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The article shows the results of the study of biochemical blood indices in sports horses. It is shown that in
horses after exercise the metabolic syndrome is developing which is a result of insufficient supply of organs and tissues
of energy accompanied by development of dehydration, cytolysis syndrome, uremic syndrome, electrolyte imbalance.

Evaluation of cardiac output in horses must be performed during and after physical exertion, when latent
disease manifests itself clinically. It is important to know the ways of flowing the course of metabolic processes that
occur in the body of horses during physical activity of varying intensity. The most common reason for excluding
horses from sports events is metabolic disorders and cardiovascular dysfunction.

The aim of the work was to investigate changes in biochemical blood parameters in sports horses after
physical exertion. The material for research was horses, which are used in classical equestrian sports. In all
horses the general analysis and biochemical parameters of blood, characterizing the functional state of the
organs (heart, liver, kidneys) were investigated.

In horses for physical overstrain the most frequently the increased fatigue, dyspnea, tachycardia, and
less frequently arrhythmias are registered. In sport horses after exercise dehydration (hyperproteinemia), uremic
syndrome (increasing the concentration of urea and creatinine), cytolysis syndrome (activity increase of AST and
ALT), electrolyte imbalance (decrease in serum sodium and potassium) develop. Installed tests can serve for early
diagnosis of metabolic syndrome in horses for exercise.

Keywords: HORSES, METABOLIC SYNDROME, MYOCARDIAL DYSTROPHY, HEPATIC
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JIbBIBCHKHI HAITIOHAJIBHUH YHIBEPCUTET BETEPUHAPHOI METUIIMHH
Ta 6iotexnouoriii imeni C. 3. I>kuipkoro,
By [lekapceka, 50, M. JIpBiB, 79010, Ykpaina

Y cmammi nposedeno ananiz pesyiomamie 00CAiONCeHHS OIOXIMIUHUX NOKAZHUKIE KDOGL Y CNOPMUG-
Hux xoneu. I[lokazano, wjo 6 KoHell nicin QizuuHO20 HABAHMAICEHHS PO3BUBAEMbCSL MEMAOONTUHUL CUHOPOM,
SAKULL € Pe3VIbIMamom Hed0CMamub020 3a0e3neueHHs. Opeania i MKAHUH eHepeielo, Wo CYNPOBOOINCYEMBCIL PO3-
BUMKOM Oe2iopamayii, CUHOPOMY YUMOII3Y, YPEMIYHO20 CUHOPOMY, OUCOANAHCY eleKMPOIMIE.

OyinKy BYHKYIOHAILHO20 CIAHY cepysi 8 KOHEl HeOOXIOHO GUKOHY8amu Nid Yac ma nicis QizutHo2o
HABAHMANCEHHS, KONU IAMEeHMHULL nepedie 3aX80PI06aHHsL NPOSIGISEMbCA KITHIUHO. Basicnueum € 3sHanus winsaxie
nepebicy memabonuHUX NPOYeECi, K 8I00YEAIOMbCSL 8 OP2AHIZMI KOHell Ni0 4ac (hi3UUH020 HABAHMAICEHHSL PI3HOT
inmencuernocmi. Hauibinbuw nowupenor nputuHoio 8UKIIO4eHHsl KOHel 31 CHOPMUGHUX 3MA2AHb € MeMabONIYHI pO3-
1a0u ma cepyeso-CyOUuHHAa OUCHYHKYIs.

Memoro pobomu 6yn0 docrioumu 3minu OIOXIMIYHUX NOKA3HUKIE KPOGI Y CNOPMUBHUX KOHel NICIA Qi3uy-
HO20 HasaumadicerHs. Mamepianom 0ns 0ocniodcetb 6V KOHI, o BUKOPUCTHOBYIOMbCA Y KIACUUHUX GUOAX KiH-
HO20 cnopmy. B ycix kouetl 00Cciioxncyeanu 3a2anbHull aHaiz ma OI0XIMIYHI ROKAZHUKY KPOBI, SIKi XapaKmepusyonbs
DYHKYIOHATLHULL CMAH 0p2anis (cepysi, NEeYiHKU, HUPOK).

