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Summary

The present study aimed to determine the adaptation capacity of horses subjected to defined, seasonally
variable exercise on the basis of selected indicators of their oxidative status. The research was carried out over
a two-year period on 25 Polish Noble Half-bred horses (PKSP). All horses came from stables in south-eastern
Poland (51°15°00”N, 22°34°00”E) and competed in show jumping. According to the intensity of exercise, two
experimental periods were distinguished, characterized by moderate intensity of exercise (D1) and high intensity
of exercise (D2). The test material consisted of blood taken from the external jugular vein into dry tubes in
a closed system. Samples were collected four times. The oxidative status was determined by means of PerOx
reagents (TOS/TOC) and ImAnOx reagents (TAS/TAC) from Immundiagnostik. The results were analyzed
statistically with the Statistica 10 software (StatSoft Inc.). Changes were found in all parameters studied. The
average level of total antioxidant status (TAS) in our research was low, and the average level of total oxidant
status (TOS) obtained in the experiment corresponds to a low level of oxidative stress. The oxidant status and
the antioxidant status did not correlate with each other. The values were balanced regardless of sex or age,
which suggests that training did not result in oxidative stress. Our results also suggest that evaluation of blood

oxidative markers can help in assessing the welfare of training horses.
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Show jumping is one of the most popular equestrian
disciplines shown in the media (18, 37). It has also been
the most dynamically developing equestrian discipline
in Poland in recent years. About 70% of all registered
competitors participate in show jumping (33). More
and more Polish Noble Half-bred horses are used in
competitions. However, international competitions
and enormous financial outlays for the development
of the discipline of show jumping are a big challenge.
Therefore, despite strict specialization in the breeding
of jumping horses, contestants, trainers and breeders
are always looking for horses predisposed to compete
in this discipline (37). Nowadays, equestrian disci-
plines are characterized by a high degree of special-
ization, requiring specific breeding aimed at achieving
the qualities necessary for outstanding sports results
(20, 33). As the equestrian sport became increasingly
popular in the early 1970s, a lot of Hanoverian and
French Anglo-Arab horses were used in breeding to

improve Polish horses. The sports crossbreds were
included in the second part of the Studbook in the
1980s and later. In 1997, the first Studbook for a new
crossbred sports horse (SP) was initiated. The Polish
Noble Half-bred horse was created in response to de-
mand for high-performance horses, adapted to various
equestrian disciplines, such as show jumping, dressage,
and WKKW (eventing/horse trials) (25).

Ensuring the well-being of training horses that
participate in different competitions is a priority.
Continuous training is a challenge for the body’s
oxidative status. It is well known that too intensive
exercise can lead to oxidative stress due to overtraining.
Moreover, many studies provide rational support for
the claim that physical exercise increases the produc-
tion of reactive oxygen species (ROS) (6, 17, 30, 39,
40). Damage of tissues and cell organelles resulting
from oxidative stress has been proven in research on
people engaged in exercise (43). Concrete and tangible
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evidence of oxidative stress associated with exercise
was also found in livestock, including horses. It seems
important that a significant part of research in this
field has been done on horses, with regard to exercise
physiology (7, 23).

The aim of the study was to assess the impact of
seasonally variable, intense exercise on the variability
of selected oxidative blood parameters of Polish Noble
Half-bred jumping horses and to investigate the adapta-
tion of horses subjected to defined exercise.

Material and methods

The research was carried out over a two-year period on 25
Polish Noble Half-bred horses, 13 mares and 12 geldings,
aged 4-13 years (BW 458 £20 kg, BCS 5). The horses were
located in stables in south-eastern Poland (51°15°00°N,
22°34°00”E) and all of them competed in show jumping.
Research on the animals was conducted according to the
ethics committee on animal use (Nr 14/2010).

The horses were kept in individual stalls, and water was
provided ad libitum throughout the experiment. In winter,
feeding was based on full commercial feeds. Moreover,
the horses received oats per diem (according to nutritional
requirements of horses), hay, salt licks, as well as 60 g of
vitamin B and vitamin E in the form of Hipp Vital prepara-
tion. In the summer season, the daily feeding dose per horse
was 3.5 kg of hay, 5 kg of oats (in two doses) and 60 g of
vitamin B (HippVital). The horses also received 400 g of
crushed corn and 2 kg of carrot at noon. During competi-
tions, the horses were additionally fed with muesli (Dyna-
mix from Besterly) twice a day, 1 kg per horse.

