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Front of exercise, the organic systems may suffer water-electrolyte and acid-base imba-
lances, particularly in the case of blood gases, demonstrating variations from different cau-
ses, whether respiratory and/or metabolic. Understanding the physiological adaptations to
exercise is essential in the search for the optimum performance. In this way, this study me-
asured the venous blood gases (p0O, pCO,), as well as the oxygen saturation (Sat0O,) in heal-
thy equines, Arabian horses finalists in 90km endurance races. A total of fourteen Arabian
horses were evaluated, nine males and five females, between six and 12 years old, finalists
in 90km endurance races. There was a significant reduction in pO,, pCO, and SatO, after
the exercise, however, the values remained within the normality range, and did not change
the athletic performance of the animals, indicating a temporary alteration, assuming thus a
character of physiological response to the exercise performed. The equines, finalists in 90
Km endurance races, demonstrated efficient ventilatory process, without any alterations in

the athletic performance, being adapted to the type of exercise imposed.
INDEX TERMS: Arabian horse, blood gas, endurance.

RESUMO.- [Hemogasometria venosa de equinos finalis-
tas de provas de enduro de 90 km.] Diante do exercicio,
os sistemas organicos podem sofrer desequilibrios hidroe-
letroliticos e acido-base, especialmente em se tratando dos
gases sanguineos, demonstrando varia¢cdes decorrentes de
diferentes causas, sejam elas respiratérias e ou metaboli-
cas. O entendimento das adaptagoes fisiolégicas que ocor-
rem em resposta ao exercicio é de fundamental importan-
cia na busca do 6timo desempenho. Desta forma buscou-se
mensurar os gases sanguineos venosos (p02, pC02), bem
como, a saturacdo de oxigénio (Sat02) em equinos sauda-
veis, Puro Sangue Arabe finalistas de competicdes de en-
duro de 90 km. Foram avaliados 14 equinos Puro Sangue
Arabe (PSA), nove machos e cinco fémeas, com seis a 12
anos de idade, finalistas em provas de enduro de 90 km.

1 Received on December 15, 2013.

Accepted for publication on March 21, 2014.

%2 Departamento de Anatomia Veterindria, Faculdade de Agronomia e Me-
dicinaVeterinaria, UniversidadedeBrasilia (UnB),ICCAlaSul, CampusDarcy
Ribeiro, Cx. Postal 4508, Brasilia, DF 70760-701, Brazil. *Corresponding
author: limaemm@unb.br

589

Houve reducdo significativa da p02, pCO2 e SatO2 apds o
exercicio, entretanto os valores se mantiveram dentro da
normalidade, ndo alterando o desempenho atlético dos
animais, indicando alteragées transitoria e caracterizando
um carater de resposta fisiolégica ao exercicio realizado.
Os equinos, finalistas em provas de 90 Km, demonstraram
processo ventilatério eficiente, sem quaisquer alteracées
no desempenho atlético e portanto estando adaptados ao
tipo de exercicio imposto.

TERMOS DE INDEXACAO: Cavalo Arabe, gases sanguineos, en-
duro.

INTRODUCTION

Front of exercise, the organic systems may suffer water-
-electrolyte and acid-base imbalances (Ribeiro-Filho et al.
2007, Dumont et al. 2012), particularly in the case of blood
gases and their products. Thus, signaling variations deri-
ving from different causes, whether respiratory and/or
metabolic (Di Filippo et al. 2009).

The pulmonary function basically plays two main ac-
tions: blood oxygenation and alveolar ventilation, consi-
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dering the partial oxygen pressure (p02) as evaluation pa-
rameter of pulmonary oxygenation, as well as the partial
pressure of carbon dioxide (pCO,) for the pulmonary venti-
lation, being these last two inversely proportional. Therefo-
re, it was considered that the increase or decrease in these
parameters may indicate hypoventilation and hyperventi-
lation. In this context, occurs hypoxemia induced by exerci-
se in equine and humans, because the increase in the respi-
ratory rate and decrease in the time of erythrocyte transit
through pulmonary capillaries due to increased heart rate
are mechanisms which compromise and worsen the gas di-
ffusion through the alveolar-capillary membrane.
Understanding the physiological adaptations which oc-
cur in response to exercise is of fundamental importance
in seeking the optimum performance. In this way, it was
sought to measure the venous blood gases (p0O, pCO,), as
well as the oxygen saturation (SatO,) in healthy equines,
Arabian horses, finalists in 90km endurance races.

MATERIALS AND METHODS

In this study we used 14 horses, nine males and five females, Ara-
bian aged six to 12 years old, subjected to endurance training and
participants of regional endurance championship of the Eques-
trian Federation of Brasilia in the mode of 90 km. The races occur-
red in July, August, October and December 2009, covering the dry
period with relative humidity of around 43% (April-September)
and the rainy period with relative humidity of approximately 57%
(October-March), with average temperature of 252C. The study
was approved by the Ethics Committee on Animal Use of the Uni-
versity of Brasilia under the protocol # 88-2009.

