Bionoris tBapun, 2013, 1. 15, Ne 4

VK 636.1:591.111

OXIDATIVE STRESS BIOMARKERS AND ERYTHROCYTE HEMOLYSIS IN TRAINED
UKRAINIAN WARMBLOOD HORSES UNDER THE INFLUENCE OF EXERCISE

Anastasiia Andriichuk’, Halyna Tkachenko®, Natalia Kurhaluk’, Iryna Tkachova'

"nstitute of Animal Breeding of National Academy of Agricultural Sciences, Kharkiv,

Ukraine, anastasia.pohlyad@gmail.com

’Department of Animal Physiology, Department of Zoology, Institute of Biology and
Environment Protection, Pomeranian University, Stupsk, Poland, tkachenko@apsl.edu.pl,
kurhaluk@apsl.edu.pl, biology.apsl@gmail.com

The purpose of the present study was to
investigate the effect of regular exercises on
oxidative stress biomarkers, antioxidant enzymes
activity, as well as resistance of erythrocytes to
hemolytic agent in well-trained Ukrainian
warmblood horses. Twenty three Ukrainian
warmblood horses (9 females and 14 males),
involved in jumping, eventing and dressage were
used.  Oxidative  stress  biomarkers  (2-
thiobarbituric acid reactive substrates level
(TBARS), the carbonyl derivatives content of
protein  oxidative modification), antioxidant
defenses (superoxide dismutase (SOD), catalase
(CAT), glutathione reductase (GR), glutathione
peroxidase (GPx), level of ceruloplasmin (CP),
total antioxidant capacity), and osmotic resistance
of erythrocytes were assessed. Our results suggest
that exercises cause different consequences in
oxidative stress biomarkers in the blood, plasma,
and erythrocytes of horses. Exercise lead to
decrease TBARS level in erythrocytes while in

blood and plasma does not. This difference in
TBARS level before and after exercise, most likely
is a consequence of differing levels of oxidative
stress occurring in the tissues and erythrocytes.
Decrease of carbonyl derivatives in erythrocytes’
suspension is  result of exercise-induced
adaptation. A correlation between the oxidative
stress biomarkers and antioxidant defenses in the
horses after exercise was observed, which may
indicate a protective response of GR, GPx and CP
activities against exercise-induced oxidative
stress. Statistically significant differences in the
percentage of haemolysed erythrocytes between
before and after exercise also were observed.
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Jlocniooicennss  ocobrueocmeti  nepebicy
MemaboniuHux — 3MiH 6  OpeaHizmMi  KOHell,
NPUSHAYEHUX Ol BUKOPUCHAHHA 8 KAACUYHUX
suoax KiHHoeo cnopmy  (KOHKYp,  6uUi3oxa,
mpubopcmeo) € 8aNCIUBOIO  NePedyMOBOI) 8

ananizi ix adanmayiinux MoxcIusocmel ma piHs
mpeHosanocmi. Mema  Oanux  docrioxcers
noafeana y — BU3HAYEHHI  8MICMY  MapKepis
OKCUOAMUBHO20 cmpecy (TBK-axmuenux
nPOOYKMi6, NOXIOHUX OKCUOAYItiHOI MOoOugixkayii
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npomeinis), aKmueHoCmi eH3UMIB
AHMUOKCUOAHMHO20 saxucmy
(cynepokcudoucmymasu, Kamanasu,

2YMAMIOHPeOYKmasU, 2aymamionnepoKcuoasu),
6MicC YepylonIa3mMiny, K KOMROHEHMA CUCmemMU

AHMUOKCUOAHMHO20 3axucmy ma OCMOMUYHOT

DPE3UCMEHMHOCII  epUmpoyumie y CnopmueHux
KOHell YKpaincbKoi 8epxo6oi nopoou 6 OouHamiyi
@izuynux Haeammagicenv (8 CmMawi CHOKOW Ma
nicist mpenysanns). J{ocnioni koui (9 kooun ma 14
Jrcepedyis), nepebysanu Yy CUCEMAMUYHOMY
CHOPMUBHOMY mpeHiney ma AKMUBHO
BUKOPUCMOBYBANUCA 8 KIACUYHUX 8UO0AX KIHHOZ0
cnopmy. Ilicia  ¢hisuunux Hagammadicenv, 6
epUMPOYUMAx  HAMU  BUABLEHO  iCMOMHE
SHUJICEHHSL PIBHs MapKepis jinonepokcuoayii ma

Heicmomue  3MEHWEHH  6MiCmy  NpOOYKMis
OKUCHIOBANLHOI  MOOugbikayii  npomeinie, wo
c8iouumy npo PO36UMOK eexmugnux

aoanmayitiHux peakyiti 6 opeauizmi Koueu. B
ouHamiyi MpeHy8aHHs CNOCMePieanocb MaKo’C
icmomue niosuujenus aKmueHoCmi
CYNEepoKCUOOUCMYMA3U ma
enymamionpedykmasu.  Kopenayiinuii  ananiz
3ANEeHCHOCHI  MIdHC MapKepamu OKCUOAMUBHO20
cmpecy ma CKA008UMU cucmemu

