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This study investigated seasonal, sex and exercise-induced variations in the
activity of key antioxidant enzymes [superoxide dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GPx)] in Shetland ponies. region (Pomeranian Voivodeship,
northern part of Poland). Twenty-one healthy adult Shetland ponies (11 mares and 10
stallions) aged 6.5 + 1.4 years were used in this study. All horses participated in
recreational riding. The training session started at 10:00 am, lasted 1 hour and consisted
of a cross-country ride including walking (5 min), trotting (15 min), walking (10 min),
trotting (10 min), walking (5 min), galloping (5 min) and walking (10 min). Blood was
collected from the animals' jugular veins in the morning, 90 min after feeding, while the
horses were in the stable (between 8.30 and 10 am) and immediately after the exercise
test (between 11 am and 12 am). Blood samples were taken once per season for one year.
The research highlights the complex interplay between environmental factors and
physiological stressors in modulating antioxidant defence mechanisms. Significant
seasonal variations in the activities of SOD, CAT and GPx were observed, with the
enzymes showing increased sensitivity to exercise, particularly during the colder months.
Mares showed a more pronounced exercise-induced decrease in SOD activity compared
to stallions, especially during autumn and winter. Conversely, stable enzyme activity was
observed in spring and summer, indicating reduced oxidative stress during milder
seasons. Statistical analysis revealed significant seasonal differences in SOD and GPx
activities, with higher coefficients of determination for SOD (R? = 0.45) compared to CAT
and GPx. The study suggests that mares have a greater oxidative response to exercise in
colder seasons, highlighting sex-specific differences in antioxidant defences. These
findings contribute to the understanding of how seasonal and exercise-related stressors
influence antioxidant enzyme activity and highlight the role of environmental adaptations
in equine health and performance. The results have practical implications for optimising
exercise regimes and antioxidant supplementation in equine management. Further
research is needed to explore the underlying mechanisms of these differences and their
wider implications for animal health.
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Y yvomy oocniosxcenni oyinroanu ce3oHHi ma cmamesi 3MIHU AKMUBHOCMI
KAH0Y08UX aHmuoxcuoaumuux ¢hepmenmis [cynepokcuooucmymasu (SOD), kamanazu
(CAT) i enymamionnepoxcuoaszu (GPX)] 6 kposi kobun i scepebyie uwemianocoKux noui
0o i nicia mpenysannsa. Mu npoananizysanu eniue gpomonepiooy i QisuuHux enpas Ha
PI6HI  AKMUBHICMb  AHMUOKCUOAHMHUX —(epMenmie y Kposi Kooun [ dicepedyis
wWemaaHOCbKux Noui, AKi 6epymov yuacms y pekpeayiunii 6epxosii i30i 8 yeHmpaioHill
yacmuni Ilomopcokozo peciony (Ilomopcvke 6oe6o0cmeo, nisniuna yacmuna llonvuyi).
Jleaoysmov 00un 300posuit dopocauil wemaarnocokuti nowni (11 xooun i 10 scepedyis)
gikom 0,5 £ 1,4 poxie Oyu gukopucmaui 8 Yybomy 00CaioNcenti. Yci Koni opanu yuacmo
y pexpeayitinii eepxosiil i30i. Tpenysanus poznoyunanocs o 10:00, mpusano 1 200uny i
CKAA0anocs 3 Kpocy xo0vooio (5 xe8), puccio (15 xs8), xoovboio (10 x8), puccro (10 xs),
X00b0010 (5 x8), eanonom (5 x8) i x00vb010 (10 x8). Kpos dpanu 3 apemHoi éenu meapum
epanyi, uepez 90 xeunun nicisi 200y8aHHs, Nio 4ac nepedysanHs KOHel )y CMatiHi (Midxc
8:30 ma 10 pauxy) ma eiopa3y nicia mecmy 3 QizuyHuM HaganmadxcewHam (mixc 11
panxy ma 12 pauxy). [lpobu kpogi 6i0b6upanu oOuH paz 3a ce30H NPOMALOM POK).
Hocniooicennss niokpecntoe CKIAOHy 63ae€MO0il0 MidC (Hakmopamu HABKOIUUWHBO2O
cepedosuwia ma Qiziono2iuHUMU CMpPecosuUMY (haKmopamu 8 MOOYII08AHHI MeXAHI3Mi8
anmuoxcuoanmuozo 3axucmy. Cnocmepieanucs 3HayHi ce30HHI KOMUBAHHSA AKMUBHOCTI
SOD, CAT i GPx, npu ybomy ¢hepmenmu 0eMOHCMPYBAIU NiOBUWYEH) UYMIUBICIb 00
@izuunux enpas, 0ocobauso 6 xon00Hi micayi poxy. Kobunu nokasanu dinow eupasicene
3Hudcennsa akmuenocmi SOD, cnpuuunene Qi3uyHuUM HABAHMANCEHHAM, NOPIGHAHO 3
arcepedbyamu, ocobuso soceHu ma 63umky. Hasnaxu, cmabinona axmuericms ghepmenmy
cnocmepieanacs HagecHi ma 6imKYy, W0 6KA3YE HA 3HUNCEHHS OKUCHIOBANbLHO20 CIMPeECy
8 Oinbut m’aki cezonu. CmamucmuyHull aHanis 8UsABUS 3HAUHI CE30HHI 8IOMIHHOCMI 8
axmusnocmi SOD i GPx, 3 suwumu xoegiyicumamu oemepminayii onsa SOD (R? = 0,45)
nopiguano 3 CAT i GPx. [ocnioscenns nokasye, wjo KOOUIU MAaromo iHMeHCUBHIULY
OKUCHIOBANILHY peakyilo Ha @QIi3uyHi 6npasu 6 XolN00HY NOpY POKY, NIOKpecuonyu
BIOMIHHOCMI 8 AHMUOKCUOAHMHOMY 3axucmi 3anedxdcho 6i0 cmami. Li eucHosxu
CHpUSAIOMb PO3YMIHHIO MO0, AK Ce30HHI Ma Nos8 A3aHi 3 QisuyHUMU HABAHMANCEHHAMU
cmpecopu 6nuearms Ha AKMUBHICMb AHMUOKCUOAHMHUX hepMenmis, i niOKpecaoms
POb adanmayii HA8KOIUUHbO20 Cepedosuua OJist 300P08 ‘s ma NPOOYKMUBHOCHI KOHELI.
Pezynomamu maroms npakmuune 3HayeHHA 08 ONMUMI3AYIT pedcumis izuunux 6npas i
AHMUOKCUOAHMHUX 000aB0K Y 00211501 3a KOHAMU. TTompiOHTI nodanbuti 00CIiOHCeH S,
wob odocnioumu OCHOBHI MeXaHi3MU Yux GIOMIHHOCMeU ma iXHil WUupuul enius Ha
300p08 sl MEAPUH.
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Knrouosi cnoea: cynepoxcuooucmymasa, Kamaniasda, 2nymamioHnepoxcuodsa,
QizuuHi HABAHMAdICEHHS, Ce30HHT 3MIHU, WEeMNAHOCLKI NOHI, KOOUIU ma Jicepeoyi.

