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Erythrocytes are the best indicators of increased generation of reactive oxygen
species and activation of oxidative stress. Training session led to decreased the maxi-
mum percentage of hemolyzed erythrocytes in horses by 16 % (spring), 26.9 % (sum-
mer), and 20.9 % (autumn). In winter, same value of the maximum percentage of hemo-
lyzed erythrocytes in horses before and after training session was observed. Percentage
of hemolysis during first 30 sec. as well as the maximum percentage of hemolyzed
erythrocytes were significantly higher in summer season both before and after training.
The later time of maximum hemolysis was noted in spring season before and after train-
ing session (5.5 and 6.5 min, respectively). Both before and after training session, in-
crease of time of hemolysis in horses in spring was observed. The least resistant eryth-
rocytes to hydrochloric acid were in summer, more resistance — in autumn and winter,
respectively. We can assume that seasonal alterations may occur due to the greater
muscle activity of the horses, as well as higher environmental temperature, especially in
the summer period. The results showed that training in spring and autumn might exert
beneficial effects by enhancing the erythrocytes' resistance in horses involved in recrea-
tional horseback riding.
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Some geographic areas are more closely associated with the use of horses than
others, i.e. Pomeranian region in Poland. In general, any horse can be a trail riding
horse. Some breeds, however, are more common on the trails than others. These breeds
usually have a gentle disposition, tend not to spook easily, are fairly surefooted and are
smooth enough that they are comfortable to ride for extended periods [1]. Common trail
riding breeds include horses such as the Quarter Horse and Appaloosa and pleasure sad-
dle breeds such as the Tennessee Walking Horse, Missouri Fox Trotter and various
Mountain Saddle Horses (Kentucky, Spotted, Rocky, etc). For riding, often use horses
of local breeds, which a bred directly in recreational areas. For example, Hucul horses
which widespread in Carpathians — in Poland and Ukraine.

Moreover, recreational horseback riding helps develop a health and promotes to
improve physical fitness, as a tourists horse-riders and horses too. Although recreational
riding is a non-competitive activity, but physical fitness is necessary for a horses, espe-
cially if these horses used for long or difficult ride [2]. Proper conditioning and feeding
helps are horses meet the physical demands of recreational riding, but training and men-
tal readiness also play important roles in preparing a horse for ride.

Exercises remains a key aspect of improving of endurance and performance for
horses involved to recreational riding [3]. The athletic capacity of horses is attributable
to a number of physiologic adaptations. In some cases these adaptations are not affected
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by training — for example, lung size, whereas others change in response to training — for
example, blood volume. The superior athletic ability of horses is attributable to their
high maximal aerobic capacity, large intramuscular stores of energy substrates and in
particular glycogen, high mitochondrial volume in muscle, the ability to increase oxy-
gen-carrying capacity of blood at the onset of exercise through splenic contraction, effi-
ciency of gait, and efficient thermoregulation. However, strenuous physical exercise
results in an enhanced uptake of oxygen leading to increased metabolism, which may
increase the production of reactive oxygen species (ROS), potentially leading to oxida-
tive stress [4]. Oxidative stress has been defined as a disturbance in the pro-oxidant-
antioxidant balance in favour of the former, leading to potential damage.

Physical activity increases the generation of ROS in several ways. Two to 5 %
of oxygen used in the mitochondria forms free radicals. As oxidative phosphorylation
increases in response to exercise, there will be a concomitant increase in free radicals.
Catecholamines that are released during exercise can lead to free radical production.
Other sources of free radical increase with exercise include prostanoid metabolism, xan-
thine oxidase, NAD(P)H oxidase, and several secondary sources, such as the release of
radicals by macrophages recruited to repair damaged tissue [5]. The relationship be-
tween physical exercise and oxidative tissue damage has been investigated in numerous
studies in men and animals [6, 7]. Exercise has been shown to induce cellular and tissue
damage by oxidation of cellular components, such as membrane lipids, proteins, carbo-
hydrates and desoxy-ribonucleic acids [8]. Exercise-induced oxidative stress is believed
to contribute to accelerated muscle fatigue and muscle fibre damage, leading to exercise
intolerance and poor performance in different animal species including horses [9, 10].

