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This study focuses on the photoperiod-induced variability in the levels of bi-
omarkers of lipid peroxidation (2-thiobarbituric acid reactive substances, TBARS) and
the total antioxidant capacity (TAC) in the blood of Shetland pony mares and stallions
before and after exercise. We have analyzed the effect of photoperiods and exercise on
the levels of TBARS and TAC in the blood of Shetland pony mares and stallions in-
volved in recreational horseback riding in the central Pomeranian region (Pomeranian
Voivodeship, northern part of Poland). Twenty-one healthy adult Shetland ponies
(11 mares and 10 stallions) aged 6.5 + 1.4 years old were used in this study. All horses
participated in recreational horseback riding. Training started at 10:00 AM, lasted 1
hour, and consisted of a ride of cross country by walking (5 min), trotting (15 min),
walking (10 min), trotting (10 min), walking (5 min), galloping (5 min), and walking (10
min). Blood was drawn from the jugular veins of the animals in the morning, 90 minutes
after feeding, while the horses were in the stables (between 8:30 and 10 AM), and im-
mediately after the exercise test (between 11 AM and 12 AM). Blood samples were tak-
en once per season for one year: summer and winter. The level of lipid peroxidation
was determined by quantifying the concentration of 2-thiobarbituric acid reacting sub-
stances (TBARS) for determining the malonic dialdehyde (MDA) concentration. The
TAC level in samples was estimated by measuring the TBARS level after Tween 80 oxi-
dation. In the stallions and mares before exercise (at rest) in the summer photoperiod,
we obtained minimum TBARS values, while maximum levels were determined in the
winter photoperiod. In our study, the TAC level illustrated the baseline levels of enzy-
matic and non-enzymatic antioxidant defense systems, which were different in the mares
than in the stallions (statistically significant in the winter photoperiod) both before and
after exercise (winter photoperiod). The results of the current study demonstrated that
changes in the lipid peroxidation and the total antioxidant capacity in the blood of Shet-
land ponies are photoperiod-, sex-, and exercise-dependent. The maximum statistically
significant values for the effect of the photoperiod-exercise combination defined as the
F values were observed. The multivariate analysis of the influence of the three parame-
ters: photoperiods, sex, and exercise on the lipid peroxidation and the total antioxidant
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capacity in the blood of the ponies indicated the leading role mainly of the photoperiod
factor, and next the exercise and sex factors.

Key words: 2-thiobarbituric acid reactive substances, total antioxidant capacity,
plasma, exercise, seasonal alterations, photoperiods, Shetland ponies, mares and stal-
lions.
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YV yvomy Oocniosicenni mu 30cepeounucs Ha uueHHi iHOyKosanux ghomonepio-
00M 3MIHAX PIGHI6 OioMapKepie NePeKUCHO20 OKUCHEHHS NINidi8 (PeakmusHi peyosuHi,
AKi 83aemoditoms 3 2-miobapbimyposoio kuciromorw, TBARS) i sacanvnoi anmuoxcu-
oanmnoi axmusnocmi (TAC) y nnazmi kobun i scepedyis uemianocbKux noui 00 i nicis
mpenysanta. Mu npoananizyeanu ennus ¢homonepiody i ¢hizuunux eémnpas Ha pieHi
TBARS i TAC y kposi kobun i scepedyis uiemianocbKux nomi, axki bepyms yuacms y pe-
Kpeayiunil 6epxositl i30i 6 yenmpanvhit yacmuni Ilomopcokozo peciony (ITomopcvie
60€600cme0, nisHiuna yacmuna Ilonvwi). Jleadysme 00un 300posutl 00poCIull wem-
aanocokuti noui (11 xobun i 10 scepebyis) sikom 6,5 + 1,4 pokie d6yiu euxopucmani 6
ybomy 00CniodceHHi. Yci Koni bpanu yuacmse y pekpeayitinitl eepxositl i30i. Tpenysanms
posznouunanocs o 10:00, mpusano 1 2o0uny i ckradanocs 3 Kpocy xo0060010 (5 x8), puc-
cto (15 xs), xoovboro (10 x8), puccro (10 x8), xoovboro (5 x8), ecanonom (5 x8) i x00bH010
(10 x8). Kpoe bpanu 3 apemnoi éenu meapun epanyi, yepesz 90 xeunun nicisi 200y8aHHs,
nio yac nepebdysanus koneu y cmatini (misre 8:30 ma 10 panxy) ma 6iopa3sy nicis mecmy
3 Qisuunum nagaumasicennam (mixc 11 panky ma 12 paunky). 3abip kposi npoeoounu
00UH pas3 3a Ce30H NPOMA20M POKY: 61ImMKy ma 63umKy. Pieens nepexucrnozo okucnenms
2inioie eusHauanu Kinvkicno 3a oonomoeoro ThK-axmusnux peuosun (TBARS), 30kpema
manonogoeo odianvoecioy (MDA). Pieenv TAC y 3paskax oyiHO8aIU ULISAXOM
sumiproganns piensi TBARS nicna oxucnennsi Tween 80. AHx nokazanu pezyromamu
HAwux 00CiONCeHb, Y dcepebyis i KoOUun nepeod HaBAHMAMNCEHHAM (Y CMAHi CNoKoi) 8
JIMHIU pomonepiod mu ompumanu minimanvui 3navyenns TBARS, a maxcumanvui — y
3umosutl pomonepioo. Y nawomy oocnioxcenni pieenv TAC intocmpysaé 6a308i pieHi
pepmenmamugHux i HeepmMenmamueHux cucmem aHMUOKCUOAHMHO20 3aXUCMY, SKI
BIOPIZHANUCA Y KOOUN, HIdC Y dHcepeOyie (CmamucmuyHo 3Ha4ywi 6 3umosull ¢omo-
nepioo) Ax 0o, max i nicia Qizuunoco nasanmadcenus. Peszynomamu nomounozo 0o-
CIONCEHHS NOKA3ANU, WO 3MIHU NEPEKUCHO20 OKUCHEHHS JIINI0I8 I 3a2albHOi AHMUOKCU-
O0aumHOI aKmueHocmi 8 Kpo8i WwemlIaHOCbKUX MOHI 3anedcamv 6i0 Gomonepiooy,
cmami ma @izuunux enpas. Cnocmepieanucsi MAKCUMAIbHI CMAMUCMUYHO 3HAYYWI
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3HaueHHs eghexmy KomOiHayii ¢homonepioo-enpasu, eusnaueni sk 3uavenus F. Baea-
Mmopakmopuuil aHaniz enausy mpbox napamempis: pomonepioodis, cmami ma QizuyHo-
20 HABAHMAIICEHHS. HA NepeKUCHe OKUCHEeHHs NiNnidie i 3aealbHy AHMUOKCUOAHMHY aK-
MUBHICMb Y KPOBI NOHI 8KA3A8 HA NPOBIOHY POJib NEPesadicHo (paxmopa omonepiody, 8
NOPIBHAHHI 00 MAKUX (haxmopis, K Qizuune HaBAHMANCEHHS MA CMAMb.

