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The aim of this study was to evaluate the changes in some biochemical indices
[alanine aminotransferase (ALT), aspartate aminotransferase (AST) and lactate dehy-
drogenase (LDH) activities, lactate concentration] of horses involved in recreational
riding before and after exercise. Fourteen healthy adult horses from the Central Pom-
eranian region of Poland, aged 8.7 + 1.1 years, including 7 Hucul ponies, 2 thorough-
breds, 1 Anglo-Arabian and 4 horses of unknown breed, were used in this study. All
horses were involved in recreational riding. Blood samples were taken from the ani-
mals' jugular veins in the morning, 90 minutes after feeding, while the horses were in
the stable (between 8.30 am and 10 am) and immediately after the exercise test (be-
tween 11 am and 2 pm). The training started at 10:00 and lasted 1 hour, consisting of a
cross-country ride consisting of walking (5 min), trotting (15 min), walking (10 min),
trotting (10 min), walking (5 min), galloping (5 min) and walking (10 min). Blood ala-
nine aminotransferase, aspartate aminotransferase and lactate dehydrogenase activities
and lactate levels were analysed in horses before and after exercise. The results of the
current study showed a statistically non-significant increase in ALT, AST and LDH ac-
tivity. There was also a statistically significant increase in lactate concentration post-
exercise compared to pre-exercise. A non-significant change in serum LDH activity was
observed in horses during exercise. This may indicate a normal course of aerobic-
anaerobic glycolysis in recreational horses before and after exercise. The concentration
of lactic acid in the blood of horses increases after exercise with small changes in LDH
activity. The significant post-exercise increase in lactic acid concentration that we rec-
orded demonstrates the dynamics of aerobic-anaerobic reactions and emphasises the
influence of anaerobic glycolysis in the overall energy supply for muscle activity.

Key words: alanine aminotransferase (ALT), aspartate aminotransferase (AST),
lactate dehydrogenase (LDH), lactate, horses, exercise, recreational riding
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Memoro 0anozo docniodxcenus O6ynia oyinKka 3MiH 0esaKuUxX OIOXIMIUHUX NOKAZHUKIG
[akmusnicmo ananinaminompancgepasu (AJIT), acnapmamaminompancghepaszu (ACT)
i 1akmamoeziopoeenasu (JII'), konyenmpayia nakmamy] @ Kposi Kowel, AKi b6epymbo
yuacms y peKpeayitinitl 8epxosii i30i 00 ma nicis QisuuHux Hasawmasicensv. Y ybomy
odocniddicenni Oyno euxkopucmauno 14 300posux oopociux kowuetl i3 LlenmpanvHo-
Tlomopcwvkoeo peciony [lonvwi gikom 8,7 + 1,1 pokis, ekitouarouu 7 nowi, 2 yucmoxpos-
Hux Kowetl, 1 ameno-apabcvkoeo ma 4 Koueil Hegi0OMOi nopoou. Bci koui 6epymo
yuacmo y peKkpeayitiniu 6epxosiil i30i. 3pazku Kposi 8iooupanu 3 ApemMHUx 6eH meapuu
epanyi, yepesz 90 xeurun nicia 200y8anms, nio 4ac nepedysanHs KOHel y CmauHi (Midxc
8.30 panxy ma 10 panxy) ma 6iopazy nicia mecmy 3 Haganmaxceuusam (mixc 11 panky
ma 14 2oounamu ous). Tpenysanns posnouunanocs o 10:00 i mpusano 1 2oouny, a ma-
KOJIC CKAAOANOCs 3 KPOCOBOI i30u, sika eKkmoyana xoovoy (5 xs), puce (15 x6), xo0bby
(10 x8), pucv (10 x8), x0060y (5 x8), ecaron (5 x8) i x00v6y (10 x8). Axmusnicmo
OIOXIMIYHUX NOKA3HUKIE AHANI3YBANU 8 KPOGI KOHel, 8i0iOpanoi 00 ma nicis mpeHysam-
HA. Pe3ynomamu yvoeo 0ocniodcents noxazanu cmamucmudHo He3Hayvyuie nio8uieHHs
axmusnocmi AJIT, ACT i JI/II". Taxoxc cnocmepieanu cmamucmuyrno icmomue 30i1b-
WleHHs KOHYeHmpayii 1axmamy Ricjisi MpeHy8aHHs HNOPIGHAHO 3 Nepio0oM 00 mpe-
Hyeanns. 11i0 uac @izuunoco nasanmasicenHs y KOHeli CHOCmepieanacs HesHayna 3mMina
axmuenocmi JI[I" y cuposamyi kposi. Lle mooice 6xazysamu Ha HOPMATbHUL nepedie
aepooOHO-aHaepoOHO20 2NIKONI3Y Y peKpeayiunux Koneu 00 ma nicis Qi3udHux enpas.
Konyenmpayis monounoi xuciomu 6 Kpoei Koueu nioguwyysanacs niciisi (izuyHo2o
HABAHMAadiCeHnsl 3 Hegenukumu 3minamu akmuenocmi JIJI'. 3agikcosane namu snaune
niOBUWEHHs KOHYeHmpayii MOJIOYHOI Kuciomu nicis QisuuHo20 HABAHMANCEHHS Oe-
MOHCMPYE OUHAMIKY AepOOHO-AHAepOOHUX peakyill i NiOKpecioe 8Nau8 aHaepooHo2o
2NiKONI3Y HA 3a2albHe eHep2o3abe3neuerts M 130801 OilbHOCHI.

