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Streszczenie
Tytul pracy: Parametry przydatne w ocenie zmian powysilkowych u psow rasy

whippet w treningu sportowym.

Wraz ze wzrostem popularno$ci psow rasy whippet w Polsce, rosnie liczba pséw sportowych
uprawiajacych wyczynowo wyscigi terenowe za wabikiem (ang. coursing). Do tej pory nie
opracowano jednak metod oceny przygotowania treningowego psow trenujacych te
dyscypling. Celem przeprowadzonych badan byto okreslenie mozliwosci wykorzystania
parametréw oznaczanych rutynowo u koni wyczynowych do oceny zmian powysitkowych i
postepow treningowych u whippetdéw trenujacych coursing. Ponadto, poszukiwano nowych
parametrow, Ktore moga by¢ przydatne w ocenie wydolnosci i przystosowania whippetow
do wysitku. Badaniami objeto whippety regularnie trenujace coursing oraz whippety,
nieuprawiajgce tego sportu. Podczas sesji treningowych, w ktorych psy gonily wabik w linii
prostej oraz po torze coursingowym, wykazano przydatno$¢ pomiaru stgzenia kwasu
mlekowego we krwi do oceny wytrenowania psow 1 intensywnosci wysitku. Wykazano, ze
w obrazie morfologicznym krwi zachodza podobne jak u ludzi 1 koni wyczynowych zamiany
spowodowane wysitkiem. Potwierdzono, ze testy wysitkowe oparte na zmianach we krwi
stosowane u koni wyczynowych sg odpowiednie rowniez dla pséw rasy whippet i moga by¢
interpretowane w ten sam sposob. Niektore parametry, takie jak pomiar liczby uderzen
serca/minut¢ z uzyciem stetoskopu okazaly si¢ nieprzydatne. Poszukujac nowych
parametréw, zmieniajacych si¢ pod wptywem treningu, przeprowadzono analize profilu
metabolomicznego krwi pséw trenujacych i nietrenujacych, ktéra wykazata istotne réznice
pomiedzy grupami, dotyczace przede wszystkim profilu trigliceryddw, co moze okazac si¢
przydatne przy planowaniu i analizowaniu diety tych pséw. Przeprowadzono réwniez
badanie okulistyczne psdéw trenujacych, ktoére pozwolito okresli¢ rodzaj, czgsto§¢
wystepowania choréb narzadu wzroku. Zmiany okulistyczne nie miaty jednak istotnego

wplywu na osiggane przez psy wyniki podczas zawodow.

Stowa kluczowe: whippet, coursing, badania wysitkowe, zmiany powysitkowe, kwas

mlekowy, metabolomika, zmiany okulistyczne






Summary
Title: Parameters useful in the assessment of exercise-related changes in
Whippet dogs training for sports

With the increasing popularity of Whippet dogs in Poland, the number of dogs practicing
coursing on professional level is growing. So far, no tests have been developed to evaluate
the sport level of dogs practicing this discipline. The aim of the thesis was to determine the
possibility of using parameters routinely measured in performance horses to assess the
exercise-related changes and training progress in coursing Whippets. In addition, new
parameters were searched for to be considered as useful in assessing the performance and
adaptation of Whippets to exercise. The research included Whippets that regularly practiced
coursing and Whippets that did not practice this sport. During a training session, when the
dogs chased the lure in a straight line, as well as on a coursing track, the usefulness of
measuring the concentration of lactic acid in the blood for assessing the dogs' training level
and exercise intensity was demonstrated. It has been shown that hematological changes
caused by exercise are similar to those observed in humans and performance horses. It has
been proved that blood-based exercise tests designed for performance horses are suitable
also for Whippets and can be interpreted the same way. Some parameters, such as measuring
the number of heartbeats/minute using a stethoscope, turned out to be unhelpful. Searching
for new parameters that change under the influence of training was based on the analysis of
the blood metabolomic profile in training and non-training dogs. The analysis has shown
significant differences between the groups, mainly regarding the triglyceride profile, which
may prove useful when planning and analyzing the diet of these dogs. An ophthalmological
examination of training dogs was also carried out, which allowed to determine the type and
frequency of eye disorders. Ocular pathologies defined in training dogs did not significantly

affect the dogs' results during competitions.

Key words: Whippet, lure-coursing, exercise tests, post-exercise changes, blood lactate,

metabolomics, ophthalmology
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Wykaz skrotow

ADP - adenozyno-5’-difosforan

ATP — adenozynotrifosforan

BARF ( biologically appropriate raw food/ bones and raw food) — model zywienia zwierzat,
oparty na surowym migsie 1 kosSciach, uzupelionych odpowiednimi dodatkami i
suplementami

BOAS (brachycephalic obstructive airway syndrome) — syndrom ras brachycefalicznych

CK — kinaza keratynowa

ECVO (European College of Veterinary Opthalmologists) — Europejskie Kolegium Okulistow
Weterynaryjnych

FC (fold change) — bezwgledna wielokrotno$¢ zmian

FCI (Fédération Cynologique Internationale) — Migdzynarodowa Federacja Kynologiczna