Knrouosi cnosa: peakmushi peuosunu, saxi 83acmodiroms 3 2-miobapoimyposoio
kucaiomoro (TBARS), sacanvna anmuoxcuoanmna axkmuenicmo (TAC), nrazma, gizuuni
HABAHMAJICEHHS, Ce30HHI 3MiHU, pomonepiod, [llemnandcoki noui, Kobuiu ma sxicepeo-

yi.

The adaptation of a living organism, forming in the process of natural selection,
as well as in the background of the natural change of the seasons, with a regularly re-
peated change in climate, and food conditions, does not manifest itself in the same way
as an experimental adaptation to cold (Ebi, K. L., & Rocklév, J., 2014). Seasonal adap-
tation occurs in the background of preliminary, advanced preparation of animals (stor-
age of feed, fattening before the crucial season, migration, change of coat, etc.) to diffi-
cult conditions (cold, decrease of feed, etc.) with gradual adaptation to them, which
cannot be the case with experimental adaptation to cold, since it is almost impossible to
create real environmental conditions (Gaughan J. B. et al., 2018; Young B. A., 1981).
Thermoregulation in horses primarily depends on heat loss through evaporation, in par-
ticular through sweating. Under thermoneutral conditions, these mechanisms are suffi-
cient to enable horses to perform the high-intensity exercise for extended periods of
time. Under conditions of thermal stress, especially in high-humidity environments, the
efficiency of evaporative heat loss mechanisms is reduced, which can lead to the devel-
opment of hyperthermia in horses (Guthrie A. J. & Lund R. J. 1998).

The influence of environmental factors is especially susceptible to animals kept
in the open when grazing (Schieltz J. M. & Rubenstein D. I. 2016). Meanwhile,
knowledge of the biological characteristics of individual breeds of farm animals makes
it possible to establish the critical moments of their life, depending on the specific con-
ditions of the external environment. The habitat of farm animals throughout the year is
not the same. It is highly susceptible to changes in the seasons of the year (especially
when they are kept on pasture all year round) and thus affects the biological needs of
animals for feed (energy) at the conditions of keeping. By targeted satisfaction of the
physiological needs of the body in certain periods of the season, it is possible to reduce
the negative impact of environmental factors and achieve high productive qualities in
animals, as well as improve health (Wrdbel B. et al.,. 2023)