Knrwwuosi cnosa: ananinaminompancghepaza (AJIT), acnapmamaminompancge-
paza (ACT), naxmamoeciopocenasa (JIAI'), naxmam, xowi, hizuumi nasaHmadiceHmus,
pexpeayiiina eepxosa izoa

Improving methods of training horses and advancing equestrian sport is impos-
sible without improving our knowledge of the physiology and biochemistry of training.
Research in this direction is necessary to find ways of targeting the animal's body in or-
der to increase its performance and maintain its health under extreme stress. In recent
decades, the relationship between various physiological and biochemical indicators of
horses and their performance has been well studied (Hinchcliff KW. & Geor R.J.,
2008). On the basis of a large amount of data, the optimal values of these indicators as-
sociated with high performance in horses have been determined, training systems have
been improved and various means of increasing the performance of horses have been
proposed (Bergero D. et al., 2005).
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It is known that during the long-term adaptation of the horse's body to physical
exercise of varying intensity, specific changes occur in the metabolic reactions aimed at
reducing the release of energy as heat and at the same time accumulating it in the form
of macroergic compounds (ATP) (Anderson M. G., 1975; Muifoz A. et al., 2022).
Changes in energy metabolism during exercise in horses cause an increase in the con-
centration of energy sources such as creatinine phosphate and glycogen in skeletal mus-
cle, an increase in the activity of glycolytic and Krebs cycle enzymes, beta-oxidation of
fatty acids, etc. (Marlin D. & Nankervis K., 2002). Metabolites responsible for energy
supply to skeletal muscle and enzymes reflecting the tendency of biochemical changes
during exercise can be used as indicators of the level of physical condition in sport
horses (Harris P. A. et al., 1998; McGowan C. M. et al., 2002; Padalino B. et al., 2007;
Mack S. J. et al., 2014). Such markers include lactate and pyruvate, lactate dehydrogen-
ase activity, alanine and aspartate aminotransferases (Harris P. A. et al., 1998; Kedzier-
ski W. et al., 2009). Changes in the activity of the above enzymes during exercise in
trained horses reflect specific changes in metabolic reactions (Davies R. & Pethick D.
W., 1983; McGowan C. M. et al., 2002; Padalino B. et al., 2007).