GGT - gamma-glutamylo-transferaza

HCT- hematokryt

HR (heart rate) — liczba uderzen serca na minute

IQR- przedzial migdzykwartylowy

LA (lactic acid) — kwas mlekowy/mleczan

MCYV (mean corpuscular volume) — $rednia obj¢tos¢ krwinki czerwonej

MS — spektrometria mas

NMR — spektroskopia magnetyczna rezonansu jagdrowego

P50 — ci$nienie parcjalne tlenu, przy ktorym hemoglobina wysycona jest tlenem w 50%

PRA (progressive retinal atrophy) — postepujacy zanik siatkowki

RBC (red blood cells) - erytrocyty

T3 - trijodotyronina

T4 — tetrajodotyronina/ tyroksyna

TG — triglicerydy

WBC (white blood cells)- leukocyty

VCO- - objetos¢ wydychanego dwutlenku wegla

VD (vitreous degeneration) — zwyrodnienie ciata szklistego

VHS (vertebral heart size) — wspotczynnik pomiaru wielkoéci serca wzgledem krggow
piersiowych

VO - objetos¢ wdychanego tlenu

VO2max— pulap tlenowy
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1. Wstep

1.1 Whippety - historia i charakterystyka rasy

Psy rasy whippet angielski nalezg do grupy chartow, grupa 10 wg Mi¢dzynarodowej
Federacji Kynologicznej (FCI - fr. Fédération Cynologique Internationale). Ich historia
zaczeta sie w XIX wieku w Wielkiej Brytanii, a wigc znacznie podzniej niz innych
przedstawicieli tej grupy, znanych juz w starozytnym Egipcie i Cesarstwiec Rzymskim. Rasa
powstala na uzytek brytyjskich goérnikéw i robotnikéw, ktorzy potrzebowali szybkich i
zwinnych psow mysliwskich, ktorych ofiarami byty gtdownie gryzonie i lisy. Idealne w tej
sytuacji okazato si¢ polaczenie psow rasy greyhound z miejscowymi terierami. Uzyskano
tym samym S$rednich rozmiaréw psy, taczace atletycznos¢ budowy i przystosowanie do
biegu, jednoczes$nie tansze w utrzymaniu od swoich wigekszych kuzynéw, ktorzy byli
ponadto  zarezerwowani dla elit 1 wyzszych sfer. Stopniowo  zaczeto
wykorzystywac pierwsze whippety nie tylko do pracy, ale i dla rozrywki, m.in. polowan na
kroliki na otwartych przestrzeniach, jak i na zamknietym ringu. W XX wieku zwiazki
kynologiczne w kolejnych panstwach zaczely uznawa¢ whippety jako rase 1 prezentowac ja
na swoich wystawach. Pierwszy miot whippetéw w Polsce przyszedt na §wiat w 1967 roku,
a obecnie nasz kraj uznawany jest za jednego z najwigkszych eksporteréw szczeniat tej rasy
na §wiecie.

Wedlug migdzynarodowego wzorca rasy FCI, chart angielski whippet reprezentuje
harmonijne potaczenie mocy migsni z gracja oraz elegancjg sylwetki. Wazne jest
zachowanie odpowiednich proporcji, bez przejawow przesady w budowie ciata (Fot. 1 i 2).
Charakteryzuje je niezbyt szeroki front, dlugi szeroki i zwarty grzbiet, bardzo pojemna
klatka piersiowa, silne muskularne lgdZwie i ogon zazwyczaj lekko zawinigty pod brzuchem,
jedynie w ruchu zagiety ku gorze, ale nigdy powyzej linii grzbietu. Reasumujac, jest to rasa
stworzona do szybkiego biegu i pracy polegajacej na polowaniu na zwierzeta, gtdwnie na
otwartych przestrzeniach. Wzorcowa wysoko$¢ w kiebie to dla suk 44-47cm, a dla pséw 47-
51cm. Masa ciala nie jest okre$lona w standardzie rasy, zazwyczaj waha si¢ miedzy 10 a 15
kg. Wzorzec dopuszcza wszelkie rodzaje umaszczenia, zarowno jednolite jak i barwne
[https://www.zkwp.pl/wzorce/162.pdf].

Whasciciele whippetow przypisujg swoim psom ,,dwa oblicza”. Z jednej strony sg to
psy o sportowej sylwetce, stworzone do biegu, z drugiej sa bardzo wrazliwe i delikatne,
skore do glaskania i pieszczot. Sprawia to, ze sprawdzajg si¢ jako psy rodzinne i dobrze

odnajduja si¢ nawet w niewielkim mieszkaniu, o ile zapewni im si¢ odpowiednig ilo$¢
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aktywnosci fizycznej. Psy tej rasy osiggaja dobre wyniki w dyscyplinach kynologicznych
takich jak coursing, flyball czy dogfrisbee. Krotka sier$¢ nie wymaga strzyzenia, jednak w
polaczeniu z matla iloscig tkanki tluszczowej, nie zapewnia utrzymania odpowiedniej

temperatury ciata w zimnych porach roku.

Fot. 1 i 2. Portret whippeta oraz zdj¢cie wykonane z boku, ukazujace cechy opisane w

podrozdziale 1.1. Fot. Aleksandra Kotowska, udostepniono za zgoda autorki.