AHMUOKCUOAMHO20 3AXUCMY BUABUE  BANCIIUBY
pONb  eH3UMIE  2IYMAmMIOHOB0i  JNaHKU  ma
YepyIonaa3Miny, SIKI NOnepeodiCyioms pPO3GUMOK
BIILHOPAOUKAILHUX pearyiti nio uac @izuyHux
HAB8AHMAdCEHb Y cnopmueHux KoHetl. Ocmomuyna
Pe3UCEeHmMHICMb  epumpoyumie  CROPMUGHUX
KOHell nicisi MpeHyB8aHHs iCIOMHO 3HUNCYBANACA.
Dizuuni HABAHMANCEHHS CNPUYUHIOIOMb
nioBuULeHH 5 8idcomky 2eMONII308AHUX
epumpoyumie ma 3SHUNCEHHS iX OCMOMUYHOL
pe3ucmenmHocmi y CnopmusHux Koweti. Pigenb
Mapxepie  OKCUOAMUBHO20 —CMpecy,aKmueHicCmb
EH3UMI8  AHMUOKCUOAHMHO20 — 3AXUCTHY — Mda
PE3UCMENMHICIb  epUmpOYUmMie MoxiCyms Oymu
iHhopMamueHUMU NOKAZHUKAMU O/ OYIHKU DIGHS
MpPeHo8aHoCmi KOHeli CNOPMUEHO20 HANPAMKY
pobomoszdamuocmi,

Kaiouosi cJioBa: KOHI,
VYKPAIHCBKA  BEPXOBA IIOPOJIA,
TPEHIHI, OKCHUJIATUBHUII CTPEC,
AHTUOKCHUIAHTHUI 3AXUCT,
OCMOTHUYHA PE3UCTEHTHICTb
EPUTPOLIUTIB

W3MEHEHUSI MAPKEPOB OKUCJHUTEJBHOI'O CTPECCA 1 OCMOTHYECKON
PESUCTEHTHOCTH SPUTPOLUTOB ¥ CHHOPTUBHBIX JIOIIAJIEN
YKPAUHCKOHM BEPXOBOMU ITOPO/AbI B IUHAMUKE TPEHUHT A
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Hccneoosanue ocobenHocmeli
Memabonuyeckux — UsMEHeHulli 8  opaauuzMe
aouadell, npeoHA3HAYEHHBIX 0151 UCNOIb308AHUSL 8
KIACCUYECKUX 6UOAX KOHHO020 cnopma (KOHKYPD,
6ble30Ka,  mpoebopvbe)  AGNACMCS  BANCHOU
NPeOnoCyIIKON 6 aHaauze ux aoanmayuoHHbIX
603MOJICHOCE U YPOBHS MPEHUPOBAHHOCHILL.
Lerv Oannvix uccredo8anull  3aKIIOYANACH 8

onpeoenenuu cooepacanus Mapkepos
OKCUTUMENbHO20  Cmpecca (TBK-axmueHbix
npooyKmos, npouU3800HbIX OKUCIUMENbHOU

MoOupurayuu 6enKos), AakMueHOCMU HepMeHmos
AHMUOKCUOAHMHOU 3auumaol

(cynepokcudoucmymasol, Kamanaswl,
2YMAMUOHPedYKma3zol,

27TYMAMUOHNEPOKCUOA3bL), cooepoicarnie
YepyIonIa3Mund, Kak KOMHOHEHMA CUCEeMbl

AHMUOKCUOAHMHOU  3aUUMbL U OCMOMUYECKOU
PEBUCMEHMHOCTU IPUMPOYUMO8 Y CHOPHIUBHBIX
aowadel  YKPAuHCKOU — 8epXoeoll  Nopoodbl
OuHamuke QuU3ULeCKUX HAcpy30K (8 COCMOSHUU
nokos u nocie mpenuposku). Hccnedyemvie
aowaou (9 kobdwvln u 14 scepedyos), npebvisanu 6
CUCEMAMUY4eCKOM CHOPMUBHOM MpeHuHze U
AKMUBHO UCNOAL30BANUCH 8 KIACCUYECKUX 6U0AX
KoHHO20 cnopma. Tlocne guzuveckux Hazpy3ox, 6
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IPUMPOYUTNAX HAMU  GLISIGIEHO CYUECMBEHHOe
CHUDICEHUEe YPOBHS MAPKEPO8 TUNONEPOKCUOAYUU
U HeCcywecmeenHoe YMEHbUIeHUe COOePAHCaAHUS
npooyKmos OKUCTUMENbHOU — MOOUuUKayuu
benxos, umo ceudemenrbCmeyem o pazeumuu
ahpexmugHvlx  A0ANMAYUOHHLIX — peakyuil 8
opeanusme Jnowiaded. B oOunamuxe mpenunea
HaO00AIOCH, MAKICe CYUWECBEHHOE NOGbILUECHUE
aKmueHoCmu CYNEpoKCUOOUCMYMA3bL u
enymamuoupedykmasvl. Koppensyuonnvii anaiu3z
3a8ucumocmu medancoy Mapxepamu
OKUCTUMENbHO20 Ccmpecca U COCmasAAwWumu

cucmemel aHMuoKcuéamHoli 3awumel
onpeoenun BAIICHYIO POy Gepmenmos
2/YMAMUOH08020  36€HA U YepYIONIA3MUHA,
Komopbie npedynpexcoaiom pazeumue

C80000HOPAOUKANILHBIX PeaKyuti y CHOPMUGHBIX
aowaodei 60 6pemMsi  (DUBUYECKUX — HASPY3OK.
Ocmomuyeckas pe3ucmeHmHOCIb IPUMpPoOYUmos
CNOPMUBHLIX — Jowiadell  nocie  MpeHuposKu
cywecmeenno chuxcanacs. Quzuueckue HaspysKu
6b13b18AIOM nosvluleHue npoyenma
2EMONUBUPOBAHHBIX IPUMPOYUMOE U CHUICEHUE
UX OCMOMUYECKOU Ppe3UCMEeHMHOCTY. YPoseHb
mapxepos OKUCTIUMENbHO20 cmpecca,
AKMUBHOCMb  (hepMEHMOo8  AHMUOKCUOAHMHOU
3QUUMbIL  PE3UCMEHMHOCb  IPUMPOYUMO8
Mocym Obimb UHGOPMAMUBHBIMU MapKepamu 075
OYEHKU YPOGHS MPEHUPOBAHHOCTHU  J0uiAdell
CNOPMUBHO20 HANPABLEHUS.