Haituacmiwe y xoneil 3a izuunozo nepempenygants peecmpyemucst nioGueHa GmomI08anicms, 3a-
OuwIKa, NOMIPHA Maxikapois, piowe — apummii. Y cnopmuerux Koneti nicist pisutuH020 HAGAHMANCEHHS PO36U-
sacmucs Oeciopamayis (einepnpomeinemis), ypemiunul cuHOpom (RiO8ULeHHSI KOHYEHMPAYii cevos8unu ma Kpe-
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amuHiny 6 cuposamuyi Kpoei), cunopom yumonisy (einepgepmenmemis AcAT i AnAT), oucobanamnc efzekmpommze
(BHUDICEHHS 8 CUPOBAMYT KPOBI 6MICHY HAMPIIO | Ka/zzro) Bcemanosneni mecmu modcymu cryeysamu 05 pauHboi
OlazHOCIUKYU MeMAOONIYHO20 CUHOPOMY 8 KOHell 3a I3UUH020 nepempeHy8anHsi.

Kmouosi c;ioa: KOHI, METABOJITMHUIA CUHJIPOM, MIOKAPIIOAVCTPO®IS, ITEYIH-
KOBHIA TA HUPKOBUI TECTH, EJIEKTPOJIITHUI JIUCBAJIAHC, ®I3MYHE HABAHTAXKEHHS

METABOJMYECKHWA CUHJPOM B JIOIIATEN ITPU ®U3NYECKON HATPY3KE
(KPUTEPUU JTUAT'HOCTHUKN)
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JIbBOBCKUI HAlIMOHAJIBHBIA YHUBEPCUTET BETEPUHAPHON MEIULIMHBI
u onorexnooruii umenu C. 3. I'xuikoro,
ya. Ilekapckas, 50, r. JIeBoB, 79010, Ykpauna

B cmamve nposeden ananus pe3yivmamos ucciedo8anus OUOXUMUYECKUX NOKA3ameiell Kposu y CHOpMuUG-
Houlx 1owaoel. Tloxkazaro, ymo y aouadeti nocie u3u4ecKoll Haspy3Ku pa3eUeaemcs MemaborudecKull CUHOpoM,
KOMOpbIll ABNAEMCA pe3)lbMamom He00CMAamoyHo20 obecneyerusl OpeaHo8 U MKaHell SHepeUetl, CONpPoBOHCOAemcs
passumuem de2udpamayuit, CUHOPOMA YUMoau3d, YyPemuieckoeo CUHOpoma, OUcOananca aneKmpoaumos.

Oyenky QyHKYUOHAbHO20 COCMOSIHUA Cepoya Y 10uadetl HeoOX00UMO GbINONHAMb 60 BPeMs U nocie usu-
YecKoU Hazpy3Ku, Koeoa J1amenmHoe meyeHue 3a001e8aHUll npoasiaemcs KiuHuvecku. Hemanosascuovim agnaems-
€A 3HAHUe nymeti meveHus MemadoIUudeckKux npoyeccos, KOmopbvie NPoUCXo0sam 6 Opeanusme aouaoell 60 8pems
Qusuyeckoll HaspysKu pazniudHoU unmencusnocmu. Haubonee pacnpocmpaneniou npuduHol UCKioueHus 1oumaoeti
U3 CHOPMUBHBIX COPEBHOBAHULL ABTAIOMCS MemaboIu4ecKue paccmpotcmead U cepoetHo-coCcyOUCmas OUCHYHKYUA.

Lenvio pabomol ObLIO UCCIE008aMb UBMEHEHUS OUOXUMUYECKUX NOKA3amenel KPOo8U 8 CHOPMUBHBIX J10-
waoeti nocae gusudeckoll Hazpysxku. Mamepuanom 051 UCCAE008AHUL ObLIU TOUWAOU, KOMOPbLLE UCTONb3YIONICSL
8 Kllaccuueckux 8udax KOHHo2o cnopma. Bo ecex nowadeii ucciedosanu obwuti ananus u 6uoxumudecKue noxa-
3amenu Kposu, xapakmepusyroujue QyHKYUOHAIbHOe COCMOsAHIUe 0OP2aH08 (cepoya, neyetu, noyex).