Despite the increased ROS production during exercise, growing evidence de-
rived from several studies strongly indicates that habitual, moderate physical activity
reduces the incidence of oxidative stress-based diseases and retard the aging pro-
cess [11]. This apparent paradox can be explained taking into account that ROS pro-
duced during repeated exercise bouts could serve as mild stimulating stressors able to
adaptation to exercises [12]. Regular physical exercise has well-documented health ben-
efits and can prolong mean life span in animals. Adaptive mechanisms seem to decrease
oxidative stress and they encompass increased antioxidant defenses, reduced basal pro-
duction of oxidants, and reduction of radical leak during oxidative phosphorylation [13].
Moderate exercise significantly decreases the age-associated development of oxidative
stress in mice, increases life span, prevents decay of mitochondrial function, and even
improves behavioral performance [11]. In addition, cells have developed different anti-
oxidant systems and various antioxidant enzymes to defend themselves against free rad-
ical attacks. These free radicals are neutralized by an elaborate antioxidant defense sys-
tem consisting of enzymes such as catalase, superoxide dismutase, glutathione peroxi-
dase, and numerous non-enzymatic antioxidants, including vitamins A, E and C, gluta-
thione, ubiquinone, and flavonoids [5].

Several studies reported, that acute and chronic exercise, have been associated
with changes of hematological, biochemical, immune and hormonal parameters [14].
Exercise has variable effects on the hematological parameters, depending on exercise
duration and intensity (short-term high intensity or maximal exercise and long-term low
intensity or submaximal prolonged exercise), fitness and training levels and environ-
mental conditions [15]. Our previous study has shown significant differences of hema-
tological parameters in mares of different breeds [16]. Values of hematological parame-
ters determined in our previous study can be used for health control and diagnosis of
diseases and allow the evaluating the level of performance potential, the accuracy of
training and physiological condition of horses.
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Erythrocytes are the best indicators of increased generation of ROS and activa-
tion of oxidative stress. The seasonal rhythms reflect the ability of endogenous adaptive
mechanisms of animals to react in advance to environmental changes associated with
seasons. Season is an exogenous factor that modulates the dynamic of blood compo-
nents in horses [15]. Recent studies of equine exercise physiology have focused mainly
on determining the usefulness of biochemical and haematological parameters for evalu-
ating physiological capacity and adaptation to increasing loads in horses of different
breeds. Therefore, the aim of this study was to analyze the effects of training session on
acid-induced resistance of erythrocytes in horses involved in recreational riding from
Pomeranian regions.

Materials and methods. Thirteen healthy adult horses from central Pomeranian
region in Poland (village Strzelinko, N54°30°48.0” E16°57°44.9”, Fig. 1), aged 9.5+2.4
years old, including 5 Hucul pony, 2 Thoroughbred horses, 2 Anglo-Arabian horses and
4 horses of unknown breed, were used in this study. All horses participated in recrea-
tional horseback riding. Horses were housed in individual boxes, with feeding (hay and
oat) provided twice a day, at 08.00 and 18.00 h, and water available ad libitum. All
horses were thoroughly examined clinically and screened for hematological, biochemi-
cal and vital parameters, which were within reference ranges. The females were non-
pregnant.

Exercise test. Training started at 10:00 AM, lasted 1 hour and consisted from 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 jugular veins of the animals in the morn-
ing, 90 minutes after feeding, while the horses were in the stables (between 8:30 and 10
AM), and immediately after exercise test (between 11 AM and 2 PM). Blood samples
were taken once per a season for one year: spring (April), summer (July), autumn (Oc-
tober), winter (February). Blood was stored into tubes with K-EDTA and held on the ice
until centrifugation at 3,000 g for 15 minutes. The plasma was removed. The erythro-
cytes' suspension (one volume) was washed with five volumes of saline solution three
times and centrifuged at 3,000 g for 15 minutes. Plasma aliquots were frozen and stored
at — 25 °C until assays.

