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Abstract: The aim of this study was to evaluate the effect of induced training on the horses’ metabolism during 
an experiment lasting nine weeks where we continually scaled up the load on the horses by three defined stages. 
Blood was obtained from eighteen horses – two stallions, eight mares and eight geldings. In the experiment, we 
focused on the biochemical analysis of the blood plasma on multiple mineral profile indicators – Ca, P, Mg, K, Cl 
and Na, and some other variables (energy, nitrogen, AST, ALT, glucose, urea, creatinine kinase, total proteins). 
The result showed significant changes between the groups in most indicators. A significant increase in the potas-
sium, phosphorus and calcium and a decrease in the concentrations of magnesium over the course of the experiment 
were found. For the other indicators, a significant increase in the activities of the AST and ALT out of the other 
indicators and the fluctuating values in the total proteins were noticed. Summarised, significant changes of multi-
ple indicators were observed in different stages of the experiment. These changes had no visible effect on the horses’ 
organisms throughout entire duration of the experiment and were most probably caused by the muscular work 
and possible muscular damage during training.
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It is important to follow the health status of the 
horses during the training process, as different 
types of exercise that suit some animals might 
not suit other individuals. Training is an extreme-
ly important part of the daily routine of sports 
horses as  it maintains the individual’s condition 
and keeps the muscles in shape. Training involves 
the use of regular periods of exercise to promote 

Over the course of last several years, horse breed-
ing has mostly focused on sports and leisure activi-
ties. Their use as a towing animal has significantly 
decreased. Large amounts of money have to be 
invested to obtain individuals with the best per-
formance. The best specimens are utilised in sports 
as well as in the use of biotechnological methods 
during reproduction (Halo et al. 2017).
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changes in the structure and function of the ani-
mal to improve the overall performance (Jones 
2005). Repetitive exercise results in a multitude 
of changes in the body at the cellular, tissue, or-
gan and whole organism level. The main method 
used to assess the efficacy of training is to verify 
the modification of  the blood indicators relative 
to the competition (Hinchcliff and Geor 2004).

The aim of this study was to observe the effect 
of induced training stress on the horses’ metabolic 
indicators during training on a Horse Gym 2000 
regulator and to evaluate the changes in the blood 
indicators of the horses including the mineral pro-
file, energy and nitrogen profiles. The Horse Gym 
2000 training regulator is important in eliminating 
the effect of adverse weather and to simulate up-
hill training with its possibility to set an elevation 
percentage.

MATERIAL AND METHODS

In our study, we analysed the effect of training 
stress on the heart frequency of the horses during the 
simulated stress on a  Horse Gym 2000 training 
regulator (Horse Gym 2000 GmbH, Harburg-
Großsorheim, Germany). The training regulator is 
computer assisted with the possibility of setting up 
the length of the travelled route, the time, the speed 
and the elevation percentage (Mlynekova et al. 2016). 
The Horse Gym 2000 training regulator is specifically 
important for simulating uphill training in an area 
of a stable, which rules out the effects of bad weath-

er, thus, the horses can be trained indoors as well 
to maintain the muscularity of the horse. The Horse 
Gym 2000 training regulator is also used to maintain 
the speed and prevent an accident during RHR (real 
horseback riding) (Kim et al. 2016).

The horses were stabled and tested in the Ex-
perimental Centre of  the Department of Animal 
Husbandry (Slovak University of Agriculture, Nitra). 
The experiment was realised from May 2019 until 
July 2019.

Eighteen Slovak warmblood horses – two stal-
lions, eight mares and eight geldings, all being 
in the range of 6–14 years of age with an average 
body mass of 550 ± 50 kg were used in the experi-
ment. All the tested horses were stabled in indi-
vidual boxes with an average interior temperature 
of 20–24 °C.

They were fed three times per day at 7:00, 12:00 
and 18:00 in a ratio of 25 : 25 : 50 percent. The feed 
dose consisted of 10 kg of hay per horse per day, 
3.5 kg of oats per horse per day and 1 kg of supple-
mentary compound feed per horse per day. All the 
horses had previously been trained on the training 
regulator (Table 1).

The stress testing experiment was split into three 
stages, each taking three weeks.

In the first stage (E1), the observed load was:
•	 1st week (W1) – 50 min walking, 0% eleva-

tion, 5 km/h velocity;
•	 2nd week (W2) – 50 min walking, 0% eleva-

tion, 5.5 km/h velocity;
•	 3rd week (W3) – 50 min walking, 0% eleva-

tion, 6.0 km/h velocity.