Haubonee yacmo 6 nowadeti npu guzuneckom nepeHanpaiceHul pecucmpupyemcst NO8bIULEHHAS. YIMOMIIs-
eMoCmb, 00bIUKA, YMEPEHHAS, MAXUKApOUs, pedxce apummuu. B cnopmuenbix nowadeti nocie ghusuueckou Hazpy3ku
passusaemcs 0e2uopamayust (CUNepRpoOmeuHemMusl), ypemuuecKuli CUHOpom (nogblueHue KOHYeHmpayuy MoYeaUuHbl
U KpeamuHUuHa 8 CblBOpomKe Kposu), cunopom yumonusa (cunepgpepmenmemuss AcAT u AnAT), oucbanarc anexmpo-
JIUMO8 (CHUICEHUE 8 CLIBOPOMKE KPOBU COOEPIHCAHUS HAMPUA U KaUs). YCmaHo8ieHHble mecmbl MO2YM CIYHCUMb
07151 panuell OUASHOCMUKU MemaboIUYecKo20 CUHOpoMAa y 1omaoell npu uzuieckom nepenanpi’ceHun.

Ktouesbie ciiosa: JIOIIA TN, METABOJTMYECKUI CUHIPOM, MUOKAPIUOIUCTPO-
®US, TTEYEHOYHBIN Y [TOYEYHBIN TECTBL, MJIEKTPOJIUTHBIN TUCBAJIAHC, ®U3NYE-
CKASI HATPY3KA

The combination of the cardiovascu- tions, a stable energy requirement is accompanied
lar system diseases and metabolic disorders in by metabolic disorders, and that causes dysfunc-
the humane medicine has been known since tion of the cardiorespiratory, endocrine and neuro-
the 1940s. In the 1980s, this combination was muscular systems [9, 29].
determined by the term of the metabolic syn- The most common reason for excluding
drome, which was included in the group of met- horses from sport competitions is colic [8], while
abolic risk factors that occur simultaneously other researchers have found that the main cause
in one patient. Nowadays the term “metabolic is metabolic disorders and disfunction cardio-
syndrome” is common in the medical literature, vascular system [35].
but there are minor devergence about diagnos- Active muscular activity promotes hyper-
tic criteria [25]. trophy of the heart muscle. However, with the max-

The physical activity of horses requires imum muscular load, the increased use of adenos-
energy for a long time [34]. Under such condi- ine triphosphate occurs, and the rate of supply with
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substrates and oxygen is insufficient. The reason
for the development of myocardial dystrophy is the
inconsistency between the energy expenditure in
the functioning structures of the myocardium and
their restoration, caused by significant increase in
energy costs. According to the hypoxic theory, the
pathological theory is caused by oxygen deficiency,
and the neurodegenerative process connects myo-
cardial dystrophy with the hypoxic effect of excess
catecholamines [15].

However, due to physical activity, the elec-
trolyte imbalance develops, as a result of which
the processes of cellular respiration, oxidative
phosphorylation and transmembrane exchange of
cations are disturbed, which leads to a decrease in
the formation of energy in the myocardium and the
effectiveness of its use by functioning structures of
the heart muscle [33]. Due to energy deficiency the
myocardial dystrophy caused by metabolic disor-
ders develops, which leads to the dystrophy and
dysfunction of the heart muscle, accompanied by
a disorder of electrical and metabolic processes in
it [6]. The development of electrophysiological and
functional dysfunction of the myocardium is caused
by cellular acidosis, local inflammation and peroxi-
dation, violation of ionic equilibrium, decrease
in the synthesis of adenosine triphosphate [4].

Evaluation of the horse’s heart functional
state must be done during and after activity, when
the latent course of the disease manifests itself
clinically. It is important to know the ways of the
metabolic processes flow that occur in a horse body
during physical activity of different intensity [1].

The result of insufficient provision of
physiological needs of tissues and organs during
physical activities is a metabolic crisis, which can
be manifested by fatigue, dehydration, oxidative
or thermal stress [35, 20].

During physical activity the parameters of
homeostasis change in horses, in particular their
biochemical blood profile (electrolytes and acid-
base balance) [3].

