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Does routine exercise induce stress and in consequence
serum amyloid A (SAA) response in purebred Arabian
racehorses?
Sylwester Kowalik and Ewa Tomaszewska
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Summary: This study aimed to evaluate whether a stress response to exercise increases the serum amyloid-A (SAA) production in purebred
Arabian race horses. Eleven healthy Arabian horses aged 3 to 5 years were examined. All the horses were subjected to the same effort test
consisting in 1200m gallop at a speed typical for the daily training programme. Four venous blood samples were collected, namely: at
rest (T0), immediately after the end of the exercise (T1), after 30 minutes of rest (T2), and after 24 hours from the first sampling (T3). Serum
levels of ACTH, cortisol, and SAA were estimated by the ELISA method. To evaluate a relative intensity of exercise, the plasma lactate (LA)
concentration and serum lactic dehydrogenase (LDH) activity were determined. The results obtained revealed that the type of exercise used
caused a statistically significant short-term increase in the LA and LDH values. Similarly, the exercise induced a HPA axis response by a sig-
nificant increase in ACTH and cortisol at T1 (P≤0.01). Then, the LA and hormones concentrations decreased significantly over one of the
post-training sampling periods (T2) (P≤0.05 and P≤0.01, respectively). No statistically significant differences were observed in the SAA
serum level during the respective steps of the experiment (T0–T3). In conclusion, the exercise-induced stress clearly affected the HPA axis
response in horses by transient raising the ACTH and cortisol concentration. In contrast, the routine training session did not promote sig-
nificant changes in the SAA level in studied horses.
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Introduction

All mammals, including horses, respond to exercise by activa-
ting a wide array of behavioral and physiological mecha-
nisms that are collectively referred as the stress response
(Smith and Vale 2006, Cayado et al. 2006). The typical
response consists of activation of the sympathetic nervous
system, parasympathetic withdrawal, and increased activity of
the hypothalamic-pituitary-adrenocortical (HPA) axis. Moreo-
ver, strenuous exercise causes the release of pro-inflammato-
ry agents such as cytokines, prostaglandins, and certain pro-
teins synthesized in the so-called acute phase response (APR)
into the bloodstream (Cywińska 2012). The APR is thought to
be a part of the early defense or innate immune system, which
is triggered towards tissue injury, infection, inflammation, sur-
gical trauma, or stress (Murata et al. 2004, Petersen et al.
2004, Eckersall and Bell 2010, Satué et al. 2013, Balikci et
al. 2013). This non-specific, complex, and highly orchestra-
ted inflammatory response is designed to reestablish homeo-
stasis, promoting healing and repair processes (Crisman et
al. 2008, Cray et al. 2009). A number of recent studies have
reported that a reaction analogous to the APR in inflammato-
ry conditions has been found after different kinds of exercise
in humans, dogs, and horses (Cywińska et al. 2010, Waksh-
lag et al. 2010, Cywińska et al. 2012).

The response pattern of the APR is species-specific, especially
for synthesis of acute  phase proteins (APP), a class of pro-
teins, whose plasma concentrations increase or decrease in
animals subjected to external or internal challenges (Jacob-

sen and Andersen 2007). In the horse, several proteins, inclu-
ding serum amyloid-A (SAA), fibrinogen, and haptoglobin,
have acute phase properties (Cray et al. 2009, Casella et al.
2012). Among those, only SAA in equine practice is conside-
red as the major APP, mainly because its level increases rapid-
ly, even up to 1000 times during the APR, while the others will
increase modestly up to 10 times of resting values (Jacobsen
and Andersen 2007, Belgrave et al. 2013, Satué et al.
2013). A causal relationship between stress and APR has
been confirmed, although the mechanism of APP response
due to exercise-induced stress is yet to be clarified (Cray et al.
2009, Valle et al. 2015). The mechanism for stimulation of
hepatic production of APP has been extensively studied;
however, recent papers have revealed several discrepancies
in the course of changes in SAA in horses that have undergo-
ne strenuous exercise. Kristensen et al. (2014) did not obser-
ve any changes in the plasma SAA level of Standardbred trot-
ters after short-term acute exercise. Similarly, Cywińska et al.
(2013) also did not observe significant differences in the plas-
ma level of SAA in experienced purebred Arabian horses. In
contrast, a recent study by Valle et al. (2015) has demonstra-
ted a significant increase in the plasma level of SAA in Warm-
blood horses trained with a typical conditioning program.
Similar changes in SAA release has been confirmed in exerci-
sed Thoroughbred horses (Turło et al. 2016). These findings,
however, were not compared with the HPA axis activity in the
studied horses. Moreover, according to research conducted
by Kędzierski and Bergero (2006), it is known that Thorough-
bred horses tolerate short-term, intensive exercise better than
purebred Arabian horses.