Table 1. Scheme of the experiment 

Week/activity Walking 
(minutes)

Elevation 
(%)

Velocity 
(km/h)

Walking 
(minutes)

Elevation 
(%)

Velocity 
(km/h)

Experimental group E1
W1 50 0 5.0 – – –
W2 50 0 5.5 – – –
W3 50 0 6.0 – – –

Experimental group E2
W4 50 0 5.5 15 3 5.5
W5 50 0 5.5 15 3 5.5
W6 50 0 5.5 15 4 5.5

Experimental group E3
W7 50 0 6.0 15 3 6.0
W8 50 0 6.0 15 3 6.0
W9 50 0 6.0 15 4 6.0
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Statistical analysis

The data were analysed using GraphPad Prism 
v6.1 (GraphPad Software Inc., San Diego, USA). 
The values of the experimental groups were ana-
lysed using one-way factor analyses with the appli-
cation of Tukey’s test. All the statistical tests were 
carried out at the significance levels of P < 0.05, 
P < 0.01 and P < 0.001 and the results were inter-
preted as the means expressed with the SD.

RESULTS

A significant increase in the calcium in group E3 
compared to E1, as well as a significant increase 
in the Ca in the E3  group in comparison to the 
E2 group was found. The highest Ca concentra-
tion was found in the samples from group  E3. 
The phosphorus concentrations were also signifi-
cantly changed. A significant increase in the E3 
samples compared to the E1 group was noticed. 
Intriguingly, the magnesium concentration were 
the highest in the samples from the first collection 
– a significant decrease in the magnesium concen-
tration after 6 weeks (E2) compared to the group 
collected after 3 weeks (E1) was found. The sodium 
values showed a significant decreasing trend, where 
the E1 group had a significantly higher sodium con-
centration than the E2 group, and the E2 group also 
had a significantly higher sodium concentration than 
the E3 group. We observed the exact opposite trend 
in the potassium concentrations where the E1 group 
showed the lowest concentration. The E2 group had 
a potassium concentration significantly lower than 
the E3 group and the E1 group had a significantly 

In the second stage (E2), the experimental load was:
•	 4th week (W4) – 50 min walking, 0% eleva-

tion, 5.5 km/h velocity + 15 min walking, 
3% elevation, 5.5 km/h velocity;

•	 5th week (W5) – 50 min walking, 0% eleva-
tion, 5.5 km/h velocity + 15 min walking, 
3% elevation, 5.5 km/h velocity;

•	 6th week (W6) – 50 min walking, 0% eleva-
tion, 5.5 km/h velocity + 15 min walking, 
4% elevation, 5.5 km/h velocity.

In the third part (E3), the experimental load was:
•	 7th week (W7) – 50 min walking, 0% eleva-

tion, 6.0 km/h velocity + 15 min walking, 
3% elevation, 6.0 km/h velocity;

•	 8th week (W8) – 50 min walking, 0% eleva-
tion, 6.0 km/h velocity + 15 min walking, 
3% elevation, 6.0 km/h velocity;

•	 9th week (W9) – 50 min walking, 0% eleva-
tion, 6.0 km/h velocity + 15 min walking, 
4% elevation, 6.0 km/h velocity.

Blood samples were collected from the vena 
jugularis at the end of each experimental stage 
immediately after the animals finished training. 
The samples were later centrifuged and the blood 
plasma was separated.

Throughout the entire duration of the experi-
ment, there were no visual changes to the health 
state of the horses. The blood of the horses was ana-
lysed by a Randox RX Monza biochemical analyser 
(Randox Laboratories, Crumlin, United Kingdom) 
using commercial DiaSys kits (Diagnostic Systems 
GmbH, Holzheim, Germany) (Massanyi et  al. 
2014; Halo et al. 2017; Kovacik et al. 2017; Kovacik 
et al. 2019).