Animals were given different types of food and electrolyte
supplements before and after the race. The health of the animals
was proven by clinical and hematological evaluation, using an au-
tomatic cell counter (Abacus Junior Vet®, Diagon, Ltda).

For blood gas analysis, 1.6ml blood from the external jugular
vein was collected anaerobically (0.75x25mm, 22G, BD Preset
Eclipse®). Samples were taken before (M0) and immediately af-
ter (MF) the exercise, being then identified and stored in ice bath
(Lisboa et al. 2001) for a maximum period of 30 minutes until
processing. By means of the automatic analyzer of gases, elec-
trolytes and total hemoglobin (Analyzer of Blood Gas, Electrolyte,
Hemoglobin, Hematocrit and O, saturation (OMNI C® Roche Diag-
nostica, Brazil), it was obtained the partial pressure of oxygen pO,
(v); partial pressure of carbon dioxide pCO, (v) and oxygen satu-
ration Sa0, (v).

The evaluation before the exercise (MO0) took place in the hor-
se farm, in days previously established, avoiding exercising the
animals, by conducting a thorough clinical examination and me-
asurement of body weight (MGR 3000 scale Toledo®). The evalu-
ation after the exercise (MF) occurred at the place of the race, by
the end of the last ring of the competition, soon after the official
veterinary inspection according to methodology abovementio-
ned.

Parameters obtained before and after the exercise were sub-
jected to the Kolmogorov-Smirnov normality test, and compared
by applying the paired t-test for parametric data, and Wilcoxon
test for non-parametric data, considering significant when P<0.05
(Table 2).

RESULTS AND DISCUSSION

The study on blood gas parameters is essential for unders-
tanding physiological responses of horses properly trained
and fit for high performance sports. The results of clinical
and hematological evaluation carried out before the exerci-
se (MO) (Table 1) confirmed the health of all animals that
completed the 90Km endurance race, within the reference
values.

With the analysis of pO,, pCO, and SatO,, it was obser-
ved that all variables were slightly reduced compared with
before the exercise (Table 2).

Values of pO, were lower than described for Arabian
horses (Silva 2008), with minimum limit below physiolo-
gical standards, 37 to 56 mmHg (Watanabe et al 2006). In
the studied animals, the reduction was 10.08% (p=0.044),
after the exercise (Table 2, Fig.1b), coinciding with that
found in horses competitors of 60 Km-endurance races
(Di Filipo et al. 2009) and differing from observed for
jumping horses (Aguilera-Tejero et al. 2000). During in-
tense exercises, the marked increase of cardiac output led
to a reduction in the capillary transit time, compromising
the oxygen equilibrium time, preventing the alveolar-
-capillary diffusion, resulting in hypoxemia (Wilkins et al.
2001). A fact proven when induced the hypervolemia in
an attempt to reduce the hypoxemia, i.e., during periods
of moderate to intense exercises the pO2 has reduced in
approximately 15 mmHg (Tennent-Brown et al. 2006).
This suggested that the difference between the types of
exercise explains the divergent and varied values found
by these authors.

Table 1. Hematological values obtained for Arabian horses, finalists of
a 90 km endurance race, before and after exercise. Brasilia, 2012

Parameters Before the exercise After the exercise Reference
(M0) (MF) Values

HR (bpm) 34.71£3.5 51.78+6.08 35+52
RT (°C) 36.9+0.4 38+0.6 37.5+£38.5°
Weight (kg) 377+23.64 369.85+26.63* 390+25.4°
Ht (%) 37.29+3.29 45.9+7.08* 39+1°
TPP (g/dL) 7.1+0.24 7.6£0.59* 6.0+8.5"
Platelets (mm3) 156714.29+38698.89 202000+45802.30 100000+600000°

Leukocytes (mm3)

8712.86+1616.54

14971.43+2297.30 8490.00+2280.00°

Values followed by * in the same row are significantly different (p<0.05) by the paired
t-test, in the evaluations before and after the exercise. HR = heart rate, bpm = beats
per minute, RT = rectal temperature, °C = degrees centigrade, Ht = hematocrit, PPT
= total plasma protein, g/dL = grams per deciliter. a Ferraz et al. 2009, b Thomassian

2005.
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Table 2. Blood gas values obtained Arabian horses, finalists
of a 90 km endurance race, before and after exercise.
Brasilia, 2012

Parameters Before the After the Reference Values
exercise (M0) exercise (MF) (Silva, 2008)
pH 7.40+0.23 7.41+0.31 7.30
pO2(v) (mmHg) 41.7+6.4 37.5+3.7* 53.64+1.52
pCO2(v) (mmHg) 47.5+2.8 43.1+2.3% 37.61+0.40
Sat02(v) (%) 77 £ 6.4 71.9 £ 5.6 73.70+0.64

Values followed by * in the same row are significantly different (p<0.05)
by the paired t-test, in the evaluations before and after the exercise. °C:
degrees centigrade, mmHg: millimeters of mercury, pH: potential of
hydrogen, pO2(v): venous partial pressure of oxygen, pCO2(v): venous
partial pressure of carbon dioxide, SatO2(v): venous oxygen saturation.

