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Aim. The aim of the present study was to investigate the alterations of some hematological parameters (hae-
matocrit (HCT), haemoglobin concentration (HGB), the count of red blood cells (RBC), mean corpuscular
hemoglobin concentration (MCHC), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH),
red cell distribution width (RDW), as well as resistance of erythrocytes to urea and hydrogen peroxide in horses
after 32 km endurance race. Methods. Seven horses from Crimea region (Bilohirsk, Crimean region) were
involved in this study. Haematological parameters (haematocrit (HCT), haemoglobin concentration (HGB),
the count of red blood cells (RBC), mean corpuscular hemoglobin concentration (MCHC), mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), red cell distribution width (RDW)) were determined
with use of hematological and biochemical methods. Blood samples have been investigated by centrifugation
at 3,000 g for 15 min. The peroxide and osmotic resistance of erythrocytes were determined spectrophoto-
metrically at 540 nm by monitoring the rate of erythrocytes disintegration by hydrogen peroxide. Endurance
horses used in this study are trained and conditioned to perform over long distances at moderate speeds. The
prolonged exercises were used in endurance race. The walk about 3 km/h for 20 min, the trot about 7 km/h for
15 min, and the canter about 5 km/h for 15 min and the walk about 1 km were repeated for 1 h (phase I); rest
in an outdoor paddock without access to water for 30 min. And phase II: the walk about 3 km/h for 20 min, the
trot about 7 km/h for 15 min, and the canter about 5 km/h for 15 min and the walk about 1 km was repeated for
1 h. Results. The results of the present study showed that adequate endurance race of low intensity could im-
prove oxygen-dependent respiratory function in horses from Crimean region. Furthermore, the non-significant
increase of red blood cells indices in endurance horses indicates good athletic level after 32 km endurance ride.
Statistically significant differences in the percentage of hemolyzed erythrocytes between pre- and post-ride
period were observed and thereby signify an oxidative stress-dependent impairment of erythrocyte stability.
Conclusions. The haematological changes caused by various physical efforts reflect changes in the functions
of different systems and can be used for health control and diagnosis of diseases. It also allows evaluating the
level of sport performance, the accuracy of training, and physiological condition of horses.
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INTRODUCTION

Equine endurance races have become an important
field of competition in recent years but unfortunately
have received little attention from scientists [1, 2]. The
training of endurance horses and athletic longevity is
comparable to that of a human marathoner [3].
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Most breeds have been tested and used for endur-
ance races; the most competitive are Arabian or Ara-
bian crosses due to their muscle fibre composition, but
other breeds, including Thoroughbred, Quarter Horses,
Mustangs, Appaloosas, Morgans, Standardbred [4, 5].
For endurance race, it often use horses of local breeds,
bred directly in recreational areas. For example, wide-
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spread in Carpathians Hucul horses — bred in Poland
and Ukraine or horses in Crimean Mountains [6]. The
basis of Crimean horses breed was formed from the
horses of Bashkir breed imported to the Crimea in the
60s of the last century. As a result of crosses under the
influence of harsh conditions of maintenance of horses
herd, breeds showed genotypic and phenotypic hetero-
genecity. The horses in Crimea Mountains are small,
about 145 cm at the withers. They are wide in the body
and deep-chested, with a thoracic circumference (girth)
averaging about 180 cm; they have a large head and a
short neck, low withers and a flat back. The legs are
short with heavy bone; cannon bone diameter may
reach 20 cm. The most common coat colours are bay,
red, brown, chestnut, mouse grey. The mane and tail
are thick and the coat is also thick. Today, horses in
Crimean Mountains are widely used in endurance race
and recreational riding [6].