Table 2. Mineral profile during the experiment

Indicator 
(units) E1 E2 E3 P-value+

Calcium (mmol/l) 3.06 ± 0.21A 2.79 ± 0.4B 3.66 ± 0.44A,B ns;***A;***B

Phosphorus (mmol/l) 0.79 ± 0.16A 0.91 ± 0.13 0.96 ± 0.25A ns;*A

Magnesium (mmol/l) 1.08 ± 0.22A 0.94 ± 0.07A 0.98 ± 0.14 ns;*A

Sodium (mmol/l) 142.0 ± 2.49A 141.1 ± 1.76B 139.2 ± 1.80A,B ns;***A;*B

Potassium (mmol/l) 3.70 ± 0.54A 3.73 ± 0.50B 4.17 ± 0.38A,B ns;*A;*B

Chlorides (mmol/l) 103.1 ± 2.57 103.0 ± 1.48 101.8 ± 1.92 ns

E1 = experimental group 1; E2 = experimental group 2; E3 = experimental group 3
+Within the same row, the means with different letters differ significantly; *P < 0.05; **P < 0.01; ***P < 0.001; A,B,CThe 
significance between the individual groups
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lower concentration than the E2 group. The chlo-
ride levels did not show any significant changes and 

stayed within a similar concentration over the course 
of the entire experiment (Table 2, Figures 1–6).

Figure 3. Blood magnesium (Mg) concentrations during 
the training stages of the horses
E1 = experimental group 1; E2 = experimental group 2; E3 = 
experimental group 3

Figure 4. Blood sodium (Na) concentrations during 
the training stages of the horses
E1 = experimental group 1; E2 = experimental group 2; E3 = 
experimental group 3

Figure 5. Blood potassium (K) concentrations during 
the training stages of the horses
E1 = experimental group 1; E2 = experimental group 2; E3 = 
experimental group 3

Figure 6. Blood chloride (Cl) concentrations during the 
training stages of the horses
E1 = experimental group 1; E2 = experimental group 2; E3 = 
experimental group 3

Figure 1. Blood calcium (Ca) concentrations during the 
training stages of the horses
E1 = experimental group 1; E2 = experimental group 2; E3 = 
experimental group 3

Figure 2. Blood phosphorus (P) concentrations during 
the training stages of the horses
E1 = experimental group 1; E2 = experimental group 2; E3 = 
experimental group 3
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37.83 (E2) and 33.62 (E3), but the differences were 
not significant (Table 2, Figures 1–6).

The urea concentrations did not change signifi-
cantly over the course of the entire experiment. 

The ratio of the elements was different during 
the experiment – Ca : P 3.87 (E1), 3.06 (E2) and 3.81 
(E3). Also, we checked the Na : K ratio which was 
different in the experimental groups – 38.38 (E1), 

Table 3. Profile of the other indicators during the experiment 

Indicator (units) E1 E2 E3 P-value+

Urea (mmol/l) 3.91 ± 0.58 4.42 ± 0.79 4.45 ± 0.76 ns

Total proteins (g/l) 62.86 ± 4.37A 57.67 ± 9.08A,B 64.12 ± 3.68B ns*A;**B

Glucose (mmol/l) 5.88 ± 0.33 5.86 ± 0.26 5.50 ± 0.84 ns

AST (µkat/l) 4.60 ± 0.47 4.19 ± 0.43A 4.96 ± 0.70A ns***A

ALT (µkat/l) 0.14 ± 0.05A,B 0.21 ± 0.06A,C 0.28 ± 0.07B,C **A;***B;**C

CK (µkat/l) 4.48 ± 1.83 4.96 ± 1.80 4.82 ± 1.92 ns

ALT = alanine aminotransferase; AST = aspartate aminotransferase; CK = creatinine kinase; E1 = experimental group 1; 
E2 = experimental group 2; E3 = experimental group 3
+Within the same row, the means with the different letters differ significantly; *P < 0.05; **P < 0.01; ***P < 0.001; A,B,CThe 
significance between the individual groups

Figure 7. Blood urea concentrations during the training 
stages of the horses
E1 = experimental group 1; E2 = experimental group 2; E3 = 
experimental group 3

Figure 8. Blood total protein (TP) concentrations during 
the training stages of the horses
E1 = experimental group 1; E2 = experimental group 2; E3 = 
experimental group 3

Figure 9. Blood glucose (Glu) concentrations during the 
training stages of the horses
E1 = experimental group 1; E2 = experimental group 2; E3 = 
experimental group 3

Figure 10. Blood aspartate aminotransferase (AST) activ-
ities during the training stages of the horses
E1 = experimental group 1; E2 = experimental group 2; E3 = 
experimental group 3
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ing the training process. During the recovery phase 
– the Na, Cl, and Ca concentrations and TP values 
were still higher than the basal values (Lindinger 
et al. 1995). We also found a similar tendency in our 
samples except for chloride where no changes were 
observed.

