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a b s t r a c t

The aim of this study was to investigate the acute phase response (APR) in 15 horses by
quantifying physiological venous blood variables and serum acute phase proteins (APP)
at 5 minutes and 6 and 12 hours after a training match of high-goal polo. The horses were
divided into three experimental groups based on their team positions, including defense
(n ¼ 6), midfield (n ¼ 5), and attack (n ¼ 4). Serum proteinograms were obtained by
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). Data were
evaluated using analysis of variance for repeated measures. The match represented
a high-intensity stimulus for all positions. Defenders appeared to use the anaerobic
pathway more than the other positions, as shown by their lower pH and greater lacta-
temia. Alterations in muscle membrane permeability were observed in all horses, as seen
by the increase in serum creatine kinase activity without a correlation with APR.
Significant elevations in total serum protein, albumin, ceruloplasmin, haptoglobin, alpha-
1 antitrypsin, and 23-kDa protein were seen only during the course of the physical
exertion of the match, although there were no differences in these values among posi-
tions of the team. After 6 hours of the match, the concentration of transferrin declined,
whereas that of alpha-1 acid glycoprotein remained unaltered at all assessed times.
These results demonstrated that the defenders required the most use of the anaerobic
pathway during the match, and that equestrian polo exercise triggers an acute phase
response of relatively short duration; this APR is characterized as noninflammatory, as
APR appears to be a physiological alteration related to the stress inherent in physical
exercise.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction

Physical exercise is one of the most physiologically
stressful stimuli an animal can undergo; during physical
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exertion, the animal experiences reversible alterations in
various homeostatic variables that are detectable by the
quantification of laboratory variables.

The scientific community is currently interested in
comparing the biochemical and hematological changes
that result from physical exercise [1] with those that
occur during an acute phase response (APR). Changes
during APR occur in a quick, refined and nonspecific way
and are caused by numerous diseases such as infection,
inflammation, trauma, or immune disorders that result in

https://core.ac.uk/display/82338696?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
Delta:1_given name
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:gferraz@fcav.unesp.br
http://www.j-evs.com
http://dx.doi.org/10.1016/j.jevs.2013.02.005
http://dx.doi.org/10.1016/j.jevs.2013.02.005


M.R. Gondin et al. / Journal of Equine Veterinary Science 33 (2013) 956-961 957
various degrees of tissue damage [2]. Generally, acute
phase proteins (APPs) are biomarkers [3], synthesized by
the liver and mediated by cytokines; their concentration
in the blood can increase (positive APP) or decrease
(negative APP) as a consequence of an inflammatory
stimulus.

The first response of an organism to an immunological
stimulus is innate and nonspecific and precedes a specific
immune reaction. Systemically, proinflammatory cytokines
(mainly interleukin-6 [IL-6]) are released into the vascular
system, where they activate inflammatory cells. The
sympathetic adrenal and hypothalamic-pituitary-adrenal
axis can have a significant impact on this process [4], by
activating the production of more cytokines that when
released, activate receptors in different target cells. This
produces a systemic reaction resulting in the activation of
physiological or pathological responses, with muscle
catabolism being the most relevant to exercise [5].
However, during exercise, studies have reported that the
role of IL-6 in intramuscular biological function is to
promote glucose homeostasis. In this case, IL-6 is termed
"myokine" (or a muscle cytokine) and essentially possesses
anti-inflammatory activity [6,7].

There is currently a controversy whether physical
exercise can provoke a response similar to the APR. A study
of ultramarathon runners reported evidence that APR, as
a consequence of exercise, can produce conditions similar
to those observed in clinical or surgical morbid conditions
[8]. It is well established in the literature that high-
intensity exercise causes elevations in serum creatine
kinase (CK) activity [9]. Evans and Cannon [10] affirmed
that APR, as a result of exercise, can be related to skeletal
muscle damage and its consequent inflammation, as shown
by increase in serum CK activity.

Various sprinting sports such as soccer [11] and polo
[12] are characterized by periods of high-intensity
activity such as racing and body contact interspersed
with periods of low-intensity activity such as walking or
active or passive recovery periods. Monitoring the bodily
responses produced by competition can determine the
type of effort inherent in each equestrian discipline [13].
Various studies in humans have focused on determina-
tion of the metabolic demand of different positions of
soccer players through quantification of physiological
variables [14,15]. As mentioned previously, the positions
in polo are similar to those in soccer, consisting of attack,
midfield, and defense, also known as positions 1 and 2
and 3 and 4, respectively. In a brief review of the litera-
ture, almost no scientific works could be found investi-
gating the equine metabolism of different polo positions
and their relation to possible APR.