Metabolic responses during endurance races result
from a build-up of free radicals in the muscles lead-
ing to poor performance and serious repercussions
on health status, significant changes in internal ho-
meostasis, blood volume, mean arterial pressure and
plasma tonicity. There are several neuroendocrine
mechanisms involved in the acute and chronic de-
fense of internal homeostasis, which act to ensure
an adequate blood flow to the working muscles and
other vital tissues, together with the provision of a
proper fluid volume for sweating and thermoregu-
lation [1, 5, 7]. The working muscles of endurance
horses depend on aerobic metabolism of glycogen
stores, blood fatty acids and volatile fatty acids from
hindgut fermentation, heart size and capacity to de-
liver large volumes of blood to the tissues [2, 5].
Certain cardiovascular and haematological adapta-
tions are necessary to guarantee the correct supply of
oxygen and blood substrates to active muscles dur-
ing exercises and the release of metabolites. These
systems could act as limiting factors to the aerobic
potential and, thereby, could limit the physical per-
formance [8].

Endurance exercise in horses leads to variety of
physiological changes, i.e. an increase of haemato-
crit (HCT), cardiac output, mean pulmonary arterial
blood pressure, and the arterial hypoxemia [2, 5, §].
In addition, muscle temperature increases significantly
during an exercise; therefore, this also can affect on
the reduction of erythrocyte resistance. Also acidosis,
elevated level of catecholamines, dehydration, and
compression of erythrocytes in capillaries within the
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Fig. 1. Maps of Crimean region in Ukraine, marked are Bi-
lohirsk (Crimean region, Ukraine)

contracting muscle are some important mechanisms
that play a role in intravascular haemolysis during
regular physical activity [9]. Intravascular hemolysis is
one of the most emphasized mechanisms for destruc-
tion of erythrocytes during physical activity in horses
[6, 10—12]. In endurance races, stress and fatigue are
clearly expressed by changes in hematological and bio-
chemical parameters of horses [2]. Additionally, blood
haematological parameters can be good indicators of
the response to treatment, the severity and the systemic
effects of a disease, as well as horse welfare, health and
fitness levels of horses [1, 2, 5, 7]. Therefore, the main
goal of the present study was to investigate the altera-
tions of some haematological parameters [haematocrit
(HCT), haemoglobin concentration (HGB), the count
of red blood cells (RBC), mean corpuscular hemoglo-
bin concentration (MCHC), mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH), red
cell distribution width (RDW)], as well as resistance
of erythrocytes to hemolytic agents in Crimean horses
after 32 km endurance race.

MATERIALS AND METHODS

Horses. Seven horses in Crimean region (Bilohirsk,
Crimean region, Ukraine) were involved in our stu-
dy (Fig. 1). The basis of local horses in Crimea was
formed from the Bashkir Curly Horse which were
imported to the Crimea in the 60s of the last century.
Equestrian tourism in Crimea was established main-
ly in the mid-90s, when the horses ended up in pri-
vate ownership, and each owner at his discretion led
the subsequent reproduction of livestock. Thus, a lot
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of horses in Crimea were subjected to chaotic cross-
breeding with stallions of various breeds: Akhal-Teke,
Trakehner, Arab, Thoroughbreds, trotters, and other
cold blood horses, including Bashkir Curly Horse. As
a result of crosses under the influence of harsh condi-
tions of herd maintenance, breeds showed genotypic
and phenotypic heterogenecity. These horses come in
a wide range of sizes from miniature to draft, and in
different color. Their hoofs are almost perfectly round
in shape. They also have stout round-bone; straight
legs; flat knees; strong hocks; short back; round rump;
powerful rounded shoulders; round chest, all of which
contribute to their strength and endurance.

All horses participated in endurance race. Horses
were subjected to herd maintenance with feeding (hay
and oat) provided twice a day and water available ad
libitum.

All horses were thoroughly examined clinically and
screened for hematological, biochemical and vital pa-
rameters, which were within reference ranges. The fe-
males were non-pregnant. Owners allowed to provide
supplemental feed and salts to their horses. Information
about supplementations in horse diets with antioxidant
compounds, such as vitamin E or selenium, was not
available. Information about previous physical activi-
ties was not available. A comprehensive physical ex-
amination was performed on all horses. The physical
examination included monitoring horses’ vital clinical
signs (heart rhythm, respiratory rhythm and gut sounds).
In addition, the hydration status, gait of the animal, and
presence of any injuries, especially in the legs, girth,
withers, and back, were recorded. Only horses that had
normal clinical parameters were allowed to participate
in the endurance race.