1.2 Whippety - fizjologia i zdrowie

Wsrdd cech fizjologicznych typowych dla chartow wyrdzni¢ mozna wyzsze warto$ci
parametrow erytrogramu: liczbg erytrocytow oraz warto$¢ hematokrytu, wyzsze stezenia
kreatyniny i troponiny, aktywnosci enzymoéw watrobowych oraz wyzszy wspotczynnik
filtracji kigbuszkowej. Nizsze natomiast sg wartosci parametrow takich jak liczba
leukocytow, neutrofili, ptytek krwi oraz stgzenia haptoglobiny, globulin oraz
tetrajodotyroniny/tyroksyny (T4) i trijodotyroniny (T3) [Zaldivar-Lépez i et al. 2011;
Uhrikova et al. 2013]. Ponadto u whippetéw normy wymiaréw rzutu serca w obrazie
radiologicznym  klatki piersiowej (wg. Buchmana), wyrazone odniesieniem do
liczby kregow piersiowych (VHS, ang. -vertebral heart size) sg wyzsze od norm wymiaréw

serca dla innych ras pséw. R6znica ta wptywa na warto$ci charakteryzujace elementy zapisu
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echokardiograficznego, ktore czgsto wykraczaja poza zakres uznawany za prawidtowy dla
innych ras pséw [Bavegems et al. 2007]. Gieboka klatka piersiowa i minimalna ilo$¢ tkanki
thuszczowej sprawia, ze psy tej rasy wymagaja szczegolnej uwagi w przypadku znieczulenia.
Ponadto opisuje si¢ u nich uposledzone mechanizmy biotransformacji lekow w watrobie, co
moze prowadzi¢ do wydluzenia czasu wybudzania po zastosowaniu lekdéw takich jak
barbiturany i tiobarbiturany [Bell et al. 2013].

Rasa ta uznawana jest za cieszacg si¢ dobrym zdrowiem, a lista chordb dziedzicznych
nie jest dluga. Zalicza si¢ do nich dysplazj¢ stawow biodrowych, zwichnigcie rzepki,
dysplazje stawow tokciowych oraz przerost migs$ni szkieletowych. Inne, rzadziej spotykane
choroby to m.in. alergiczne zapalenie skory, zwyrodnienie ciata szklistego, zaéma,

zwichniecie soczewki [Bell et al. 2013].

1.3 Terenowe wyscigi chartéw - coursing: historia, zasady, sedziowanie i oceny,
trening
Historia
Charty wykorzystywano do polowan juz w czasach starozytnych. Coursing jako
specyficzna forma wy$cigéw terenowych rozwinat si¢ w Anglii w XVIII wieku. Ze wzgledu
na szybko$¢ i1 precyzj¢ jaka wykazywaty si¢ charty, rozpoczely si¢ dyskusje o dobrostanie
ich ofiar, ktore nie mialy w konfrontacji z nimi praktycznie zadnych szans. Ponadto, podczas
poscigu na otwartych przestrzeniach, psy bardzo czesto ulegaly kontuzjom, np. po kontakcie
z drucianymi ogrodzeniami wokot pastwisk. Dlatego tez, chcac dalej zachowac ich
wrodzony talent do pogoni, w latach 70-tych XX wieku, postanowiono zywa zwierzyne
zamieni¢ na sztuczny wabik (ang. artificial lure), a wyscigi przeprowadza¢ na bezpiecznym
terenie. Obecnie w wielu krajach, w tym takze w Polsce, polowanie z chartami jest
zabronione, a dyscyplina, jaka jest coursing, zostata uznana przez wiele federacji
kynologicznych na caltym $wiecie.
Zasady
Do startow uprawione sg wszystkie rasy pséw z grupy 10 FCI, wsérod ktorych wyrdznia
sie:
1. Charty dlugowtose
2. Charty szorstkowtose
3. Charty krotkowlose
e Whippet
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Ponadto psy nalezace do grupy 5 FCI (pies faraona, cirneco dell’Etna, podenco z Ibizy i
podenco kanaryjski) moga zosta¢ zgtoszone na zawody do konkretnych klas.

Zasady, m.in. dystans na jakim odbywaja si¢ zawody, liczba pséw startujgcych w
jednym biegu, r6znig si¢ dla poszczegolnych, wyzej wymienionych ras. W przypadku
whippetow minimalny wiek od jakiego pies moze startowa¢ w zawodach to skonczone 15
miesigcy, za$ gorna granica wieku to 8 lat do konca danego sezonu wyscigowego. Ponadto
pies musi by¢ wpisany do ksiggi rodowodowej lub ksiegi wstepnej uznawanej przez FCI
oraz posiada¢ wazng licencj¢ wyscigowa z adnotacjg o klasie, w ktorej startuje. Aby uzyskac
licencje, pies musi odpowiednio si¢ zaprezentowac i otrzymacé pozytywng ocen¢ podczas
imprezy, na ktorej przeprowadzane sa biegi licencyjne. O licencj¢ moga starac si¢
wlasciciele whippetow, ktore ukonczyly 12 miesiecy. Najwazniejszym Kryterium
ocenianym przez sedzidw jest zainteresowanie wytacznie wabikiem i brak jakiekolwiek
agresji wzgledem innych startujacych jednoczesnie psow. W przypadku biegow
licencyjnych, predkos¢ uzyskiwana przez psa nie jest oceniania. Szybkos¢ jest jedng ze
sktadowych oceny sedziowskiej dopiero podczas biegow na oficjalnych zawodach.

