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Abstract

The aim of the study was to evaluate the effect of regular physical exercise on cortisol concen-
tration and oxygen-dependent bactericidal activity of neutrophils in peripheral blood in recrea-
tional and competitive sport horses (racehorses — Ra, trotters — T, jumping horses — J, driving
horses — D). The study was conducted on 55 clinically healthy horses. Blood samples were collected
from the external jugular vein three times: before exercise, immediately after exercise, and after
30-min rest. Blood samples were subjected to haematological examination, cortisol concentration
was determined by radioimmunoassay (RIA) and neutrophil oxygen metabolism of neutrophils
was determined using a chemiluminescence method. The analysis showed that cortisol concentra-
tion was significantly higher (P<0.05) post-exercise only in the blood of sport horses. This finding,
along with a significant correlation (P<0.00005) with the heart and respiratory rates, suggests
that the magnitude of cortisol secretion is associated with the intensity and duration of exercise.
The relatively small post-exercise increase in cortisol concentration during different exercises of
horses resulted in a transient increase of chemiluminescence activity of neutrophils, mainly in D
(P<0.00001) and J horses (P<0.01). In the studied groups analysis of the correlation between cor-
tisol concentration and other parameters showed significant correlation only in the case of the CL
total in T (P<0.02) and D horses (P<0.004). It is therefore apparent that in a limited concentration,
this hormone may stimulate the activity of these cells, although the effect of other neurohormonal
factors cannot be excluded. This result confirms that regular and moderate training loads have
a beneficial effect on the immunological status of horses.
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Physical exercise, as one of factors, elicits many non-specific adaptive reactions
aimed at maintaining or restoring body homeostasis. It is accepted that the effective
response of the organism is possible due to the interactions between the nervous, hor-
monal and immune systems (Eskandari and Sternberg, 2002). A special role in this
regard is assigned to the activation of the hypothalamus—pituitary—adrenal (HPA)
axis and the adrenergic system, resulting in increased release of many neurohormo-
nal factors (e.g. adrenocorticotropic hormone — ACTH, glucocorticoids, catechola-
mines, B-endorphins, sex steroids) into peripheral blood (Hyyppi, 2005). One of the
most widely used indicators of stress is cortisol, an adrenal cortex hormone which
not only modulates carbohydrate, protein and lipid metabolism, but also affects re-
productive function and immune mechanisms (Aurich and Aurich, 2008; Malinow-
ski et al., 2000).

The widespread use of horses to perform exercise (mainly sport) tasks has made
equine exercise physiology a subject of continuing interest. Much attention in this
respect has been given to the study of exercise stress, using the determinations of
cortisol concentrations in blood serum or plasma (Casella et al., 2016; Sabev, 2011),
saliva (Kedzierski et al., 2013; Peeters et al., 2013), urine and faeces (Gorgasser et
al., 2007; Toutain et al., 1995), in the context of the performance, sporting achieve-
ments (Casella et al., 2016; Marc et al., 2000; Sabev, 2011) and welfare (Houpt et
al., 2001) of these animals. It is well established that magnitude of exercise-induced
changes in blood cortisol concentration depends mainly on the intensity, type and
duration of the training load (Desmecht et al., 1996; Jimenez et al., 1998; Thornton,
1985), as well as on the training progress, fitness (Finno et al., 2010; Marc et al.,
2000) and age (Horohov et al., 1999) of the horses.

One of the consequences of increased cortisol secretion is its effect on the body’s
immune function. Numerous studies in the horse have demonstrated that long and
exhausting physical exercise, which involves a marked, even 2- to 3-fold increase
in the blood cortisol concentration (Hinchcliff et al., 2008), leads to a clear leuko-
cytosis, a stress leukogram, which is characterized by increased neutrophil counts,
and lymphopenia, which is caused by a decrease in the number of CD4+ T and NK
cells (Korhonen et al., 2000; Suzuki et al., 1999). These reactions are accompanied
by a temporary suppression of immunocompetent cell function, which is character-
ized by a reduction in the phagocytic and bactericidal activity of neutrophils and
monocytes in the blood, and of lung macrophages, lower values of the neutrophil
chemotactic index, impairment of lymphocyte proliferation and NK cells cytotoxic
activity (Hines et al., 1996; Horohov et al., 1999; Korhonen et al., 2000; Raidal et
al., 2000; Robson et al., 2003; Wong et al., 1992), as well as lower antibody titres
after influenza vaccination (Folsom et al., 2001). Several studies focused their atten-
tion on the effect of short and moderate exercise on blood cortisol levels in horses
suggesting a beneficial effect of these loads on the organism through stimulation of
immune reactions involving neutrophils, macrophages and NK cells (Hines et al.,
1996; Korhonen et al., 2000; Raidal et al., 2000).