Endurance race. The prolonged exercises were used
in endurance race. The walk about 3 km per h for 20
min, the trot about 7 km per h for 15 min, the canter
about 5 km per h for 15 min, and the walk about 1 km
was repeated for 1 h (phase I); the rest in an outdoor
paddock without access to water for 30 min. Phase I1
consisted of the walk about 3 km per h for 20 min, the
trot about 7 km per h for 15 min, the canter about 5 km
per h for 15 min, and the walk about 1 km was repeated
for 1 h.

Blood samples. Blood was drawn from jugular veins
of the animals in the morning, 90 min after feeding,
while the horses were in the stables (between 8:30
and 10 AM), and immediately after endurance race
(between 11:00 AM and 2:00 PM). Blood was stored
into tubes with K-EDTA and held on ice until cen-
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trifugation at 3,000g for 15 minutes. The plasma was
removed. The erythrocytes’ suspension (one volume)
was washed with five volumes of saline solution three
times and centrifuged at 3,000 g for 15 minutes. Plas-
ma aliquots were frozen and stored at —25 °C until
analyzed.

Hematological assays. Routine haematological pa-
rameters (haematocrit (HCT), haemoglobin concentra-
tion (HGB), the count of red blood cells (RBC), mean
corpuscular hemoglobin concentration (MCHC), mean
corpuscular volume (MCV), mean corpuscular hemo-
globin (MCH), red cell distribution width (RDW)) —
were measured and counted with an automated hema-
tology analyzer (Abakus Junior Vet, Austria).

Assays of osmotic resistance of erythrocytes. The
osmotic resistance of erythrocytes was measured spec-
trophotometrically at the wavelength of 540 nm as
described by Kamyshnikov (2004) [13]. The method
is based on the determination of differences between
osmotic resistance of erythrocytes to a mixture contain-
ing various concentration of sodium chloride and urea.
Absorbance of mixture contained erythrocytes and 0.3
M urea solution was determined as 100 % hemolysis
(standard). The level of hemolysis in every test tube
(%) was calculated in respect to the absorbance of
standard. Hemolysis of erythrocytes (%) in every test
tube with different urea concentration was expressed
as curve [13].

Assay of resistance of erythrocytes to hydrogen
peroxide. The peroxide resistance of erythrocytes
was determined spectrophotometrically at 540 nm by
monitoring the rate of erythrocytes disintegration by
hydrogen peroxide as described by Gzhegotskyi ef al.
[14]. The mixture contained 0.25 mL of washed eryth-
rocytes, 0.08 mL of 4 mM phosphate buffer (pH 7.4)
with 4 mM sodium azide for inhibition of catalase ac-
tivity, and 0.17 mL of 30 uM hydrogen peroxide dis-
solved in phosphate buffer (pH 7.4). In the blank, hy-
drogen peroxide was substituted by phosphate buffer.
Absorbance of mixture containing erythrocytes, dis-
tilled water and hydrogen peroxide was determined
as 100 %. The peroxide resistance of erythrocytes
(hemolysed erythrocytes fraction) was expressed
in % [14].

Statistical analysis. Results are expressed as mean +
S.E.M. All variables were tested for normal distribu-
tion using the Kolmogorov-Smirnov test (p > 0.05). In
order to find significant differences (significance level,
p < 0.05) between states before and after riding, Wil-
coxon signed-rank test was applied to the data [15].
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Fig. 2. Values of red blood cell indices of Crimean horses during 32 km riding

All statistical analyses were performed using STATIS-
TICA 8.0 software (StatSoft, Poland). In addition, the
relationships between values of hematological indices
of all individuals were evaluated using Spearman’s cor-
relation analysis [15].

RESULTS AND DISCUSSION

In our study, all hematological parameters of horses
in Crimean region were within the reference values. In
the present study, post-ride values of red blood cell in-
dices did not significantly change compared to pre-ride
period (Fig. 2).