From a clinical perspective, documentation of the
extent and nature of APR in the play of various equestrian
disciplines is important. Other studies along this line
have monitored acute phase proteins in different eques-
trian disciplines, including endurance [16,17] and racing
[1]. Quantification of the proteins resulting from the
exertion of these horses can provide valuable information
to identify the possible occurrence of APR in a game of
polo. This study tested the hypothesis that the physical
exertion produced in a training match can induce an APR
in healthy horses and sought to determine whether the
response differed by position on the of high-goal polo
team.

2. Materials and Methods

2.1. Horses

Fifteen clinically healthy “high-goal” polo ponies of
a Brazilian elite polo team (10 geldings and 5 females) were
used. The horses had a mean � SE body weight of 442 � 28
kg and were 7.4 � 2.2 years old. These animals had
participated in another study [10] conducted by our labo-
ratory. All horses began the 2009 season in the month of
March; they underwent the sameweekly training program,
consisting essentially of aerobic exercises (taqueio and
vareio), 6 times aweek. A training match, the target activity
of our study, was played once a week. The animals were
kept in individual stalls, with free access to water and
supplemented with Medicago sativa hay and mineralized
salt. The concentrate diet was composed of 30% ration
(Supra-Tonnus, São Leopoldo, Rio Grande do Sul, Brazil) and
70% oats, and each horse was furnished with 6-8 kg/day of
this ration. All riders had international experience and
a mean body weight of 83 � 3 kg. These horses had
previously participated in another study [12].

2.2. Groups

The horses were divided into three groups according to
their positions on the team, namely, defense (n ¼ 6),
midfield (n ¼ 5), and attack (n ¼ 4).

2.3. Training Match and Sampling

After 6 weeks of training, the horses were entered into
a training match in preparation for a tournament of 25
goals; the training match consisted of six 7-minute periods
(chukkas). Each horse participated in only one chukka. The
match was played outdoors on a grassy area 275 m by 180
m in dimension, located at south latitude�23�050 2500, west
longitude 47�130 0500, and altitude 624 m. A standard
operating procedure for blood sample collection was
established to ensure proper procedures for collection,
processing, and storage. After a period of 48 hours of
inactivity (18 hours before the training match), blood was
collected from the jugular vein; blood was then collected
again at 5 min and 6 and 12 hours after the match.

2.4. Blood Analysis

Immediately after blood samples were collected,
a portable chemical analyzer (Heska Corp., Fort Collins, CO)
was used to determine the pH, total carbon dioxide (TCO2),
and base excess (BE). An electroenzymatic method was
used to determine lactatemia of the whole blood in dupli-
cate with an automated lactate analyzer (YSI Inc., Yellow
Springs, OH). Ten milliliters of blood was collected in tubes
without anticoagulant for later analysis of CK activity and
immediately centrifuged under refrigeration (multispeed
refrigerated centrifuge PK121R model; ALC, Princeton, NJ)



Table 1
General mean (GM) � SD pH, TCO2, BE, and lactate values for different
positions, namely defense (D, n ¼ 6), midfield (MF, n ¼ 5) and attack
(A, n ¼ 4) before and 5 minutes (after) and 6 and 12 hours after a polo
training match for a championship of 25 goals

Variable Steps of Assessment

Before Postexercise 6 h 12 h

pH
D 7.42 � 0.01 7.14 � 0.01* 7.40 � 0.01 7.42 � 0.01
MF 7.41 � 0.01 7.17 � 0.01 7.41 � 0.01 7.41 � 0.01
A 7.42 � 0.01 7.17 � 0.01 7.41 � 0.01 7.42 � 0.01
GM 7.42 � 0.01A 7.16 � 0.02B 7.41 � 0.01A 7.41 � 0.02A

TCO2 (mM)
D 34 � 1 12 � 1** 32 � 1 35 � 4
MF 33 � 1 15 � 4** 31 � 1 32 � 1
A 34 � 2 14 � 2** 32 � 1 32 � 2
GM 33 � 1A 14 � 3B 32 � 1A 34 � 3A

BE (ecf) (mM)
D 8 � 1 �16 � 4** 6 � 2 7 � 2
MF 7 � 1 �12 � 1** 6 � 2 8 � 1
A 8 � 1 �13 � 2** 6 � 1 6 � 2
GM 7 � 1A �14 � 4B 7 � 1A 7 � 2A