A number of studies have been conducted
in to investigate changes in hematological param-
eters in horses’ blood during physical activity [11,
23]. However, studies concerning horses excluded
from the competition because of the metabolic dis-
orders due to physical exertion are not adequately
covered [8]. Therefore, the purpose of our work
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was to investigate changes in biochemical blood
parameters of sport horses after physical activities.

Materials and methods

50 horses used in the classic equestrian
sport of Ukrainian warmblood horses (n=20), Ha-
noverian (n=15) and Westphalian (n=15) breeds
horses were included into our research. Among
the experimental animals there were 25 mares,
9 stallions and 16 geldings. The average age of
horses was 8.4+0.71 (3.5-16.0), the weight was
479.448.54 kg (350-605 kg).

The daily diet of horses included: mead-
ow grass (6 kg), oats (6 kg), wheat bran (2 kg),
three times per day. Salt and water were available
without restrictions.

The horses were examined clinically:
the internal body temperature was measured, the
pulse and respiration rate were counted, the heart
auscultation was performed, the color of the mu-
cous membranes and the time of capillaries fill-
ing were determined.

For all horses, a general analysis and bio-
chemical blood indices were analyzed, character-
izing the functional state of the organs (heart, liver,
kidneys). Mares were not enceinte. All horses were
dewormed and vaccinated, were in the same con-
ditions of detention.

Studies were carried out immediately
before physical activities and immediately after-
wards. The duration of medium intensity of regular
training was 1 hour: walk — 5 min; rising trot —
10 min; walk — 5 min; sitting trot — 10 min;
walk — 10 min; gallop with transition to a walk —
10 min; walk — 10 min.

Blood samples of horses were taken
from the jugular vein using injection needles
@ 16x40 mm into tubes (10 ml; Vacutest, Italy)
without anticoagulant. The analysis of blood
samples was carried out in the laboratory of the
Department of Internal Animal Diseases and
Clinical Diagnosis of Lviv National University of
Veterinary Medicine and Biotechnologies named
after S. Z. Gzhytsky.

To obtain blood serum, the tubes were
centrifuged at 3000 rpm for 10 minutes. The con-
centration of total protein, albumin, total bilirubin,
glucose, urea, creatinine, total calcium, inorganic
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phosphorus, magnesium, activity of aspartate
aminotransferase (AST), alanine aminotransfer-
ase (ALT), alkaline phosphatase (AP) and gam-
ma-glutamyl transpeptidase (GGT) in the serum
were determined using an automatic biochemical
analyzer Mindray BS-120 (China) with reagents
PZ Cormay S.A. (Poland). The content of potas-
sium and sodium in the horses’ serum was deter-
mined on a semi-automatic biochemical analyzer
BioChem SA (USA) using reagents High Tech-
nology Inc., Production RD Walpole (USA).
Mathematical analysis of the obtained re-
sults was carried out using software Microsoft Of-
fice Excel by means of conventional methods of
variation statistics with estimation of the mean (M),
its error (m), the probability by the Student’s #-test.

Results and discussion

Most frequently increased fatigue, dys-
pnea, mild tachycardia (46.44+1.20 beats per
minute, 36—68 beats per minute) were observed
in horses during physical activity, less frequently
arrhythmias (sinus arrhythmia, supraventricular
extrasystole) were observed.

The determination of total protein, albumin
and globulin content allows determine the status
(index) of body hydration, protein loss, or reduction
of its synthesis [27]. Studies of humans and dogs
have shown that protein is not an important energy
substrate during physical activity. For horses the
role of protein during physical activity is unknown,
but it is assumed that carbohydrates and fat oxida-
tions predominate in energy supply [26].

Serum total protein level horses of all
breeds before physical activity was on the same
level (table 1). After physical activity, the protein
level increased in the blood of sport horses from
three research groups, obviously, that is the result
of dehydration. It was especially evident among
horses of the Hanoverian (P<0.01) and Westphalian
(P<0.05) breeds, while the horses of the Ukrainian
warmblood horses had only a tendency of increas-
ing (table 1). Significant dehydration was observed
in for horses that were excluded from the com-
petition due to the metabolic crisis [3, 10]. After
physical activity the content of albumin increased
in blood of all research groups, but a significant dif-
ference was established only in the animals of the
Hanoverian breed (P<0.05; table 1).