Therefore, the major assumption underlying this research was
to clarify whether an exercise stressor can affect horse’s meta-
bolic processes by activation of both HPA axis and APR
response. Thus, the aim of the present study was to evaluate
if the exercise, used routinely in the race training of purebred
Arabian horses, is a sufficiently strong stressor to elicit chan-
ges in the SAA level, the most useful marker of acute phase
response in horses. 

Materials and Methods

Horses

Eleven healthy purebred Arabian horses (6 stallions and 5
mares), aged 3 to 5 years, were used in the study. The horses
were all stabled at the same training stable (Słuzewiec Race-
track, Warsaw, Poland), and each horse was kept in an indi-
vidual box under the same environmental conditions. Prior to
the study, the horses were routinely trained five days a week
by the same trainer.

Exercise test

The study was performed in August, under clear weather con-
ditions with a temperature of 18–20°C, on a flat and dry sand
racetrack. On the day of the test, the training session was per-
formed in the morning, from 07:00 to 09:00 am. Initially, all
horses had a 10-minute warm-up trot and canter with a rider.
Then, they galloped on a 1200m sand track at an average
speed of 6.0m/s, and at the finish, 800m at a speed amoun-
ting to 12.8m/s. Finally, they returned trotting to the stables
(5min). After the exercise, the horses were unsaddled and
cooled down for 30 minutes on a mechanical horse walker.
The training sessions were monitored using a portable GPS
tracking system (Forerunner 305, Garmin, USA). During the
study, the horses did not show clinical signs of any illness nor
the mares showed external symptoms of estrus.

Four blood samples were taken at the following four phases:
at rest, 30 minutes prior to the exercise (T0), immediately
after the end of exercise (T1), 30 minutes after the end of the
effort (T2), and after 24 hours from the first sampling (T3),
before the next training session. The blood samples were col-
lected from each horse by jugular venipuncture into two
tubes: one containing EDTA, and other for serum separation.
Plasma LA concentrations were determined within 15 minutes
after the sampling. The remaining blood was centrifuged at
1000×G for 10 minutes and the serum supernatant was col-
lected and frozen at -20ºC until further use.

Laboratory analyses 

Serum ACTH and cortisol concentrations were determined
using multi-species ELISA kits (DRG International Inc., Moun-
tainside, NJ, USA). The SAA levels were measured using an
ELISA test (Tridelta Development LTD, Ireland). All samples
were analyzed in duplicate. The values of hormones and SAA
were expressed as ng/ml. The level of blood LA was estimated
by the spectrophotometric method using a Dr Lange enzyma-
tic cuvette test (Warsaw, Poland) and expressed as mmol/l.
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Serum LDH activity was measured using a Cormay diagnostic
kit (Warsaw, Poland) and expressed as U/l.

Statistics

The results are presented as means±standard error of the
mean (SEM). Statistical analyses were performed using the
GraphPad Prism software package (Graph Pad Software,
USA). Comparisons between the analyzed groups were made
by the Student-Newman-Keuls test (ANOVA). The coefficient
correlation was also determined to compare the exercise-
induced changes in the values of studied parameters. The
statistical significance was accepted at the level of P≤0.05.

Results

The results of the measurement of studied hormones are pres-
ented in Fig.1. Both the ACTH and cortisol concentrations
increased significantly after the exercise (T1). The mean
values of the serum ACTH level determined at T2 significantly
decreased (P≤0.05) but did not reach the level at the T0
time. Similarly, the mean serum cortisol concentration signifi-
cantly decreased (P≤0.01) after 30min of rest, but did not
reach the values at T0. At T3, the mean concentrations of
ACTH and cortisol returned to the initial levels. A significant
correlation coefficient was found between the concentration
of cortisol and ACTH in serum samples obtained at T1
(r=0.64).