The horses were under constant veterinary supervision
and were subjected to preventive measures in accordance
with a program applicable to this animal species. The
animals participated in a daily training program, which
comprised 1 h on a carousel, 10 min of walking, 10 min of
relaxed trot, 5 min of working trot, and 5-7 min of gallop-
ing. Jumping training took place twice a week and consisted
of 35-45 jumps for each horse. During competitions, the
training plan also included an additional 1 hour of lunging
and 1 hour of riding in the riding arena (under the saddle)
in the morning. Because of the variable intensity of exer-
cise for horses in the experiment, two experimental periods
were distinguished, characterized by moderate intensity of
exercise (D1) and high intensity of exercise (D2).

In order to determine the dependence of oxidative stress
on age, two age groups were formed: younger horses
(aged 4-8 years, n=12) and older horses (aged 9-13 years,
n=13). The test material consisted of blood taken from the
external jugular vein into dry tubes in a closed system, in
the morning, before feeding and watering. Blood samples
were collected four times: twice during exercise of moder-
ate intensity (D1) (in early March and late May) and twice
during exercise of high intensity (D2) (in October and early
December).

Blood for measurement of total oxidative status was
centrifuged at 1,500 x g for 15 minutes, and serum was
separated. The assessment of total oxidative status is based
on the close correlation between oxygen radicals and fatty
acid peroxides formed in the lipid peroxidation process. This
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relationship makes it possible to determine and characterize
the oxidative status in biological fluids, taking into account
the potential occurrence of oxidative stress. Peroxide was
assessed on the basis of the peroxidase reaction with per-
oxides found in the sample, followed by the conversion of
TMB into a colored product. After addition of the holding
solution, the samples were examined in an ELISA reader
(Microtiter) at 450 nm. Quantification was done with the
calibrator included. The intra-assay coefficient was 2.94%
(162 pmol/l) for n = 6, and the inter-assay coefficient was
6.63% (136 pmol/l) and 6.85% (389 pumol/l) forn=10. The
above-mentioned determinations were made with a set of
PerOx reagents (TOS/TOC) from Immundiagnostik.

The test material for determination of total antioxidative
status was collected in the same way, and the same proce-
dure was used to prepare serum. The total antioxidative
potential in serum was determined by the antioxidant reac-
tion in the sample with a defined amount of exogenously
supplied hydrogen peroxide (H,O,). Antioxidants in the
sample eliminate a specific amount of hydrogen peroxide.
The remaining H,O, level is calculated photometrically by
an enzymatic reaction that uses TMB conversion to a col-
ored product. After addition of the holding solution, samples
are examined at 450 nm in an ELISA reader (Microtiter).
Quantification is performed with the calibrator provided,
and the difference between the concentrations of peroxide
applied and calculated at a given time is proportional to anti-
oxidant reactivity in the sample (antioxidant capacity). The
intra-assay coefficient amounted to 3.99% (213 umol/l) and
2.04% (308 umol/l) at n = 12. The coefficient of inter-assay
variation was 2.65% (217 umol/l) and 3.89% (285 pmol/l)
for n = 12. The above determinations were made with an
ImAnOx reagent set (TAS/TAC) from Immundiagnostik.

The results obtained were analyzed statistically with the
Statistica 10 software (StatSoft Inc.).

This paper presents descriptive statistics and verified
hypotheses about the equality of means between the two
experimental periods. To verify these hypotheses, multivari-
ate analysis of variance (MANOVA) was used for two fac-
tors of repeated measurements. In addition, it was checked
whether there were statistically significant differences
between the means for horses of different sexes or ages
during the experiment and with the increasing intensity of
training. The data were also verified by a one-dimensional
F test for repeated measurements with the Huynh-Feldt cor-
rections (H-F) for degrees of freedom. In the case of rejec-
tion of the null hypothesis (of the equality of the means),
Tukey’s test of multiple comparisons was performed. Then,
linear dependences of TOS (total oxidative status) and TAS
(total antioxidant status) were examined using Pearson’s
correlation coefficient. The threshold indicating the exis-
tence of dependence between features was accepted as 0.6.
The final results were given in a tabular form or presented in
the form of figures. For all statistical tests, the significance
level was a. = 0.05.