Halo et al. (2009) observed that the concentrations 
of the minerals in sport horses during training was 
0.96 mmol/l for phosphorus, whereas, in our experi-
ment, it varied from 0.79 mmol/l to 0.96 mmol/l, 
which are both within the reference values for hors-
es. The same authors also observed magnesium 
concentrations of 0.26 mmol/l, where our samples 
varied from 0.94 to 1.08 on the other hand. The ref-
erence range for magnesium (Johansson et al. 2003) 
in the blood serum of horses is 0.69–1.08, thus, our 
samples are within the reference range.

In a different study by Halo et al. (2008), they 
measured the glucose concentrations during horse 
training and found values of 4.101  mmol/l and 
3.126 mmol/l in different groups. With a higher 
load, the glucose concentrations decreased to 
3.677 mmol/l and changed to 5.085 mmol/l in the 
last stage. In our experiment, higher concentrations 
were found compared to this study ranging from 
5.50 mmol/l to 5.88 mmol/l. In the same study, ala-
nine aminotransferase activities were also measured 
– ranging from 0.077 µkat/l to 0.142 µkat/l with 
an increased load. In our experiment, some higher 
values of 0.14 µkat/l to 0.28 µkat/l were found com-
pared to the increased load stages.

Octura et al. (2014) observed the elevation of blood 
creatine kinase and selected blood indicators after 
exercise in thoroughbred racehorses and found that 
the activity of creatine kinase was 2.75 µkat/l before 

An increasing tendency was detected during the ex-
periment which may have been caused by the chang-
ing water to urea ratio in blood during the training 
load. The total protein concentration significantly 
decreased in the samples from the second sample 
collection compared to the ones gathered after 
the first stage. The E2 group also had a significantly 
lower total proteins (TP) concentration compared 
to the E3 group. We did not spot any significant 
changes in the glucose concentrations over the du-
ration of the experiment. The same trend was ob-
served for the creatinine kinase. For the additional 
variables – the aspartate aminotransferase (AST) 
values significantly increased in the E3 samples 
compared to the E2 group. The alanine aminotrans-
ferase activities were the highest in the E3 group – 
significantly higher than the E1 and E2 groups; also, 
the E2 group had a significantly higher concentra-
tion than the E1 group (Table 3, Figures 7–12).

The animals did not suffer any injuries over the 
duration of the experiment that could have affected 
results.

DISCUSSION

The statement by McKeever et al. (1987) that the 
potassium concentrations in the plasma signifi-
cantly decreased during training differs from 
the values that we obtained. Nielsen et al. (1998) 
found that there was an increase in the calcium re-
tention in Quarter Horses and it proved beneficial 
in facilitating the bone remodelling process and 
overall skeletal growth. We also measured a signifi-
cant increase in the calcium concentrations dur-

Figure 11. Blood alanine transferase (ALT) activities 
during the training stages of the horses
E1 = experimental group 1; E2 = experimental group 2; E3 = 
experimental group 3

Figure 12. Blood creatine kinase (CK) activities during 
the training stages of the horses
E1 = experimental group 1; E2 = experimental group 2; E3 = 
experimental group 3
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the exercise and 9.50 µkat/l after the exercise. Our 
values do not correspond with those after training, 
as they were much lower in all the stages of the ex-
periment – ranging from 4.48 µkat/l to 4.96 µkat/l.

The average Ca : P ratio of horses is approximately 
3 : 1 in equine blood (Massanyi et al. 2014). In our 
experiment, the values ranged from 3.1 : 1 to 3.8 : 1 
which is slightly higher, but the measured values 
are within the reference ranges. A similar trend 
in the Na : K ratio, where the ratio is 34 : 1 in horse 
blood (Massanyi et al. 2014) was detected and, in our 
samples, it ranged from 33.3 : 1 to 38.3 : 1, where 
the measured values were within the reference rang-
es for horses. Changes in magnesium in the blood 
may be caused by muscular damage or by the dilu-
tion ratio of the water to magnesium in the blood 
(Massanyi et al. 2014).