Exercises have variable effects on the erythrocyte
indices depending on work intensity, fitness and
training levels, environmental conditions and breed
of horses [6, 8, 16, 17]. Predominantly, the increase
in the value of RBC indices in horses is caused by a
release of erythrocytes from the spleen, where about
50-60 % of the general number of these blood cells
are located [16]. Exercise increases sympathetic ac-
tivity in horses and thus increases hematocrit. The
number of cells released from the spleen in response
to exercise is not “all-or-none,” but rather it is relat-
ed to the extent of the increase in sympathetic activ-
ity that is related to exercise intensity. However, the
increase of hematocrit could also be attributable to
changes in plasma volume in relation to thermoregu-
latory processes, mainly by sweating and evaporation
from the respiratory mucosa and to fluid shift derived
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from physical activity [18]. Adamu ef al. (2012) re-
ported significant increases in RBC, HGB and HCT
(p < 0.0001) which could indicate metabolic crisis
and poor performance in endurance horses [4]. How-
ever, numerous studies have shown that horses ex-
posed to high altitude have significantly higher RBC,
HGB and platelet corpuscular volume (PCV) values,
compared to animals that live at less altitude [16, 19].
It is considered a compensatory mechanism for the
lower content of oxygen in the atmospheric air, which
is proportionally reduced to the altitude [19].

Given fact that horses from Crimean region were
housed under altitude of the Crimean Mountains, our
results are consistent with previous studies [19]. More-
over, one of reasons of the slight increase of red blood
cells indexes in the blood of Crimean horses can be
their inhabitation on the altitude. Long term hypoxic
exposure and/or stress to altitude can lead to an incre-
ment of red blood cells, hemoglobin, density of capil-
lary blood vessels, and myoglobin density in skeletal
muscle [20, 21], resulting in enhancement of oxygen
delivery capacity. In the cellular level, hypoxic expo-
sure can accelerate the proliferation of mitochondria
in the muscles [22], increase the buffering capacity
for lactic acid [23], and subsequently enhance endur-
ance capacity in the high altitude environments. In
spite of this theoretical rationale, the majority of stu-
dies investigating athletes who returned to the sea lev-
el from high altitude training reported no changes or
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even reduction of the level of physical performance.
And few studies demonstrated an improvement of
physical performance after the altitude training [24].
This statement can be meaningful in connection with
evidence of Adamu and coauthors which have shown
that there are no significant changes of red blood cells
indices in post-ride period in endurance horses with
good performance level [2, 4].

The resistance of erythrocytes to H O, exposure in
Crimean horses before and after 32 km riding was pre-
sented in Fig. 3.

No significant changes in resistance of erythrocytes
to H,O, exposure in Crimean horses during 32 km rid-
ing were observed (Fig. 3).

Exercise-induced hemolysis has been confirmed
under various conditions in stallions [12, 25], mares
[12, 26] and mixed population [6, 27]. In our study,
erythrocytes exposed to the different concentrations
of'urea after endurance race had a higher level of hae-
molysis compared to the pre-ride period (Fig. 4). In-
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crease of hemolyzed erythrocytes percent by 20.58 %
(p =0 .013), by 17.3 % (p = 0.023), by 16.75 %
(p = 0.006), by 11.57 % (p = 0.015), and by 8.73 %
(p = 0.008) in 0.12, 0.135, 0.15, 0.165, and 0.18 M
urea solutions, respectively, was observed in horses
after endurance race.

Erythrocytes appear much more vulnerable to oxi-
dative damage during intense exercise because of
their continuous exposure to high oxygen fluxes and
their high concentrations of polyunsaturated fatty ac-
ids (PUFAs) and heme iron [9, 28, 29]. Our findings
are consistent with data of Devi et al. (2009) which
have shown that osmotic stress at 0.3 % and 0.4 %
NaCl imposed hemolysis in animals exposed to alti-
tude and thereby signifies an oxidative stress-depen-
dent impairment of erythrocyte stability [30]. It has
been shown that lipid peroxidation and oxidation of
proteins by free radicals play a major role in many
oxidative erythrocytes damage and cause profound
alterations in the structural organization and functions
of the cell membrane including decreased membrane
fluidity, increased membrane permeability, inactiva-
tion of membrane-bound enzymes and loss of es-
sential fatty acids [28, 29]. Based on our results, it is
possible to affirm that enhanced percent of hemolyzed
erythrocytes in horses after endurance ride indicates
to an impairment of erythrocyte stability induced by
oxidative stress.