The exercise-induced cortisol secretion and immunomodulation were generally
studied in horses that compete occasionally as well as during experimental load tests.
It has been demonstrated that animals living in different environmental conditions
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are also exposed to emotional stress, which may modulate neurohormonal responses
to exercise (Cayado et al., 2006).

The aim of the present study was to evaluate the effect of regular physical exer-
cise on cortisol concentration and oxygen-dependent bactericidal activity of neutro-
phils in peripheral blood of breeding, recreational and competitive horses.

Material and methods

The study was conducted on 55 horses aged 2 to 15 years and included: breeding
horses (B), recreational horses (R), and competitive sport horses (S) representing
different sports: races — Ra, trotter races — T, obstacle jumps — J, and single horse
driving — D (Table 1).

Table 1. The characteristics of the horses according to their use

Groups Subgroups Age Sex Breed
of horses of horses (years) (n) (n)
(n) ()
B 6.92 Mares (8) Half-breed (12)
(12) (3-11) Stallions (4)
R 8.75 Mares (3) Half-breed (8)
®) (4-15) Geldings (5)
S Ra 4.13 Mares (3) English Thoroughbred (8)
(35) ®) 3-5) Stallions (4)
Geldings (1)
T 2.44 Mares (6) Standardbred (9)
9) (2-3) Stallions (3)
J 8.44 Mares (2) Hanoverian (4)
) (6-11) Stallions (4) KWPN (3)
Geldings (3) Selle Francais (2)
D 7.89 Mares (2) Half-breed (6)
) (5-12) Stallions (1) KWPN (3)
Geldings (6)

Explanation: n — number of horses; B — breeding horses; R — recreational horses; S — sport horses; Ra — race-
horses; T — trotters; J — jumping horses; D — driving horses; KWPN — Dutch Warmblood (Koninklijke Vereniging
Warmbloed Paardenstamboek Nederland).

The animals came from six training centres, two recreational centres and one
breeding farm in the north-western part of Poland. The data collected during an
interview directly before the beginning of the research procedure, the clinical ex-
amination (rectal temperature, heart and respiratory rates, appearance of the mucous
membranes, and filling time of capillary vessels) as well as the laboratory results
obtained ex post indicated that the animals were healthy. They were subject to regu-
lar prophylactic treatment including deworming and vaccination against influenza
and tetanus. The horses’ diet was balanced in respect of energy—protein, minerals,
and vitamins according to dietary requirements established for these animals (Frape,



56 W. Krumrych et al.

2010). The diets were based on hay (6 kg), crushed oat grain (4.5 kg) and Marstall
Haferfrei muesli mix (1.5 kg), which met the horses’ requirement for major minerals,
trace minerals and vitamins, and supplemented the diet with protein and energy. The
horses had permanent access to mineral supplements and water. The conditions in all
studied centres were similar and met the welfare requirements of the horses.

The horses participated in a daily training programme from 6 months (T) to sev-
eral years (J and D), which depended on the type of sport discipline. Recreational
animals were used in the spring-summer season on a rather irregular basis. The aver-
age time of their daily work was 2—-3 h during which the horses were ridden mainly
by young people learning to horse ride. The physical activity of control horses (B)
was much more limited and consisted mainly in spending time on pastures and pad-
docks for 8-10 h a day. The general characteristics of the physical exercise of the
horses representing different groups is presented in Table 2.

Table 2. General characteristics of exercise of horses from different groups

Time (min)
Horses Type of physical exercise
A B
R 10-15  55-60 Walk (10 min), trot alternated with walk (25-30 min), gallop (5 min),
trot (5 min), walk (10 min)
S Ra 2-3 12-15 Walk (1 min), trot (5 min), gallop (200 m at the pace 13—14 m/s), trot
(5 min)

T 12-18 20-30 The training of driving horses included: walk (200 m), trot (3 000 m at
7 m/s), walk (400 m), trot (1,400 m at 7 m/s), trot (400 m at 11 m/s),
trot (1,200 m at 7 m/s), trot (400 m at 11 m/s), trot (300 m at 7 m/s) and
walk (200 m)

J  20-30 50-60 The training included initial phase: walk, trot and gallop alternated with
trot (for 10 min) and intensive phase (3040 jumps over obstacles 120—
140 cm high during 20-30 min)

D 30-40 40-50 Single-horse driving: walk (500 m), trot (5,000 m at 4.2 m/s), walk
(1,000 m), trot with three obstacles (3,000 m at 3.9 m/s)

Explanation: A — intensive phase; B — whole exercise session.

The study was carried out in summer (from July to September) in the horses’
permanent home. The average air temperature during the study was 21.8+4.2°C
whereas humidity, atmospheric pressure, and wind were 42—73%, 1003—1015 hPa,
and 2.8-5.2 m/s, respectively. The horses exercised on an even and sandy ground.
The measurements of the HR (heart rate) and RR (respiratory rate) were performed
through the auscultatory method using a stethoscope.