In our previous study, we also revealed that the seasonal variations in the antiox-
idant defences, as well as substrates of energy metabolism in the blood of mares and
stallions, depending on exercise capacity, could be an important aspect in the ability of
endogenous adaptive mechanisms of animals to react in advance to environmental
changes associated with seasons (Kurhaluk N. et al., 2022). The influence of seasons
and sex on body size and hematological and biochemistry parameters of Noma horses, a
native Japanese breed was evaluated by Ono and co-workers (2021). Body size was
larger in winter than in summer. Laboratory testing variables, including erythrocytic
parameters and urea nitrogen, total cholesterol, and creatinine kinase levels, were higher
in winter, while the eosinophil count was higher in summer. These seasonal differences
may be related to the increased energy consumption of horses due to heat stress. The
higher eosinophil counts may have been related to dermatitis observed in the summer.
Stallions tended to have smaller bodies compared with mares (Ono T. et al., 2021).
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In the mechanisms of adaptation of the body to free radical lipid peroxidation
and the development of oxidative stress at the molecular level, a special place is given.
Unlike conventional molecules, molecules and atoms of free radicals (FRs) have one or
more electrons with unpaired spin in their outer energy orbital and, therefore, are highly
reactive (Jakubczyk K. et al., 2020). FR production in a healthy organism is carried out
in small amounts during physiological processes (phagocytosis, oxidation of arachidon-
ic acid, prostaglandin synthesis, mitochondrial respiration, and peroxisomal oxidation)
(Di Meo S. et al., 2016). Many enzymatic and non-enzymatic redox processes are
known, the products of which are various types of FR, the largest number is formed
from oxygen (Pham-Huy, L. A. et al., 2008). Molecular oxygen in the basic state is a
biradical that has two unpaired electrons in atomic orbitals. Less than 5% of molecular
oxygen undergoes a one-electron reduction in mitochondria and microsomes of cells,
especially phagocytes. These reactions result in superoxide anion radical (-O2 ), singlet
form of oxygen ('O2), hydrogen peroxide (H202), hydroxyl radical (-OH), and hydrop-
eroxyl radical (HOz ) (Ignatowicz, E., & Rybczynska, M. 1994). The general name of
these products is reactive oxygen species (ROS), which have the ability to react with
endogenous substrates that form cell structures, and primarily with phospholipid
biomembranes (Brieger K. et al., 2012). The consequence of such reactions is the de-
struction of cellular components, including proteins (with inactivation of enzymes, es-
pecially those containing sulfhydryl groups), membrane lipids (with the formation of
lipid peroxides from polyunsaturated fatty acids, PUFAS), and nucleic acids (with the
formation of breakdowns and mutations) (Ward J. P. T., 2017). Thus, ROS are highly
reactive radical oxygen compounds formed as a result of incomplete oxygen reduction.

The entry of aggressive FR into reactions with PUFAs of phospholipids with the
formation of hydroperoxides occurs regardless of the cause that caused the increase in
ROS levels. The cascade of lipid peroxidation reactions leads to the appearance and ac-
cumulation of a wide range of toxic metabolites, the tension of antioxidant defense
mechanisms, and the development of oxidative stress (Ayala A. et al., 2014). At a cer-
tain intensity, lipid peroxidation (LPO) is a normal physiological process involved in
the self-renewal and restructuring of membrane structures, regulation of ion transport,
and changes in the activity of membrane-binding enzymes (Spiteller, G., 2003). LPO
processes play the role of a necessary link in the biosynthesis of prostaglandins, steroid
hormones, and leukotrienes, as well as in the processes of phagocytosis (Ricciotti E., &
FitzGerald G. A., 2011). Excessive LPO activation plays an important and sometimes
key role in the development of many pathological conditions, which makes it justified
to consider this process as a universal typical link in the pathogenesis of various patho-
logical conditions. The action of external prooxidants and the activation of endogenous
mechanisms of ROS generation lead to the tension of antioxidant defense mechanisms
and the development of oxidative stress, an important pathogenetic factor in many
pathological processes and conditions that can manifest itself at the cellular, tissue, and
organism levels. LPO and its products, acting as a "primary mediator™" of stress repre-
sent one of the earliest regulatory mechanisms and are a non-specific pathogenetic link
in the development of various diseases (Ayala A. et al., 2014)..

This study focuses on the photoperiod-induced variability in the levels of bi-
omarkers of lipid peroxidation (2-thiobarbituric acid reactive substances, TBARS) and
the total antioxidant capacity (TAC) in the blood of Shetland pony mares and stallions
before and after exercise. We have analyzed the effect of photoperiods and exercise on
the levels of TBARS and TAC in the blood of Shetland pony mares and stallions in-
volved in recreational horseback riding in the central Pomeranian region (Pomeranian
Voivodeship, northern part of Poland).
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Materials and methods.

Horses. The experiments were conducted in compliance with the Guidelines of
the European Union Council and the current laws. Twenty-one healthy adult Shetland
ponies (11 mares and 10 stallions) aged 6.5 + 1.4 years old from the central Pomeranian
region in Poland (Strzelinko, N54°30°48.0” E16°57°44.9”) were used in this study. All
horses participated in recreational horseback riding. The horses were housed in individ-
ual boxes, with feeding (hay and oat) provided twice a day at 08.00 and 18.00 h and wa-
ter available ad libitum. All horses were thoroughly examined clinically and screened
for hematological, biochemical, and vital parameters, which were within reference
ranges. The females were non-pregnant.

Exercise. Training started at 10:00 AM, lasted 1 hour, and consisted of a ride of
cross country by walking (5 min), trotting (15 min), walking (10 min), trotting (10 min),
walking (5 min), galloping (5 min), and walking (10 min).