KimoueBbie  caoa:  JIOITAIU,
YKPANHCKASI BEPXOBASA TIOPOJIA,
TPEHUHI, OKMCJIMTEJIbHBIN CTPECC,
AHTUOKCUIAHTHASA 3AIINUTA,
OCMOTUYECKAA PE3UMCTEHTHOCTD
SPUTPOLIMTOB

Training is an effort promoting many
metabolic and hormonal changes that also
may affect the normal function of the
organism. The pattern of changes in the
physiological system depends on intensity,
duration and frequency of exercises but may
also vary among breeds and genders [1-5]. A
number of studies have reported that
exhaustive  endurance training induces
accelerated generation of reactive oxygen
species (ROS). ROS result in lipid
peroxidation (LPO), which induces adverse
effects on the health status and performance
of horses [6, 7]. After intense exercise in

horses oxidative stress can occur and lead to
cellular and muscular damage [8, 9]. The
elevated metabolic rate associated with
physical exercises can increase mitochondrial
O, consumption in muscle tissue and,
consequently, mitochondrial ROS generation.
There are numerous reports that provide
reasonable support to the notion that exercise
increases the ROS production and that
mitochondria are important sources of these
oxidants [10]. Other sources of oxidative

stress  during  physical exercise are
inflammatory  responses  mediated by
neutrophils  [11], the interaction of

metmyoglobin and methemoglobin with lipid
peroxides [12], and the activity of xanthine
oxidase [13], possibly within an ischemia-
reperfusion model [14]. Oxygen- and
nitrogen-derived free radicals are generated
during cellular metabolism and mitochondrial
energy production and are involved in
oxidative damage to cell components,
regulation of signal transduction and gene
expression, and activation of receptors and
nuclear transcription factors [15].

Conversely, cells can tolerate mild
oxidative stress and often respond by raising
their levels of antioxidant defenses. Intense or
moderate exercise in horses may increase
ROS production exceeding the capacity of
antioxidant defences [7-9, 16]. However,
severe oxidative stress and free radicals
produce serious disturbances in cellular
structure and metabolism [17]. The cell
conserves highly specific (e.g., superoxide
dismutase, catalase, glutathione reductase and
glutathione peroxidase) and less specific (e.g.,
vitamins C and E, glutathione) antioxidant
mechanisms to counteract the effects of free
radicals and/or oxidants [10].

Numerous studies have shown that
exercise-induced oxidant/antioxidant changes
in trained horses vary with regard to exercise
type (race, standardized treadmill exercise,
standardized race track exercise, endurance)
and the markers assessed in blood, although it
is generally agreed that exercise does induce
significant alterations of the circulatory
oxidant-antioxidant balance [7]. However,
some controversy exists in terms of poorly
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reproducible and even contradictory results
that suggest that experimental design, the
horses’ fitness, the analytical approach and
environmental factors strongly influence the
study results [7].

Despite the increased ROS production
during exercise, growing evidence derived
from several studies strongly indicates that
habitual, moderate physical activity reduces
the incidence of oxidative stress-based
diseases and retard the aging process [18].
This apparent paradox can be explained
taking into account that ROS produced during
repeated exercise bouts could serve as mild
stimulating stressors able to adaptation to
exercises [10]. Regular physical exercise has
well-documented health benefits and can
prolong mean life span in animals. Adaptive
mechanisms seem to decrease oxidative stress
and they encompass increased antioxidant
defenses, reduced basal production of
oxidants, and reduction of radical leak during
oxidative phosphorylation [19]. 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 [20].

Thus, the aim of this study was to
investigate the influence of regular exercises
on oxidative stress biomarkers, antioxidant
enzymes activity, as well as resistance of
erythrocytes to hemolytic agent in well-
trained Ukrainian warmblood horses before
and after exercises

Materials and methods

Horses and training. A total of
twenty three Ukrainian Warmblood sport
horses in regular training were used in this
study. Nine well trained mares (aged
7.11£2.2; body weight 501.38+40 kg; mean
withers height 167.66+4.8 cm; mean girth
measurement 190.77+5.1 cm; mean length
measurement 163.66 +£6.3 cm; mean body
conditional score 3.5) and fourteen stallions
(aged 7.21«1.5; body weight 501.10+42.8 kg;
mean withers height 166.86+4.57 cm; mean
girth measurement 190.5£6.6 cm; mean

length measurement 164+4.3 cm; mean body
conditional score 3.5) involved in regular
training. All horses had the same diet. These
diets were composed of grass hay (6 kg), oats
(6 kg) and 2 kg wheat bran, distributed in
three times per day. The diet (hay and oat)
that maintain the recommendation for
exercising horses (5.9 % digestible protein on
average, calcium=0.20 %, phosphorus=0.15
%, vitamin A=12.5 UI). Salt and water were
available ad libitum.

Fitness training and general animal
care were carried out by professional staff not
associated with the research team. All horses
were subjected to the same type of
management: in stables with individual boxes,
natural indoor temperature (17 °C-19 °C),
and the same feeding schedule. The horses
were involved in jumping (n==8), eventing
(n=10) and dressage (n=5). All horses had
been in regular training for several years. All
horses were thoroughly examined clinically
and screened for hematological, biochemical
and vital parameters, which were within
reference ranges. All the horses were
dewormed and vaccinated at similar time and
had the same vaccine status with no signs of
clinical disease and with the females non-
pregnant.