Blood samples were collected from the external jugular vein using Vacuette sys-
tem three times: before exercise — I (in the stable, before saddling or harnessing
and at least an hour after feeding), immediately after exercise — II, and after 30-min
rest — III, which included relaxation of the horses. Every time, the blood samples
were collected into three plastic tubes: 9 ml tubes containing lithium heparin, 4 ml
containing potassium versenate (K. EDTA) and 9 ml without anticoagulant. In order
to eliminate the influence of the daily rhythm on the neurohormonal activity, the first
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blood samples were collected at the same time (9:00 £30 min). Laboratory assay
of whole blood was performed not later than 5 h after collection, which was stored
at 4°C. After centrifugation of whole blood without anticoagulant (at 1500g for
10 minutes), the separated serum was transferred to empty vials and stored at —20°C
until analysis.

Haemoglobin (Hb) concentration, white blood cell count (WBC) and the percent-
age of neutrophils (N) and lymphocytes (L) were determined from the blood samples
collected into K.EDTA containing tubes. The assay of Hb and WBC was performed
by a semi-automatic method using haematological analyser Sysmex F800 (TOA
Medical Electronics Co. Ltd, Japan) whereas the percentage of N and L was deter-
mined by microscopic analysis of blood smears using May—Griinwald—Giemsa stain.

Serum was analysed for cortisol concentration after ethyl acetate extraction of
the hormone from the serum by radioimmunoassay (RIA) according to the method
described by Szafranska et al. (2002). The sensitivity of the assay was 15 pg/sample,
and the intra-assay coefficient of variation was approximately 4%.

The evaluation of neutrophil oxygen metabolism was done in whole blood (col-
lected into tubes containing lithium heparin) using chemiluminescence (CL) with lu-
minol (5—amino—2,3—dihydro—1,4—phthalazinedione, product no. 09253, Fluka Che-
mie GmbH, Buchs, Switzerland) diluted in a 0.4% NaOH solution to a concentration
of 28 mmol/L (stock solution) and then diluted 20-fold in PBS (phosphate buft-
ered saline solution, Biomed, Lublin, Poland). The assessment was performed using
a Bio-Orbit 1251 Luminometer (Pharmacia LKB, Finland) by kinetic method for
40 min at 38.0°C measuring CL at 5-min intervals. The results were presented as the
value of CL integration that is area under the curve of emission against the function
of time (mV/min). Blood samples were examined for spontaneous chemilumines-
cence (without stimulation — WS) and after stimulation by Fc receptor binding an-
tibody and complement components, chemotactic receptor as well as extra-receptor
stimulus. The following CL stimulators were used:

— opsonised zymosan (OZ): 100 mg of zymosan (product no. Z4250, Sigma Al-
drich Chemie GmbH, Steinheim, Germany) suspended in PBS solution (10 mL) and
equine plasma (10 mL),

— N—formyl-methionyl-leucyl-phenylalanine (fMLP), product no. F-3676, Sig-
ma Aldrich Chemie GmbH, Steinheim, Germany: 5 mg of fMLP dissolved in 5 mL
DMSO (dimethyl sulfoxide, product no. D2650, Sigma Aldrich, St. Louis, USA) and
diluted in PBS solution to 2.28 pmol/L, and

— phorbol myristate acetate (PMA), product no. P8139, Sigma Aldrich Chemie
GmbH, Steinheim, Germany): 5 mg of PMA dissolved in 5 mL of 95% ethanol and
then diluted in PBS solution to 1.62 pmol/L.

The examined sample contained: 150 uL of whole blood, 100 pL of 1.41 mmol/L
luminol solution and 200 uLL. PBS or 100 uLL PBS + 100 uL of stimulator.

Because the chemiluminescence value of blood is inversely proportional to the
concentration of haemoglobin (Hb) and directly proportional to the number of neu-
trophils (N) in the sample, the obtained results were corrected relating CL value to
1,000 cells. Optimisation of the results was done according to the formula taking into
account the volume of the blood sample (Krumrych and Wisniewski, 2006):
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CL measured x Hb
(WBC x N x 150) / 100

CL calculated =

Hb — haemoglobin content in % (in relation to the mean value calculated for the
particular group of horses), WBC (x103/uL) — absolute value of white blood cells
count, N — percentage of neutrophils in the white blood cell picture, 150 — volume
of blood in pL.

The obtained results are presented as arithmetic mean (X) and standard deviation
(£sd). Before performing the statistical analysis, we tested the residuals for normal-
ity of data distribution using the Shapiro—Wilk test. For each dependent variable,
Levene’s test was used to determine homogeneity of variance. To compare the pre-
exercise values of the studied parameters, the one-way analysis of variance (ANO-
VA) was used. In case the variables were normally distributed, the significance of
differences between groups was verified by using the post-hoc Tukey’s test. When
the distribution was abnormal, the Kruskal-Wallis test was used.