Introduction. Oxidative stress, characterised by an imbalance between the
production of reactive oxygen species (ROS) and the antioxidant defence system, is a
critical factor affecting animal health and performance (Durand D. et al., 2022).
Antioxidant enzymes such as superoxide dismutase (SOD), catalase and glutathione
peroxidase (GPx) play a key role in mitigating oxidative stress by neutralising ROS and
maintaining cellular homeostasis (Bhattacharyya A. et al., 2014; Kurutas E. B., 2016). In
equine physiology, the activity of these enzymes can be influenced by various intrinsic
and extrinsic factors, including exercise, environmental conditions and sex
(Kirschvink N. et al., 2006; Andriichuk A. and Tkachenko H., 2017; Bazanow B. A. et
al., 2020; Kurhaluk N. et al., 2022).

Recreational riding, a popular activity with Shetland ponies, involves varying
degrees of physical exertion which may affect oxidative metabolism (Kurhaluk N. et al.,
2022). Exercise-induced oxidative stress is well documented in horses, leading to
increased ROS production through increased metabolic activity (Maranon G. et al., 2008;
Yavari A. et al., 2015). Seasonal variations, such as changes in photoperiod and
temperature, further influence metabolic and physiological processes and may modulate
the antioxidant defence system (Chainy G. B. et al., 2016). The interplay between these
factors remains an area of active research, particularly in smaller breeds such as Shetland
ponies, which are often used for recreational purposes.