Lactate (mM)
D 0.66 � 0.2 23 � 5*,** 0.74 � 0.15 0.73 � 0.23
MF 0.68 � 0.1 15.4 � 3** 0.80 � 0.08 0.75 � 0.22
A 0.70 � 0.1 16.1 � 3** 0.69 � 0.04 0.93 � 0.15
GM 0.68 � 0.1A 18.5 � 5B 0.75 � 0.11A 0.79 � 0.21A

CK (IU/L)
D 264 � 50 258 � 21 326 � 65** 226 � 64
MF 251 � 25 255 � 38 369 � 72** 207 � 48
A 216 � 11 273 � 69 344 � 97** 242 � 48
GM 247 � 30A 261 � 41A 343 � 94B 225 � 53A

BE, base excess; CK, creatine kinase; ecf, extracellular fluid; TCO2, total
carbon dioxide.
Different letters (A and B) in the same line indicate differences (P < .05).

* Indicates difference in comparison to the values of the other posi-
tions for the same variable.

** Indicates difference in comparison to the values before the match.
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and analyzed by spectrophotometry (Quick Lab chemistry
analyzer, Hameln, Germany); an aliquot of serum was
placed in a 1.5-mL Eppendorf tube and stored frozen at
�18�C until electrophoretic analysis for quantification of
total proteins and APP.

2.5. Determination of APPs with SDS-PAGE

Total serum protein (TSP) was determined by means of
spectrophotometry, with the help of an assortment of
diagnostic reagents (Labtest; Sistema de Diagnósticos Ltda,
Lagoa Santa, Brazil). SDS-PAGE was performed in 10%
acrylamide gels. Electrophoretic analyses were conducted
in the Research Support Laboratory of the Department of
Veterinary Medicine and Surgery, FCAVeUnesp, Jabotica-
bal, SP. The serum protein profile was obtained in a poly-
acrylamide gel containing sodium dodecyl sulfate
(SDS-PAGE). Electrophoretic fractionation was conducted
according by the technique described by Laemmli [18] and
modified using the vertical electrophoresis system (Bio-
Rad Laboratories Inc.). The electrophoretic fractionation
was performed by a unidimensional electrophoresis system
on 4%-10% gradient acrylamide gels. Serum samples (5 mL)
were prepared in 40 mL of Dulbecco phosphate-buffered
saline solution and 10 mL of gel mixture (10% water, 2%
SDS, 5% 2-mercaptoethanol, 10 mM ethylenediaminetetra-
acetic acid, 20 mM Tris phosphate [pH 7.4], 5% glycerol, and
0.001% bromophenol blue as the dye). The electric current
for the 8 � 8-inch vertical gel electrophoresis system was
programmed at 35 and 50 mA, while samples were in the
stacking and running gel, respectively. After fractionation,
the gel was stained in 0.2% Coomassie Brilliant Blue solu-
tion for 10 minutes. Next, the gel was destained in a solu-
tion containing 250 mL of methanol, 100 mL of acetic acid,
and 650 mL of water until protein fractions appeared clear.
Concentrations of these protein fractions were determined
according to the method described by Fagliari et al. [19],
using a digital densitometer (9301PC Shimadzu, Tokyo,
Japan). Proteins were identified using reference markers
(Sigma Chemical Co., St. Louis, MO) with molecular mass of
200,000; 116,000; 97,000; 66,000; 55,000; 45,000; 36,000;
29,000; 24,000; 20,000; 14,200; and 6,500 Da. In addition,
the purified proteins (Sigma Chemical Co., St. Louis, MO)
albumin (ALB), haptoglobin (HP), ceruloplasmin (CER), and
transferrin (TRANS) were also used.

2.6. Statistical Analysis

Normality of data (means � SD) was verified using the
Kolmogorov-Smirnov test. The effect of exercise on physi-
ologic variables was evaluated by ANOVA for repeated
measures using the general linear models procedure of SAS
software (SAS Institute Inc., 1988, Cary, North Carolina)
followed by the Tukey test when necessary, with the aim of
determining significant differences for each sampling time.
Because the protein a1-antitrypsin (a1-AnT) did not show
normality, the Friedman test for repeated measures anal-
ysis of variance was performed. However, when this
parameter was assessed for values for the attack position,
the data showed normality and were analyzed in a para-
metric manner. Relationships between the variables
lactate, pH, CK, and the APP were determined using the
Pearson correlations coefficient r. Correlations were also
examined between 23-kDa protein and the other APP. A P
value of �.05 was considered significant.