CONCLUSIONS

Adequate endurance race of low intensity could
improve oxygen-induced hematological function in
Crimean horses. Furthermore, the non-significant
increase of red blood cells indices in endurance
horses indicates good athletic level after 32 km en-
durance ride. Statistically significant differences in
the percentage of hemolyzed erythrocytes between
pre- and post-ride period were observed. It signi-
fies an impairment of erythrocyte stability induced
by oxidative stress. The haematological changes
caused by various physical efforts reflect changes
in the functions of different systems and can be
used for health control and diagnosis of diseases.
It also allows evaluating the level of sport perfor-
mance, the accuracy of training, and physiological
condition of horses.
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OnHi€ro 3 TPUKIAAHUAX Tamy3edl KOHAPCTBa, AKi Hapasi
aKTHBHO PO3BUBAIOTHCS, € JAUCTAHIIWHI MPOOITH Ta KIHHWH
TypusM. B YkpaiHi, BpaxoByIo4r perioHaNbHI JaHAMAPTHI
0COONUBOCTI, AUCTAHIIWHI IPOOITH € HANIOMINPEHIIIIMU B
Kpumy Ta Ha 3axoxi kpainu. Jlo KOHEH, 1110 BUKOPHUCTOBYIOTh
y OUCTaHIIIHKUX MpobiraX, iCHYIOTh MEBHI BIMOTH, aje, Ha
Kallb, Y HayKOBHX poOoTax Hebarato JOCIi/HKEHb, TOB -
3aHUX 3 aHAJ30M CKJIAJy 3aIydeHHX KOHEH, a TaKkoX Te-
MATOJIOTIYHUX Ta OIOXIMIYHHX ITOKa3HHKIB KpoBi. Mera.
[IpoanamizyBaTi KiTBKICHI 3MiHH ITOKAa3HHKIB YEpPBOHOI KPO-
Bi Ta PE3UCTCHTHOCTI CPUTPOIMTIB y KOHEH, sKi Opamu
y4acTh y OHCTaHIIHHOMY mpobiry Ha 32 kM. MeTtoau.
OO0’€KTOM JOCIIJPKEHb CIYTYBaJM CiM KOHEH KPHMCBKOTO
turny. ['emaronoriuni nokasuukn (remarokpur (HCT), xon-
nenrpanis remontobiny (HGB), kinbkicTe epuTpounTis
(RBC), cepennst koHUEHTpalis TeMOINIO0IHY B €pUTPOLH-
tax (MCHC), cepenniit 06’em eputpormrie (MCV), cepen-
Hill BmicT remornobiny B epurpormti (MCH), inzmekc
anizoruTosy (RDW)) BH3Hauanmu 3 BHKOPHCTaHHSIM TI'eMa-
TOJIOTIYHUX Ta OIOXIMIYHHX METOMIB. 3pa3Ku KpOBi J0-
cimipKkyBanu neHTpudyrysanasm npu 3000 g mporsrom
15 xB. IlepokcuHy Ta OCMOTHYHY CTIHKICTH €PUTPOLIUTIB
BCTAHOBJIIOBAJIM CIIEKTPO(OTOMETPUYHO IPH JIOBXKUHI XBHU-
mi 540 HM 3a MIBHAKICTIO PO3Maay SPUTPOIUTIB M Ai€I0
nepokcuty BogHio. Pesyabratu. He BusiBiIeHO n0CTOBIip-
HUX 3MiH B TIOKAa3HHKaX YEPBOHOI KPOBI y KOHEH MiCIis
mpo0iry Ha 32 KM, IO CBITYUTH MPO XOopouHi (izndHuUit
CTaH Ta aJaNTOBAaHICTh KOHEH [0 JOBrOTPHBAJIOL I31U.
HaromicTh OCMOTHYHA PE3UCTEHTHICTH EPUTPOIUTIB Oyiia
JIOCTOBIPHO HIDKYOIO Ticist MpoOiry, Mo CBIYUTH MO
MOPYILIEHHS ITICHOCTI epUTPOLMTApHUX MeMOpaH BHac-
JAOK (pi3UYHUX HaBaHTaXCHb. BHCHOBKHW. BuBueHHS 1u-
HaMiKM TOKa3HUKIB KPOBI Yy MOEIHAHHI 3 O10XIMIYHUMH
rapamMeTpamMH Ta CTIMKICTIO epUTPOLMTIB Ja€ 3MOTY OIli-
HUTU TIpollecH ajanrtanii 10 (i3UYHMX HaBaHTAXKEHb Ha
BUTPUBAJICTh B OPTraHi3Mi KOHEH, a TAKOXK IpOaHasi3yBaTH
piBeHb TXHOTO (hi3107OTTYHOTO PE3EPBY.