Blood samples. Blood was drawn from the jugular veins of the animals in the
morning, 90 minutes after feeding, while the horses were in the stables (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: summer and winter. Blood was
stored in tubes with K3-EDTA and 3.8% sodium citrate and kept on the ice until centrif-
ugation at 3,000 rpm for 10 minutes. The plasma was removed. The erythrocyte suspen-
sions (one volume) were washed with five volumes of PBS (pH 7.35) three times and
centrifuged at 3,000 rpm for 5 minutes.

The 2-Thiobarbituric acid reactive substances (TBARS) assay. The level of
lipid peroxidation was determined by quantifying the concentration of 2-thiobarbituric
acid reacting substances (TBARS) with the Kamyshnikov (2004) method for determin-
ing the malonic dialdehyde (MDA) concentration (Kamyshnikov V. S. (2004). This
method is based on the reaction of the degradation of the lipid peroxidation product,
MDA, with 2-thiobarbituric acid (TBA) under high temperature and acidity to generate
a colored adduct that is measured spectrophotometrically. The nmol of MDA per mL
was calculated using 1.56-10° mM™ cm™ as the extinction coefficient.

Measurement of total antioxidant capacity (TAC). The TAC level in samples
was estimated by measuring the 2-thiobarbituric acid reactive substances (TBARS) lev-
el after Tween 80 oxidation. This level was determined spectrophotometrically at 532
nm (Galaktionova L. P. et al., 1998). The sample inhibits the Fe?*/ascorbate-induced
oxidation of Tween 80, resulting in a decrease in the TBARS level. The level of TAC in
the sample (%) was calculated with respect to the absorbance of the blank sample.

Statistical analysis. The results were expressed as mean + S.D. Significant dif-
ferences between the means were measured using a multiple-range test at min. p < 0.05.
Data with no normal distribution were log-transformed. Statistical tests with 95% confi-
dence intervals (a = 0.05) were applied to determine the significance of differences be-
tween the parameters studied (Stanisz A. 2006; Zar J. H., 1999). The data were tested
for homogeneity of variance using Levene’s test, and normality was checked with the
Kolmogorov-Smirnov test. The data of MANOVA analysis were also confirmed by the
results of the sum-of-squares test (total SS model) vs. residual SS regarding the values
of the multiple correlation analysis (R), the coefficient of determination (R?), and its
corrected form reduced by random errors (R? adjusted) in the data analysis. The basic
statistical analysis (significance of regression slopes, analysis of variance for signifi-
cance) was done using the STATISTICA 13.3 package (TIBCO Software Inc.). We
used the SS test to describe the share of all analyzed biomarkers of oxidative stress (the
F test and its significance) (Stanisz A. 2006; Zar J. H., 1999).
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Results. We investigated the levels of TBARS and TAC in the blood of the
Shetland ponies influenced by the three factors (photoperiods, sex, and exercise). Levels
of TBARS and TAC in the blood of Shetland pony mares and stallions before and after
exercise in summer and winter are presented in Fig. 1.
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Fig. 1. Levels of 2-thiobarbituric acid reactive substances (TBARS, nmol-mL™) (A)
and total antioxidant capacity (TAC, %) (B) in the blood of Shetland pony mares

(n=11) and stallions (n = 10) before and after exercise in summer 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 summer;
** _ between values obtained before and after exercise in mares in winter;
# — between values obtained before and after exercise in stallions in winter;
a — between values obtained in mares before exercise in winter and summer;
b — between values obtained in stallions before exercise in winter and summer;
¢ — between values obtained in stallions after exercise in winter and summer.
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Results of our study revealed that levels of TBARS in the plasma of Shetland
pony mares in summer were statistically significantly increased after exercise to (6.58 +
2.09 nmol-mL™) compared to the state before exercise (2.05 = 0.81 nmol-mL™). On the
other hand, in stallions, a statistically non-significant increase in levels of TBARS in the
plasma after exercise (4.81 + 1.85 nmol-mL™) compared to the state before exercise
(4.15 + 0.70 nmol-mL) was observed. The percentage of increase was 221% (p < 0.05)
for mares and 15.91% (p > 0.05) for stallions, respectively. Contrarily, in the winter,
levels of TBARS in the plasma of both mares and stallions of Shetland ponies were sta-
tistically significantly decreased after exercise to (5.41 + 1.28 nmol-mL™) and (3.96 +
2.04 nmol-mL™) compared to the state before exercise (17.37 + 4.05 nmol-mL™?) and
(15.46 + 0.71 nmol-mL™?), respectively. The percentage of decrease was 68.86% (p <
0.05) for mares and 74.39% (p < 0.05) for stallions (Fig. 1A).