3. Results

Table 1 shows the physiological variables related to the
acid-base balance and the characterization of the metabolic
pathways for ATP production obtained after the match.
Immediately after the end of the chukka, a decrease in pH,
TCO2 and BE was observed in horses of all positions, with
a return to normal values 6 hours after the effort. The pH of
the blood of the horses that played defense was lower
(P < .05) than that of those who played the MF and A posi-
tions. There were no differences in TCO2 or BE between the
groups. Lactate increased after the exercise in all of the
experimental groups. At the time of evaluation lactatemia
was 34% and 30% greater in defenders than in horses from
the MF and A groups, respectively. The effect of the exercise
on the individual positions was the same as that described
for the overall mean effects. An increase in CK activity was
observed after match for the horses in the D, MF and A
positions: 6 hours after the effort, increases of 19.0%, 31%
and37%, respectively, occurred. Therewerenodifferences in
values of CK between the horses of the different positions at
any of the times assessed. The effort resulted in an increase
in CK activity after 6 hours in horses of all positions.



M.R. Gondin et al. / Journal of Equine Veterinary Science 33 (2013) 956-961 959
After the preparation of the electropherogram, the
mean concentrations of the APP were determined before
and after the polo training match and are summarized in
Table 2. Therewas amean increase of 17.5% (P< .001) in TSP
and ALB 5minutes after the match; this increased persisted
up to 6 hours after the match, and values were similar for
all groups at all times studied. No differences in CER levels
were seen between the groups, and CER levels increased
(P < .05) only 6 hours after the exercise, returning to
normal 12 hours after the match. The same pattern was
Table 2
General mean (GM) � SD concentrations of total serum protein and acute
phase proteins for different positions, namely defense (D, n ¼ 6), midfield
(MF, n ¼ 5), and attack (A, n ¼ 4) before and 5 minutes after and 6 and 12
hours after a polo training match