Zawody sktadaja si¢ z dwoch biegdw — eliminacyjnego i finatowego. Przedstawiciele
tej samej rasy biegaja razem. Do biegu eliminacyjnego psy dobierane sg w pary losowo, za$
w biegu finalowym biegna w mys$l zasady ,,najlepszy z najlepszym”, bazujac na wynikach
uzyskanych podczas pierwszego biegu.

Idealnym terenem dla przeprowadzenia zawoddéw coursingowych sa duze taki lub
lekko pagorkowate tereny i1 zbocza o niewielkim kacie nachylenia. Naturalne przeszkody
takie jak drzewa i krzewy sg dozwolone, jednak jedynie wtedy, gdy sa dobrze widoczne i
nie stwarzaja zagrozenia dla psow. Podloze nie moze by¢ kamieniste ani zbyt $liskie, a
wysoko$¢ trawy nie moze przekracza¢ 10 cm. Niezwykle istotne jest, aby linka, na ktorej
rozciagniety jest wabik byla solidnie przymocowana do poditoza i1 nie stwarzala
niebezpieczenstwa dla rozpgedzonych pséw. Trasa biegu finalowego musi r6zni¢ si¢ od tej
dla biegu eliminacyjnego. W biegu startuja dwa psy, ktdre sg wypuszczane z reki
przewodnika. Kazdy pies ma na sobie specjalny i dopasowany czaprak, ktory nie moze
utrudnia¢ mu poruszania si¢ (Fot.3). Ponadto psy - zawodnicy startuja w kagancach, co
pozwala uchroni¢ wabik przed zniszczeniem na mecie oraz ustrzec przed urazami na
wypadek niekontrolowanej agresji psow wzgledem siebie. Wazne, zeby byly one wykonane
z bezpiecznego tworzywa (np. drut stalowy, plastik) i dobrze dopasowane do glowy psa
[http:/mww.wyscigi.zkwp.pl/wp content/uploads/2022/02/20220216 REGULAMIN-FCI-
2022-ostaeczna-wersja-polska-z-word.pdf].
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Fot. 3. Whippet w trakcie pogoni za wabikiem. Fot. Anna Tereszkiewicz, udostgpniono za

zgoda autorki.

Sedziowanie i oceny

Ocena w zawodach coursingowych nie jest ilo§ciowa a jakosciowa (Tab. 1). Oznacza to, ze
tempo w jakim pokonany zostal tor oraz miejsce na mecie, choc istotne, nie gwarantujg
zwyciestwa w danym biegu. Sedziowie oceniajg start psow na podstawie 5 kryteriow, mogac
za kazde z nich przyzna¢ maksymalnie 5 punktow, czyli tacznie 25 punktow. Psy
wykazujace jakakolwiek agresje zostaja zdyskwalifikowane. Ujemne punkty przyznawane
sg za spdznienie si¢ na lini¢ startu oraz za puszczenie psa przed sygnatem startowym od

sedziego.
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Tab. 1. Kryteria oceny pséw podczas zawodow coursingowych.

Kryterium Opis

Zrecznosé Zwrotnos¢ psa  powodowana ruchem  wabika,
pokonywanie przeszkdd, zdolno$¢ do szybkiej
zmiany Kierunku podczas biegu, sposob dopadania
wabika.

Szybkos¢ Tempo 1 wydajno$¢ pokonywania dystansu od
momentu reakcji na pojawienie si¢ wabika, pozycja
przyjmowana podczas biegu.

Wytrzymatos¢ Zdolno$¢ do zachowania dobrej kondycji fizycznej

do konca biegu, bedaca sktadowa sit fizycznych i
psychicznych.

Podazanie za wabikiem (ang. follow)

Podazanie za wabikiem w sposob charakterystyczny
dla rasy; podazanie za wabikiem przez caly bieg, z
prébami podjecia go w trakcie, energiczne proby
pochwycenia wabika podczas poscigu, podazanie za
wabikiem bez prob przewidywania w jakim kierunku

bedzie zmierzat

Zacietose

Na starcie: koncentracja na wabiku

Podczas biegu: Napieranie na wabik, pokonywanie
przeszkod bez zawahania

W fazie chwytania wabika: chwytanie w pelnej
szybko$ci, rzucenie si¢ na wabik wélizgiem,
usifowanie pochwycenia wabika nawet gdy ten

zostat ztapany wczesniej przez konkurenta.