Animals used in endurance tests, Arabian horses, have
presented hyperventilation due to the more efficient adap-
tation to prolonged compared with other breeds, charac-
terizing a gradual increase in arterial and reduced venous
pO2 throughout the exercise (Taylor et al. 1998), corrobo-
rating thus the results for animal finalists in 90 km-races.

The hematocrit (Ht) and the concentration of plasma
protein (PPT) have increased after the 90 km-endurance
exercise (Table 1), suggesting a dehydration according to
substantial losses of fluid during this type of activity (Robert
et al. 2010). The increase in hematocrit along with plasma
pO, influences the transport of oxygen per unit of blood vo-
lume, and its availability is essential for efficient production
of ATP during the resistance exercise (Hoffman et al. 2002).
Thus the positive association between speed with variables
related to the transport of oxygen can improve the perfor-
mance of endurance horses. However the inverse can also
occur, i.e., the increase in hematocrit has no effect in the pO,
increase, suggesting that this parameter had been influen-
ced by dehydration and not by splenic contraction, charac-
terizing a relative increase, which was confirmed by the PPT
concentration, a parameter safer than Ht for determining
the degree of dehydration due to the splenic contraction
during the exercise (Dumont et al. 2012). Therefore, using
these two parameters together has appropriately assisted
in the determination of the factor that actually contributed
to quantify the water loss and hence the pO,.

After the end of the exercise, the pCO, has reduced by
9.26% in its concentration before the exercise (p<0.001),
maintaining values higher than found for Arabian horses
(Silva 2008) (Table 2, Figure 1b), differing from data pre-
sented by horses that ran 60km, when the increase in this
parameter was related to the acidification of plasma by
the increased production of carbonic acid in an attempt to
correct the metabolic alkalosis in long-term submaximal
exercise (Di Filipo et al. 2009). Thus, it was verified that
animals evaluated have not developed metabolic alkalosis,
confirming that they were trained and adapted to the type
of exercise imposed.

The pCO, in this study was similar to observed in Ara-
bian horses subjected to High-speed treadmill (Watanabe
et al. 2006), for thoroughbred horses, simulating eques-
trian event of two to three days (Tennent-Brown et al.
2006), for thoroughbred horses subjected to exercise test
on a treadmill (Kwoal et al. 2008) and polo horses in high
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Fig.1. Percentage (%) of parameters pO2, pCO2 and SatO2 correc-
ted with those measured before the exercise in horse finalists
of 90 Km-endurance race. (*) indicates significant differen-
ce (P<0.05) before the exercise. pO, venous partial pressure
of oxygen, pCO,: venous partial pressure of carbon dioxide,
Sat0,: venous oxygen saturation.

performance training (Ferraz et al. 2010). This sugges-
ted that the continuity of the exercise, possibly promote
hypocapnia, as observed in Arabian horses (Taylor et al.
1995), once the hyperventilation process during high spe-
ed exercises could lead to a metabolic acidosis (Taylor et al.
1995), which suggests a drop in pCO, resulting from alve-
olar hyperventilation that could counteract and overcome
the CO, produced by cell metabolism (Taylor et al. 1998,
Tenente-Brown 2006). This condition is observed in situa-
tions of metabolic acidosis that physiologically adjusts the
pH to the normality level, with lower intensity during the
exercise (Ferraz et al,, 2010).

Considering the oxygen saturation (Sat0,), this parame-
ter followed the behavior of oxygen pressure, presenting a
significant reduction of 6.62% (P<0.001), because its sa-
turation in the hemoglobin is directly related to its partial
pressure (Fenger et al. 2000; Tennent-Brown et al. 2006).
In this way, it characterizes the effectiveness of diffusion of
these gases in the blood of horses studied and ensures the
good training of animals.

The pH remained within the reference range, between
7.34 and 7.43 (Watanabe et al 2006) and slightly higher
than described by Silva (2008), reiterating the non-occur-
rence of metabolic acidosis, unlike the results found for
high intensity exercises in thoroughbred horses under-
going supramaximal exercises (Bayly et al. 2006), in other
words, the exercise intensity is probably related to the de-
velopment of hypo-or hypercapnia.

CONCLUSIONS

The parameters were significantly reduced, but remai-
ned within the reference range, indicating that such altera-
tion occurred temporarily, assuming a character of physio-
logical response to the exercise performed.
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The Pure Blood Arabian animals, finalists in 90 km ra-
ces, showed an efficient ventilatory process, without any
alterations in the athletic performance and thus being
adapted to the type of exercise imposed
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