In this case, successive response measurements made
over time or space are considered as correlated dependent
variables. That is, observations for each level of within-
subject factor (time/space) is presumed to be a different
dependent variable.
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In the notation of matrices, the general linear model of
the experiment with measurements made in time or space
is the same as the model without repeated measurements
and might be described as follows: Y = XB + E, where Y is
the matrix of observations, X is the design matrix, B are the
model parameters, and E is the errors matrix. The differ-
ence between these two models is in the matrix B, which,
in addition to treatment effects, includes the effects of time
points or space levels. Then, in order to check whether
experimental factors have a significant influence on the
difference between the mean values of the variable, the
null hypothesis H: LBM = 0 should be verified against
the alternative one H,: LBM # 0, where the contrast matrix
L describes the linear combination of experimental factor
(sex and age) parameters, and M describes the linear com-
bination of the parameters connected with repeat measures
(experimental groups).

Results and discussion

Statistically significantly lower values of the aver-
age TOS level were noted in the period of intensive
exercise (D2) compared with the period of moder-
ate exercise (D1) p = 0.00135 (Tab. 1). Moreover,
statistically significant lower values were noted in
geldings. Younger horses were characterized by
slightly higher values of TOS (149.81 umol/l) than
older horses (147.87 umol/l) (Tab. 1). However, the
above-mentioned tendency was observed only in the

Tab. 1. Basic descriptive statistics for oxidative status markers (n = 25)
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period D2 (Tab. 2). During moderate exercise (D1),
higher TOS values were noted in older horses (Tab. 2,
Fig. 1). Horses of both sexes and both age groups were
characterized by a downward tendency of TOS during
intensive exercise (D2) (Tab. 2, Fig. 1). The average
level of total oxidative status (TOS) ranged from
126.97 to 187.98 (umol/l) (Tab. 2), which, according
to the manufacturer of the test, indicates a low level
of oxidative stress. The lowest values were obtained
in geldings during the D2 period and the highest in
mares during the D1 period (Tab. 2, Fig. 1). In terms
of the intensity of exercise, statistically significant
differences were found in mares between periods D1
and D2 (p=0.001521) (Tab. 3). Statistically significant
differences related to the intensification of exercise
were also recorded between mares and geldings during
the D1 period (p = 0.002096) and between mares dur-
ing the D1 period and geldings during the D2 period
(p =0.000216) (Tab. 3).

The average level of total antioxidant status (TAS)
ranged from 270.81 to 314.74 umol/l (Tab. 2), which
indicates a low antioxidant potential. The lowest values
were recorded in younger horses during the D1 period,
and the highest in older horses during the same experi-
mental period (Tab. 2, Fig. 1). In both sexes, the higher
TAS level was observed during intensive exercise (D2)
(Tab. 2, Fig. 1), while in the age groups, the higher TAS
level was noted during
the D1 period (Tab. 2).

Period Age Sex Conversely, in younger

Markers D1 D2 Younger Older Geldings Mares ?Orsles the hitglzielj Tﬁls

Mean 165.31° | 132.60° | 149.81 147.87 133.86° | 162.89¢ cvel was noted 1n the

Statistical error 9.27 2.73 7.01 7.90 6.19 5.95 D2 perlod (3 12.85

T0S (umol/l) pmol/l) (Tab. 2), and
-95% 146.16 126.96 135.30 131.51 121.04 150.58 statistically signifi-

+95% 184.45 138.24 164.31 164.23 146.67 175.20 cant differences were

Mean 290.14 294.56 291.83 293.01 298.94 286.94 observed between age

Statistical error 14.90 14.19 13.77 15.54 14.78 14.20 and intensity of train-

TAS (mol) | _gco, 25037 | 26525 | 26332 | 26085 | 26761 | 25755 | ng at p = 0.04018.
A higher level of total