Table 1
Biochemical parameters of blood serum sport horses before and after exercise
Breeds Groups n Total protein, | Albumins, | Total bilirubin, | Glucose, Urea, Creatinine,
of horses g/L g/L umol/L mmol/L | mmol/L umol/L
Ukrainian |Before exercise | 20 | 61.3£1.22 | 37.840.78 | 24.1+2.14 | 5.5+0.22 | 5.3+0.22 | 132.8+£5.42
warmblood | After exercise | 20 | 63.8+1.61 | 38.0+0.56 | 29.4+2.44 | 52+0.21 |6.2+0.28* | 162.3+5.91**
Hanoverian Before exercise | 15 | 60.9+0.95 | 36.2+0.84 | 28.1+1.76 | 5.5£0.13 | 5.6+0.16 | 127.7+6.86
After exercise 15 | 66.3£1.34** | 39.4+0.68* | 29.1+1.81 | 5.3+0.11 | 5.9+0.28 | 145.4+4.09*
Westphalian Before exer.cise 15 | 61.2+1.55 | 38.7£0.96 | 26.6+1.24 | 5.6+0.15 | 5.1£0.20 | 123.4+3.88
After exercise 15 | 67.1£2.07* | 39.240.44 | 32.541.69* | 5.240.11%* | 5.6+0.15%* | 165.2+4.95%***

Note: here and in the next table * — P<(.05; ** — P<0.01; *** — P<0.001 compared to exercises.

The concentration of total bilirubin in se-
rum of horses after physical activity increased.
In horses of the Ukrainian warmblood horses —
on 22 %, the Hanoverian — 3.5 % compared to
the parameters before physical activity, and on
22.2 % (P<0.05) in the Westphalian breed (table 1).
An increase in concentration of bilirubin in horses
after physical activity may be the result of the
development of cholestasis, which is obviously
due to dyskinesia of the biliary tract during ex-
ercise [12], prooved by the tendency to the in-
creased level of AP and GGT in serum of all
research groups (table 2).
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The gamma glutamine transferase (GGT)
is considered to be a marker of oxidative stress [16,
37], which is a key in the development of metabolic
imbalance [7, 17]. The oxidative stress developed
[5, 14] in horses with a low training level during
physical activity and an increased GGT serum level
is the result of insufficient training of horses [21].

Serum glucose concentration tended to
decrease in all experimental groups of animals
after physical activity (table 1). In horses of the
Ukrainian warmblood horses, its blood concentra-
tion decreased on 5.4 %, Hanoverian — by 3.6 %.
In horses of the Westphalian breed the blood glu-
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Table 2
Activity of enzymes of blood serum sport horses before and after exercise
Breeds Groups n AST, U/L ALT, U/L AP, U/L GGT, U/L
of horses
Ukrainian Before exercise 20 257.2+10.12 6.4+0.54 112.2+£8.37 13.5+0.90
warmblood After exercise 20 | 300.0+16.01* 7.3+1.05 116.5+9.69 14.2+1.25
. Before exercise 15 257.2+7.01 5.5+0.34 111.3+£5.55 11.0+0.73
Hanoverian :
After exercise 15 | 292.9+£8.13%** 6.5+0.45 120.3+6.60 12.240.95
. Before exercise 15 259.7+11.27 5.24+0.35 106.9+5.01 12.8+0.75
Westphalian -
After exercise 15 | 302.5+6.89** 8.7+0.95** 109.2+7.60 13.8+1.21

cose concentration was reduced by 7.1 % (P<0.05)
after physical activity, compared to the values be-
fore the activity (table 1).

Determination of urea and creatinine blood
concentration is used to assess glomerular filtra-
tion of the kidneys [2]. For horses of the Ha-
noverian breed, the urea content tended to in-
crease (by 5.4 %), while in horses of the Ukrai-
nian warmblood and Westphalian breeds it was
increased significantly on 17.0 % (P<0.05) and
9.8 % (P<0.05; table 1).

The creatinine concentration in the blood
of horses of three research groups increased after
physical activity: horses of the Ukrainian warm-
blood horses on 22.2 % (P<0.01), Hanoverian —
13.9 % (P<0.05) and Westphalian breeds on 33.9 %
(P<0.001; table 1).