The effect of exercise was assessed by one-way ANOVA for repeated measures.
When significant differences were found, a post-hoc analysis (the Tukey’s test) was
made in order to investigate between which times significant differences existed.
Correlations between the studied variables were assessed using the Pearson correla-
tion coefficients (r). Statistical significance was set at P<0.05 in all the cases. All
statistical analyses were performed using Statistica for Windows, v. 6.0 software
(StatSoft Inc., Tulsa, USA).

Interaction of age, sex and breed was not significant in the case of any parameter,
therefore it had been left out from the general model and results presented as pooled.

Results

The results of clinical parameters (heart rate — HR and respiratory rate — RR) and
serum cortisol concentrations in the investigated horses are presented in Table 3.

Comparison of the resting values (test I) of these parameters did not show any
significant differences between the breeding (B), recreation (R) and sport horses (Ra,
T, J, D). The exercise loads resulted in a statistically significant (P<0.00001) increase
in heart and respiratory rates in all the groups of horses except for HR in R horses
(test II). This reaction was short in all the horses because both parameters clearly
decreased after 30-min rest (test III).

The post-exercise changes in the values of functional parameters were paralleled
by an increase in serum cortisol concentration in the horses. This hormone increased
significantly in all groups of sport horses (Ra — P<0.001, J — P<0.005, T and D
— P<0.05). It is worth noting at this point the persistence of increased cortisol con-
centration after 30-min rest in T horses, and furthermore a slight upward tendency
(Ra, J and D horses), which suggests that the elevated blood level of this hormone
persisted for longer. However, the exercise of R horses did not result in considerable
changes in the concentration of cortisol, and no significant differences were found in
pre-exercise cortisol values between the horse groups.
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The mean values of the leukocyte indices (WBC, L, N, N/L) during physical
exercise are shown in Table 4.

Table 3. Mean values (X =+ sd) of the functional parameters (HR, RR) and serum cortisol concentrations
of horses during physical exercise

Horse Sampling HR RR Cortisol
groups times (/min) (/min) (ng/ml)
B - 37.67+3.60 17.33+3.85 41.49+14.53
(n=12)
R 1 36.75+3.69 15.25 a+3,99 41.85+7.01
(n=8) 11 44.00+5.66 40.00 b+11.61 43.07+8.93
111 37.25+7.32 20.00 a+2.83 38.50+7.67
S Ra 1 36.25 a+10.28 18.25 a+4.59 39.43 a+8.44
p (n=%) 11 85.75 b+15.02 69.00 b+11.66 55.45 ab+13.40
o 111 41.50 a+3.66 29.50 a+5.21 66.24 b+14.18
r T 1 37.11 a+6.49 20.22 a+4.84 50.24 a+8.19
t  (n=9) 11 87.56 b+9.58 64.89 b+13.97 71.84 b+12.83
111 38.89 a+6.86 22.00 a+5.39 71.43 b+15.32
J 1 34.00 a+5.83 12.44 a£2.19 40.88 a+12.71
(n=9) 11 76.22 b+16.29 80.44 b+18.81 61.74 b+13.84
111 39.33 a+9.70 21.56 a+8.53 64.46 b+11.09
D 1 34.44 a+8.53 15.33 a£3.16 44.23 a+12.72
(n=9) 11 112.00 b+22.16 110.44 b+26.13 60.72 ab+9.51
111 50.89 c+5.11 31.33 a+5.00 63.66 b+10.07

Explanation: X — arithmetic mean; sd — standard deviation; n — number of horses; HR — heart rate; RR —
respiratory rate; B — breeding horses; R — recreational horses; Ra — racehorses; T — trotters; J — jumping horses;
D — driving horses; I, II, IIT — time of blood collection (before, immediately after exercise and after 30 min rest);
a, b, c — mean values differ significantly for P<0.05 (refer to difference between I, II and III); A, B, C — mean
values differ significantly for P<0.05 (refer to differences between mean values before exercise).