+95% 320.91 323.86 320.33 325.17 328.80 316.33 antioxidant status was

Explanations: a, b, ¢, d — means with different superscript letters differ significantly at p <0.05

Tab. 2. Mean values of oxidative status markers in younger and older horses and in mares and

geldings in the two experimental periods (n = 25)

also observed in geld-
ings. However, the
differences were not
statistically significant

Mark Younger Older Mares Geldings (Tab. 1).
arkers
D1 D2 D1 D2 D1 D2 D1 D2 d'Horses’thals extraor-
Mean 164.61 | 135.00 | 166.19 | 129.54 | 187.98 | 137.80 | 140.75 | 126.97 Inary athletes, are
. bred for high levels
T0S (umol) Statistical error 12.66 3.65 14.28 412 11.23 3.54 11.69 3.68 of physical activity.
-95% 138.42 | 127.44 | 136.64 | 121.02 | 164.74 | 13047 | 116.56 | 11934 | Unfortunately, even
+95% 190.81 | 14256 | 195.74 | 138.07 | 211.21 | 14513 | 164.93 | 13459 | in horses, strenuous
Mean 270.81 | 312.85 | 314.74 | 271.28 | 286.88 | 287.00 | 203.67 | 302.74 | exercise and chronic,
S — Statistical error | 19.42 | 18.50 | 21.91 | 2088 | 21.00 | 19.98 | 21.95 | 20.80 | cxhausting ef?ﬁhcan
mo
g ~95% 23063 | 27456 | 260.41 | 228.08 | 243.24 | 24566 | 248.24 | 25971 | CouSe stress,whichcan
. have a detrimental ef-
+95% 31099 | 35114 | 360.07 | 314.47 | 39052 | 32834 | 3909 | 3577 | i o the body (1, 5).
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Fig. 1. Mean values of oxidative status markers TOS and
TAS (umol/l) for horses of different sexes and ages in the two
experimental periods (n = 25)

Tab. 3. Statistically significant differences in oxidation status
in mares and geldings in the two experimental periods (n = 25)

TOS (pmol/l)
Periods Mares Geldings
D1 D2 D1 D2

D1 0.001521 0.002096 0.000216
Mares

D2 0.001521 0.995094 0.813315

D1 0.002096 0.995094 0.671399
Geldings

D2 0.000216 0.813315 0.671399

Explanation: p < 0.05

Evidence of stress-related oxidative stress in horses has
been described in reports on intense exercise (48) and
endurance rallies (28). Thousands of years of selec-
tive breeding for speed and endurance, have made the
maximum horsepower in horses 3.5 times as high as
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the one predicted by the general allometric equation
(42). At speeds of around 10.5 and 16 m/s during the
long and short run, respectively, the horse is one of the
fastest animals with four limbs on Earth (32).

During the maximum physical effort, the consump-
tion of oxygen by horses increases 40 times (24). This
increased consumption is associated with production of
free radicals and may lead to oxidative stress (2, 9, 48).
Despite evidence that exercise in horses and humans
is a pro-inflammatory factor, the relationship between
disruption of the prooxidant-antioxidant balance and
poorer sports results has not yet been well established
(10). Horses subjected to prolonged periods of high
oxygen intake are at risk of prooxidant-antioxidant
imbalance. This has been confirmed in studies that
show an increase in post-exercise oxidation markers
in rally horses (19).

The induction of oxidative stress in this species may
depend on factors such as diet, disease, duration and
intensity of exercise, or fitness level (12). Reasonable
physical training counteracts many physiological pro-
cesses resulting from aging as well as the high rate of
ROS production.