Since all horses were used in various
kinds of equestrian sport, it was proposed
common to all horses exercises average
intensity: walk — 5 min (average speed 70
m/min); trot — 10 min (average speed 120
m/min); walk — 10 min; trot — 10 min; walk
— 5 min; gallop — 10 min (average speed
300 m/min); walk — 10 min. Duration of
training was 1 hours. Animal care and
experimental procedure were in accordance
with the Guide for the Care and Use of
Laboratory Animals. Blood samples were
collected from the jugular vein of each horse
into ethylenediaminetetraacetic acid (EDTA)
tubes at two points: baseline at rest (in the
morning 90 minutes after feeding) and
immediately after exercises.

Blood samples. Blood samples were
obtained by jugular venipuncture, in the
morning, 90 minutes after feeding while
horses were in stalls, and immediately after
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training session when horses came back to
stalls from the horse walker. Samples were
aspirated into 10 ml syringe and immediately
transferred into sterile EDTA tubes. Samples
were kept in a chilled cooler before transport
to the laboratory. The plasma separation was
performed  immediately  after  blood
collection.. For isolation of erythrocytes blood
samples were centrifuged at 3,000 g for 10
min. The erythrocytes were washed three
times with five volumes of saline solution and
centrifuged at 3,000 for 10 min. After
centrifugation, plasma  samples  were
transferred to other tubes, frozen at -20 °C
and stored until analysis.

Biomarker analysis. 2-Thiobarbituric
acid (TBA), oxidized and reduced glutathione

(GSSG and GSH), NADPH, and 5,5-
dithiobis-2-nitrobenzoic acid (DTNB),
ethylenediaminetetraacetic acid (EDTA),
thrichloroacetic acid (TCA), quercetin,

tetramethylenediamine (TEMED), hydrogen
peroxide, ammonium molybdate, sodium
aside, t-butylhydroperoxide, Tween 80, urea
acid, 2,4-dinitrophenyl hydrazine (DNFH)
were obtained from Fluka  (Buchs,
Switzerland). All other chemicals were of
analytical grade. All enzymatic assays were
carried out at 25+0.5 °C using a Specol 11
spectrophotometer  (Carl  Zeiss  Jena,
Germany). The enzymatic reactions were
started by adding the blood, erythrocytes
suspension or plasma samples. The specific
assay conditions are presented subsequently.
Each sample was analyzed in duplicate.
Thiobarbituric acid reactive
substrates (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 determining
the malondialdehyde (MDA) concentration
[21]. This method is based on the reaction of
the degradation of lipid peroxidation product,
MDA, with TBA under conditions of high
temperature and acidity to generate a colored
adduct that is measured
spectrophotometrically. Briefly, 0.1 mL of
sample (blood, plasma, and erythrocytes’
suspension) was added to 2 mL of distilled

water, 1 mL of TCA and 1 mL of TBA. The
mixture was heated in a boiling water bath for
10 minutes. After cooling, the mixture was
centrifuged at 3,000 g for 10 minutes. The
pmol of MDA per 1 L was calculated by using
1.56:10° mM™ cm™ as extinction coefficient.

The carbonyl derivatives content of
protein oxidative modification (OMP)
assay. The rate of protein oxidative
destruction was estimated from the reaction of
the resultant carbonyl derivatives of amino
acid reaction with DNFH as described by
Levine et al. (1990) [22] and as modified by
Dubinina et al. (1995) [23]. DNPH was used
for determining carbonyl content in soluble
and insoluble proteins. Briefly, 1 mL 0.1M
DNPH (dissolved in 2M HCI) was added to
0.1 mL of the sample (plasma and
erythrocytes’ suspension) after denaturation
of proteins by 20 % TCA. After addition of
the DNPH solution (or 2M HClI to the blanks),
the tubes were incubated for a period of 1 h at
37 °C. The tubes were spun in a centrifuge for
20 min at 3,000g. After centrifugation, the
supernatant was decanted and 1 mL of
ethanol-ethylacetate solution was added to
each tube. Following mechanical disruption
of the pellet the tubes were allowed to stand
for 10 min and then spun again (20 min at
3,000 g). The supernatant was decanted and
the pellet washed thrice with ethanol-
ethylacetate. After the final wash, the protein
was solubilized in 2.5 mL of 8M urea
solution. To speed up the solubilization
process, the samples were incubated in at 90
°C water bath for 10-15 min. The final
solution was centrifuged to remove any
insoluble material. The carbonyl content was
calculated from the absorbance measurement
at 370 nm and 430 nm, and an absorption
coefficient 22,000 M -cm™. Carbonyl groups
were determined spectrofotometrically from
the difference in absorbance at 370 nm
(aldehyde derivates, OMP379) and 430 nm
(ketonic derivates, OMP43).

Superoxide dismutase activity assay.
Superoxide dismutase (SOD, E.C. 1.15.1.1)
activity was assessed by its ability to
dismutate  superoxide produced during
quercetin auto-oxidation in an alkaline
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medium (pH10.0) by Kostiuk et al. (1990)
method [24]. Briefly, 1.0 mL of C reagent
was mixed with 0.1 mL of blood sample
(1:1000). C reagent was made ex fempore
(mixture of equal volumes of 0.1M K, Na-
phosphate buffer, pH7.8 and 0.08M EDTA);
pH of C reagent was adjusted to 10.0 by
adding TEMED. Distilled water (0.1 mL) was
added to blank vials instead of blood sample.
The total volume of all samples was brought
up to 2.4 mL using distilled water. The
reaction was initiated by adding 0.1 mL of
quercetin (1.4 pM dissolved in dimethyl
sulphoxide). Absorbance at 406 nm was
measured immediately and after 20 min
addition of quercetin solution. Activity is
expressed in units of SOD per mL of blood.