Trening

Sposéb w jaki przeprowadzane sg treningi coursingowe nie jest uregulowany przez

Zwiazek Kynologiczny. Oznacza to, ze wladciciele pséw sami decydujag o tym w jakim

wieku rozpoczaé treningi i jak bedg one przebiegaly. Trening sportowy zaczyna sie¢

najczesciej po ukonczeniu przez psa 6-ciu miesiecy. W Polsce istnieje kilka klubéw

zrzeszajacych psich zawodnikow 1 ich opiekunow. Wspolne treningi polegaja najczesciej na

pogoni za wabikiem w linii prostej lub po torze przypominajacym tras¢ na zawodach, w
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kilku powtdrzeniach. Biegi takie przeprowadzane sg na réznych podlozach (m.in. trawa,
piach), co pozwala psom przygotowac si¢ na roznego rodzaju warunki. Bieg za wabikiem
imitujacy start w zawodach stanowi jednak jedynie niewielkg cze$¢ przygotowania do
startow. Duza uwaga przyktadana jest do prawidtowego przygotowania fizycznego psow.
Odpowiednio zaplanowana i przeprowadzona rozgrzewka oraz uspokojenie i rozluznienie
(cool-down) po biegu pozwalaja unikna¢ kontuzji i zadbaé o zdrowie, co pozwala na dtuzsza
i bardziej owocng karier¢ sportowa. Poniewaz whippety — zawodnicy/sportowcy pozostaja
jednoczesnie domowymi pupilami swoich wilascicieli, w przeciwienstwie np. do
greyhoundow startujacych w wysScigach torowych, duza cze¢é¢ pracy nad kondycja i
przygotowaniem do startow prowadzona jest przez wtascicieli w domu. Ponadto, dla wielu
whippetdw coursing to nie jedyna dyscyplina sportu jaka uprawiaja, czesto idzie ona w parze
z flyball’em czy dog frisbee.

1.4 Adaptacja treningowa i zmiany powysilkowe

1.4.1 Zrédla energii dla miesni w czasie wysitku

Wyrdznia si¢ dwa podstawowe rodzaje widkien migsniowych budujacych migsnie
poprzecznie prazkowane — typ | czyli wtdkna wolno kurczliwe (biate) i typ 11, czyli szybko
kurczliwe (czerwone). Kolory odpowiadaja zawarto$ci miozyny nadajacej czerwone
zabarwienie, ktorej zawartos¢ w poszczegolnych rodzajach wiokien jest rozna. Wérod
wilokien szybkosciowych wyodrebnia sie dwa podtypy — Ila (tlenowo-glikolityczne) i Ilb
(beztlenowe). U pséw wyrdzniono ponadto jeszcze jeden typ wiokien szybko kurczliwych,
nazywany ,,type Il dog” lub ,type II x”, ktory swoja charakterystyka najbardziej przypomina
wiokna typu IIb [Lattore et al. 1993; Toniolo et al. 2007; van Boom et al. 2023].
Poszczegolne typy widkien wykazuja rdézng odporno$é na zmeczenie, ktorag mozna
scharakteryzowa¢ w nastepujacy sposob IIx<IIb<Ila<I [Lattore et al. 1993; Acevedo i
Riverio 2006]. Proporcja typow wiokien rdzni si¢ zarowno dla poszczegdlnych grup migsni
jak i pomigdzy poszczegdlnymi osobnikami, w zaleznos$ci od trybu zycia lub w przypadku
sportowcow, charakterystyki uprawianej dyscypliny. U osobnikow trenujacych sporty
szybkosciowe (np. sprint, biegi krotkodystansowe) przewazajg witdkna szybko kurczliwe
(biate), zas§ w sportach wytrzymatosciowych lub dlugodystansowych (np. biegi
dhlugodystansowe) przewazajg wtokna wolno kurczliwe (czerwone) [Toniolo et al. 2007].

Zrodtem energii  dla  kurczacych sie mieéni jest rozpad czasteczki

adenozynotrifosforanu (ATP). Niewielka ilos¢ tego substratu zgromadzona jest w mi¢$niach
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1 wystarcza na okoto 2 sekundy wysitku. Kolejnym, rowniez magazynowanym w migs$niach,
zwigzkiem wysokoenergetycznym jest fosfokreatyna, ktdrej rozpad dostarcza ATP na
kolejne 10-15 sekund pracy miesni [Barclay 2017]. Po tym czasie, aktywowane sg kolejne
reakcje majace na celu zapewnienie odpowiedniej ilosci ATP dla dalszej pracy widkien
migsniowych. Pierwsza zachodzacg reakcja jest glikoliza beztlenowa dla ktorej gtownym
substratem jest glikogen, polisacharyd zbudowany z glukozy. Dzi¢ki rozpadowi glikogenu
przy udziale adenozyno-5’-difosforanu (ADP) powstajg 3 czasteczki ATP i 2 czgsteczki
mleczanu. Beztlenowe uzyskiwanie energii dla miesni trwa przez okoto 60 sekund ich pracy.
Potem uruchamiany zostaje proces tlenowy, jakim jest fosforylacja oksydacyjna. Substratem
dla tego procesu nie jest juz glikogen, a glukoza, ktora zmagazynowana jest w mig¢sniach,
watrobie lub jest wchtaniania w jelitach z tresci pokarmowej. W przypadku dluzej
trwajacego wysitku (od kilku minut do godzin), drugim po glukozie substratem staja si¢
réwniez thuszcze, przede wszystkim triglicerydy z tkanki migsniowej lub zmagazynowane
w tkance tluszczowej. Procesy fosforylacji oksydacyjnej sa znacznie wydajniejsze niz
glikoliza, gdyz z jednej czasteczki glukozy powstaje 36 czasteczek ATP, za$ z jednej
czasteczki palmitynianu powstaje ich az 120 [Hargreaves 2020; Rabinowitz i Enerbéck
2020]. Procesy tlenowe wymagajg jednak wigcej czasu, dlatego nie mogg by¢ jedynym
zrodlem energii, gdy potrzebna jest szybka i intensywna aktywnos$¢ migsni.