The Shetland pony, known for its resilience and adaptability, provides an excellent
model for studying the effects of environmental and physiological stressors on
antioxidant mechanisms (Brinkmann L. et al., 2012, 2014). Despite their robust nature,
little is known about how photoperiod and exercise affect the activity of key antioxidant
enzymes in mares and stallions. Understanding these dynamics is essential to optimise
management practices and ensure the health and welfare of these animals.

This study aims to investigate the activity of antioxidant enzymes [superoxide
dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx)] in the blood of
Shetland pony mares and stallions involved in recreational riding in the central
Pomeranian region (Pomeranian Voivodeship, northern part of Poland). Specifically, we
are investigating the effects of photoperiod (seasonal variation) and exercise on enzyme
activity, providing insights into the adaptive responses of these animals to environmental
and physical challenges. By identifying sex- and season-specific patterns, this research
contributes to the growing body of knowledge on oxidative stress and its management in
equine species.

Materials and methods.

Horses. The study followed the guidelines of the Council of the European Union
and current legislation. Twenty-one healthy adult Shetland ponies (11 mares and 10
stallions) from the Central Pomeranian region of Poland (Strzelinko, N54°30'48.0"
E16°57'44.9"), aged 6.5 + 1.4 years, were included. All ponies were involved in
recreational riding. They were individually housed in box stalls, fed twice daily (hay and
oats) at 8:00 am and 6:00 pm, and had unlimited access to water. Comprehensive clinical
examinations and assessments of haematological, biochemical and vital parameters
confirmed that all horses were within normal reference ranges. The mares were not in
heat and were non-pregnant.

Training protocol. Exercise sessions started at 10:00 am, lasted 1 hour, and
included the following sequence: walking (5 minutes), trotting (15 minutes), walking
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(10 minutes), trotting (10 minutes), walking (5 minutes), galloping (5 minutes), and
walking (10 minutes).

Blood sample collection. Blood samples were collected from the jugular vein in
the morning, 90 minutes after feeding, while the horses were in their stalls (between 8:30
and 10:00) and immediately after the exercise session (between 11:00 and 12:00).
Samples were taken once per season over one year: spring, summer, autumn, and winter.
Blood was stored in tubes containing Ks-EDTA or 3.8% sodium citrate and kept on ice
until centrifugation at 3,000 rpm for 10 minutes. The plasma was separated and the
erythrocyte suspensions were washed three times with five volumes of PBS (pH 7.35)
and centrifuged at 3,000 rpm for 5 minutes.

Assay of superoxide dismutase activity. The Randox kit method (RANSOD, Cat.
N SD 125, Randox Laboratories Limited, UK) was used to measure plasma superoxide
dismutase (SOD) activity using xanthine and xanthine oxidase (XOD). The method
proposed by Woolliams J. A. et al. (1983) and Suttle N. F. and McMurray C. H. (1983)
was used. This method is based on the use of xanthine and xanthine oxidase (XOD) to
generate superoxide radicals which react with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-
phenyltetrazolium chloride to form a red formazan dye. The results were calculated and
expressed as U per mL.

Assay of catalase activity. Catalase (CAT) activity was determined by measuring
the reduction of H2O> in the reaction mixture according to the method developed by
Koroliuk M. A. et al. (1988). One unit of CAT activity was defined as the amount of
enzyme required to degrade 1 umol H2O> per minute per mL.

Assay of glutathione peroxidase activity. Glutathione peroxidase (GPx) activity
was measured in blood by the standard method using a Ransel Glutathione Peroxidase
Assay Kit (RX Monza, RS 504, Randox Laboratories Limited, UK). This method is based
on GPx catalysis of the oxidation of glutathione by cumene hydroperoxide. All
procedures followed the methodology proposed by Paglia D. E. and Valentine W. N.
(1967) and Kraus R. J. and Ganther H. E. (1980) with our modification. The decrease in
absorbance at 340 nm was measured on an Rx Monza analyser in a 1 cm cuvette light
path at +37°C and expressed as U per mL.

Statistical analysis. Results are presented as mean + S.D. Significant differences
between means were determined using a multiple range test with a threshold of at least p
< 0.05. Data that did not follow a normal distribution were log-transformed. Statistical
tests with 95% confidence intervals (o = 0.05) were used to assess the significance of
differences between the studied parameters (Stanisz A., 2006, 2007). Homogeneity of
variance was assessed using Levene's test and normality was assessed using the
Kolmogorov-Smirnov test.