Catalase activity assay. Catalase
(CAT, E.C. 1.11.1.6) activity was determined
by measuring the decrease of H,O, in the
reaction mixture using a spectrophotometer at
the wavelength of 410 nm by the method of
Koroliuk et al. (1988) [25]. The reaction was
initialized by adding 0.1 mL of plasma into
the incubation medium (2 mL of 0.03 % H,0,
solution). The duration of this reaction was 10
min at room temperature. The reaction was
terminated by rapid adding of 1.0 mL of 4 %
ammonium molybdate dissolved in 12.5 mM
H,SOj4 solution and 1 mL of 125 mM H,SO,.
Blank assay instead of plasma sample
included 0.1 mL of distilled water. All
samples were centrifuged at 3,000 g for 5
min. The absorbance of the obtained solution
was measured at 410 nm and compared with
that of the blank. One unit of catalase activity
is defined as the amount of enzyme required
for decomposition of 1 pmol H,O, per min
per L of blood.

Glutathione  reductase activity
assay. Glutathione reductase (GR, E.C.
1.6.4.2) activity in the blood was measured
according to the method described by Glatzle
et al. (1974) [26]. The enzyme assay mixture
contained 2.4 mL of 67 mM sodium
phosphate buffer (pH 6.6), 0.2 mL of 7.5 mM
oxidized glutathione, and 0.1 mL of blood
sample (dilution in water 1:20). The rate of
NADPH oxidation was followed
spectrophotometrically at 340 nm. A control

without NADPH was used. The GR activity
was expressed as nmol NADPH per min per
mL of blood.

Glutathione peroxidase activity
assay. Glutathione peroxidase (GPx, E.C.
1.11.1.9) activity in the blood was measured
spectrophotometrically as described by Moin
(1986) [27]. The assay mixture contained 0.8
mL of 0.1M Tris-HCl buffer with 6 mM
EDTA and 12 mM sodium aside (pH 8.9), 0.1
mL of 4.8 mM GSH, 0.2 mL of blood sample
(dilution in water 1:20), 1 mL of 20 mM t-
butylhydroperoxide, and 0.1 mL of 0.01M
DTNB. The rate of GSH reduction was
followed spectrophotometrically at 412 nm.
GPx activity is expressed as umol GSH per
min per mL of blood.

Ceruloplasmin level assay. The
ceruloplasmin (CP, EC 1.16.3.1) level in the
plasma was measured spectrophotometrically
at 540 nm, as described by Ravin (1961) [28].
The assay mixture contained 0.1 mL of
plasma, 0.4M sodium acetate buffer (pH 5.5),
and 0.5 % p-phenylenediamine. The mixture
was incubated at 37 °C for 60 min. Before
cooling at 4 °C for 30 min, the mixture was
added to 3 % sodium fluoride for inhibition.
Ceruloplasmin was expressed in milligrams
per liter of plasma.

Total antioxidant capacity assay.
The TAC level was estimated
spectrophotometrically at 532 nm following
the method with Tween 80 oxidation to
MDA, as described by Galaktionova et al.
(1998) [29]. Briefly, 0.2 mL of sample
(plasma, erythrocytes’ suspension) was added
to 2 mL of 1% Tween 80. Blank assay
instead of sample included 0.2 mL of distilled
water. The mixture was heated at 37 °C for 48
hours. After cooling, 1 mL of 40 % TCA was
added and the mixture was centrifuged at
3,000 g for 10 min. After centrifugation, 2 mL
of supernatant and 2 mL of 0.25 % TBA
reagent was mixed. The mixture was heated
in boiling water bath at 95 °C for 15 minutes.
The absorbance of the obtained solution was
measured at 532 nm and was compared with
that of the blank. TAC was expressed in %.

The osmotic resistance of
erythrocytes assay. The osmotic resistance
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of erythrocytes was measured
spectrophotometrically at the wavelength of
540 nm as described by Marianska et al.
(2003) [30]. The method is based on the
determination of differences between osmotic
resistance of erythrocytes to a mixture
containing different concentration of sodium
chloride (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8,
0.9 %). Absorbance of mixture contained
erythrocytes and distilled water was
determined as 100 % (standard). The degree
of hemolysis in every test tube (%) was
calculated in respect to the absorbance of
standard. Hemolysis of erythrocytes (%) in
every test tube with different sodium chloride
concentration was expressed as curve [30].
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 the rest and
after training, Wilcoxon signed-rank test was
applied to the data [31]. All statistical
analyses were performed using STATISTICA
8.0 software (StatSoft, Poland). In addition,
the relationships between oxidative stress

16

TBARS

biomarkers level and enzymes activities of all
individuals were evaluated using Spearman's
correlation analysis [31].

Results and discussion

Lipid peroxidation is a complex
phenomenon involving the generation of
many products. However, the content of
MDA, one of most important end-products of
lipid peroxidation, in the tissues is usually
accepted as an index of lipid peroxidation
intensity [6].

The lipid peroxide level induced by
the training session was measured through
analysis of the TBARS level and shown in
figure 1. TBARS level in the erythrocyte
suspension of horses showed a significantly
decrease by 14.3 % (p<0.05) immediately
after exercise as compared the before
exercises. TBARS level in the blood of well-
trained horses after exercise was not-
significantly decreased by 12.2 % (p>0.05).
There were no significant differences in
plasma TBARS level between before and
after exercises (fig. 1).