Table 4. Mean values (X+ sd) of the leukocyte indices during physical exercise of different groups of horses

Horse Sampling WBC L N N/L
groups times (G/) (G/1) (G/)
B - 9.17+1.27 3.51 A+0.88 5.34+0.85 1.62+0.48
(n=12)
R 1 7.66+1.58 2.16 B£0.39 4.70+£0.97 2.26+0.65
(n=8) 11 8.05+1.49 2.70+0.68 4.76+0.93 1.83+0.46
111 7.56+1.20 2.33+0.48 4.51£0.96 2.01+0.56
S Ra 1 8.34+0.82 2.92 aAB+0.34 4.97+0.59 1.72+0.25
p (n=8) 11 10.25+1.21 5.10 b+0.58 4.70+0.67 0.92+0.12
o 111 8.94+1.15 3.37 a+0.65 5.15+0.70 1.56+0.27
r T 1 8.86+1.43 3.45 aAB+0.84 5.07+0.87 1.52+0.36
t (n=9) I 10.21£1.79 4.75 b+1.02 5.07+1.12 1.09+0.25
1 8.80+1.50 3.64 ab+0.72 4.82+0.88 1.34+0.22
J I 7.70+1.89 2.24 B+0.86 5.11£1.94 2.89+2.09
(n=9) I 9.13+2.30 3.13+1.09 5.60+2.44 2.30+2.28
1 8.18+2.59 2.31+0.78 5.50+2.56 2.824+2.02
D I 7.31£1.50 2.43 aAB+0.61 4.48+1.01 1.91+0.50
(n=9) I 8.77+2.09 3.83 b+0.93 4.46+1.27 1.18+0.29
111 8.37+1.59 2.99 ab+0.94 4.93+0.82 1.79+0.64

Explanation: WBC — white blood cell count; L — lymphocytes; N — neutrophils; N/L — N to L ratio; X, sd, n,
B,R,Ra, T,J,D, LI, III, a, b, A, B — as in Table 3.
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The statistical analysis of the resting (pre-exercise) values of these parameters
showed a significantly greater (P<0.05) number of lymphocytes (L) in the blood of
breeding horses (B) compared to R and J horses. Also for these cells only, a signifi-
cant increase in their number was observed immediately after the exercise of sport
horses (Ra — P<0.001, T — P<0.01, D — P<0.05) with a marked tendency for L to
decrease to the pre-exercise values after 30 min rest. No significant differences in
the WBC, N, N/L were found in the other horses, although there was a short-term
tendency for post-exercise increase in WBC and a decrease of N/L in S and R horses.

The results for neutrophil chemiluminescence (CL) activity in the horse groups
are shown in Table 5.

Table 5. Mean values (X + sd) of spontaneous, stimulated and total chemiluminescence indices in the
course of physical exercise of different groups of horses

Horse Sampling| CL-WS CL-0Z CL-fMLP CL-PMA CL total
groups times (mV/min) (mV/min) (mV/min) (mV/min) (mV/min)
B - 3594132 1941 A+332 7534204 7224214 3775 A+499
(n=12)
R I 389+144 2184 AB+564 747+129 7914160 4111 AB+709
(n=8) 1I 407+149 1863+334 7914246 835+172 3895+539
11 462+166 2064+770 882+384 9684288 4375+1113
S Ra I 560+113 2644 ABC+355 8294232 10874268 5119 AB+589
p (n=8) 11 7334172 3208 +494 9804331 12994385 62204672
o I 5554163 2798+344 877+£290 9614292 5190+728
r T I 5274100 2713 ABC+416 741£193 838+167 4819 AB+548
t (n=9) I 6944152 33834555 798+198 1129+163 6004+644
11 628+160 35544571 770£158 9674213 59194697
J I 642+385 3243 aBC+920 746+368 1164+412 5796 aB+1968
(n=9) 11 970411 4426 b+725 996+430 1523+647 7915 b+1910
11 7554365 3769 ab+984 9334522 1329+434 6786 ab+2074
D I 607 a£196 3484 aC+685 821 a+274 974 at226 5885 aB+1063

(n=9) 1I 1057 b+324 5875 b+813 1365 b+637 1606 b+356 9903 b+1497
111 873 ab+206 4828 c£507 917 ab+316 1528 b+361 8146 b+649

Explanation: CL — area under the curve of light emission in the function of time (40 min); WS — without
stimulation; OZ — opsonised zymosan; fMLP — N—formyl-methionyl-leucyl-phenylalanine; PMA — phorbol
myristate acetate; CL total - CL-WS + CL-OZ + CL-fMLP + CL-PMA; X, sd, n, B, R, Ra, T, J, D, I, I, III,
a, b, A, B, C —asin Table 3.

We found that the pre-exercise spontaneous CL activity (CL-WS) was charac-
terized by a relatively low emission. Analysis of the CL values of cells activated by
the different stimulators showed that opsonised zymosan (CL-OZ) was the most
effective as it induced about a 5-fold higher CL activity of neutrophils compared to
CL-WS. The other stimulators (CL-fMLP, CL-PMA) were clearly less effective.
Comparison of the pre-exercise measurements of the investigated horses showed
that CL activity of neutrophils was slightly higher in sport horses than in less active
horses (B and R). Statistical analysis only confirmed significant differences between
the mean resting values for CL-OZ and CL total, showing that these parameters
were higher in J (CL-OZ — P<0.001, CL total — P<0.02) and D (CL-OZ — 0.00001,
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CL total — P<0.01) compared to B horses. As opposed to R horses, a single session of
physical exercise caused an increase in neutrophil CL activity in sport horses. This
reaction occurred for all the parameters, but it was statistically confirmed only for D
(P<0.00001) and partly for J (P<0.01) horses (CL-OZ and CL total). The exercise-
induced stimulation of neutrophil CL activity in the investigated animals was of
short duration, because the results recorded after 30 min followed a downward trend
towards the pre-exercise values.