KurouoBi ciioBa: aucTaHIliiiHI KiHHI MpOOIrd, KOHI, rema-
TOJIOTIYHI TOKAa3HUKH, PE3UCTEHTHICTh EPUTPOLMTIB, (i-
3UYHI HABaHTAKCHHS.

AGRICULTURAL SCIENCE AND PRACTICE Vol.3 No.1 2016

REFERENCES

1. Gondim FJ, Zoppi CC, Silveira LR, Pereira-da-Silva L, de
Macedo DV. Possible relationship between performance
and oxidative stress in endurance horses. J Equine Vet
Sci. 2009;29(4):206-12.

2. Adamu L, Adzahan NM, Abdullah R, Ahmad B. Effect
of race distance on physical, hematological and bio-
chemical parameters of endurance horses. Am J Vet Sci.
2010;5(4):244-8.

3. Cappelli K, Verini-Supplizi A, Capomaccio S, Silvestrel-
li M. Analysis of peripheral blood mononuclear cells
gene expression in endurance horses by cDNA-AFLP
technique. Res Vet Sci. 2007;82(3):335—-43.

4. Adamu L, Noraniza. Abdullah R, Ahmad B. Alterations in
biochemical, hematological and physical parameters in
endurance horses with metabolic crisis. J Anim Vet Adv.
2012;11(22):4108—14.

5. Bergero D, Assenza A, Caola G. Contribution of our
knowledge of the physiology and metabolism of en-
durance horses. Livest Prod Sci. 2005;92(2):167-76.

6. Andriichuk A, Tkachenko H, tukaszewicz J, Kurha-
luk N, Tkachova I. Physical condition of horses from
recreational Crimean and Pomeranian regions. Globa-
lizacja a problematyka ochrony srodowiska. Eds T. Noch,
J. Saczuk A. Wesotowska. Gdansk, Wydawnictwo Gdan-
skiej Wyzszej Szkoty Administracji. 2014(2010);314-61.

7. Al-Qudah KM, Al-Majali AM. Higher lipid peroxidation
indices in horses eliminated from endurance race because
of synchronous diaphragmatic flutter (thumps). J Equine
Vet Sci. 2008;28(10):573-8.

8. Piccione G, Giannetto C, Fazio F, Di Mauro S, Caola G.
Haematological response to different workload in jumper
horses. Bulg J Vet Med. 2007;10(1):21-8.

9. Smith JA. Exercise, training and red blood cell turnover.
Sports Med. 1995;19(1):9-31.

10. Murakami M. Hemolysis observed in continuous long
distance running exercise in horses. Exp Rep Equine
Health Lab. 1974;(11):120-7.

11. Cywinska A, Szarska E, Kowalska A, Ostaszewski P,
Schollenberger A. Gender differences in exercise-
induced intravascular haemolysis during race training in
thoroughbred horses. Res Vet Sci. 2011;90(1):133-7.

12. Andriichuk A, Tkachenko H, Kurhaluk N. Gender
differences of oxidative stress biomarkers and erythrocyte
damage in well-trained horses during exercises. J Equine
Vet Sci. 2014;34(8):978-85.

13. Kamyshnikov VS. Reference book on clinic and
biochemical researches and laboratory diagnostics.
Moscow, MEDpress-inform. 2009;896 p.