O Rest
O After training

HH

Erythrocytes

Fig. 1. The level of lipid peroxidation determined by quantifying the concentration of 2-thiobarbituric acid reactive
substrates (TBARS) (umol MDA -L™") in the blood, erythrocytes and plasma of horses of Ukrainian warmblood breed
at the rest and after training session. Values expressed as mean + S.E.M.

Note: * — the significant change was shown as p<0.05 when compared between values at the rest and after training
(Wilcoxon signed-rank test)

ROS induced oxidation of arginine,

lysine, threonine, or proline amino acid

residues  generates  reactive  carbonyl
derivatives (RCD), which can be readily
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measured by reaction with 2,4-dinitrophenyl
hydrazine [32]. Protein carbonyls derivates
are used very often as a marker of oxidative
modification of proteins [18, 20, 32]. The
increase in exercise mediated accumulation of
oxidative protein damage in plasma could be
due to the increased ROS production and/or
the poor proteolytic breakdown of oxidatively
modified proteins. Despite this, in general,
oxidative modifications of proteins activate
the proteolitic system.

20 |

15

10

nmolemL™

The effects of training session on
protein carbonyl contents in the erythrocyte
suspension and plasma samples from horses
are shown in figure 2. There were no
statistically  significant changes in the
derivates of protein destruction level in the
erythrocytes and plasma of trained horses
during exercise. At the same time, after
exercise, horses had non-significantly lower
aldehyde (by 42 %, p>0.05) and ketonic
derivates level (by 27 %, p>0.05) (fig. 2).

O Rest
O After training

Erythrocytes ‘ Plasma

OMP370

Erythrocytes
OMP430

Fig. 2. Oxidatively modified proteins (OMP) content, measured by quantity of carbonyl oxidation (nmol'mL™") in the
erythrocytes and plasma of horses of Ukrainian warmblood breed at the rest and after training session. Carbonyl groups
were determined spectrofotometrically from the difference in absorbance at 370 nm (aldehyde derivates, OMP;) and
430 nm (ketonic derivates, OMPy3¢). Values expressed as mean £ S.E.M

Antioxidant defenses in the blood of
well-trained horses before and after exercise
are shown in table 1. There were no
statistically  significant changes in the
activities of antioxidant defenses instead SOD
and GR activity after exercise (Table 1). SOD

activity was higher by 34.4 % (p<0.05) in
blood of horses after exercise compared to
before exercise. After exercise, GR activity
was higher by 60.4 % (p<0.05) compared to
the resting period.

Table 1

Antioxidant enzymes activities in the blood of horses of Ukrainian
warmblood breed in the rest and after training

Antioxidant defense parameters At the rest After training session
SOD, U-mL"' 11.80+0.52 15.86+1.21%
CAT, pmol-min™-L 2.77+0.29 3.06+0.40
GR, nmol'min"-mL" 0.96+0.12 1.54+0.23*
GPx, pmol-min" mL" 0.92+0.16 1.37+0.28
CP, mg-L” 30.19+4.42 35.4145.86

Note: * — the significant change was shown as p<0.05 when compared between values at the rest and after

training (Wilcoxon signed-rank test)
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The total antioxidant capacity (TAC)
in erythrocyte suspension and plasma is

70 7
68 -

«
64 J

62 -
% 60 -
58 -
56 -
54 1

52

TAC

shown in figure 3. No significant variations in
TAC of horses during exercise were found.

ORest
DOAfter training

50
Erythrocytes

Fig. 3. Total antioxidative capacity (%) in the erythrocytes and plasma of horses of Ukrainian warmblood breed at the
rest and after training session. Data are means = S.E.M.

Correlative analysis of oxidative stress
biomarkers and antioxidant parameters in the
blood of horses at the rest and after exercise
are presented in Table 2. There was a negative
correlation between erythrocytes” TBARS
level and CP content (r=-0.518, p=0.040), as
well as plasma TAC and GPx activity (r=-
656, p=0.006) in the blood of horses before

erythrocytes TBARS level correlated
negatively with aldehyde derivates of protein
oxidation in plasma (r=-0.761, p=0.001).
Blood TBARS level correlated positively with
aldehyde derivates of protein oxidation in
erythrocytes’ suspension (r=0.602, p=0.014).
Significant correlation was noted between GR
activity and TAC (r=-0.534, p=0.033) as well

exercise (tabl. 2). At the same time, as plasma TBARS level (r=-0.523, p=0.038).
Table 2
Correlative analysis of oxidative stress biomarkers in the blood of horses of Ukrainian
warmblood breed at the rest and after training session
Relation Correlative coefficients, r | Significant difference
level, p
At the rest
TBARS(blood)-OMP;;o(erythrocytes) 0.576 0.020
TBARS(erythrocytes)-CP -0.518 0.040
OMP;4(plasma)-CP 0.543 0.030
TAC(plasma)-GPx -0.656 0.006
After training session

TBARS(blood)-OMP;7¢(erythrocytes) 0.602 0.014
TBARS(erythrocytes)-OMP;7o(plasma) -0.761 0.001
TBARS(plasma)-GR -0.523 0.038
TAC(plasma)-CP -0.705 0.002
TAC(erythrocytes)-GR -0.534 0.033

Erythrocytes are the best indicators of
increased generation of ROS and lipid
peroxidation. Therefore, the next goal of our
study was the measurement of erythrocytes’

resistance to hemolytic reagent (solutions
with different concentration of sodium
chloride) in the blood of horses before and
after exercise (fig. 4). Osmotic resistance of
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erythrocytes (fig. 4) was significantly lower
after exercise compared to before exercise
(incubation with 0.1-0.7 % NaCl). Exercise

100
90 7
80
70 7
60 -
50 7

40 1

% of hemolysis

30 7
20 -

10

caused increasing the percentage of
hemolyzed erythrocytes and reducing their
resistance.