Variables Steps of Assessment

Before PostExercise 6 h 12 h

TSP
D 7.00 � 0.17a 8.60 � 0.23a 7.42 � 0.15a 7.11 � 0.19a

MF 6.50 � 0.12a 7.36 � 0.13a 6.90 � 0.28a 6.81 � 0.13a

A 6.70 � 0.03a 7.90 � 0.20a 7.20 � 0.30a 7.42 � 0.33a

GM 6.85 � 0.13C 7.79 � 0.13A 7.19 � 0.13B 7.09 � 0.13CB

ALB
D 3.9 � 0.8a 5.1 � 1.1a 4.5 � 1.1a 4.3 � 0.7ab

MF 4.0 � 0.6a 4.5 � 0.6b 4.1 � 1.2a 4.0 � 1.4b

A 4.2 � 1a 5.1 � 0.2a 4.3 � 0.9a 4.5 � 1.2a

GM 4.0 � 0.6C 4.9 � 0.9A 4.3 � 0.7B 4.2 � 0.8CB

CER
D 6.95 � 0.29a 6.40 � 2.6a 8.32 � 0.84a 7.30 � 1.04a

MF 3.32 � 0.25b 5.79 � 1.21a 7.70 � 1.41a 8.07 � 1.66a

A 4.03 � 0.56ab 9.14 � 2.34a 8.16 � 0.72a 8.33 � 1.09a

GM 4.85 � 0.52B 6.80 � 1.18AB 8.07 � 0.57A 7.83 � 0.70AB

TRANS
D 349 � 14a 407 � 23a 280 � 14a 331 � 12a

MF 347 � 3a 409 � 17a 323 � 27a 336 � 30a

A 334 � 29a 376 � 30a 255 � 26a 358 � 29a

GM 339 � 10B 399 � 12A 288 � 14C 340 � 12B

HP
D 16.8 � 1a 23.5 � 1a 15.9 � 3a 15.3 � 2a

MF 18.2 � 2a 22.0 � 3a 16.7 � 2a 15.7 � 1a

A 15.2 � 1a 19.3 � 2a 16.0 � 1a 15.4 � 2a

GM 16.8 � 1B 21.8 � 1A 16.2 � 1B 15.5 � 1B

a1-AnT
D 248 � 52a 55 � 55a 64 � 64a 140 � 140a

MF 172 � 58a 487 � 90a 468 � 110a 286 � 27a

A 0 � 0a 698 � 141a# 206 � 125a 269 � 181a

GM 155 � 38A 329 � 92B 268 � 76B 250 � 72AB

a1-GlycA
D 13.0 � 1a 12.4 � 4a 12 � 2ab 11 � 2a

MF 12.5 � 1a 10.9 � 3a 10 � 1b 13 � 2a

A 14.7 � 1a 11.3 � 1a 16 � 1a 8 � 2a

GM 13.2 � 1A 11.6 � 1A 13 � 1A 11 � 1A

23-kDa-p
D 390 � 18a 483 � 22a 402 � 15a 391 � 16a

MF 362 � 8a 431 � 13a 409 � 12a 402 � 4a

A 374 � 20a 429 � 18a 379 � 27a 388 � 20a

GM 377 � 10C 451 � 12A 398 � 10B 394 � 8CB

23-kDa p, 23-kDa protein (MW ¼ 23,000; mg/dL); ALB, albumin (molec-
ular weight [MW]¼ 63,000; mg/dL); CER, ceruloplasmin (MW ¼ 102,000;
mg/dL); HP, haptoglobin (MW ¼ 40,000; mg/dL); TRANS, transferrin
(MW ¼ 85,000; mg/dL); TSP, total serum protein (g/L); a1-AnT, alpha-1
antitrypsin (MW ¼ 57,000; mg/dL); a1-GlycA, alpha-1 acid glycoprotein
(MW ¼ 36,000; mg/dL).
Different upper-case letters on the same line indicates statistical differ-
ence. Different lower-case letters in the same column indicates statistical
difference between the positions in the same assessment time and vari-
ables.
#Indicates an increase 5 minutes after the match for the attackers
compared to the values before the match.
seen for TRANS: levels of this protein increased by 17.5% 5
minutes after the match and decreased 6 hours after the
match (P < .05). HP was increased (P < .05) by 29.7% only 5
minutes after the exercise. After the exercise, mean a1-AnT
levels were elevated (P < .001), and remained so for
6 hours; after 12 hours, a1-AnT levels returned to baseline,
and no differences were observed between the members of
the different groups at any of the assessment times. A
marked increase of the a1-AnT levels occurred in the
attackers 5 after exercise. Neither exercise nor position had
any effect on the concentrations of a1-acid glycoprotein
(a1-GlycA). In addition to the above-mentioned proteins,
a nonidentified 23-kDa protein (23-kDa-p) was encoun-
tered. The analysis in Table 1 indicates that the levels of this
protein increased (P < .001) up until 6 hours after the
exercise for horses of all positions. The correlations
between the APP and the physiological variables lactate
and pH are shown in Table 3. High correlations
(0.6 < r < 1.0) were observed for lactate, pH, 23-kDa-p, and
ALB. Moderate correlations (0.4 < r < 0.5) were observed
for lactate, pH, and TRANS and 23-kDa-p. Low correlations
were detected for CK and all proteins.
4. Discussion

Currently, there is limited information on the perfor-
mance and inflammatory responses that can occur in
horses after a polo match. The horses that played in this
training match had concentrations of APP consistent to an
APR; this study therefore provided some evidence to
support the hypothesis that an APR produced by a stressing
stimulus such as intense exercise is equivalent to that
observed in tissue insults. Of the eight acute phase reactive
biomarkers studied, the levels of six of these were consis-
tent with an APR. These results are similar to those re-
ported by Piñeiro et al. [20] who studied APR in human
ultramarathons competitors. During high-intensity exer-
cise, there is a shift of protein-poor fluid from the intra-
vascular space to the interstitial and intracellular spaces.
This fluid shift could lead to an increase in TSP and ALB
concentrations following exercise, as was found in our
study. Any changes in APP concentrations, especially those
observed at the 5-minute postexercise time point, should
be interpreted in light of this fluid shift. This fluid shift is
less important for the 6 and 12 hours postexercise, as TSP
and ALB had returned to values close to their the pre-
exercise values.
Table 3
Correlations between variables concentrations of horses submitted to
a preparatory polo training match

CK Lactate pH 23- kDa-p

Albumin 0.025 0.667* �0.694* 0.618*
Ceruloplasmin 0.258 �0.172 �0.099 0.138
Transferrin �0.188 0.485* �0.514* 0.501*
Haptoglobin �0.069 0.461* �0.442* 0.262*
a1-Antitrypsin 0.174 0.162 �0.044 0.043
a1-Glycoprotein acid �0.055 �0.091 0.059* �0.292*
23-kDa-p 0.033 0.570* �0.536*

CK, creatine kinase.
* P < .05.
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Our group has been quantifying the APP in equine
serum by using SDS-PAGE [19]. Furthermore, the values
obtained before exercise in the present study were
consistent with those of a study recently published by our
laboratory [21]. Other authors who monitored acute phase
proteins during a training program in athletic horses also
found similar values as those reported in the present study,
despite the use of a different method [22]. Thus, it is likely
the alterations observed after the match in the current
experimental model were not due to drift.