Utlenianie weglowodanow, szczegoélnie glikogenu mig$niowego, dominuje przy
wyzszych intensywnosciach ¢wiczen, podczas gdy utlenianie ttuszczow jest wazniejsze przy
wysitku o nizszych intensywnos$ciach. Utlenianie glikogenu mig$niowego 1 kwasoéw
tluszczowych pochodzacych z zapasow zgromadzonych w migé$niach jest najwigksze na
wczesnych etapach ¢wiczen 1 zmniejsza si¢ wraz z wydtuzaniem czasu trwania wysitku,
zbiegajac si¢ z postgpujagcym wzrostem wychwytu i utleniania glukozy 1 kwasow
tluszczowych w migsniach. Wzrostowi wychwytu glukozy przez migsnie towarzyszy
zwigkszenie produkcji glukozy w watrobie zarowno w wyniku glukoneogenezy jak 1
glikogenolizy. Przy dlugotrwatym wysitku, produkcja glukozy w watrobie moze nie nadazac
za wychwytem glukozy przez migénie, powodujac w ten sposob hipoglikemi¢. Zapobiec jej
mozna poprzez przyjmowanie weglowodanow, najlepiej tatwo przyswajalnych, co pozwala
szybko uzupehi¢ niedobory glukozy [Evans et al. 2019; Hargreaves et al. 2020; Rabinowitz
i Enerbéck 2020].
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1.4.2 Kwas mlekowy (mleczan) jako wskaznik poziomu wytrenowania

Kwas mlekowy jest obok ATP jednym z produktow glikolizy zachodzacej w
pracujacych migs$niach poprzecznie prazkowanych, ale tez w komodrkach migsnia sercowego
i mézgu. Wystepuje w postaci dwoch izomerow, ktore powstajg z pirogronianu w wyniku
beztlenowego metabolizmu glukozy, przy udziale specyficznej dehydrogenazy
mleczanowej. Czasteczki kwasu mlekowego w fizjologicznym pH krwi dysocjujg do zasad
anionowych (mleczandéw) i protonow. Dlatego tez w literaturze spotkac¢ si¢ mozna z dwoma
terminami stosowanymi zamiennie — kwas mlekowy lub mleczan (LA). Dzi¢ki wytwarzaniu
kwasu mlekowego migsien moze chwilowo osiaggnaé moc przekraczajaca maksymalng
wydajno$¢ uktadu krazenia lub uktadu oddechowego, jednak gromadzenie si¢ tego zwigzku
szybko zmusza do przerwania wysitku, gdyz ulega on chwilowej kumulacji w tkance
migsniowej, prowadzac do zmiany pH otoczenia na kwasne, co odbierane jest przez
organizm jako bdl i zmeczenie [Li et al. 2022]. Stopniowo wigkszos¢ kwasu mlekowego
transportowana jest z krwia do watroby, gdzie wchodzi w cykl Krebsa lub wykorzystywana
jest w procesie glukoneogenezy (cykl Cori). Powstata w ten sposéb glukoza moze ponownie
zostaé przetransportowana do migséni i by¢ wykorzystana do zachodzacych tam procesow
energetycznych. Pozostata czes¢ mleczanu (okoto 20-30%) wydalana jest przez nerki. W
zdrowym organizmie, po 2 godzinach od zakonczenia wysitku, powstaty kwas mlekowy nie
powinien juz znajdowac si¢ w migéniach. Tak zwane ,,zakwasy” czyli bol migéni kolejnego
dnia po wysitku sg mylnie kojarzone z kwasem mlekowym. To nie on odpowiada za uczucie
dyskomfortu, a mikro urazy wiokien migsniowych i powstaty wokot nich miejscowy stan
zapalny tkanek po wysitku [Goodwin et al. 2007; Rabinowitz i Enerback 2020].

Okreslenie stezenia mleczandw we krwi uzywane jest w medycynie i medycynie
weterynaryjnej do stwierdzenia lub wykluczenia stanu kwasicy mleczanowej, ktorej
najczestsza przyczyna jest zmniejszona podaz tlenu do komorek na skutek dziatania réznych
czynnikow powodujacych hipoksje. Za prawidlowe wartosci stezenia mleczanu we krwi
zdrowych klinicznie psow uznaje si¢ w warto$ci w zakresie 0,3-2,5 mmol/l. W przypadku
stezenia w granicach 3-5 mmol/I nasilenie hipoperfuzji, czyli zmniejszenie przeptywu Krwi
przez tkanki, okresla si¢ jako tagodne, 5-7mmol/l jako $rednie zas >7 mmol/l jako stan
ciezki. Do okreslenia st¢zenia mleczandéw postuzy¢ moze krew jak i ptyny ustrojowe.
Interpretacja uzyskanego wyniku zalezy od rodzaju badanego ptynu i gatunku zwierzecia
[Kalwas et al. 2011].