In our previous study (Andriichuk A. & Tkachenko H., 2017), we evaluated the
influence of exercise of average intensity on haematological and biochemical values, as
well as on the acid resistance of erythrocytes in mares and stallions of the Holsteiner
breed. A total of seventeen Holstein horses (seven mares and ten stallions aged 6 years)
were used in this study. Blood samples were analysed for haematocrit (HCT), haemo-
globin concentration (HGB), red blood cells (RBC), white blood cells (WBC), platelets
(PLT), leukogram, mean corpuscular haemoglobin concentration (MCHC), mean cor-
puscular volume (MCV), mean corpuscular haemoglobin (MCH), red cell distribution
width (RDW) and platelet distribution width (PDW). Serum concentrations of aspartate
aminotransferase (AST), alanine aminotransferase (ALT) and lactate dehydrogenase
(LDH) and biomarkers of oxidative stress were analysed. Stallions showed a significant
increase in leukocyte and granulocyte counts, as well as erythrocyte, haemoglobin and
haematocrit levels after the exercise test. The pre-exercise mean corpuscular haemoglo-
bin concentration was higher in stallions. At the same time, mares showed a significant
decrease in platelet volume after the exercise test. Exercise induced a significant in-
crease in aspartate aminotransferase activity in stallions. Exercised mares and stallions
showed a decrease in lipid peroxidation after exercise. Exercise also caused an increase
in oxidatively modified protein of erythrocytes in stallions, indicating exercise-induced
oxidative stress. The resistance of erythrocytes in 0.1 m HCI was similar between fe-
males and males. No statistically significant differences were observed in the percent-
age of haemolysed erythrocytes before and after exercise (Andriichuk A. &
Tkachenko H., 2017).

Later, we also determined the photoperiod-induced variations and the effects of
exercise on biomarkers of oxidative stress [2-thiobarbituric acid reactive substances
(TBARS), aldehydic (AD) and ketonic (KD) derivatives of oxidatively modified pro-
teins (OMP), total antioxidant capacity (TAC) and activities of superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase (GPx)] and biomarkers of metabolic
changes [glucose, urea and uric acid and activity of lactate dehydrogenase (LDH)] in
the blood of Shetland pony mares and stallions involved in recreational riding. Twenty-
one healthy adult Shetland ponies (11 mares and 10 stallions) aged 6.5 + 1.4 years from
the Central Pomeranian region of Poland were used in this study. Blood samples were
collected once per season for one year: spring, summer, autumn and winter. A
MANOVA analysis showed that photoperiod had a leading role in the changes of these
biomarkers, while exercise and sex of the ponies had a lesser effect. The lipid peroxida-
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tion biomarkers, for example, the plasma TBARS level, showed the maximum adjusted
coefficient of determination R%q = 0.77. Prior to exercise (at rest), the plasma of stal-
lions and mares showed minimum TBARS levels in the spring and summer photoperi-
ods and maximum levels in the autumn and winter. A statistically significant reduction
in the levels of both aldehydic and ketonic derivatives of OMP in the blood of ponies
was observed during the autumn and winter periods; in addition, the level of ketonic
derivatives of OMP decreased after exercise in the spring. TAC was statistically signifi-
cant in the spring and winter photoperiods both before and after exercise. SOD activity
did not show a pronounced photoperiod-induced pattern, but was sex- and exercise-
dependent. CAT activity varied and was statistically significant only in the plasma of
mares after exercise in the spring, summer and winter photoperiods. The minimum GPx
activity in the blood of mares before exercise (at rest) was observed in autumn, while
the maximum was observed in winter and summer. Photoperiod and exercise-induced
changes in markers of oxidative stress and antioxidant defences may contribute to the
adaptation of animals to exercise, depending on sex. The seasonal variations in antioxi-
dant defences and substrates of energy metabolism in the blood of mares and stallions
as a function of exercise capacity demonstrated in our study may be an important aspect
of the ability of endogenous adaptive mechanisms in animals to respond in advance to
seasonal environmental changes (Kurhaluk N., 2022).