Parametric correlations were analysed using Pearson's regression analysis within
the multiple regression module. The results of the MANOVA analysis were further
supported by the sum of squares test (total SS model) versus residual SS, taking into
account the multiple correlation analysis (R), the coefficient of determination (R?) and
the adjusted coefficient of determination (R? adjusted), which takes into account random
errors.

Basic statistical analyses, including significance of regression slopes and analysis
of variance, were performed using the STATISTICA 13.3 software package (TIBCO
Software Inc., USA). The SS test was used to quantify the contributions of all analysed
biomarkers of oxidative stress and biochemical parameters in the assessment of
antioxidant defences, using the F test and its significance (Stanisz A., 2006, 2007).

Results. We examined the activity of antioxidant enzymes in the blood of
Shetland ponies under the influence of three factors: photoperiod, sex, and exercise. The
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enzyme activity in the blood of Shetland pony mares and stallions, both before and after
exercise, during spring, summer, autumn, and winter, is illustrated in Figures 1-3.
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Fig. 1. Superoxide dismutase activity in the blood of Shetland pony mares
(n=11) and stallions (n = 10) before and after exercise in spring, summer, autumn,
and winter.

Statistically significant differences (p < 0.05) in the following dependency groups according to
the ANOVA post-hoc Tukey (HSD) test.

* — between values obtained before and after exercise in mares in autumn;

** _ between values obtained before and after exercise in stallions in autumn;

# — between values obtained before and after exercise in mares in winter;

a — between values obtained in stallions before exercise in winter and autumn.

The results of our study showed that the blood SOD activity of Shetland pony
mares in autumn was statistically significantly decreased after exercise to (245.7 + 102.89
U- mL™) compared to the state before exercise (465.01 £ 156.10 U-mL™). On the other
hand, a statistically significant decrease in blood SOD activity was observed in stallions
after exercise (294.38 £ 75.52 U-mL™) compared to the state before exercise (413.06 +
27.95 U-mL™). The percentage decrease was 47.2% (p < 0.05) for mares and 28.7% (p <
0.05) for stallions. Similarly, in winter, SOD activity in the blood of mares of Shetland
ponies was statistically significantly decreased after exercise to (243.60 + 103.10 U-mL"
1y compared to the state before exercise (399.89 +42.80 U-mL™?). The percentage decrease
was 39.1% (p < 0.05). Blood SOD activity in Shetland pony mares was statistically
significantly lower before exercise in autumn (399.89 + 42.80 U-mL™?) compared to
before exercise in winter (465.01 + 156.10 U-mL™). The percentage decrease was 14%
(p < 0.05). After exercise, SOD activity in the blood of both mares and stallions of
summer and spring was statistically non-significantly lower than before exercise. Higher
levels of SOD activity were observed in the blood of mares compared to stallions in
autumn and winter (Fig. 1).

Catalase activity in the blood of Shetland pony mares and stallions before and
after exercise in spring, summer, autumn, and winter were illustrated in Figure 2.
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Fig. 2. Catalase activity in the blood of Shetland pony mares (n = 11) and

stallions (n = 10) before and after exercise in spring, summer, autumn, and winter.
Statistically significant differences (p < 0.05) in the following dependency groups according to
the ANOVA post-hoc Tukey (HSD) test.
* — between values obtained before and after exercise in mares in spring;
# — between values obtained before and after exercise in mares in winter;
a — between values obtained in mares after exercise in spring and autumn;
b — between values obtained in mares after exercise in spring and winter.

The results of our study showed that catalase activity in the blood of Shetland
pony mares in autumn was statistically significantly increased after exercise to (5.11 £
1.92 pmol-min"t-mL™) compared with the pre-exercise state (2.59 + 0.79 umol-min™*-mL-
1. The percentage of increase was 97.3% (p < 0.05). Conversely, in winter, catalase
activity in the blood of mares of Shetland ponies was statistically significantly decreased
after exercise to (2.47 £ 0.98 umol-min-mL*) compared with the pre-exercise state (4.09
+1.92 pmol-min™-mL™?). The percentage reduction was 39.6% (p < 0.05). Blood catalase
activity in Shetland pony mares was statistically significantly lower after exercise in
autumn (2.70 £ 1.58 umol'mint-mL?) and winter (2.47 + 0.98 pmol-min™tmL) than
before exercise in spring (5.11 £ 1.92 umol'-min™*-mL™?). The percentage decreases were
47.2% (p < 0.05) and 51.7% (p < 0.05) respectively. In summer and spring, catalase
activity in the blood of both mares and stallions after exercise was not statistically
significantly higher than before exercise. Higher levels of catalase activity were observed
in the blood of stallions compared to mares in all seasons (Fig. 2).