The physiological response observed in these horses and
the trends in values of pH, TCO2, BE, and lactate suggest that
this training match was high-intensity exercise, as was
reported earlier [12]. The physiological variables revealed
that the defenders had the highest rate of utilization of the
anaerobic metabolic pathway, as they had a lower blood pH
and greater lactatemia. Similarly, in soccer, it has been
show that there are considerable individual differences in
physiological demand between players, related in part to
their position on the team [15].

An elevation in serum CK activity similar to that
observed in the occurrence of muscle microtraumas [11]
that occur after a soccer match was observed in horses of
all positions. Some studies have suggested that the increase
in this serum enzyme activity occurs due to the transitory
increase in the permeability of the sarcolemma [23] in the
absence of histological lesions [24].

Another concept to consider is the possibility that the
stressful stimulus can provoke a noninflammatory and
psychophysical response that can induce APR in healthy
domestic animals due to the production of catecholamines
that are detectable in the laboratory [4,20]. Because APPs
are considered biomarkers almost exclusive for inflamma-
tion and/or infection, the present study, which considered
physical exercise as an experimental model, could have
revealed a possible essential relationship between APR and
a noninflammatory stimulus. Our hypothesis is reinforced
by the high correlation between the production of lactate
and adrenaline/noradrenaline [25] which regulates muscle
glycogenolysis during intense exercise. Additionally, blood
lactate concentrations and venous pH showed a high or
moderate correlation with ALB, TRANS, HP, and 23-kDa-p.

An elevation of 12% and 4.7% in total protein was
observed 5 minutes and 6 hours, respectively, after the
match, most likely reflecting a certain degree of dehydra-
tion, despite the fact that this level of alteration is some-
times considered insufficient to cause hemoconcentration
as observed in endurance horses [26]. Indeed, this alter-
ationwas attributed to a slight reduction in plasma volume,
and not to actual dehydration caused by sweating; where
the hemoconcentration observed in polo horses could be
due to fluid intercompartmentalization instead of a true
loss of fluid via perspiration. This mechanism can partially
explain the increases found in APP, especially for ALB, as
ALB is considered a negative acute phase protein [27].

This is the first report to provide information on the
dynamics of CER, a protein that acts in the cellular oxidative
metabolism of cooper and iron, after physical exercise in
the polo game. By definition, when there are changes
greater than 25% in the concentrations of APP, an APR
occurs [27]. Here, a 40% increase in CER was observed. The
elevation of the concentration of this protein can be
attributed to an inflammatory or noninflammatory
response [4,5] of acute phase induced by exercise [28].

Human runners of 1600-km ultramarathon races [29]
were found to have a 15% reduction in levels of TRANS,
a negative acute phase protein. This pattern is expected in
the acute phase response, as this decrease can be related to
the increase in bioavailability of some hormones such as
catecholamines that are ligands of this protein [30] and are
elevated after intense exercise [25]. This effect makes this
protein one of the “acute-booster reactants” (ABRs) [8].

During intense exercise, a release of hemoglobin caused
by partial hemolysis [17, 31] due to an increase in eryth-
rocyte permeability can occur. This hemoglobinemia is
neutralized by HP, a positive APP, which responds moder-
ately to inflammatory stimuli in horses [32]. These authors
concluded that the hemolysis that occurs due to induced
splenic contraction from exercise elevates the production
of hepatic HP. In this way, this protein can be used as
a clinical indicator of erythrocyte fragility as well as
a marked of the hemolysis that occurs in blood vessels
during exercise. In the experimental model used in this
work, there was a 23% increase in HP 5 minutes after the
match.

While the serum concentrations of a1-AnT were not
modified in ultramarathon athletes [8], our results
demonstrated a large variation in the levels of this protein.
Before the exercise, the attackers had an a1-AnT concen-
tration of zero; 5 minutes after the match, they showed
a significant increase in the level of this protein. Further
studies are necessary to elucidate the interaction of the a1-
AnT-exercise-acute phase response triad.