After exercise, levels of TBARS in the plasma of both mares and stallions of
Shetland ponies in summer were similar to the values obtained in the winter. Before ex-
ercise, levels of TBARS in the plasma of both mares and stallions of Shetland ponies in
winter were higher [(17.37 £ 4.05 nmol'mL™?) and (15.46 + 0.71 nmol-mL)] compared
to the values obtained in the summer, i.e. (2.05 £ 0.81 nmol-mL?) for mares and (4.15 +
0.70 nmol'‘mL™) for stallions. The percentage of decrease was 88.2% (p < 0.05) for
mares and 73.16% (p < 0.05) for stallions (Fig. 1A).

Levels of the total antioxidant capacity in the plasma of both mares and stallions
of Shetland ponies in summer were decreased after exercise to (64.06 = 23.26 %) and
(69.22 + 9.8 %) compared to the state before exercise (78.89 = 8.35 %) and (81.26 +
5.82 %), respectively. The percentage of decrease was 18.8% (p > 0.05) for mares and
14.82% (p > 0.05) for stallions, respectively. Similarly, in the winter, TAC levels in the
plasma of both mares and stallions of Shetland ponies were statistically non-
significantly decreased after exercise to (74.94 + 20.03 %) and (50.40 £+ 4.87 %) com-
pared to the state before exercise (83.37 = 7.06 %) and (64.27 £ 9.82 %), respectively.
The percentage of decrease was 4% (p > 0.05) for stallions. The percentage of decrease
was 10.12% (p > 0.05) for mares and 21.58% (p > 0.05) for stallions, respectively
(Fig. 1B).

Before exercise, TAC levels in the plasma of stallions of Shetland ponies in
summer were higher (81.26 £ 5.82 %) compared to the values obtained in the winter
(64.27 + 9.82 %). The percentage of decrease was 20.91% (p < 0.05). TAC levels in the
plasma of mares of Shetland ponies in summer were at the same levels obtained in the
winter. After exercise, TAC levels in the plasma of stallions of Shetland ponies in win-
ter were less (50.40 = 4.87 %) compared to the values obtained in the summer, i.e.
(69.22 £ 9.8 %). The percentage of decrease was 27.18% (p < 0.05) (Fig. 1B).

Discussion. The results of our study revealed that in the stallions and mares be-
fore exercise (at rest) in the summer photoperiod, we obtained minimum TBARS val-
ues, while maximum levels were determined in the winter photoperiod. In our study, the
TAC level illustrated the baseline levels of enzymatic and non-enzymatic antioxidant
defense systems, which were different in the mares than in the stallions (statistically
significant in the winter photoperiod) both before and after exercise (winter photoperi-
od). The next step of our study was to determine statistically significant differences be-
tween the values of oxidative stress biomarkers of the maintenance of homeostatic
mechanisms of antioxidant defenses in the blood in Shetland ponies depending on the
photoperiod, sex, and exercise. TBARS levels in the blood of these horses were shown
to differ statistically significantly with a maximum coefficient of variability of Fi515, =
38.47 (p = 0.000). These data were also confirmed by the results of the sum-of-squares
test (total SS model) vs. residual SS regarding the values of the correlation coefficient
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(R = 0.89), the coefficient of determination (R? = 0.79), and its adjusted form R%q =
0.77 at the value of F = 38.47 (p = 0.000). The plasma of the stallions and mares before
exercise (at rest) exhibited minimum TBARS levels in the summer photoperiods and
maximum values of the parameter in the winter photoperiods. The ANOVA post-hoc
Tukey test (HSD) revealed statistically significant differences in the TBARS levels be-
tween the groups in the different photoperiods, depending on the sex and exercise. Be-
fore exercise (at rest) for a group of pony stallions, these dependencies were significant
for summer-winter photoperiod (p < 0.05).

The total antioxidant capacity (TAC) was statistically significantly correlated
with the sex, photoperiods, and exercise of the Shetland ponies in our study. The chang-
es in this parameter are probably related to the baseline levels of enzymatic and non-
enzymatic antioxidant defense systems in ponies, which are different in mares com-
pared to stallions (statistically significant in the winter period) both before and after ex-
ercise (winter period). The TAC data differed statistically significantly (Fis.152 = 10.71;
p = 0.000) in the total SS model vs. residual SS regarding the values of the correlation
coefficient (R = 0.71), the coefficient of determination (R? = 0.50), and its adjusted
form R%q = 0.45 at the value of F = 10.06 (p = 0.000).

Various studies on the gradual adaptation of melatonin rhythms to the photoper-
iod in humans and rodents have been reported in the literature. Murphy and co-workers
(2011) revealed that melatonin rhythms in horses may be dependent on light to a greater
extent. The authors believe that melatonin is not a suitable marker of the circadian phase
in this species, because melatonin biosynthesis in the pineal glands of some ungulates is
largely determined by the ambient light cycle, and the circadian oscillator located in the
mammalian hypothalamus suprachiasmatic nucleus (SCN) has a minor role in this pro-
cess (Murphy B. A. et al., 2011). The importance of the hypothalamus SCN, i.e. the site
of the main mammalian pacemaker (Murphy, B. A., et al., 2007), has been previously
shown in a number of studies. The SCN controls the circadian rhythms of various phys-
iological and behavioral phenomena such as rest and activity cycles, hormone secretion,
and body temperature (Nagy, P., et al., 2011). The role of the circadian system is to
provide endogenous mechanisms to optimize the survival and adaptation processes.
This is important for the formation of anticipatory pathways of adaptive activity of
physiological functions. Murphy and co-workers (2007) suggested that the rapid resyn-
chronization of the melatonin rhythm and the central circadian pacing of the horse may
exhibit a particularly strong response to restructuring (Murphy, B. A., et al., 2007).