Tyler-McGowan et al. (1999) found that the AST 
activity in their experiment significantly changed 
in the horses that underwent overload training 
only and they interpreted the results that they 
were due to the muscle damage. In our experi-
ment, a significant increase occurred in the AST 
activity in the E3 group compared to the E2 group. 
It has been stated that overtraining may be asso-
ciated with multiple types of injuries as well as 
prolonged fatigue and poor performance (Kibler 
et al. 1992). The creatinine kinase activity changes 
following training (muscular exercise) as well as af-
ter suffering muscle damage (Siciliano et al. 1995; 
Valberg et al. 1999; Balogh et al. 2001). In humans, 
the highest urea serum concentrations have been 
measured in the competitive phase when the per-
formance level is the highest (Manna et al. 2010). 
Most studies have shown that the increase in the TP 
in horses is a results of racing exercises, competi-
tions and training programmes (Rose et al. 1983; 
Art et al. 1990; Jablonska et al. 1991; Sommardabl 
et al. 1994; Dahalborn et al. 1996; Schott et al. 2006). 
The increase in the TP can be explained by a loss 
of the extracellular fluid, a decrease in the blood 
volume and haemoconcentration. All the con-
centrations of minerals were within the reference 
values over the entire duration of the experiment 
and the changes could have been caused by muscle 
work during the training. Jumpers tend to exceed 
the reference mineral values compared to recrea-
tionally used horses, most probably because of their 
metabolism and high stamina. This could be a rea-
son for the changes in the blood profile (Winnicka 
2011). Equine sweat is rich in potassium and pro-

fuse sweating can cause hypokalaemia. Also, the 
blood potassium might be diluted by the fatigued 
animals drinking water, who require a high water 
intake after a performance (Larsson et al. 2013). 
The TP values also increase with physical activity 
in show jumping horses and racing horses com-
pared to recreational horses (Szarska 2003). Thus, 
the changes in our horses’ blood can be caused 
by the higher training load.

The aspartate aminotransferase (AST) and ala-
nine aminotransferase (ALT) activities in our ex-
periment did not change too much from the control 
values and are  all within the reference ranges. 
AST and ALT are hepatic enzymes that indicate 
the proper function of the liver (Szarska 2003). 
Miglio et al. (2020) stated that long-term training 
has a significant effect on the metabolism. In their 
experiment, they found similar decreasing tenden-
cies in the blood sodium concentrations and an in-
creasing trend in the calcium concentrations that 
we did in our experiment. Generally, the measured 
values reached very similar values to the ones meas-
ured in our experiment.

In another experiment, an anti-inflammatory state 
in Arabian horses introduced to endurance train-
ing was observed. In their study, the total protein 
concentrations ranged from 62–70 g/l and were 
slightly increasing with an increasing training du-
ration, which is the same as in our experiment, 
where the values ranged from 57.67–64.12  g/l 
(Witkowska-Pilaszewicz et at. 2019a). In another 
study, Witkowska-Pilaszewicz et al. (2019b), stated 
that changes in the TP occur mostly in endurance 
horses, but not in race horses due to the total os-
molar increase in the plasma to remain constant 
during the plasma volume expansion due to training- 
induced hypervolemia. The TP levels were increas-
ing over the entire duration of the 7-month long 
training programme in endurance horses during 
the first training season. Our changes might have 
been caused by the current health state of the ani-
mals over the course of the experiment.

The goal of this study was to observe the effect 
of induced training stress on the equine blood pro-
file. Specific biochemical analyses were selected 
for the evaluation of the individual profiles. Using 
these techniques, we can conclude that multiple 
significant changes in the blood indicators were 
observed during the experiment.

From our results, it can be concluded that most 
of the physiological parameters, which confirm 
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the increased stress on a  horse’s organism and 
many of the parameters could possibly be increased 
due to the muscular work or muscular damage.

To summarize, it can be concluded that the train-
ing stress affects the physiological parameters 
of the blood. Multiple changes in blood profile can 
be caused by muscular work or even muscular dam-
age training. Especially the parameters of mineral 
profile which especially when depleted should be 
replenished in animals before additional training.

Conflict of interest

The authors declare no conflict of interest.

REFERENCES

Art T, Amory H, Desmecht D, Lekeux P. Effect of show 
jumping on heart rate, blood lactate and other plasma 
biochemical values. Equine Vet J Suppl. 1990 Jun;(9): 
78-82.

Balogh N, Gaal T, Ribiczeyne PS, Petri A. Biochemical and 
antioxidant changes in plasma and erythrocytes of pen-
tathlon horses before and after exercise. Vet Clin Pathol. 
2001;30(4):214-8.