= ¢ = At the rest

—o— After training

o 0,1 0,2 0,3

04

0,6 0,8 0,9

[NaCl], %

0,5 0,7

Fig. 4. Osmotic resistance of erythrocytes (% of hemolysed erythrocytes) in the blood of horses of Ukrainian
warmblood breeds at the rest and after training session. Data are means + S.E.M.
Note: * — the significant change was shown as p<0.05 when compared between values at the rest and after training
(Wilcoxon signed-rank test)

Accumulating evidence suggests an
association between oxidative stress and
strenuous physical exercise [6, 7, 15] and the
beneficial effects of chronic exercise training
in physical condition [33, 34]. In this study
we have investigated the direct link between
oxidative stress biomarkers, antioxidant
defenses and the beneficial role of moderate
exercise training in well-trained horses. In this
study we have investigated the direct link
between  oxidative  stress  biomarkers,
antioxidant defenses and the beneficial role of
moderate exercise training in well-trained
horses. Our results suggest that exercises
cause different consequences in oxidative
stress biomarkers in the blood, plasma, and
erythrocytes of horses. Exercise lead to
decrease TBARS level in erythrocytes while
in blood and plasma does not. This difference
im TBARS level before and after exercise,
most likely is a consequence of differing
levels of oxidative stress occurring in the
tissues and erythrocytes.

In our study, the highest level of
oxidative  stress  biomarkers (TBARS,
carbonyl derivates of oxidative modified
proteins) was noted in erythrocytes (figs 1 and
2). Earlier study suggest that erythrocytes are
susceptible to oxidative damage as a result of
the high polyunsaturated fatty acid content of
their membrane and the high cellular
concentrations of oxygen and hemoglobin are
potentially powerful promoter to oxidative
processes [35]. The increase in cellular
metabolism, especially during strenuous
exercise, increases hemoglobin turnover and
hemoglobin autoxidation that can result in an
increased carbonyl content of the globin
moiety. Erythrocytes may accumulate such
molecular modifications and modifications of
the membrane components because of their
limited biosynthetic capacity and poor repair
mechanisms whenever they are exposed to
unusual oxidative stress [36].

In general, our results are in agreement
with previous studies that have suggested a
correlation of oxidative stress limiting with
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exercise-induced adaptation. Exercise as a
result of adaptive responses eventually lead to
improvements in sports performance, but also
can induce physiologic effects most likely by
increase the antioxidant homeostasis and
ability for adaption. Training-related oxidant
stress, 1s associated with adaptations that
improve the ability of the muscle cells to
quench ROS [19]. It has been suggested that
acute and irregular exercises have negative
effects, whereas regular physical activity
creates an advanced antioxidant system and
decreases oxidative damage that trained
individuals have a higher antioxidant capacity
and lower levels of oxidative damage than
sedentary individuals in resting conditions
[37, 38]. Moreover, sedentary individuals
have higher levels of oxidative damage
caused by acute exhaustive exercise than
athletes [39, 40]. No increase was observed in
lipid peroxides after maximal bicycle exercise
in either trained or untrained human subjects
[41]. While the concentration of erythrocytes’
TBARS increased in untrained but not trained
rats after exhaustive exercise [42]. Endurance
training of mice reduced the susceptibility of
mouse skeletal muscle to lipid peroxidation in
vitro [43]. In the present study the decrease in
erythrocytes” TBARS level in horses after
exercise could be attributed as adaptation to
training which accompanied activation the

antioxidant  defenses and changes in
antioxidant enzyme activity in erythrocytes
(Table 1).

The  exercise-induced  adaptation

involves the process of activation of the
antioxidant system, interferes with the
oxidative damage repair/eliminating systems,
and influences redox-sensitive transcription,
hence the gene expression and protein
assembly. The stimulating effect during
exercise i ROS formation, which evokes
specific adaptation, such as increased
antioxidant/oxidative damage-repairing
enzyme activity, increased resistance to
oxidative stress, and lower levels of oxidative
damage [16, 34].

LPO has been established as a major
pathogenetic mechanism of cellular injury in
humans [17]. Although LPO is causally

linked to structural and functional disturbance
of biomembranes and has been implicated in
numerous disorders and diseases, recent in
vitro studies suggested a potential role of lipid
peroxidation products as regulators and
modulators of cellular signaling and gene
expression [34]. Nagy et al. (1998)
demonstrated that oxidized lipids can interact
with receptors for peroxisomal proliferators,
known activators of antioxidant enzymes,
such as CAT and SOD [44]. Moreover,
pretreatment of cells with various LPO
products at sublethal level improves cellular
tolerance against forthcoming pro-oxidant
attacks [45].

Exercise training tends to increase the
activity of the proteasome complex which
involved the removal of oxidatively modified
proteins is efficient in the muscle of old
trained rats [18]. This is an important adaptive
response because the induction of a repair
mechanism — proteasome complex is regarded
as a repair enzyme. This could be due with
decrease in the accumulation of potentially
harmful post-translationally modified
proteins. Exercise can induce the activity of
the proteasome complex, which is
significantly involved in the degradation of
oxidatively modified proteins [20]. Increased
activity of proteasome could be an important
factor that affects the rate of protein turnover
and the remodeling of skeletal muscle after
injury [20]. An increased rate of protein
turnover with exercise training decreases the
accumulation of oxidative damage, hence
beneficially affecting the physiological
function of proteins. The proteasome complex
plays a critical role in this process [20]. Thus,
in our study, decrease of carbonyl derivatives
in erythrocytes’ suspension is result of
exercise-induced adaptation.