Poland

Baltic Sea

Fig. 1. Map of Pomeranian voivodeship, northern Poland. Marked village
Strzelinko (N54°30°48.0” E16°57°44.9’) where blood samples of horses were
collected
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Assay of Acid Resistance of Erythrocytes. The acid resistance of erythrocytes
was measured spectrophotometrically with 0.1N HCI [17]. The method is based on the
measuring of the dynamics of erythrocytes disintegration tohaemolytic reagent action.
The time of haemolytic reagent action serves as the measure of erythrocytes resistance.
Freshly collected blood samples was centrifuged at 3,000 rpm for 10 minutes. The sed-
imented cells was washed with saline solution. The process was repeated three times.
Washed erythrocytes was dissolved with saline solution to prepare 1 % erythrocytes so-
lution. The assay mixture contained 10 mL of 1 % erythrocytes solution and 0.1 mL
HCI. The absorbance was read at 540 nm every 30 second after addition of HCI till the
end of haemolysis. Difference of absorbance at the beginning and at the end of haemol-
ysis was determined as 100 %. Disintegration of erythrocytes (%) for every period of
time was expressed as curve.

Statistical analysis. Results are expressed as mean = S.E.M. All variables were
tested for normal distribution using the Kolmogorov-Smirnov test (p>0.05). In order to
find significant differences (significance level, p<0.05) between states at before and af-
ter exercise, Wilcoxon signed-rank test was applied to the data (Zar 1999). Statistical
significance between mean in groups of horses in spring and summer both before and
after exercise was evaluated by Mann-Whitney U test [18]. All statistical analyses were
performed using STATISTICA 8.0 software (StatSoft, Poland).

Results and discussion. Acid-induced resistance of erythrocytes of horses in-
volved in recreational horseback riding from Pomeranian regions before and after train-
Ing session in spring, summer, autumn, and winter are presented in Fig.2.

Training session led to decreased the maximum percentage of hemolyzed erythro-
cytes in horses by 16 % (spring), 26.9 % (summer), and 20.9 % (autumn). In winter,
same value of the maximum percentage of hemolyzed erythrocytes in horses before and
after training session was observed. Percentage of hemolysis during first 30 sec. as well
as the maximum percentage of hemolyzed erythrocytes were significantly higher in
summer season both before and after training. The later time of maximum hemolysis
was noted in spring season before and after training session (5.5 and 6.5 min, respec-
tively) (Fig. 2).

Both before and after training session, increase of time of hemolysis in horses in
spring was observed. The least resistant erythrocytes to hydrochloric acid were in sum-
mer, more resistance — in autumn and winter, respectively (Fig. 2A).

The acid resistance of erythrocytes was increased in horses after training session
in spring, summer, and autumn (Fig. 2B).

We suggest that alterations in erythrocytes' resistance to hemolytic agents might
be the result of two various modifications occurring in the horse body system following
training session in different seasons. The first cause consists in blood lactate changes
that directly influenced blood pH during exercises [3].

Although a reduction in percentage of hemolysis before and after training session
was observed in blood of horses in spring, summer, and autumn, no significant differ-
ence was found in winter (Figs 2 A, B). This finding might be due to the presence of
erythrocytes released by the spleen following the physical effort in winter. Effectively,
the stagnantly pooled erythrocytes in the spleen could accelerate membrane lipid altera-
tion [20] that could mask the influence on hemolysis.
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Fig. 2. Acid-induced resistance of erythrocytes of horses involved in recrea-

tional horseback riding from Pomeranian regions before (A) and after training

session (B) in various seasons.

Conclusions.
1. In conclusion, we found significant seasonal alterations in acid-induced he-

molysis of erythrocytes of horses involved in recreational horseback riding from Pom-
eranian regions before and after training session. Training session led to decreased the
maximum percentage of hemolyzed erythrocytes in horses by 16 % (spring), 26.9 %
(summer), and 20.9 % (autumn). In winter, same value of the maximum percentage of
hemolyzed erythrocytes in horses before and after training session was observed.
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2. Percentage of hemolysis during first 30 sec. as well as the maximum percent-
age of hemolyzed erythrocytes were significantly higher in summer season both before
and after training. The later time of maximum hemolysis was noted in spring season be-
fore and after training session (5.5 and 6.5 min, respectively). Both before and after
training session, increase of time of hemolysis in horses in spring was observed. The
least resistant erythrocytes to hydrochloric acid were in summer, more resistance - in
autumn and winter, respectively.