GPx activity in the blood of Shetland pony mares and stallions before and after
exercise in spring, summer, autumn, and winter were illustrated in Figure 3.

The results of our study showed that GPx activity in the blood of Shetland pony
stallions in autumn was statistically significantly decreased after exercise to (260.13 +
72.71 nmol-min™-mL") compared with the pre-exercise state (425.54 + 77.07 nmol-min-
LmL™1). The percentage reduction was 38.9% (p < 0.05). Similarly, in winter, GPx activity
in the blood of mares of Shetland ponies was statistically significantly decreased after
exercise to (208.31 + 73.82 unmol'-minmL?) compared with the pre-exercise state
(379.12 £ 64.39 nmol-min-mL?). The percentage reduction was 45.1% (p < 0.05). Blood
GPx activity in Shetland pony mares and stallions was at the same level during exercise
in both spring and summer (Fig. 3).
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Fig. 3. Glutathione peroxidase activity in the blood of Shetland pony mares
(n=11) and stallions (n = 10) before and after exercise in spring, summer, autumn,
and winter.

Statistically significant differences (p < 0.05) in the following dependency groups according to
the ANOVA post-hoc Tukey (HSD) test.

* — between values obtained before and after exercise in stallions in autumn;

** _ between values obtained before and after exercise in stallions in winter;

# — between values obtained before and after exercise in mares in winter.

Discussion. The results of this study demonstrate distinct seasonal, sex and
exercise-induced variations in the activity of key antioxidant enzymes (SOD, catalase and
GPx) in the blood of Shetland ponies. These variations highlight the complex interplay
of environmental and physiological factors in modulating antioxidant defence
mechanisms in horses.

This study identifies GPx, CAT and SOD as key markers of enzymatic antioxidant
defence. These enzymes are considered part of the first-line antioxidant defense system
as they rapidly neutralize free radicals or molecules with the potential to form free radicals
(Jomova K. et al., 2024). SOD activity showed a marked decrease in both mares and
stallions following exercise in autumn and winter, with mares showing a more
pronounced reduction than stallions (Fig. 1). This suggests that mares may have an
increased oxidative response to exercise during these colder seasons. The seasonal
comparison showed that SOD activity was significantly lower in autumn than in winter
before exercise, suggesting possible seasonal adaptations in oxidative stress management.
Conversely, no significant changes in SOD activity were observed in spring and summer,
probably reflecting a more stable oxidative state during these milder seasons (Fig. 1). In
our study, the activity of this enzyme showed higher statistically significant variability
(F15.152 = 8.34; p = 0.000) compared to the activities of CAT (F1s.152 = 4.18; p = 0.000) or
GPx (F15.152 = 5.95; p = 0.000). This finding was further supported by the correlation (R)
and determination coefficients, as well as the corrected form of the latter used in the
statistical analysis. In our study, SOD activity was more strongly influenced by the sex
and exercise variables, but not by the photoperiodic factor. However, the differences in
SOD activity were statistically significant in the total SS model versus the residual SS,
with correlation coefficient values (R = 0.67), coefficient of determination (R? = 0.45),
and the adjusted form (R?adj = 0.40) at F = 8.34 (p = 0.000).
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In the study of Bazanow B. A. et al. (2020), these researchers observed
significantly higher activities of total SOD, MnSOD, and CuZnSOD in blood samples
from Hucul horses compared to Arabian horses. The superoxide dismutase (SOD) family
serves as the first line of defense against ROS (Wang Y. et al., 2018). Changes in SOD
activity are known to protect hosts against microorganisms, bacteria, and parasites, with
such variations influenced by physical activity, diet, and chemical factors (Rahal A. et al.,
2014).