Stezenie kwasu mlekowego jest szeroko wykorzystywane do okreslenia stopnia

wytrenowania w wystandaryzowanych procedurach, okreslanych jako testy wysitkowe
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[Svedahl i Maclintosh 2003; Beneke et al. 2011]. Badania przeprowadzone z udzialem
bardzo licznych grup ludzi - sportowcoéw wykazaty, ze u wigkszosci z nich prog przemian
beztlenowych pojawia si¢ przy obcigzeniu odpowiadajgcym stezeniu 4 mmol/l kwasu
mlekowego we krwi. Chociaz wiadomo, ze warto$Ci progu przemian beztlenowych sg
zréznicowane indywidualnie, to jednak najczesciej przyjmuje si¢ warto§¢ progu
mleczanowego/beztlenowego wynosi 4 mmol/l. [Svedahl i Maclntosh 2003; Poole et al.
2021]. Po przekroczeniu progu mleczanowego, kwas mlekowy zaczyna si¢ gromadzi¢ we
krwi, a jego stezenie szybko wzrasta. Okazuje si¢, ze intensywno$¢ wysitku, przy ktorej
nastepuje wzrost stezenia mleczanu we krwi do poziomu 4 mmol/l (intensywno$¢ progowa),
ulega istotnym zmianom pod wypltywem treningu wytrzymato$ciowego [Ghosh 2004].
Moment w jakim stezenie mleczanu osigga warto$ci progowe, przesuwa si¢ w czasie wraz
ze wzrostem poziomu wytrenowania zawodnika. Oznacza to, ze im organizm lepiej jest
przygotowany do wysiltku, tym po6zniej stgzenie mleczanu w jego krwi osiggnie warto$§¢
progowa. Monitorowanie st¢zenia mleczanu po zakonczonym wysitku pozwala okresli¢
zdolno$ci regeneracyjne organizmu i szybko$¢ powrotu do réwnowagi (homeostazy)
[Goodwin et al. 2007].

Badania wydolnosciowe oparte na pomiarach st¢zenia kwasu mlekowego sa
wykonywane nie tylko u ludzi, ale tez u zwierzat. Najdokladniej przebadanym w tym
zakresie gatunkiem sg konie wyczynowe. Mnogos¢ konkurencji jezdzieckich oraz rozmiar
zwierzat bedacych obiektem badan pozwala na uzyskanie duzej iloSci materialu 1
przeprowadzenie wielu doswiadczen. Pozwolito to na opracowanie roznych schematow
badania wysitkowego odpowiednich dla rodzaju wysitku w zalezno$ci od uprawianej
konkurencji [Jawor et al. 2007; Piccione et al. 2010]. U psow, kwas mlekowy réwniez
wykorzystywany jest do okreslenia poziomu wytrenowania i szybko$ci regeneracji dla
réznych rodzajow wysitku fizycznego. Badanie to wykorzystuje si¢ u ras psow takich jak
labrador retriever, greyhound, border collie, jack russel terier i pudel miniaturowy [Ferasin
i Marcora 2009; Baltzer et al. 2012; Pellegrino et al. 2018], jednak dotychczas badania w

tym zakresie nie byty prowadzone u whippetow.

1.4.3 Zmiany w obrazie hematologicznym powodowane wysitkiem

Wysitek wywotuje w organizmie szereg zmian majacych umozliwi¢ organizmowi
wlasciwg, optymalng reakcje. Przebieg i nasilenie tych zmian zalezne s3 od wielu
zmiennych, takich jak rodzaj wysitku, czas jego trwania, intensywnos$¢ oraz stopien

wytrenowania danego osobnika. W weterynarii SszczegOlne znaczenie ma znaczna
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réznorodno$¢ gatunkowa, rasowa i osobnicza. Zmiany w obrazie hematologicznym maja
dwojaki charakter — zmiany adaptacyjne wtdrne do regularnego treningu, stwierdzane w
spoczynku oraz istotne zmiany wywolane konkretnym rodzajem wysitku, mozliwe do
okreslenia w niedtugim czasie po jego zakonczeniu.

Wzrost wartosci parametréw czerwonokrwinkowych takich jak liczba erytrocytéw
(RBC), hematokryt (HCT), st¢zenie hemoglobiny (HGB) jest stwierdzany niezaleznie od
gatunku. Przyczyng tego zjawiska jest intensyfikacja pracy migsni, a co za tym idzie,
zwiekszenie ich zapotrzebowania natlen. Hipoksja prowadzi do skurczu $ledziony i wyrzutu
zmagazynowanej w niej puli erytrocytow do krwioobiegu. Zjawisko to opisywane jest
miedzy innymi u ludzi, koni, psow i ssakow morskich [Hsia et al. 2017]. Zwigkszona liczba
czerwonych krwinek bogatych w wigzaca tlen hemoglobing, pozwala na dostarczenie
wigkszej ilosci tlenu do kurczacych sie¢ migsni. W przypadku osobnikow trenujacych
regularnie badZz wyczynowo, juz spoczynkowe wartosci parametrow czerwonokrwinkowych
s wyzsze niz u osobnikow nietrenujacych. Jest to zwigzane ze zwigkszong aktywnos$cig
erytropoetyny, ktora stymuluje erytropoezg w szpiku kostnym [Mairbdurl 2013]. Ponadto, u
niektorych sportowcow obserwuje si¢ powiekszenie sledziony w spoczynku [Holmstrém et
al. 2021].