Dahalborn K, Jansson A, Nyman S, Lindholm A. Effects of 
dehydration and hyperhydration on fluid balance in the 
exercising Standardbred horse. Equine Res Centrum. 
1996:52-7.

Halo M, Strapak P, Holly A, Mlynekova E, Kovalcik E, 
Horny M. Influence stress on the training process of the 
horses. J Cent Eur Agric. 2008 Apr 23;9(1):201-7.

Halo M, Holly A, Mlynekova E, Polyakova L, Horny M, Ko-
valcik E. Influence feeding and training on the metabolic 
profil sport horses. J Central Europ Agric. 2009 Nov 27; 
10(4):411-6.

Halo M, Tirpak F, Kovacik A, Komova P, Massanyi P. Cor-
relations between motility parameters and biochemical 
parameters of stallion spermatozoa. In: Animal physiol-
ogy; 2017 Jun 21–23; Stará Lesná: Slovak Academy of Sci-
ences. 2017. p. 76.

Hinchcliff KW, Geor RJ. Integrative physiology of exercise. 
In: Hinchcliff KW, Kaneps AJ, Geor RJ, editors. Equine 
sports medicine and surgery. Edinburgh, London: Saun-
ders Company; 2004. p. 3-8.

Jablonska EM, Ziolkowska SM, Gill J, Szykula R, Faff J. 
Changes in some haematological and metabolic indices 
in young horses during the first year of jump training. 
Equine Vet J. 1991 Jul;23(4):309-11.

Johansson AM, Gardner SY, Jones SL, Faquay LR, Reagan 
VH, Levine JH. Hypomagnesemia in hospitalized horses. 
J Vet Intern Med. 2003 Nov-Dec;17(3):860-7.

Jones EW. Scientific training. J Equine Vet Sci. 2005;25(7): 
320-1.

Kibler WB, Chandler TJ, Stracener ES. Musculoskeletal 
adaptations and injuries due to overtraining. Exerc Sport 
Sci Rev. 1992;20:1-99.

Kim JM, TaeYong K, Yoongjin C, Sejun O, Kabsu K, Bum-
Chul Y. The effect of horse riding simulator on energy 
expenditure, enjoyment and task difficulty in the elderly. 
Eur J Integr Med. 2016;8(5):723-30.

Kovacik A, Arvay J, Tusimova E, Harangozo L, Tvrda E, 
Zbynovska K, Cupka P, Andrascikova S, Tomas J, Mas-
sanyi P. Seasonal variations in the blood concentration 
of selected heavy metals in sheep and their effects on the 
biochemical and hematological parameters. Chemos-
phere. 2017 Feb;168:365-71.

Kovacik A, Tvrda E, Miskeje M, Arvay J, Tomka M, Zby-
novska K, Andreji J, Hleba L, Kovacikova E, Fik M, Cupka P, 
Nahacky J, Massanyi P. Trace metals in the freshwater fish 
Cyprinus carpio: Effect to serum biochemistry and oxida-
tive status markers. Biol Trace Elem Res. 2019 Apr;188(2): 
494-507.

Larsson J, Pilborg PH, Johansen M, Christophersen MT, 
Holte A, Roepstorff L, Olsen LH, Harrison AP. Physio-
logical parameters of endurance horses pre- compared to 
post-race, correlated with performance: A two race study 
from scandinavia. ISRN Vet Sci. 2013 Sep 18;2013:684353.

Lindinger MI, Geor RJ, Ecker GL, McCutcheon LJ. Plasma 
volume and ions during exercise in cool, dry; hot, dry; 
and hot, humid conditions. Equine Vet J Suppl. 1995 Nov; 
(20):133-9. 

Manna I, Khanna GL, Dhara PC. Effect of training on phys-
iological and biochemical variables of soccer players of 
different age groups. Asian J Sports Med. 2010;26(1): 
33-43.

Massanyi P, Stawarz R, Halo M, Formicki G, Lukac N, Cup-
ka P, Schwarcz P, Kovacik A, Tusimova E, Kovacik J. Blood 
concentration of copper, cadmium, zinc and lead in 
horses and its relation to hematological and biochemical 
parameters. J Environ Sci Health A Tox Hazard Subst 
Environ Eng. 2014;49(8):973-9.