3. We can assume that seasonal alterations may occur due to the greater muscle
activity of the horses, as well as higher environmental temperature, especially in the
summer period. The results showed that training in spring and autumn might exert bene-
ficial effects by enhancing the erythrocytes' resistance in horses involved in recreational
horseback riding.
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CE30OHHMBIE HW3MEHEHUA B TPEHUHT-UHYI[UPOBAHHOH
VCTOHUYUBOCTH DPHUTPOLIUTOB YV JIOLIALEH, HCIIOJIB3VIOIIUXCA B
PEKPEAILIHOHHOH BEPXOBOMH E3/IbI (OF30PHAA)

Hazonmra-Jlununcku I1., Bumawex M., Txauenxo I., Incmumym 6ionocii ma
oxoponu cepeoosuwa Illomopckozo ynusepcumema (Caynck, Ilonvwa)

JIyuwumu nokazamensamu ygenudenus 2eHepayuy peaKxmuensblx U008 KUCI0pood
U aKmueayuu OKUCIUMENbHO20 cmpecca AGNAomcs spumpoyumovl. Tpenune nowadeu
npugen K CHUNCEHUI MAKCUMATIbHO20 NPOYEHMA 2eMOTUUPOBAHHBIX IPUMPOYUMO8 HA
16 % (secna), 26,9 % (nemo) u 20,9 % (ocenv). 3umoii nabarodaemcs makoe dxce sHave-
HUe MAaKCUMAIbHO20 NPOYEHMA 2eMONUSUPOBAHHBIX IPUMPOYUMOE Y ouadeli 00 U no-
cne mpenunea. Ilpoyenm cemonusza 6 meuenue nepgvix 30 ¢, a maxoce MaKCUMAanbHbl
NPOYEHm 2eMONUUPOBAHHBIX IPUMPOYUMOE ObLIU SHAYUMETLHO 8blUle 8 JIeMHULL Ce30H
KaK 00, mak u nocjie mpeHured. MakcumanbHulli 2emMoau3 ommeyanu 8 6eceHHe-1emuuil
nepuoo 00 u nocie mpenutea (3,5 u 6,5 mun. coomeemcmeenuo). Kak 0o, max u nocne
mpenunza Habnooalu yeeruyeHue spemenu 2emoausa y aouwiaoeti eecnou. Haumenee
ycmouuugsie K CONAHOU KUCIome 3pumpoyumsl Habmooanu 1emom, 6oee 8blCOKyI0 Ux
PE3UCMEHMHOCTb — 0CEHbIO U 3UMOU. MOod#CHO npeononodxcums, 4mo ce30HHbvle UsMeHe-
HUSL MO2YM BO3HUKAMb U3-3a OO0JbUUel MbIUEUHOU AKMUSHOCMU 10WAoell, a makaice
bonee 8blCOKOU memnepamypul OKpydcaowell cpedsl, 0COOeHHO 6 nemHutll nepuod. Pe-
3yIbMamsvl NOKA3AAU, YMO MPEHUPOBKA BECHOU U OCEHbI0 MOJCem oKazams 01a2o-
MBOPHOe 8030elicmaue 3a cuem NOGblULeHUsL YCIMOUYUBOCU IPUMPOYUMO8 K JIOULAOSM,
UCNONL3YIOWUMCSL ONI5l PEKPEeAYUOHHOU 8ePX0B0T €30bl.

Knrouesvie cnosa: pexpeayuonuas eepxosas eszoa, I[lomopckoe 60e800cmeo
(Ilonvwa), evicoma, KUCTOMHO-UHOYVYUPOBAHHDBI 2eMOJIU3, PE3UCMEHMHOCMb dPUMPO-
Yumoe.

CE30OHHI 3MIHU B TPEHIHT-IH/IYKOBAHIH CTIHKOCTI
EPUTPOLIUTIB VY KOHEH, AKI BHUKOPHCTOBYIOTBCA B PEKPEALIMHIN
BEPXOBIH I37]I (OT'JIA/{OBA)

Ilazoumka-Jlinincki I1., Bimawex M., Tkauenxo I'., Incmumym 6ionoeii ma oxo-
poHnu cepedosuwa [lomopckozo ynusepcumema (Cnynck, Ionvwa)