The correlation analysis showed a significant relationship between most of the
functional and blood parameters of the horses (Table 6).

Table 6. Coefficient of correlation (r) between functional and blood parameters of horses

| cotisol | HR | RR | wBCc | L | N | NL | CLitotl
Cortisol 035%  034% 0.5 025% 003 010 036
HR 0.35% 0.85%  023*  049% 010  —029%  0.61*
RR 034%  0.85* 021%  040% 006  -021%*  0.57*
WBC 0.15 023*  021% 0.60*  077* 014  -020%
L 025%  049%  040%  0.60* 001 —0.64* 0.1
N 003 010 006 077 001 0.66%  —033*
N/L 010 -029%  —021% 0.4  —0.64*  0.66* _0.24%
CL total 036  0.61*  057% 020 0.1  -033*  0.24%

Explanation: * — values of statistically significant (P<0.05).

We found a positive correlation between serum cortisol concentration and
parameters that show high variation during the exercise (HR — P<0.00002, RR —
P<0.00005), CL total (P<0.00001) and the number of lymphocytes (P<0.003). No
significant relationship was observed between the concentration of this hormone and
the WBC, N, N/L. In the studied groups analysis of the correlation between cortisol
concentration and other parameters showed significant correlation only in case of the
CL total in T (r=0.4431, P<0.02) and D horses (r=0.5313, P<0.004).

Discussion

The possible overexertion of horses subjected to widely different exercise loads
raises concerns for their safety and welfare. It is therefore essential to make a proper
assessment of the endurance and adaptation of these animals to the applied work-
loads. Because physical exercise can induce stress reactions, much attention has been
focused on determining the concentration of cortisol, which is commonly known as
a “stress hormone”.

Analysis of the mean resting values of blood cortisol concentrations in the in-
vestigated horses showed that they were within the physiologically normal range for
clinically healthy horses (Nachreiner et al., 2015). No significant differences were
found, however, between the animals used for breeding, recreation and sports. This
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finding suggests that the type of horse use does not determine the resting level of this
hormone, which is consistent with the earlier research on sport horses used in differ-
ent sport disciplines (Linden et al., 1991) and horses subjected to different training
programmes (Mircean et al., 2007).

As aresult of physical exercise, the specific characteristics and intensity of which
were determined by the type of sport discipline, a relatively small but significant
increase in serum cortisol concentration was only observed in sport horses (Ra, T,
J, D). It is worth noting that the magnitude of this reaction was similar despite the
varying duration of the loads (about 15-30 min in Ra and T; about 50 min in J and
D horses). It is likely that the main determinant of this result was the difference in
exercise intensity (highest in Ra and T horses). However, no significant increase in
cortisol secretion was established after the exercise of the recreational horses (R).
This result appears to be related to the clearly smaller exercise load of these animals,
which is indicated by the results of clinical tests. This has been suggested by Thorn-
ton (1985), who believes that a significant post-exercise increase in blood cortisol
concentration in horses may occur only when the load is high enough.

Although, the cortisol secretion from the adrenal glands during and after physical
exercise has been extensively described (Casella et al., 2016; Nagata et al., 1999), it
is important to study the different cortisol response patterns depending on the dura-
tion, intensity and type of exercise in athletic horses (Jimenez et al., 1998; Nagata
et al., 1999; Thornton, 1985). In general, the highest (even several-fold) increases in
blood and saliva cortisol concentrations were observed in horses as a result of long-
distance endurance rides and three-day events (Linden et al., 1991; Miyashiro et al.,
2012; Strzelec et al., 2011). It is stressed, however, that the extent to which plasma
cortisol concentration increases reflects more the duration than the intensity of exer-
cise (Linden et al., 1991; Vincze et al., 2010). It is well stated that the blood cortisol
concentration showed an increase immediately after physical exercise, reaching the
maximum value after 5-30 minutes (Malinowski et al., 2006; Marc et al., 2000). It
has been observed that the relatively short increase post-exercise was followed by
a gradual decrease in blood cortisol concentration and its rate being dependent on
the type of load.