McKeever KH, Schurg WA, Jarrett SH, Convertino VA. Ex-
ercise training-induced hypervolemia in the horse. Med 
Sci Sports Exerc. 1987 Feb;19(1):21-7.

Miglio A, Cappelli K, Capomaccio S, Mecocci S, Silves-
trelli M, Antognoni MT. Metabolic and biomolecular 
changes induced by incremental long-term training in 
young thoroughbred racehorses during first workout sea-
son. Animals (Basel). 2020 Feb 18;10(2):317.

https://www.agriculturejournals.cz/web/vetmed/


536

Original Paper	 Veterinarni Medicina, 65, 2020 (12): 528–536

https://doi.org/10.17221/102/2020-VETMED

Mlynekova E, Halo M, Marsalek M, Starostova L. Impact 
of training load on the heart rate of horses. Acta Fytotech 
Zootech. 2016;19(4):167-70.

Nielsen BD, Potter GD, Greene LW, Morris L, Murray-
Gerzik M, Smith WB, Martin MT. Response of young 
horses in training to varying concentration of dietary 
calcium and phosphorus. J Equine Vet Sci. 1998;18(6): 
397-404.

Octura JER, Kyung-Joo L, Woo CH, Vega RSA, Choi J, 
Park J, Shin T, Cho S, Kim B, Cho B. Elevation of blood 
creatine kinase and selected blood parameters after ex-
ercise in thoroughbred racehorses (Equus caballus L.). 
J Res Agri Ani Sci. 2014;2(5):7-13.

Rose RJ, Allen JR, Hodgson DR, Stewart JH, Chan W. Re-
sponses to submaximal treadmill exercise and training in 
the horse: changes in haematology, arterial blood gas 
and acid base measurements, plasma biochemical val-
ues and heart rate. Vet Rec. 1983 Dec;113(26-27):612-8.

Schott HC 2nd, Marlin DJ, Geor RJ, Holbrook TC, Deaton 
CM, Vincent T, Dacre K, Schroter RC, Jose-Cunilleras E, 
Cornelisse CJ. Changes in selected physiological and 
laboratory measurements in elite horses competing in 
a 160 km endurance ride. Equine Vet J Suppl. 2006 Aug; 
(36):37-42.

Siciliano PD, Lawrence LM, Danielsen K, Powell DM, 
Thompson KN. Effect of conditioning and exercise type 
on serum creatine kinase and aspartate aminotransferase 
activity. Equine Vet J. 1995;27(S18):243-7.

Sommardabl CS, Andrews FM, Saxton AM, Geiser DR, 
Maykuth PL. Alterations in blood viscosity in horses 
competing in cross country jumping. Am J Vet Med Res. 
1994 Mar;55(3):389-94.

Szarska E. Investigations of blood parameters for evaluation 
of health status and training effects in race and sport 
horses. AR Wroclaw. 2003:115.

Tyler-McGowan C, Golland L, Evans DL, Hodgson DR, Rose 
RJ. Haematological and biochemical responses to training 
and over training. Equine Vet J Supplement. 1999;31(S30): 
621-5.

Valberg SJ, Mickelson JR, Gallant EM, Macleay JM, Lentz L, 
De La Corte F. Excertional rhabdomyolysis in quarter 
horses and thoroughbreds: one syndrome, multiple aeti-
ologies. Equine Vet J Supplement. 1999 Jul;31(S30):533-8.

Winnicka A. Reference values of basic laboratory tests in 
veterinary medicine. SGGW Warszawa, Poland. 2011; 
5:136.

Witkowska-Pilaszewicz O, Baska P, Czopowicz M, Zmi-
grodzka M, Szarska E, Szczepaniak J, Nowak Z, Win-
nicka A, Cywinska A. Anti-inflammatory state in Arabian 
horses introduced to the endurance training. Animals 
(Basel). 2019a Aug 27;9(9):616.

Witkowska-Pilaszewicz O, Baska P, Czopowicz M, Zmi-
grodzka M, Szczepaniak J, Szarska E, Winnicka A, Cywin-
ska A. Changes in serum amyloid A (SAA) concentration 
in Arabian endurance horses during first training season. 
Animals (Basel). 2019b Jun 8;9(6):330.

Received: May 5, 2020 
Accepted: September 16, 2020

https://www.agriculturejournals.cz/web/vetmed/

	_Hlk55457142
	_Hlk55456808