An important role in the physiological effects of melatonin is assigned to its an-
tioxidant properties, as convincingly demonstrated in recent studies (Kurhaluk N., 2021;
Kurhaluk N. & Tkachenko H. 2020; Tordjman S. et al., 2017). Possibly, the seasonal
dominants of melatonin release help to explain the statistically significant effects of the
decrease in TBARS levels in the plasma of the Shetland ponies (Fig. 1). These data are
also confirmed by the results of the TBARS levels in the sum-of-squares test (total SS
model) vs. residual SS regarding the values of the correlation coefficient (R = 0.89), the
coefficient of determination (R = 0.79), and its adjusted form R%q4 = 0.77 at the value
of F = 38.47 (p = 0.000). This may suggest higher statistical correlations between these
processes in our study. Thus, before exercise (at rest), the plasma of the stallions and
mares exhibited minimum TBARS levels in the summer photoperiod and maximum
values in the winter photoperiod (Fig. 1).

Schrammel and co-workers (2016) analyzed the effects of artificially long days
on rectal temperature, heart rate, heart rate variability, hematology, coat changes, semen
parameters, and plasma testosterone concentrations in Shetland stallions stabled over-
night and assigned to a control group (CON, n = 9) kept under natural photoperiod, and
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a treatment group exposed to a long-day light program from 15 December to 20 March
(AL, n =9). During the 8-month study, rectal temperature, heart rate, and heart rate var-
iability at no time differed between groups. Plasma total protein, hematocrit, leukocyte,
and lymphocyte counts first increased and then decreased during the study period but
did not differ between groups. Length of the guard hair decreased over time and this de-
crease occurred earlier in AL than in CON stallions. Hair regrowth was faster in CON
than in AL stallions. Total sperm count increased from January to April (AL) and May
(CON) but did not differ between groups. Sperm motility and percentage of membrane-
intact spermatozoa showed no clear seasonal changes and semen parameters did not dif-
fer between groups. Thus, Shetland stallions showed seasonal variations in hair coat and
total sperm count but only changes in hair coat but not semen parameters were ad-
vanced by a long-day light program (Schrammel N. et al., 2016). In another study, these
researchers analyzed the effect of artificially long days on the quality of cooled-stored
and cryopreserved semen in Shetland stallions. The motility of cooled-stored semen was
reduced in January and increased in stallions kept under a long daylight programme for
at least 30 days cold-stored sperm (Deichsel K. et al., 2016). Semen quality was im-
paired in midsummer when low sperm motility and viability were combined with ele-
vated DNA fragmentation and Ca?* level of sperm (Wach-Gygax L. et al., 2017). The
results of Janett and co-workers (2003) demonstrated that in climatic conditions of
Switzerland, clear seasonal differences occur in semen quality of fresh and frozen-
thawed semen and that cryopreservation of stallion semen should preferably be per-
formed in autumn (Janett F. 2003a). Also, individual and seasonal differences occurred
in the semen quality of Franches-Montagnes stallions. Ejaculates collected in autumn
(September, October, and November) demonstrated good quality, especially regarding
sperm morphology, and were more suitable for cryopreservation because of better mo-
tility in frozen-thawed semen collected during autumn than in winter (Janett F. 2003 b).

A growing body of evidence has suggested the beneficial role of regular physical
exercise. The results of Mills and co-workers (1994) indicate that lipid peroxidation and
the excretion and clearance of hydroxyproline increase when unfit thoroughbreds are
strenuously exercised on a treadmill (Mills P. C. et al., 1994). Several studies using ex-
ogenous supplementation of vitamin E, vitamin C, and alpha-lipoic acid have shown
positive results in decreasing the effects of exercise (endurance and intense exercise)-
induced oxidative stress and increasing the antioxidant status based on the markers and
antioxidants measured (Kinnunen S. et al., 2009; Maranén G. et al., 2008; McMen-
iman N. P. et al., 1992; Ono K. et al., 1990; Williams C. A. et al., 2016, 2004), whereas
other studies using superoxide dismutase showed little effects on the exercise horses
(Lamprecht E. D. & Williams C. A. 2012). In old horses (22 + 2 years), lipid peroxida-
tion levels and blood antioxidant concentrations were similar to those found in younger
but mature (12 £ 2 years) horses both at rest and during exercise (Williams C. A. et al.,
2004, 2008). Other studies found that yearlings (18 £ 2.4 months) that are novel to
forced exercise had less lipid peroxidation and greater antioxidant status than mature
mares (13 + 2.1 years) prior to exercise training (Smarsh D. & Williams C. 2014). Exer-
cise training reduced oxidative stress markers and improved antioxidant status in mares,
whereas few effects were seen in yearlings (White S. H. & Warren L. K. 2017). This
indicates that youth provided more defense against oxidative stress due to exercise than
the exercise training program (Smarsh D. & Williams C. 2016).