Creatinine is a metabolite of creatin found
in high concentrations in tissues that have a high
energy demand, including skeletal muscles (98 %
of the total body creatin pool) [27, 30].

Physical activity causes an increase in the
level of free oxygen radicals [32] that have a vaso-
constrictive effect, reduces the rate of glomerular
filtration by direct inactivation of cyclooxygenase
in epithelial cells [22]. Physical activity also leads
to an increase in the content of endothelin, catechol-
amines, angiotensin II, cytokines [32] that release
mediators, which promote the development of kid-
ney ischemia [30] and the development of acute
renal failure [13]. So, in terms of physical activity,
glomerular filtration of the kidneys is disturbed
in horses, and the uremic syndrome develops.

According to the results of our study sport
horses have significantly increased serum activity
of AST after physical activity: Ukrainian (P<0.05),
Hanoverian (P<0.001) and Westphalian (P<0.01;
table 2) breeds. Serum level of ALT also tended
to increase after physical activity in horses of the
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Ukrainian warmblood and Hanoverian breeds
(table 2), whereas in Westphalian horses the in-
crease was significant (7.8 %; P<0.01).

The increased activity of AST and ALT in
serum of horses is directly related to a violation of
the permeability of the muscle cell membranes,
it can be registered in case of myopathy during
physical activity. However, the enzymes activity in
the horses’ blood depends on the level of physical
preparation, intensity and duration of the load [36].

It is possible that the increase in activity
of AST in the blood serum of horses after physi-
cal activity can be the result of a violation of the
permeability of the membranes of cardiomyocytes
due to damage to the myocardium [31].

Our previous studies have established [18]
that the total calcium and inorganic phosphorus
serum content in horses after a moderate-intensity
activity tended to decrease. Physical activity of
sport horses did not affect the exchange of magne-
sium in blood.

In sporting horses, after exercise the na-
trium blood serum content significantly decreas-
es: in Ukrainian warmblood on 5.6 % (P<0.05),
Hanoverian — 9.2 % (P<0.01) and Westphalian
breeds on 13.3 % (P<0.001). The potassium se-
rum content in the Hanoverian horses after the
physical activity had the tendency to decrease
(on 8.5 %), whereas in the horses of the Ukrai-
nian warmblood and Westphalian breeds the de-
crease was significant on 10.5 % (P<0.05) and
19 % (P<0.01), respectively. Obviously that af-
ter physical activity, the reduction of sodium and
potassium in serum of horses is due by the loss
of electrolytes with sweat, which also causes the
development of electrolyte disbalance [18].

During activity in horses with metabolic
imbalance, factors that are not related to feeding are
more important. These include the loss of electro-
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lytes with sweat, resulting in a violation of the neuro-
muscular transmission, and loss of water with sweat
(dehydration) causes hemodynamic disturbances
and impares supply of the oxygen and substrates,
to the heart muscle [17]. At the same time, the loss
of water and electrolytes leads to the development
of progressive metabolic alkalosis [19, 24, 28].
The results of our studies showed that an
increase in the total protein content (dehydration),
urea and creatinine (a violation of the functional
state of the kidneys, which is characteristic of de-
velopment uremic syndrome), a decrease in sodi-
um and potassium levels (electrolyte imbalance),
an increase in AST activity (cytolysis syndrome)
can serve for early diagnosis of metabolic syn-
drome in horses during physical activity.

Conclusions

1. Horse’s metabolic syndrome is the re-
sult of insufficient provision of organs and tissues
with energy, accompanied by the development
of dehydration, cytolysis, nephrotic syndrome,
electrolyte imbalance.

2. Sport horses have dehydration (hyper-
proteinemia), uremic syndrome (increased urea
and creatinine concentration), cytolysis syndrome
(increased activity of AST and ALT) after physi-
cal activity.

3. The serum levels of sodium and po-
tassium in horses decrease after physical activity
due to the loss of electrolytes with sweat and the
development of electrolyte imbalance.

Perspectives for further research. De-
velop and test circuit correction of metabolic syn-
drome in sport horses for exercise. The focus will
be on the positive effects of cardioprotectors.
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