SOD activity was positively associated with long-term improvements in maximal
oxygen uptake in horses following a 12-week conditioning programme in the study by de
Moffarts B. et al. (2004). However, during a single exercise session, SOD activity does
not appear to change significantly during short duration, high intensity work. In
Standardbreds undergoing a 14-minute high-intensity treadmill test, no changes in
resting, peak or recovery SOD activity were observed, although a reduction in reduced
glutathione levels was noted (de Moffarts B. et al., 2004). Similarly, Ji L. L. et al. (2001)
found no significant changes in SOD, catalase or glutathione peroxidase activity in
response to acute exercise when measured at rest, 2 minutes and 30 minutes after a 12-
minute high-intensity treadmill session.

The response of SOD activity to prolonged, lower intensity exercise is less well
understood. Balogh N. et al (2001) reported no significant differences in SOD activity
when measured 24 hours before, immediately after and 24 hours after exercise in horses
competing in a pentathlon. This event involved two consecutive rounds of 20-minute
warm-up followed by 1-minute jumping sessions for each horse, although no
measurements were taken during the recovery period after the second round. The
response of SOD activity to low-intensity standardised exercise tests remains unclear. In
addition, the nutritional status of the horses used in these studies was not reported, which
could influence the functionality of their antioxidant systems.

A longitudinal cohort study was conducted by Bollinger L. et al. (2023) with 49
healthy horses participating in the 160 km endurance ride at the 2016 World Endurance
Riding Championships in Samorin, Slovakia. The study of Bollinger L. et al. (2023)
found that lower pre-ride SOD levels were associated with better race results. It is possible
that SOD levels are altered primarily after prolonged exercise, such as endurance rides
over 120 km (Ono K. et al., 1990). This is consistent with the findings of Kinnunen S. et
al. (2005) who reported that general resting markers of oxidative stress — such as oxygen
radical scavenging capacity, vitamin E levels, lipid hydroperoxide (LPO) concentrations
and glutathione-related enzyme activities - were higher in endurance horses than in
trotters. However, even prolonged exercise, such as an 80 km ride, did not induce
oxidative stress in endurance horses (Kinnunen S. et al., 2005).

Although it was initially expected that higher pre-ride SOD levels would reduce
the likelihood of elimination, the opposite was observed. SOD levels are known to
increase after prolonged exercise, suggesting that horses with higher pre-ride SOD levels
may have experienced sustained oxidative stress prior to sampling. This stress could be
due to overtraining or inadequate recovery periods (Balogh N. et al., 2001; Ferraresso R.
L. et al., 2012). Blood SOD levels reflect current SOD activity and oxidative stress
defence rather than stored SOD reserves (Bollinger L. et al., 2023).

After a race, lower SOD availability in failed horses compared to successful
horses may make them more susceptible to oxidative damage (Bollinger L. et al., 2023).
Further studies, possibly including muscle biopsies to assess muscle SOD levels prior to
competition, may provide more detailed insights. Currently, there is limited data on pre-
ride or resting SOD levels in endurance horses, apart from a small sample studied by
Fraipoint A. et al. (2011). As a result, it remains unclear which levels are indicative of a
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healthy resting state and which are indicative of increased SOD activity due to ongoing
oxidative stress.

CAT is a cytoplasmic protein that plays a crucial role in reducing hydrogen
peroxide by catalyzing its conversion into water and oxygen. The efficiency of CAT in
metabolizing hydrogen peroxide is dependent on the level of hydrogen peroxide
accumulation (Nandi A. et al., 2019). Catalase activity showed contrasting seasonal
patterns (Fig. 2). In autumn, exercise induced a significant increase in catalase activity in
mares, suggesting an upregulated response to counter oxidative stress. In winter,
however, catalase activity decreased significantly after exercise, possibly indicating a
reduced capacity for antioxidant defence during the colder months. Stallions had
consistently higher catalase activity in all seasons, which may reflect sex differences in
enzymatic antioxidant defences (Fig. 2). Plasma CAT activity showed statistically
significant differences only in the group of mares after exercise during the spring-summer
and spring-winter photoperiods. The following coefficients were calculated for CAT
activity: correlation coefficient (R = 0.54), coefficient of determination (R? = 0.29), and
its adjusted form (R?adj = 0.22) at F = 4.18 (p = 0.000). For GPx activity, the statistical
analysis revealed the following values: R =0.61, R*=0.37, and R?adj =0.31 at F =5.94
(p = 0.000). Therefore, the activities of the selected antioxidant enzymes showed the
following relationships in the statistical model: SOD > GPx > CAT. Siqueira R. F. et al.
(2014) reported that prolonged endurance exercise had no effect on CAT activity in
racehorses.