Alpha-1 acid glycoprotein, classified as a moderate APP
in horses, was constant at all times assessed. One possible
explanation for this finding is that increases in the levels of
this protein are probably related to chronic processes [3].

In the present study, one biomarker was identified only
as a “23-kDa protein.” Despite the lack of information on
the sequence of this protein, the 23-kDa protein has been
described as a monomer of the a chain of HP in cattle [33].
In the present study, this protein had a high correlation
with ALB and TRANS, although more studies are necessary
to elucidate the true biological role of this protein.

5. Conclusions

It is important to point out a study in the literature that
examined certain blood proteins and the inflammatory
response in horses foundmoderate alterations in the serum
protein profile related to APR after intense exercise. It is
clear that this phenomenon occurred in the horses of the
polo team studied, after participating in a match that
demanded both the aerobic and anaerobic pathways,
because the concentrations of the multiple components of
the APR increased concomitantly, although not uniformly,
in all the horses and positions. This paper contributes new
findings on APR stimulated by this equestrian sport.

Acknowledgments

This study was financially supported by FAPESP, Fun-
dação de Amparo à Pesquisa do Estado de São Paulo, Brazil
(Process 2009/09349-0).



M.R. Gondin et al. / Journal of Equine Veterinary Science 33 (2013) 956-961 961
References

[1] Giori L, Moretti P, Giordano A, Paltrinieri S. Short-term evaluation of
serum amyloid A after exercise in clinically healthy horses. J Equine
Vet Sci 2011;31:499-501.

[2] Nazifi S, Razavi SM, Reiszadeh M, Esmailnezhad Z, Ansari-Lari M,
Hasanshahi F. Evaluation of the resistance of indigenous Iranian cattle
to Theileria annulata compared with Holstein cattle by measurement
of acute phase proteins. Comp Clin Path 2010;19:155-61.

[3] Crisman MV, Scarratt WK, Zimmerman KL. Blood proteins and
inflammation in the horse. Vet Clin Equine Pract 2008;24:285-97.

[4] Murata H. Stress and acute phase protein response: an inconspic-
uous but essential linkage. Vet J 2007;173:473-4.

[5] Gruys E, Toussaint MJM, Niewold TA, Koopmans SJ. Acute phase
reaction and acute phase proteins. J Zhejiang Univ Sci
2005;B6:1045-56.

[6] Pedersen BK, Åkerström TC, Nielsen AR, Fischer CP. Role of myokines
in exercise and metabolism. J Appl Physiol 2007;103:1093-8.

[7] Liburt NR, Adams AA, Betancourt A, Horohov DW, McKeever KH.
Exercise-induced increases in inflammatory cytokines in muscle and
blood of horses. Equine Vet J 2010;38(Suppl):280-8.

[8] Fallon KE. The acute phase response and exercise: the ultra-
marathon as prototype exercise. Clin J Sport Med 2001;11:38-43.

[9] McGowan CM, Posner RE, Christley RM. Incidence of exertional
rhabdomyolysis in polo horses in the USA and the United Kingdom
in the 1999/2000 season. Vet Rec 2002;150:535-7.

[10] Evans WJ, Cannon JG. The metabolic effects of exercise-induced
muscle damage. Exerc Sport Sci Rev 1991;19:99-125.

[11] Ispirlidis I, Fatouros IG, Jamurtas AZ, Nikolaidis MG, Michailidis I,
Douroudos I, et al. Time-course of changes in inflammatory and
performance responses following a soccer game. Clin J Sport Med
2008;18:423-31.

[12] Ferraz GC, Soares OAB, Foz NSB, Pereira MC, Queiroz-Neto A. The
workload and plasma ion concentration in a training match
session of high-goal (elite) polo ponies. Equine Vet J
2010;42(Suppl):191-5.

[13] Rogers CW, Rivero JLL, van Breda E, Lindner A, Sloet van Old-
ruitenborgh-Oosterbaan MM. Describing workload and scientific
information on conditioning horses. Equine Comp Exerc Physiol
2007;4:1-6.

[14] Mohr M, Krustrup P, Nybo L, Nielsen JJ, Bangsbo J. Muscle temper-
ature and sprint performance during soccer matchesebeneficial
effect of re-warm-up at half-time. Scand J Med Sci Spor
2004;14:156-62.

[15] Bangsbo J, Mohr M, Krustrup P. Physical and metabolic demands of
training and match-play in the elite football player. J Sports Sci
2006;24:665-74.

