

Williams, C., Kronfeld, D., Hess, T., Saker, K., Waldron, J., Crandell, K., Hoffman, R., and 

Harris, P. (2004). Antioxidant supplementation and subsequent oxidative stress of horses 

during an 80-km endurance race. Journal of Animal Science 82, 588-594. 



© C
OPYRIG

HT U
PM

122 
 

Williams, C. A., and Burk, A. O. (2012). Antioxidant Status in Elite Three-Day Event Horses 

during Competition. Oxidative Medicine and Cellular Longevity 2012. 3, 1-8. 

Yang, H., Liu, C., Yang, D., Zhang, H., and Xi, Z. (2009). Comparative study of cytotoxicity, 

oxidative stress and genotoxicity induced by four typical nanomaterials: the role of 
particle size, shape and composition. Journal of Applied Toxicology 29, 69-78. 

Young, A. A. (1999). Model tags: direct three-dimensional tracking of heart wall motion from 

tagged magnetic resonance images. Medical Image Analysis 3, 361-372. 

Zobba, R., Ardu, M., Niccolini, S., Cubeddu, F., Dimauro, C., Bonelli, P., Dedola, C., Visco, S., 

and Pinna Parpaglia, M. L. (2011). Physical, Hematological, and Biochemical Responses 
to Acute Intense Exercise in Polo Horses. Journal of Equine Veterinary Science 31, 542-

548. 

 


	PhDTHESISKAKU4.pdf (p.1-23)
	COPYRIGHTPhDLA2.pdf (p.2)
	DEDICATION3.pdf (p.3-13)
	APPROVAL (ENGLISH)4.pdf (p.10)
	PhD5.pdf (p.11)
	Declaration by graduate studentPhDLA6.pdf (p.12)
	Declaration by Members of Supervisory Committee7.pdf (p.13)
	PhD8.pdf (p.14-150)

	TABLE OF CONTENT4.pdf (p.14-130)

	LLLLL.pdf (p.24-130)
	APPROVAL (ENGLISH)4.pdf (p.10)
	PhD5.pdf (p.11)
	Declaration by graduate studentPhDLA6.pdf (p.12)
	Declaration by Members of Supervisory Committee7.pdf (p.13)
	PhD8.pdf (p.14-150)

	References. LISTS docx.pdf (p.131-145)
	BIODATA5.pdf (p.146-150)
	COPYRIGHTPhDLA2.pdf (p.2)
	PhD3.pdf (p.3-9)