14. Gzhegotskyi MR, Kovalchuk SM, Panina LV, Terletska
Ol, Mysakovets OG. Method for determination of
erythrocyte membranes peroxide resistance and its
informativeness under physiological conditions and at
intoxication of organism. Exp. Clin. Physiol. Biochem.
2004; (3):58-64.

71



ANDRIICHUK et al.

15. Zar JH. Biostatistical analysis. 4" ed. New Jersey,
Prentice Hall. 1999;663 p.

16. Satué K, Herndandez A, Munioz A. Physiological factors
in the interpretation of equine hematological profile.
Hematology — science and practice. Ed. C. H. Lawrie.
Rijeka, InTech. 2012;573-96.

17. Vazzana I, Rizzo M, Dara S, Niutta PP, Giudice E,
Piccione G. Haematological changes following reining
trials in Quarter Horses. Acta Sci Vet. 2014; 42(1):1-5.

18. Muiioz A, Riber C, Trigo P, Castejon F. Erythrocyte
indices in relation to hydration and electrolytes in horses
performing exercise of different intensity. Comp Clin
Pathol. 2008;17(4):213-20.

19. Wickler SJ, Anderson TP. Hematological changes and
athletic performance in horses in response to high altitude
(3,800 m). Am J Physiol Regul Integr Comp Physiol.
2000;279(4):1176-81.

20. Laitinen H, Alopaeus K, Heikkinen R, Hietanen H,
Mikkeksson L, Tikkanen H, Rusko HK. Acclimatization
to living in normobaric hypoxia and training in
normoxia at sea level in runners. Med Sci Sports Exerc.
1995;27(Suppl. 5):S1009.

21. Rodriguez FA, Ventura JL, Casas M, Casas H, Pagés T,
Rama R, Ricart A, Palacios L, Viscor G. Erythropoietin
acute reaction and haematological adaptations to short,
intermittent hypobaric hypoxia. Eur J Appl Physiol.
2000;82(3):170-7.

22. Desplanches D, Hoppeler H, Linossier MT, Denis C,
Claassen H, Dormois D, Lacour JR, Geyssant A.
Effects of training in normoxia and normobaric hy-

72

poxia on human muscle ultrastructure. Pflugers Arch.
1993;425(3—4):263—7.

23. Favier R, Spielvogel H, Desplanches D, Ferretti G,
Kayser B, Griinenfelder A, Leuenberger M, Tiischer L,
Caceres E, Hoppeler H. Training in hypoxia vs. training
in normoxia in high-altitude natives. J Appl Physiol.
1995;78(6):2286—93.

24. Bailey DM, Davies B. Physiological implications of
altitude training for endurance performance at sea level:
areview. Br J Sports Med. 1997;31(3):183—-90.

25. Inoue Y, Matsui A, Asai Y, Aoki F, Matsui T, Yano H.
Effect of exercise on iron metabolism in horses. Biol
Trace Elem Res. 2005;107(1):33—42.

26. Schott HC2", Hodgson DR, Bayly WM. Haematuria,
pigmenturia and proteinuria in exercising horses. Equine
Vet J. 1995;27(1):67-72.

27. Hanzawa K, Hiraga A, Yoshida Y, Hara H, Kai M, Kubo
K, Watanabe S. Effects of exercise on plasma haptoglobin
composition in control and splenectomized thoroughbred
horses. J Equine Sci. 2002;13(3):89-92.

28. Petibois C, Déléris G. Erythrocyte adaptation to oxi-
dative stress in endurance training. Arch Med Res.
2005;36(5):524-31.

29. Cimen MY. Free radical metabolism in human ery-
throcytes. Clin Chim Acta. 2008;390(1-2):1-11.

30. Asha Devi S, Subramanyam MYV, Vani R, Jeevaratnam
K. Adaptations of the antioxidant system in erythrocytes
of trained adult rats: impact of intermittent hypobaric-
hypoxia at two altitudes. Comp Biochem Physiol C
Toxicol Pharmacol. 2005;140(1):59-67.

AGRICULTURAL SCIENCE AND PRACTICE Vol.3 No.1 2016




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