Overly intensive training may contribute to the risk
of diseases resulting from excessive oxidative stress
and plays a role in the pathogenesis of many diseases,
including joint diseases, colic, and endotoxemia (8,
14, 35, 45). It has been proved that the high produc-
tion of ROS during exhaustive exercise contributes to
cell damage, lipid peroxidation, protein oxidation, and
disintegration of DNA, which consequently leads to the
loss of cellular integrity (15, 23,26, 34, 47). Numerous
studies confirm that excessive, exhausting training
causes oxidative stress (4, 6, 30, 31, 36, 40, 41, 46).
This fact has also been noted in athletes participating
in training and sports competitions (17). Defensive
antioxidant mechanisms may counteract the forma-
tion of oxygen radicals. Vitamin E and micronutrient
supplementation improve the antioxidant capacity of
blood (2, 11, 13, 48). However, no studies have shown
aclear effect of antioxidant supplementation on horse’s
performance. It is known that antioxidant requirements
are higher in athletes compared to people who live
anormal lifestyle (10, 27) and that antioxidant supple-
mentation decreases post-workout oxidative stress
without causing a measurable increase in performance
(10). Imbalance between these mechanisms and the
production of oxidation reactants leads to oxidative
stress (1). Nevertheless, regular exercise causes the
body to adapt to high concentrations of oxidants and
thus improves athletic performance (8). It is assumed
that the total antioxidant status (TAS) is a summary
measure of the ability to neutralize free radicals (38).
It means that this parameter is the sum of the activity
of all antioxidants present in serum. Many authors
believe that, in addition to measuring the activity of
individual enzymes protecting the organism from reac-
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tive oxygen species and the concentration of individual
low-molecular antioxidants, it is also important to
evaluate the efficiency of the entire antioxidant system
in tissues, organs, and body fluids. This is because
potential interaction between individual components
of the antioxidant system in vivo makes the values
of individual compounds less representative than the
total antioxidant capacity (29, 38). In addition, it is
impossible to measure the levels of all antioxidants in
serum, because some of them have not yet been identi-
fied (44). Therefore, the total antioxidant capacity is
a fairly important parameter that should be taken into
account in studies on the body’s balanced state and
disturbances between antioxidants and pro-oxidants.

The vast number of antioxidants in fluids and tis-
sues in humans and animals makes the measurement
of particular antioxidants difficult. That is why several
methods have been developed to measure the value
corresponding to the amount of all antioxidants: TAS.
However, changes in antioxidant capacity are difficult
to interpret because it can increase as a result of nu-
tritional effects or because of adaptation to oxidative
stress (16). At this point, one should also pay attention
to the individual variability of the animals studied,
which can significantly affect the statistics.

The average level of total antioxidant status (TAS)
in our research was low. The values obtained in the
experiment were balanced regardless of the sex or age
group. With the intensification of exercise, the TAS
levels in older horses decreased. This is in line with
findings of Balogh et al. (3) who conducted experi-
ments on a group of 5 mares, 7 stallions, and 2 geld-
ings and calculated average values. In our research,
intense exercise (D2) was associated with an increase
in TAS values in younger horses. A similar tendency
was observed by Kedzierski et al. (21). Those authors
performed 2 cardiac stress tests over 4 months and
showed that the level of TAS increased along with the
increasing intensity of exercise. The increase in total
antioxidant potential was not statistically significant,
similarly to our research.

The average level of total oxidant status (TOS) cor-
responds to the low level of oxidative stress. Similarly,
no evidence of oxidative stress was found in horses
after a 140 km endurance race at high temperature
(28). Nonetheless, evidence of oxidative stress and
minor muscle damage was found in trotters exposed
to exercise of moderate intensity and duration (22).
Therefore, it seems that the monitoring of TOS during
training sessions can be very useful in determining the
welfare of horses engaged in exercise. There are stud-
ies on other animal species that show oxidative stress
in connection with metabolic processes, but few deal
with oxidative stress in the context of exercise.

The oxidant status and the antioxidant status did not
correlate with each other, which seems to confirm the
research hypothesis and confirms the occurrence of an
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adaptive oxidative stress. The scale of oxidative stress
resulting from the individual variability of horses re-
flected the positive effect of exercise. This may indicate
the possibility of stimulating the adaptation of the body
through training according to a properly designed plan.

Intensification of exercise triggered minor changes
in all parameters tested. The decrease in TOS in the
group D2 appeared irrespective of sex or age. It seems
that oxidative markers are valuable in assessing the
welfare of training horses. As already mentioned, the
total antioxidant status is a fairly important param-
eter that should be taken into account in research on
the body’s balanced state and disturbances between
antioxidants and pro-oxidants. Therefore, it seems
reasonable to include markers of oxidative status in
monitoring the welfare of horses during training and
competitions.
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