After a short effort the resting (pre-exercise) level is recovered within 40—60 min
(Malinowski et al., 2006), and following long and exhaustive loads, the recovery
takes much longer, but generally stabilizes within 24 h of the effort (Hyypp4, 2005;
Mircean et al., 2007). Unfortunately our findings, although they correspond with
the observations of the above authors, did not allow us to determine how long the
post-exercise increase in serum cortisol concentration persisted in the sport horses
because after 30 min this tendency was still recorded in Ra, J and D horses. There-
fore, it seems expedient to conduct similar studies for a longer time, also in animals
subjected to a moderate exercise programme.

Moreover, the degree of cortisol secretion in response to exercise in the horse
depends on other factors including the training (Cayado et al., 2006; Hyyppa,
2005; Marc et al., 2000; Miyashiro et al., 2012; Nogueira et al., 2002; Sabev, 2011)
and the age (McKeever, 2003) of the animals. The studies cited above clearly show
that in the case of the same exercise loads, less experienced (poorly trained) and
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young horses are characterized by higher blood cortisol level post-exercise com-
pared to older animals and those with greater training experience (Fazio et al.,
2014).

It is well known that horses performing exercise tasks are also subjected to the
influence of emotional stress (Bazzano et al., 2016) including environmental factors,
rivalry, rider presence, which generally increases the degree of HPA axis involve-
ment (Cayado et al., 2006; Peeters et al., 2013).

The exercise-induced secretion of cortisol in the sport horses was paralleled by
a small (statistically non-significant) increase in WBC. This reaction is consistent
with the results of many earlier studies, which pointed to the increase in the number
and changes in the distribution of circulating leukocytes as a result of physical ef-
fort, with the magnitude of leukocytosis being associated with effort intensity and
duration (Bayly, 1987; Iversen et al., 1994; Jensen-Waern et al., 1999; McCarthy and
Dale, 1988; Krumrych, 2006). It is thought that this phenomenon should be termed
pseudoleukocytosis, because instead of being related to the production of new cells
it results from the shift (release) of all lymphocyte subpopulations into the vascular
bed from the spleen, lymph nodes and bone marrow due to increased secretion of
catecholamines (Iversen et al., 1994; Jensen-Waern et al., 1999; Pedersen and Hoft-
man-Goetz, 2000). The increase in lymphocyte count was found to be much smaller
during moderate training exercise and when horses are excited before the race com-
pared to after the race or intensive training (Rossdale et al., 1982). Our results cor-
respond with the above observations, because sport horses (Ra, T and D) showed
a clearly higher (statistically significant) post-exercise increase in lymphocyte count
compared to recreational animals.

The observations of horses subjected to long and exhausting exercise loads dem-
onstrated that leukocytosis may occur in two phases (Bayly, 1987; Iversen et al.,
1994; Korhonen et al., 2000). After a transient increase in leukocyte count as a result
of lymphocytosis, WBC was found to increase again along with a mild lymphopenia,
a marked prolonged neutrophilia and a marked persistent neutrophilia (Iversen et al.,
1994; McCarthy and Dale, 1988). The change in leukocyte kinetics, which is mani-
fested by an increase in the N/L ratio, is thought to be associated with increased blood
cortisol concentration (Jensen-Waern et al., 1999; Robson et al., 1999), because this
hormone was found not only to stimulate production of neutrophils in the bone mar-
row and their release into the blood, and to inhibit the migration of these cells into
the tissues, but also to suppress the number of circulating lymphocytes (Pyne, 1994;
Shinkai et al., 1996). It is of note that the most pronounced post-exercise neutrophilia
was only observed during the post-exercise phase, after one (Robson et al., 1999;
Korhonen et al., 2000) or several hours (Rossdale et al., 1982). The effect of cortisol
on the proportion of leukocyte subpopulations is confirmed by studies which showed
that intravenously administered corticosteroids cause lymphocytopenia, monocyto-
penia and neutrophilia in humans, reaching maximum values 4 h after injection (Ped-
ersen and Hoffman-Goetz, 2000). The number of leukocytes usually returns to initial
values within 24 h, with lymphocytes returning to the initial state more quickly than
neutrophils (Bayly, 1987). Unfortunately, the results presented above fail to answer
whether the exercise of horses used for different purposes could induce the second
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phase of leukocytosis, because of the substantially shorter observation time provided
in the study design.

Comparison of the resting chemiluminescence (CL) activity of neutrophils in
the investigated horses showed that B and R animals were characterized by lower
(spontaneous and stimulated) CL values compared to sport horses, although these
differences were not always significant. This suggests a relationship with regular
physical activity, the intensity and duration of which could determine the resting
pro-oxidative potential of these cells. Furthermore, the differences in the resting CL
values could be determined by the effect of endogenous factors, such as training
progress, age, sex and breed of animals (Smith et al., 1990). Unfortunately, it was
not possible to eliminate their possible impact because of the specific characteristics
of using the different groups of the investigated horses. Nonetheless, the results ob-
tained correspond with the findings of Escribano et al. (2002, 2005), who showed
significantly higher resting aerobic metabolism of neutrophils and higher phagocytic
activity of neutrophils in horses subjected to a moderately intensive training pro-
gramme compared to untrained horses. A similar effect of training on the indicators
of nonspecific immunity was reported in humans (Pyne, 1994). It should be stressed
that after long and exhausting training programmes, a reverse phenomenon, namely
a transient impairment of the function of peripheral blood neutrophils was observed
(Hines et al., 1996; Raidal et al., 2000).