As the second part of this study, we
investigated the effect of moderate exercise
on antioxidant defenses of horses. Our interest
in this model of equine training is based upon
several recent reports that have suggested that
moderate exercise increases antioxidant
enzyme activity and attenuates oxidative
stress [8, 9, 46]. The major antioxidant
enzymes include SOD, GPx, GR, CAT [16].
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SOD acts on superoxide radicals to form
oxygen and the lesser reactive nonradical
species, hydrogen peroxide, while GR can
regenerate oxidized glutathione (GSSG,
glutathione disulfide) to reduced glutathione
(GSH). CAT is located mainly in peroxisomes
and mitochondria and also removes H,O,.
CAT requires iron as a cofactor, and similar
to GPx and SOD, its activity is highest in
highly oxidative muscle fibers [16].

The enhancement SOD activity in our
study suggest that its activation probably is
results of exercise-linked mitochondrial O *
production. As SOD provides the first line of
defense against produced mitochondrial
superoxide radicals, the increase in SOD
activity shown in well-trained horses could
reduce the exposure to superoxide and even to
the hydroxyl radicals formed via the Haber—
Weiss reaction [47]. It has been shown that
training causes the increased SOD activity in
the muscle and erythrocytes of students,
swimmers, cyclists, and volleyball players
[16]. A large number of studies have shown
increases SOD activity following training, but
a considerable proportion also show no
change, with a small number also showing a
decrease. In relation to acute exercise,
erythrocyte SOD and GPx activities were not
changed in pentathlon horses following show
jumping [16]. Increase in  different
antioxidants activity, such as, GPx and SOD,
has been observed in Standardbreds after a
12-week period of aerobic and anaerobic
training, while the increase in oxygen
consumption (measured as change of VO,
max) was positively correlated with the
increase of erythrocyte SOD activity [7].

GR 1s not considered as a primary
detoxificant of ROS; however GR recycles
oxidized glutathione to its reduced form and
has a central role in the glutathione dependent
antioxidant protection [8, 9]. Our results are
consistent with the previous findings where
endurance training resulted in increase in GR
activity [8, 9, 46]. In addition, Tauler et al.
(1999)  suggested that ROS  could
preferentially activate GR because of the
presence of more thiol groups in GR’s
structure [48]. Correlative analysis between

GR activity and oxidative stress biomarkers
(TBARS and protein derivates) suggest that
increased GR activity plays a central role in
the glutathione-dependent antioxidant
protection in the blood of horses after exercise
(Table 2).

Antioxidant activity of the serum of
humans and animals attributed to the presence
of transferrin and ceruloplasmin (CP) [49].
Ceruloplasmin is a  copper-containing
glucoprotein with multiple physiological
functions, including ferroxidase and oxidase
activity [50]. It has been suggested that CP
might be the major antioxidant in plasma as a
scavenger of oxygen radicals. CP being an
acute phase reactant protein, its level rise
immediately after cellular damage. It acts as
an antioxidant through ferroxidase activity,
and it also scavenges superoxide anion.
Physiological factors like cancer, exercise,
chronic inflammation, pregnancy increases
CP level [50]. It can be hypothesized that
non-significant increase of CP content in
horses after exercise is a manifestation of the
compensatory and adaptive reaction of the
organism to physical activity (Table 1).
Moreover, correlative analysis between CP
content and oxidative stress biomarkers
(TBARS and protein derivates) suggest that
CP also plays a main role in antioxidant
defenses in the blood of horses both before
and after exercise. Antioxidant enzymes may
be activated during strenuous exercise
depending on the oxidative stress imposed on
the specific tissues as well as the intrinsic
antioxidant defense capacity. In our study,
training session caused non-significant
decrease of TAC (Fig. 3).

In our study we also observed in
erythrocytes subjected  to the different
concentration of sodium chloride had a higher
level of haemolysis after exercise. (Fig. 4).
After exercise, the osmotic resistance of
erythrocytes was decreased; the difference
was statistically significant at the presence of
0.1-0.7 % NaCl. There is increasing evidence
to suggest that ROS production may
contribute to exercise-induced damage to the
erythrocyte membrane with consequent
modification of membrane fluidity [36]. It
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also has been suggested that modifications of
cell membranes caused by lipid peroxidation
following ROS overproduction may be one of
the causes of exercise-induced myopathies
and haemolysis in horses [35].

Conclusions

The results of present study showed an
increase antioxidant enzyme activity (SOD
and GR) and reducing of exercise-induced
oxidative stress in the blood of horses after
exercise. It has been observed a decrease of
lipid peroxidation level in erythrocytes of
well-trained horses after exercise, while it did
not change both in the plasma and blood. This
difference in TBARS level between before
and after training most likely is a consequence
of differing levels of oxidative stress
occurring in the tissues and erythrocytes.
Decrease of carbonyl derivatives in
erythrocytes’ suspension is result of exercise-
induced adaptation. A correlation between the
oxidative stress biomarkers and antioxidant
defenses in the horses after exercise was
observed, which may indicate a protective
response of GR, GPx and CP activities
against exercise-induced oxidative stress.
Statistically significant differences in the
percentage of haemolysed erythrocytes before
and after training also were observed.

Prospects for further research.
Studies of the course of metabolic processes
related to the functioning of antioxidant
defense and intensity of lipid peroxidation
and oxidative modification of proteins in
sport horses is important. Because it allows
to study the adaptation processes to physical
activities of various duration and intensity, to
evaluate of horses fitness level and identify
factors that limit their workability. Further
research pro-and antioxidant balance equine
athletes will allow improved the scientific
substantiation of adaptation to physical

activity and the develop of effective
correctional training programs  of sport
horses.
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