It is important to understand the biochemical changes produced by different
types of exercise because they reflect changes in the function of different systems and
the type of energy used (Résdnen L. A. et al., 1995; Nostell K. et al., 2006). For this
reason, the correct interpretation of metabolic changes after endurance exercise in hors-
es is necessary, as it can help the veterinarian, trainer, or owner to select appropriate
training and post-exercise recovery. Therefore, the aim of this study was to evaluate the
changes in some biochemical indices of horses involved in recreational riding before
and after exercise.

Materials and methods.

Horses. Fourteen healthy adult horses from the Central Pomeranian region of
Poland (Strzelinko village, N54°30'48.0" E16°57'44.9"), aged 8.7 + 1.1 years, including
7 Hucul ponies, 2 thoroughbreds, 1 Anglo-Arabians and 4 horses of unknown breed,
were used in this study. All horses were involved in recreational riding. Horses were
housed in individual stalls with feed (hay and oats) provided twice daily, at 08:00 and
18:00, and water available ad libitum. All horses underwent a thorough clinical exami-
nation and haematological, biochemical and vital parameters were within reference
ranges. Females were not pregnant. Our current scientific project was undertaken in the
frame of the cooperation program between the Institute of Biology (Pomeranian Univer-
sity in Stupsk, Poland) and Institute of Animal Science of the National Academy of
Agrarian Science of Ukraine, Kharkiv, Ukraine. This work was supported by The Inter-
national Visegrad Fund, and the authors are cordially grateful for this.

Exercise test. The training started at 10:00 a.m., lasted 1 hour, and consisted of a
cross-country ride consisting of 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 samples were taken from the animals' jugular veins in the
morning, 90 minutes after feeding, while the horses were in the stables (between 8.30
am and 10 am) and immediately after the exercise test (between 11 am and 2 pm).
Blood was collected in tubes containing Ks-EDTA and kept on ice until centrifuged at
3,000 rpm for 15 minutes. The plasma was removed. The erythrocyte suspension (one
volume) was washed three times with five volumes of saline and centrifuged at 3,000
rpm for 15 minutes. Plasma aliquots were frozen and stored at -25°C until assayed.
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Biochemical analysis. The Randox kit method (RANSOD, Cat. N AL7930 and
Cat. N AS3804 Randox Laboratories Limited, UK) was used for the determination of
alanine aminotransferase (ALT, E.C. 2.6.1.2) and aspartate aminotransferase (AST,
E.C. 2.6.1.1) activity. Lactate dehydrogenase (LDH, E.C. 1.1.1.27) was determined by
the colourimetric method of Sevela M. and Tovarek J. (1959).

Lactate concentration was measured using the method described by Herasimov 1.
and Plaksina O. (2000). One mL of the sample was added to 6 mL of distilled water and
1 mL of 10% metaphosphoric acid. The mixture was centrifuged at 800 g for 5 min to
separate the supernatant. To the supernatant, 1 mL of 25% cupric sulphate and 500 mg
calcium hydroxide were added and mixed for 30 min. The mixture was centrifuged at
1,000 g for 10 min. For the lactate concentration assay, the resulting supernatant was
resuspended in 3 mL of p-dimethylaminobenzaldehyde (0.5% dissolved in dimethyl-
sulfoxide) and 1 mL of 25% NaOH. The mixture was incubated at 37°C for 45 minutes
and then centrifuged at 1,000 g for 10 minutes. Absorbance was measured at 420 nm. A
mixture of 0.5% p-dimethylaminobenzaldehyde and 25% NaOH was used as a blank.
The calibration curve of lactate (0.1-50 uM) was used and the results were expressed as
nmol lactate per L (Herasimov I. & Plaksina O., 2000).