A transient increase in spontaneous and stimulated CL of neutrophils was es-
tablished as a result of the physical exercise of sport horses. The differences in the
dynamics of this reaction in the different groups of these animals may suggest that
it is associated with the type, intensity and duration of the exercise. This is indicated
by a significant increase of CL in D horses, which were subjected to relatively long
and intensive loads, as reflected by the highest post-exercise increase in the HR and
RR. However, this reaction was not statistically significant in Ra and T horses, the
exercise load of which was shortest (12—15 and 20-30 min, respectively). These
observations are also confirmed by the lack of significant changes in CL values in
R horses, which were subjected to relatively low exercise loads. The increased CL
of neutrophils, recorded in our study post-exercise, is consistent with the results of
earlier studies with horses (Adamson and Slocombe, 1995; Chiaradia et al., 1998;
Korhonen et al., 2000), although according to Korhonen et al. (2000) it may be the
consequence of post-exercise neutrophilia. While we do not question the accuracy
of this observation, our research provides evidence that physical exercise modulates
the CL activity of these cells, because the results were adjusted to 1000 neutrophils
and also the number of these cells did not increase in the blood of the investigated
horses. It seems that one of the factors modulating the functional activity of neutro-
phils is the intensity of exercise. This is suggested by the findings of Raidal et al.
(2000), who showed that moderate exercise of 30-40% VO, increases the CL
and phagocytic activity of neutrophils, whereas intensive exercise (115% VO, )
causes a transient weakening of these functions in horses. These results correspond
with the observations of Adamson and Slocombe (1995) and Wong et al. (1992), who
recorded an impairment in the functional activity of neutrophils as a result of short
but intensive exercise tests on a treadmill. Similar observations were provided by the
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results of many studies with humans (Pedersen and Hoffman-Goetz, 2000; Robson
et al., 1999).

In addition to exercise intensity, the activity of neutrophils is also modified by
exercise duration (Robson et al., 1999). According to Lewicki et al. (1987), an ef-
fort shorter than 30 min has no significant effect on oxygen-dependent bactericidal
functions of these cells. This appears to be confirmed by the observations of horses
subjected to several-minute exercise of moderate intensity (Escribano et al., 2005),
as well as our own results obtained for R, Ra and T horses. For slightly longer loads
(J and D horses) a significant increase in CL was observed. In turn, many literature
references point to suppression of neutrophil CL activity in horses as a result of
prolonged endurance exercise during 80-120 km rides (Jensen-Waern et al., 1999;
Robson et al., 1999). It is thought that this phenomenon is mainly determined by
a relatively high increase in blood cortisol concentration immediately after the exer-
cise (Reichlin, 1993; Wong et al., 1992), for the high doses of hydrocortisone were
found to inhibit the expression of the complement receptors CR1 and CR3, leading
to a reduction of phagocytic activity and intensity of the respiratory burst of neutro-
phils (Forslid and Hed, 1982). The consequence of the increased cortisol secretion
into the blood is also the frequently observed post-exercise neutrophilia, associated
with the release of immature cells with limited phagocytic function from the bone
marrow (Pyne, 1994; Robson et al., 1999). It is of note that a certain role in the
exercise-induced modulation of neutrophil function can also be played also by other
neurohormonal factors, such as catecholamines, the growth hormone, testosterone,
estrogen, and B-endorphins (Hines et al., 1996; Pedersen and Hoffman-Goetz, 2000;
Suzuki et al., 1999). It is believed in this context that the immunosuppresion induced
by exhausting physical exercise increases together with its intensity and duration,
whereas moderate exercise is generally related to the enhancement of the immune
response and better resistance to disease (Art and Lekeux, 2005; Korhonen et al.,
2000; Raidal et al., 2000).

In summary, the results obtained showed a significant positive correlation be-
tween blood cortisol concentration and the HR and RR, which confirms the rela-
tionship between the magnitude of cortisol secretion and physical exercise intensity
and duration. The relatively small post-exercise increase in cortisol concentration in
different groups of horses resulted in a transient increase in the oxygen-dependent
bactericidal activity of neutrophils. Therefore, it seems that small increase cortisol
concentration may stimulate the activity of these cells, thus strengthening the body’s
defences, although the effect of other neurohormonal factors cannot be excluded.
This finding confirms the beneficial effect of regular and moderate training loads on
the immunological status of horses.
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