Kpawumu nokasnuxamu 30inbuenns cenepayii peakmusHux 6udié KUCHIO i ax-
mugayii okcuoamugHozo cmpecy € epumpoyumu. TpeHine KoHell npugie 00 3HUNCEHHS
MAKCUMAILHO20 8I0COMKA 2emMonizos8anux epumpoyumie Ha 16 % (eecna), 26,9 % (ni-
mo) i 20,9 % (ocinw). B3umky cnocmepicacmuvcs make i 3HA4EHHs MAKCUMANbHO20 6i-
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0comKa 2emMoni308aHUX epumpoyumis y Kouetl 00 i nicis mpeniney. Biocomox eemonizy
npomseom nepwiux 30 ¢, a maKoxHc MaKCUMANIbHUL 8IOCOMOK 2eMONI308AHUX epUumpo-
yumis OYaU 3HAYHO BUWUMU Y TIMHIU Ce30H AK 00, makK i nicisa mpeHiney. Makcumano-
HULL 2eMONI3 8I03HAYANU V 8eCHAHO-TIMHIL Nepiod 00 i nicis mpewniney (3,5 ma 6,5 xs.
8i0n06i0H0). AK 00, mak i nicis mpeniney cnocmepieanu 30LIbUIeHHS 4acy 2emonisy y
KoHelu HasecHi. Hallmenw cmitiki 00 coNAHOI KUCIOmMuU epumpoyumu cnocmepizanu 6ii-
MKY, OL1bU 8UCOKY iX pe3ucmeHmuicmes — 6oceHu i 3umky. Mooicna npunycmumu, wo
Ce30HHI 3MIHU MOXCYMb GUHUKAMU 3-3d OINbUOT M'S306801 AKMUBHOCMI KOHEll, @ MAKOH#C
OibUL BUCOKOI MemMnepamypu HaABKOJUUWHbO2O CepedosUua, 0CoOOIUBO 8 NIMHIl nepioo.
Pezynomamu nokasanu, wo mpenyeanns HagecHi i 60CeHU Moxce 3pobumu 61a2omeop-
HUL BNIUB 3d PAXYHOK NIOBUWEHHS CMIUKOCMI epUmpoyumie 00 KOHel, Wo 6UKOPUCTO-
8yEMbCs 0151 peKpeayitiHoi 6epxo6oi i30u.

Kniouosi cnosa: pexpeayiiina éepxosa i30a, Ilomopcoke 6oceoocmeo (I[lonvwa),
sucoma, KUCI0OMHO-IHOYKOBAHUL 2eMOJLI3, Pe3UCEHMHICIb epUMpPOYUmIs.
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ANTIOXIDANT DEFENSES IN THE HEPATIC TISSUE OF
GRAYLING (THYMALLUS THYMALLUS LINCK) AFTER
CHLORAMINE-T DISINFECTION
(OVERVIEW)

Tkachenko H., PhD, assistant Professor
Department of Zoology and Animal Physiology, Institute of Biology and
Environmental Protection, Pomeranian University in Slupsk, Poland
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The aim of the current study was to examine the effects of disinfection by Chlo-
ramine-T on the hepatic tissue of grayling (Thymallus thymallus Linck) using antioxi-
dant defense (superoxide dismutase, catalase, glutathione reductase, glutathione perox-
idase, total antioxidant capacity) to observe the its toxic effects. The endpoints obtained
from this study will be useful to monitor the effects of disinfective procedure with Chlo-
ramine-T for this species of fish. Our results showed that the catalase activity was in-
creased after Chloramine-T influence. In contrary, the glutathione peroxidase activity
in the hepatic tissue of grayling disinfected by Chloramine-T was decreased compared
to the controls. Non-significant decrease of total antioxidant capacity level in the hepat-
ic tissue of grayling as a consequence of disinfection with Chloramine-T was found. The
antioxidant enzymatic defenses are considered an important control point for the home-
ostatic adjustments to disinfection-induced stress. The biomarkers of antioxidant de-
fense in this study will therefore be suitable for the monitoring in safety of disinfected
procedures. Preliminary results are highly promising and practical implications for a
more robust and suitable evaluation of disinfected procedures are possible using these
biomarkers.

Keywords: Chloramine-T, disinfection, grayling Thymallus thymallus, hepat-

ic tissue, antioxidant defense, total antioxidant capacity.
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