Statistical analysis. Results are expressed as mean = S.E.M. All variables were
tested for normal distribution using the Shapiro-Wilk test (p>0.05). To find significant
differences (significance level, p < 0.05) between the pre- and post-exercise states, the
Wilcoxon signed-rank test was applied to the data (Zar J. H., 1999). All statistical anal-
yses were performed using STATISTICA 13.3 software (TIBCO Software Inc., USA).

Results. Measuring the levels of liver biomarkers (AST, ALT) and an indicator
of muscle damage (LDH) after different training programmes can help to better under-
stand the acute and chronic effects of resistance training (Guy P. S. & Snow D. H.,
1977; Krzywanek H. et al., 1996). The results of blood biochemical indices in horses
are shown in Table 1.

Table 1
Mean values of blood biochemical parameters in horses before and after exercise
Parameters Before exercise After exercise
Alanine aminotransferase activity, 1U-L"* 8.11+0.48 8.45+0.51
Aspartate aminotransferase activity, 1U-L* 362.35+17.94 378.56 +£21.45
Lactate dehydrogenase activity, 1U-L* 379.25 £ 20.06 412.18 £25.74
Lactate concentration, nmol-L™ 1.39+0.11 1.93 £0.10*

*— change was statistically significant (p < 0.05) before and after exercise.

In our study, non-significant changes in ALT, AST and LDH activities were ob-
served in the blood of horses involved in recreational riding (Table 1). There was a sta-
tistically non-significant increase in ALT, AST and LDH activity of 4.2% (p > 0.05),
4.48% (p > 0.05) and 8.69% (p > 0.05) before and after exercise, respectively. In addi-
tion, lactate concentration was statistically significantly increased after exercise (by
38.85%, p < 0.05) compared to the pre-exercise state (Table 1).

Discussion. This study aimed to evaluate the changes in some biochemical indi-
ces (ALT, AST and LDH activities, lactate concentration) of horses involved in recrea-
tional riding before and after exercise. The results of the current study revealed a statis-
tically non-significant increase in ALT, AST and LDH activity. In addition, lactate con-
centration was statistically significantly increased after exercise (by 38.85%, p < 0.05)
compared to the pre-exercise state (Table 1).
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Regular exercise induces adaptive processes that lead to changes in haematolog-
ical and biochemical indices. The magnitude of these changes depends on several fac-
tors: type of exercise, intensity of exercise (intensity, duration and frequency) and indi-
vidual variation. Physiological increases in ALT and AST have been shown to occur in
the absence of tissue destruction (Giannini E. G. et al., 2005; McGill M. R., 2016). As-
partate aminotransferase is a cytoplasmic and mitochondrial enzyme that catalyses the
deamination of aspartate to oxaloacetate, which can enter the Krebs cycle (Rennie M. J.
& Tipton K. D., 2000). Increases in plasma aminotransferase activity may be due to
hepatocyte injury, muscle injury or in vitro haemolysis (Kumar V. et al., 2009). ALT is
a pyridoxal-dependent enzyme that catalyses the reversible transamination of L-alanine
and a-ketoglutarate to pyruvate and L-glutamate (Sakagishi Y., 1995). The magnitude
of changes in AST, ALT and LDH activities depends on the type of exercise (Petters-
son J. et al., 2008).

In veterinary medicine, lactate dehydrogenase and aminotransferase activity are
often used to assess the functional status of the musculoskeletal system and to determine
the appropriate level of exercise for exercise horses (Harris P. A. et al., 1998; Padalino
B. et al., 2007; Kedzierski W. et al., 2009). A significant increase in aspartate activity
caused by strenuous exercise in sport horses may indicate the development of overtrain-
ing syndrome and muscle damage (Padalino B. et al., 2007). However, in the process of
adaptation to regular exercise, aminotransferase activity may change from lower to
higher values in training dynamics. In particular, the study by Fazio F. and co-workers
(2011) observed a significant increase in AST activity in the blood of purebred horses
on the sixtieth day of intense exercise (Fazio F. et al., 2011). However, at the end of the
training macro-cycle, on day eighty, AST activity decreased significantly, accompanied
by an increase in physical condition and adaptation of the horses to regular exercise
(Fazio F. et al., 2011).