Another enzyme involved in maintaining redox balance is GPx, which removes
H>0: by converting it to water and reducing lipid peroxides to their corresponding
alcohols. This function is essential for the prevention of lipid peroxidation (Pei J. et al.,
2023). GPx activity followed similar trends, with significant decreases observed in
stallions during autumn and in mares during winter after exercise (Fig. 3). These findings
highlight the sensitivity of GPx to both seasonal and exercise-induced oxidative
challenges, particularly during the colder months when environmental stressors may
exacerbate oxidative demands. The consistent GPx levels observed in spring and summer
further support the notion of seasonal stability of antioxidant enzyme activity during these
periods (Fig. 3). The observed seasonal and gender differences in enzyme activity may
be due to variations in metabolic demands, hormonal influences and environmental
conditions, including photoperiod and temperature. Exercise-induced oxidative stress
appears to be modulated differently by season and sex, reflecting the dynamic adaptability
of Shetland ponies to their environment.

This finding is consistent with previous research suggesting that antioxidant
enzyme activity may decrease during intense exercise due to increased ROS production,
but may return to higher levels during recovery (Fisher-Wellman K. and Bloomer R. J.,
2009). Conversely, Balogh N. et al. (2001) reported no significant changes in SOD or
GPx activities in pentathlon horses between blood samples taken before, immediately
after and 24 hours after exercise. Ott E. C. et al. (2022) observed unchanged GPx activity
after prolonged exercise in horses. However, their study reported an increase in SOD
activity, another key marker of enzymatic antioxidant defence.

In our previous study (Kurhaluk N. et al., 2022), we aimed to determine the
photoperiod-induced variations and the effects of exercise on oxidative stress biomarkers
(2-thiobarbituric acid reactive substances [TBARS], aldehyde [AD] and ketone [KD]
derivatives of oxidatively modified proteins [OMP], total antioxidant capacity [TAC],
and biomarkers of metabolic changes (glucose, urea and uric acid, and lactate
dehydrogenase [LDH] activity) in the blood of Shetland pony mares and stallions
involved in recreational riding. A MANOVA analysis showed that photoperiod played a
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predominant role in the changes in these biomarkers, while exercise and sex had a lesser
effect. Lipid peroxidation biomarkers, such as plasma TBARS levels, showed the highest
adjusted coefficient of determination (R%adj = 0.77). Pre-exercise (resting) plasma
TBARS levels in stallions and mares were lowest during the spring and summer
photoperiods and highest during the autumn and winter photoperiods. A statistically
significant reduction in the levels of both aldehyde and ketone derivatives of OMP was
observed in the blood of ponies during the autumn and winter periods; in addition, the
level of ketone derivatives of OMP decreased after exercise in the spring. TAC was
statistically significant in the spring and winter photoperiods, both before and after
exercise. Photoperiod and exercise-induced changes in markers of oxidative stress and
antioxidant defences may play a role in the adaptation of animals to exercise, with sex
differences observed. Seasonal variations in antioxidant defences and energy metabolism
substrates in the blood of mares and stallions as a function of exercise capacity may be
crucial in understanding how animals' endogenous adaptive mechanisms prepare for
environmental changes associated with different seasons (Kurhaluk N. et al., 2022).

Conclusions. This study highlights the significant influence of photoperiod, sex
and exercise on antioxidant enzyme activity in Shetland ponies. Antioxidant enzyme
activity was generally more affected during autumn and winter, indicating increased
oxidative stress during these seasons. Stable enzyme activity in spring and summer
suggests reduced oxidative stress during these periods. Mares were more sensitive to
exercise-induced oxidative stress in colder seasons, while stallions had higher overall
catalase activity. Exercise consistently modulated antioxidant enzyme activity, with the
magnitude and direction of change influenced by both season and sex.

These results provide valuable insights into the physiological adaptability of
Shetland ponies to environmental and physical stressors. The findings may inform
strategies for optimising equine management practices, including seasonally adapted
exercise regimes and dietary supplementation to support antioxidant defences. Future
research should explore the underlying mechanisms driving these variations and assess
their implications for equine health and performance.

This research has been supported by Pomeranian University in Stupsk (Poland),
and it is cordially appreciated by the authors.
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