In our previous study, we determined the level of oxidative stress biomarkers in
sports horses involved in eventing before and after training (Andriichuk A. et al., 2013).
All horses were in regular systematic training and had the same diet. A significant in-
crease in the TBARS level in the blood of horses after exercise was observed. There
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were no significant differences in erythrocyte TBARS levels between the resting period
and after exercises. Significant decreases by 8% (p < 0.05) in the aldehydic derivatives
of protein oxidation in the plasma after training were noted. Exercise can induce the ac-
tivity of the proteasome complex, which is significantly involved in the degradation of
oxidatively modified proteins. The preventive effect of regular exercise leads to adapta-
tion to prolonged exercises, which is accompanied by an increase of oxidative stress-
induced adaptation and changes in redox homeostasis, increased antioxidant defenses,
lower oxidative damage, and increased resistance to oxidative stress. Regularly per-
formed exercise might induce an adaptive enhancement in skeletal muscle and erythro-
cytes of the defense mechanisms that protect them against oxidative stress (An-
driichuk A. et al., 2013).

We also investigated the effect of an exercise test of moderate intensity on oxi-
dative stress biomarkers, antioxidant enzyme activity, and osmotic resistance of eryth-
rocytes in well-trained equine athletes (Andriichuk A. et al., 2013). The exercise test
induced a significant increase in erythrocyte values, hemoglobin concentration, and
hematocrit in horses of both breeds. Regular training induces activation of the antioxi-
dant enzymes and thereby can reduce oxidative stress in athletic horses. The exercise
test in horses of both breeds attenuated oxidative stress and was accompanied by a sig-
nificant decrease in lipid peroxidation and oxidatively modified proteins in erythrocytes
after exercise. Our data suggest that oxidative stress and enzymatic antioxidant defense
biomarkers can be used for the monitoring of fitness levels, health benefits, and perfor-
mance of equine athletes (Andriichuk A. et al., 2016).

The effects of gender differences on the blood oxidative stress biomarkers, anti-
oxidant defenses, and resistance of erythrocytes to hemolytic agents of trained horses
before and after exercise were evaluated in other our study (Andriichuk A. et al., 2014).
The study was carried out on nine mares and 14 stallions of Ukrainian Warmblood well-
trained horses, involved in jumping, eventing, and dressage. Trained stallions showed a
decrease in lipid peroxidation and higher glutathione reductase activity, whereas mares
presented a higher superoxide dismutase activity after exercise. The resistance of eryth-
rocytes was similar in females and males. No statistically significant differences were
observed in the percentage of hemolyzed erythrocytes between after and before exer-
cise. A correlation between the oxidative stress biomarkers and antioxidant defenses in
the stallions after exercises was observed, which may indicate a protective response of
superoxide dismutase and catalase against exercise-induced oxidative stress (An-
driichuk A. et al., 2014). Stallions showed a significant increase in leucocytes and gran-
ulocytes amount, as well as erythrocytes, hemoglobin, and hematocrit levels after the
exercise test. Pre-exercise level of mean corpuscular hemoglobin concentration was
higher in stallions. Trained mares and stallions showed a decrease in lipid peroxidation
after exercise. Exercise also caused an increase in the oxidatively modified protein of
erythrocytes in stallions indicated by exercise-induced oxidative stress. The resistance
of erythrocytes in 0.1N HCI was similar between females and males. No statistically
significant differences in the percentage of haemolysed erythrocytes before and after
exercise were observed (Andriichuk A. et al., 2017).