Bashiri J. and co-workers (2010) found that two months of resistance training re-
sulted in a non-significant increase in serum ALT and AST levels in non-athletic stu-
dents (Bashiri J. et al., 2010). Therefore, non-significant changes in LDH and AST ac-
tivity suggest some form of adaptation, and if exercise stress is followed by proper re-
covery, it will prevent further damage to the liver and muscles (Bashiri J. et al., 2010).
LDH catalyses a redox reaction, the reversible conversion between pyruvate and L-
lactate. The formation of L-lactate consumes reduced nicotinamide adenine dinucleotide
(NADH?>) and produces oxidised nicotinamide adenine dinucleotide (NAD™), whereas
the oxidation of L-lactate to pyruvate produces NADH,. LDH converts pyruvate, the
end product of glycolysis, to lactate when oxygen is absent or scarce, and performs the
reverse reaction during the Cori cycle in the liver (Andrews F. M. et al., 1995). In our
study, a non-significant change in serum LDH activity was observed in horses during
exercise (Table 1). This may indicate a normal course of aerobic-anaerobic glycolysis in
horses involved in recreational riding before and after exercise.

Lactate (lactic acid) is a product of anaerobic glucose metabolism. It is formed
from pyruvate in an enzymatic reaction with LDH (Berg J.M. et al., 2002). In the pres-
ence of sufficient oxygen, pyruvate enters the Krebs cycle and undergoes metabolic
changes in the mitochondria to produce the end product — carbon dioxide and water.
During vigorous exercise with hypoxia in skeletal muscle, the enzymatic reaction with
LDH proceeds mainly towards the formation of lactate from pyruvate. Lactate, which
accumulates in skeletal muscle during active exercise, enters the bloodstream and is
taken up by hepatocytes. In the liver, lactic acid is oxidised to pyruvate in an opposite
enzymatic reaction involving LDH (Cori cycle). Part of the pyruvate is used to replace
glucose in gluconeogenesis and the rest is oxidised in the Krebs cycle with subsequent
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ATP synthesis. Glucose produced in gluconeogenesis is transported by the blood to the
muscles to replenish glycogen stores. Therefore, by converting pyruvate to lactate for
subsequent use in gluconeogenesis in the liver (Cori cycle), skeletal muscle not only
disposes of the "extra" lactic acid produced in extremely large amounts during vigorous
exercise, but also ensures a high NAD*/NADH" ratio necessary for the active action of
glycolysis (Berg J.M. et al., 2002). Our research shows that the concentration of lactic
acid in the blood of horses increases after exercise with small changes in LDH activity
(Table 1). The significant post-exercise increase in lactic acid concentration that we
recorded demonstrates the dynamics of aerobic-anaerobic reactions and emphasises the
influence of anaerobic glycolysis in the overall energy supply for muscle activity.

Conclusions. The aim of this study was to evaluate the changes in some bio-
chemical indices (ALT, AST and LDH activities, lactate concentration) of horses in-
volved in recreational riding before and after exercise. The results of the current study
showed a statistically non-significant increase in ALT, AST and LDH activity. There
was also a statistically significant increase in lactate concentration after exercise com-
pared to before exercise. A non-significant change in serum LDH activity was observed
in horses during exercise. This may indicate a normal course of aerobic-anaerobic gly-
colysis in recreational horses before and after exercise. The concentration of lactic acid
in the blood of horses increases after exercise with small changes in LDH activity. The
significant post-exercise increase in lactic acid concentration that we recorded demon-
strates the dynamics of aerobic-anaerobic reactions and emphasises the influence of an-
aerobic glycolysis in the overall energy supply for muscle activity.
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University in Stupsk, Poland) and Livestock farming institute of NAAS of Ukraine,
Kharkiv. This work was supported by The International Visegrad Fund, and the authors
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