[16] Cywinska A, Gorecka R, Szarska E, Witkowski L, Dziekan P,
Schollenberger A. Serum amyloid A level as a potential indica-
tor of the status of endurance horses. Equine Vet J
2010;42(Suppl):23-7.
[17] Scoppetta F, Tartagliaa M, Renzoneb G, Avellini L, Gaiti A,
Scaloni A, Chiaradia E. Plasma protein changes in horse after
prolonged physical exercise: a proteomic study. J Proteomics
2012;75:4494-504.

[18] Laemmli UK. Cleavage of structural proteins during the assembly of
the head of bacteriophage T4. Nature 1970;227:680-5.

[19] Fagliari JJ, McClenahan D, Evanson OA, Weiss DJ. Changes in plasma
protein concentrations in ponies with experimentally induced
alimentary laminitis. Am J Vet Res 1998;59:1234-7.

[20] Piñeiro M, Piñeiro C, Carpintero R, Morales J, Campbell FM,
Eckersall PD, et al. Characterisation of the pig acute phase protein
response to road transport. Vet J 2007;173:669-74.

[21] BasileRC, Ferraz GC, Carvalho MP, Albernaz RM, Araújo RA, Fagliari JJ,
et al. Physiological concentrations of acute-phase proteins and
immunoglobulins in equine synovial fluid J Equine Vet Sci
2013;33:201-4.

[22] Assenza A, Tosto F, Fazio F, Casella S, Messina V, Piccione G. Acute
phase proteins in athlete horse. Monitoring during exercise training
Ippologia 2012;23:3-8.

[23] Teixeira-Neto AR, Ferraz GC, Moscardini ARC, Balsamao GM,
Souza JCF, Queiroz-Neto A. Alterations in muscular enzymes of
horses competing long-distance endurance. Arq Bras Med Vet
Zootec 2008;60:543-9.

[24] Lazarim FL, Antunes-Neto JMF, Silva FOC, Nunes LAS, Cameron AB,
Cameron LC, et al. The upper values of plasma creatine kinase of
professional soccer players during the Brazilian National Champi-
onship. J Sci Med Sport 2009;12:85-90.

[25] Nagata S, Takeda F, Kurosawa M, Mima K, Hiragat A, Kalt M, et al.
Plasma adrenocorticotropin, cortisol and catecholamines response
to various exercises. Equine Vet J 1999;30:570-4.

[26] Zobba R, Ardu M, Niccolini S, Cubeddu F, Dimauro C, Bonelli, et al.
Physical, hematological, and biochemical responses to acute intense
exercise in Polo Horses. J Equine Vet Sci 2011;31:542-8.

[27] Eckersall PD. Acute phase proteins: biomarkers of infection and
inflammation in veterinary medicine. Vet J 2010;185:23-7.

[28] Resina A, Fedi S, Gatteschi L, Rubenni MG, Giamberardino MA,
Trabassi E, et al. Comparison of some serum copper parameters in
trained runners and control subjects. Int J Sports Med 1990;11:58-60.

[29] Fallon KE, Sivyer G, Sivyer K, Dare A. Changes in haematological
parameters and iron metabolism associated with a 1600 kilometre
ultramarathon. Br J Sports Med 1999;33:27-32.

[30] Ingenbleek M. Young V. Transthyretin (prealbumin) in health and
disease: nutritional implications. Ann Rev Nutr 1994;14:495-533.

[31] Cywinska A, Szarska E, Kowalska A, Ostaszewski P, Schollenberger A.
Gender differences in exerciseeinduced intravascular haemolysis
duringrace training in thoroughbredhorses. ResVet Sci 2011;90:133-7.

[32] Hanzawa K, Hiraga A, Yoshida Y, Hara H, KaiM, Kubo K, et al. Effects of
exercise on plasma haptoglobin composition in control and sple-
nectomized Thoroughbred Horses. J Equine Vet Sci 2002;13:89-92.

[33] Petersen HH, Nielsen JP, Heegaard PMH. Application of acute phase
protein measurements in veterinary clinical chemistry. Vet Res
2004;35:163-87.


	Acute Phase Responses of Different Positions of High-Goal (Elite) Polo Ponies
	1. Introduction
	2. Materials and Methods
	2.1. Horses
	2.2. Groups
	2.3. Training Match and Sampling
	2.4. Blood Analysis
	2.5. Determination of APPs with SDS-PAGE
	2.6. Statistical Analysis

	3. Results
	4. Discussion
	5. Conclusions
	Acknowledgments
	References