The seasonal-induced variations of exercise impact on hematological indices and
oxidative stress biomarkers in plasma and erythrocytes in horses involved in recreation-
al horseback riding were also assessed (Kurhaluk N. et al., 2023; Pazontka-Lipinski P.
et al., 2017; Tkachenko H. et al., 2016; Witaszek M. et al., 2017). The results of our
study showed statistically significant alterations of oxidative stress biomarkers in eryth-
rocytes after the exercise test in autumn. The results observed in our study suggest that
ROS production may contribute to exercise-induced damage to the erythrocyte mem-
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brane. There were no statistically significant alterations in the derivatives of protein de-
struction level in the erythrocytes of trained horses involved in recreational horseback
riding before and after exercise. Only in the autumn season, aldehydic and ketonic de-
rivatives of oxidatively modified proteins (OMP) increased after exercise by 88% (p <
0.05) and 77% (p < 0.05), respectively (Tkachenko H. et al., 2016) There were no statis-
tically significant alterations in the aldehydic derivatives of protein destruction level in
the plasma of trained horses involved in recreational horseback rides before and after
exercise in the spring and summer seasons. In the autumn season, aldehydic and ketonic
derivatives of OMP were increased after exercise by 7.2% and 12.8% (p < 0,05), re-
spectively. On the contrary, aldehydic and ketonic derivatives of oxidatively modified
proteins were decreased after a training session in winter. Increasing the level of oxida-
tive-modified proteins suggests the activation of oxidative stress during a training ses-
sion in spring and autumn as adaptive changes in the horse's body due to changing am-
bient temperatures. Significant reductions in aldehydic derivatives of oxidatively modi-
fied proteins in the plasma of horses after training in winter are the result of adaptation
induced by constant ambient temperature and exercise. This is an important seasonal
adaptive reaction to stabilize ambient temperature (Kurhaluk N. et al., 2023, Wit-
aszek M. et al., 2017). The increase in plasma lipid peroxidation level in horses after
exercise could be attributed to oxidative damage in various organs mainly in muscle tis-
sue, owing to free radicals being produced, as a consequence of endurance exercise.
Based on our results, it is concluded that endurance exercises lead to specific metabolic
changes accompanied by a redistribution of energy supply for improving resistance to
exercises and the athletic performance of horses (Kurhaluk N. et al., 2023, Witaszek M.
et al., 2017). A significant increase in erythrocytes amount after exercise tests both in
the summer and autumn seasons was observed. Moreover, increased erythrocytes count
by 18% (p < 0.05) in the autumn compared to the value in the spring season after the
exercise test was noted. Hemoglobin level was increased after exercise in the summer
season (by 15%, p < 0.05). Our results also revealed the increased hematocrit level after
exercise tests in the summer, autumn, and winter seasons. We assume that it was due to
the release of erythrocytes into circulation as a result of the increased splenic function
(Andriichuk A. & Tkachenko H., 2015; Tkachenko H. et al., 2016)

Only with knowledge of the biological needs of the body, it is possible to estab-
lish scientifically based feeding norms depending on the season of the year. Knowledge
of seasonal adaptive changes in morphological structures, as well as biochemical and
physiological reactions of animals makes it possible, using the biological characteristics
of individual breeds and offspring, to significantly increase their training capacity and
health. Seasonal changes in the thickness of the skin and the structure of the hairline of
horses were studied by Shkyratova and co-workers (2019) as signs of adaptation to en-
vironmental factors. The minimum skin thickness in winter was found in mares on the
back and shoulder blade (4.3 and 4.4 mm), and the maximum — on the side and thigh
(4.5 and 4.6 mm). Compared with the summer period, the increase on the side was
0.8 mm, and on the back, shoulder blade, and thigh — 0.4 mm (p < 0.001). In spring,
skin thickening was also noted in the same topographic areas within 0.1-0.3 mm com-
pared to autumn. Quantitative indicators of hair cover varied depending on the season of
the year. In winter, the hairline contained more down (23.10%), but fewer guard hairs
(68.24%). In summer, there was a lower content of down (4.33%), but more guard hairs
—94.01%. There are sharp seasonal changes in the length of the hair. The longest hairs
was found in winter and spring (4.96 and 4.26 cm), and the shortest was in summer and
autumn (0.94 and 1.90 cm, respectively) (Shkuratova G. M. et al., 2019).

122



g[
HayKoso-mexniunuii bioremens Incmumymy meapunnuumea HAAH, 2023, Ne130 F==

Schmidt and co-workers (2017) hypothesized that the housing of stallions in a
thermoneutral temperature zone during autumn and winter not only influences metabo-
lism and hair shedding but also improves the characteristics of raw and processed se-
men. These researchers revealed in a study that environmental temperature during au-
tumn and winter had clear results on body temperature as well as hair coat characteris-
tics in Shetland stallions. Simultaneously determined effects on semen characteristics
were minimal indicating that reproductive function in the horse is more dependent on
day length i.e. the geophysical year than on other environmental factors (Schmidt K. et
al., 2017).

Conclusions. We have analyzed the effect of photoperiods and exercise on the
levels of TBARS and TAC in the blood of Shetland pony mares and stallions involved
in recreational horseback riding in the central Pomeranian region (Pomeranian Voi-
vodeship, northern part of Poland). We obtained the maximum statistically significant
values for the effect of the photoperiod-exercise combination defined as the F values.
The TBARS levels were indicated as biomarkers of lipid peroxidation in plasma with a
maximum value of the adjusted form of the coefficient of determination. In the stallions
and mares before exercise (at rest) in the summer photoperiod, we obtained minimum
TBARS values, while maximum levels were determined in the winter photoperiod. In
our study, the TAC level illustrated the baseline levels of enzymatic and non-enzymatic
antioxidant defense systems, which were different in the mares than in the stallions (sta-
tistically significant in the winter photoperiod) both before and after exercise (winter
photoperiod).

The results of the current study demonstrated that changes in the lipid peroxida-
tion and the total antioxidant capacity in the blood of Shetland ponies are photoperiod-,
sex-, and exercise-dependent. The multivariate analysis of the influence of the three pa-
rameters: photoperiods, sex, and exercise on the lipid peroxidation and the total antioxi-
dant capacity in the blood of the ponies indicated the leading role mainly of the photo-
period factor, and next the exercise and sex factors.

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