The mean values of blood LA and LDH obtained in the con-
secutive steps of the experiment are presented in Tab.1. The
statistical analysis revealed a significant increase in the blood
LA concentration immediately after the exercise (T1)
(P≤0.05). Similarly, there was a significant increase of LDH
activity at T1 and T2 (P≤0.01) in relation to T0 and T3.

Changes in the serum concentration of the SAA during the
test are presented in Fig. 2. In general, the course of the
changes in the SAA concentration was similar to that for
ACTH and cortisol (Fig. 1). However, detailed analysis revea-

Fig. 1 Serum cortisol and ACTH concentrations during training
session in Purebred Arabian racehorses (means±SE). T0 – at rest, 
T1 – immediately after the end of exercise, T2 – 30 minutes after the
end of the effort, T3 – 24 hours after the first sampling. A, B, C –
means marked with different superscripts differ at p≤0.01; a,b,c –
means marked with different superscripts differ at p≤0.05



led that there was no statistically significant differences bet-
ween the levels of SAA during the respective steps of the expe-
riment (T0–T3). 

Discussion

The routine exercise induced transient increases in ACTH and
cortisol concentrations in studied horses. Previous studies
have shown that the intensity of exercise is the main factor
that modulates the HPA axis response to effort (Cayado et al.
2006, Ferlazzo et al. 2012, von Lewiński et al. 2013). The-
refore, to ensure an adequate exercise intensity of exercise
performed by the studied horses, the plasma LA was determi-
ned. It is universally accepted that the rate of changes in cir-
culating LA concentrations reflects the degree to which ana-
erobic metabolism contributes to energy production during
exercise, thus the LA level in circulating blood is the reliable
indicator of fatigue (Desmecht et al. 1996, Podolak et al.
2006, Kędzierski et al. 2014). As a first result, our analysis
indicated that the horses developed a typical biochemical
response to the exercise by increasing the LA concentration
over the range of an anaerobic threshold (4.0mmol/l). The-
refore, it can be assumed that the physical effort applied
during the training session was a sufficiently intense stressor
to induce a local and/or systemic response. According to this,
the exercise-induced stress elicited a systemic response and
altered production of adrenal hormones. 

Measurement of changes in the concentrations of ACTH and
cortisol after a short-term high-intensity effort was shown to
be effective for evaluating acute stress in racehorses (Fazio et
al. 2008, Kędzierski et al. 2014). Also, the study by Ferlazzo
et al. (2012) clearly has confirmed that participation in jum-
ping competitions increased the circulatory levels of these
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hormones in horses. A simple but interesting experiment per-
formed by Mircean and colleagues (2007) compared the
influence of 4 different types of horse training (2 of moderate
intensity and 2 of high intensity) on the LA and cortisol con-
centrations. Although the authors revealed a highly significant
post-exercise increase in cortisol in all groups of horses, the
most interesting finding was that the increased level of LA trig-
gered HPA and cortisol secretion. This conclusion seems to
be consistent with the results of our study. Moreover, our
results indicated that the differences in the ACTH concentra-
tions were correlated with the differences in cortisol secretion
during the respective steps of the experiment. This is in line
with the study by Ferlazzo et al. (2012), who have found that
the peak of plasma ACTH in jumping horses occurs immedi-
ately after the end of the exercise and is associated with the
cortisol plasma concentration. 

In the present study, the positive significant correlation bet-
ween the cortisol and ACTH serum concentration was noted
only once, at the end of the exercise. This result allows us to
postulate that the short-term medium-intensity effort applied
in the study stimulates ACTH secretion; however, the cortisol
response was not prolonged and did not increase after the
end of the exercise. Consequently, the routine training session
did not promote significant disturbances in the HPA axis in the
trained purebred Arabian horses. In the light of this finding, it
can be stated that the studied horses were well trained and/or
the effort used in the routine training session was not a suffi-
cient stressor to cause hormonal imbalance.

Despite the stated increase in ACTH and cortisol concentra-
tions, SAA did not change significantly in the studied horses.
The latest study by Turło et al. (2016) has revealed that a sig-
nificant increase in plasma SAA in Thoroughbred racehorses
occurs within 24 hours after the end of the race. However, as
mentioned above, Thoroughbred racehorses and purebred
Arabian horses differ in terms of their exercise capacity, and
therefore the results obtained are not fully comparable bet-
ween these breeds (Kędzierski and Bergero 2006). In general,
in general, the intensity of effort during the race is much higher
than that used in daily training sessions (Desmecht et al.
1996). Moreover, an APR develops in horses within several
hours after exposure to acute or continuous stressors and
reach peak values only after 36–48 hours (Casella et al.
2012,  Satué et al. 2013). However, we did not observe stati-
stically significant changes in the SAA level during all the
respective steps of the experiment. This may be attributed to
the fact that APR required a longer and/or stronger effort to
increase the SAA in blood serum. This statement is consistent
with  the results of several studies which examined the effect of
high-intensity exercise on the plasma SAA concentration in
horses undergoing different types of training. Larsson et al.
(2013) have reported that the SAA concentration increase sig-
nificantly by more than 1800%, in horses participating in a
120km endurance ride, in comparison to the resting values.

Table 1      Blood LA concentration and serum LDH activity in Purebred Arabian horses during training session (means ± SE) 

 T0 T1 T2 T3 

LA (mmol/l) 0.92 ± 0.15 a 4.64 ± 3.14 b 1.23 ± 0.31 a 0.94 ± 0.13 a 

LDH (IU/l) 379 ± 26.60 a 429 ± 25.70 b 417 ± 28.20 b 381 ± 25.40 a 
T0 – at rest, T1 – immediately after the end of exercise, T2 – 30 minutes after the end of the effort, T3 – 24 hours after the first sampling  
a,b  – means marked with different superscripts differ at p!0.05 

!

Fig. 2 Serum amyloid A concentration during training session in
Purebred Arabian racehorses (means±SE). T0 – at rest, T1 – imme-
diately after the end of exercise, T2 – 30 minutes after the end of the
effort, T3 – 24 hours after the first sampling, no statistical differences
were found



Similar studies have been conducted by Cywińska and collea-
gues (2010, 2013). The authors have revealed that the plas-
ma SAA concentration in Arabian horses increase significantly
after the endurance rides at the distances of 80, 120, and
160km. Moreover, they have found a correlation between the
pre-race SAA level and the physical status of the horses, i.e. if
the basic values of SAA were high, the horses showed worst
physical function and often did not end of the race.

In our study, the concentration of SAA measured in accordan-
ce with experimental assumptions showed no significant chan-
ges. The lack of changes observed immediately after the exer-
cise could be initially explained by the selected sampling time,
i.e. approximately 5 minutes after the end of exercise, which
was most likely too early to observe an increase in SAA con-
centration. However, the SAA level in the consecutive blood
serum samples, including the T3 time, did not increase either.
According to this result it seems that the routine training ses-
sion did not promote the SAA systemic response. One of the
most likely cause of these results is that the Arabian horses
subjected to the experiment were well trained and, therefore,
the daily routine training did not affect the APR reaction. Final-
ly, it should be underlined that all the experimental horses were
healthy and clinically normal, and completed the training
without any injures. This statement seems to be essentially
methodological in estimation of plasma SAA of exercised hor-
ses. Especially, an intensive acute exercise has detrimental
effects on defense mechanisms, which finally leads to tissue
lesions (Kinnunen et al. 2005, Capelli et al. 2008). The resul-
ting lesions, in turn, can cause, as an overlapping factor, addi-
tional secretion of SAA into bloodstream (Turlo et al. 2015). It
has been reported previously that LDH correlates well with
injuries that occur in horses during a wide variety of exercise
activities (Chiaradia et al. 1998, Muñoz et al. 2002, Teixeira-
Neto et al. 2008). Our findings on the LDH concentration
during the training session showed no significant differences
between the values obtained at rest and 24 h after the exerci-
se. This means that there were no serious tissue fatigue injuries
in the horses, despite the intensity of the exercise performed. 

In conclusion, our study indicated that although routine race
training sessions of purebred Arabian horses activate the HPA
axis response, they did not promote significant changes in the
SAA level.

Animals welfare statement

All procedures were approved by the Local Ethical Review
Committee for Animal Experiments in Lublin (45/2017) and
conducted according to the European Community regula-
tions concerning the protection of experimental animals. 
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