Warto zwrdci¢ uwageg na wspomniane wczesniej (rozdziat 1.2) réznice pomiedzy
chartami i innymi rasami pséw, dotyczace wartosci parametréw czerwonokrwinkowych.
Wartosci parametrow erytrogramu w spoczynku u tych pséw, nawet jesli nie uprawiaja
regularnie zadnego sportu, sg i tak wyzsze niz u przedstawicieli innych ras [Uhrikova et al.
2013]. Odpowiada to nizszym wartosciom P50, czyli cisnienia parcjalnego tlenu, przy
ktorym hemoglobina wysycona jest nim w 50%. Oznacza to, ze hemoglobina ma wigksze
powinowactwo do tlenu niz u psow innych ras. Ponadto czas zycia erytrocytow jest u
chartow krétszy w poréwnaniu z innymi psami, co jest spojne z wynikami badan u ludzi -
zawodowych sportowcdw, ktérych erytrocyty zyja okoto 70, podczas gdy u mniej
aktywnych ludzi zyja §rednio 120 dni. Dodatkowo, u greyhoundéw opisuje si¢ naturalnie
wigkszg S$ledzione¢ [Zaldivar-Lopez et al. 2011]. Trudno wiec nie zgodzi¢ si¢ ze
stwierdzeniem, Ze charty to urodzeni sportowcy, ktorzy sa naturalnie wyposazeni w
narzedzia 1 mechanizmy pozwalajace na duzg aktywnos¢ fizyczng.

Liczba leukocytow (WBC) réwniez rosnie po wysitku, z nasileniem czg$ciowo
zaleznym od jego rodzaju. Jest to zwigzane z wyrzutem adrenaliny i lub/kortyzolu, ktory

uwalnia marginalng pule biatych krwinek do puli krazacej [Sand et al. 2013].
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1.4.5. Zmiany metabolomiczne powodowane wysilkiem

Metabolomika to dziedzina nauki zajmujaca si¢ analizg metabolitow, czyli zwigzkoéw
0 masie czgsteczkowej <1500 Daltonow, w komorkach i tkankach. Jej glownym celem jest
identyfikacja i analiza zmian ilo$ciowych metabolitow pierwotnych i wtornych. Pozwala to
na zrozumienie mechanizmow i okreslenie przebiegu procesOw na poziomie pojedynczych
komérek oraz catego organizmu na podstawie badania markeréw chemicznych,
powstajacych podczas rdéznych procesow w komoérkach. Do badania metabolomu
wykorzystywane sg dwie metody analityczne — spektrometria mas (MS) lub spektroskopia
magnetyczna rezonansu jadrowego (NMR). Do analizy metabolomicznej moga shuzy¢
migdzy innymi surowica, mocz, ptyn mézgowo-rdzeniowy, a takze tkanki po odpowiednim
przygotowaniu. Metabolomika bedgca stosunkowg mtodg dziedzing nauki, dynamicznie si¢
rozwija. Wykorzystywana jest w wielu dziedzinach nauki, w tym w zywieniu, diagnostyce
klinicznej, tworzeniu lekéw i badaniu ich skutecznosci.

Pozwala identyfikowa¢ nieznane do tej pory mechanizmy molekularne i lepigj
rozumie¢ patofizjologie chorob. Jest rowniez przydatnym narzgdziem do doktadniejszego
diagnozowania stanow patologicznych i oceny skutecznos$ci leczenia, przyczyniajac si¢ w
ten sposéb do poprawy zdrowia i dobrostanu ludzi oraz zwierzat [Clish 2015; Johnson et al.
2016; Aderemi et al. 2021]. Dzi¢ki rozwojowi metabolomiki rozwijaé zaczgta si¢ tzw.
medycyna spersonalizowana, polegajaca na analizie metobolomu konkretnego pacjenta i na
tej podstawie dobierania najskuteczniejszych metod terapii. W przypadku medycyny
weterynaryjnej, przeprowadzone do tej pory badania metabolomiczne skupiajg si¢ gtdéwnie
na okresleniu profilu metabolomicznego w konkretnych jednostkach chorobowych lub
znalezieniu markerdw metabolomicznych pozwalajacych na diaghostyke chorob takich jak
nowotwory, cukrzyca, otyto$¢, dysbioza jelitowa i inne [Carlos et al. 2020].

Badanie metabolomu znajduje coraz szersze zastosowanie w analizie zmian
zachodzacych w organizmie rowniez na skutek wysitku fizycznego. Powstale w zwigzku z
tym pojecie ,,sportomika” (ang. sportomics) oznacza zastosowanie nowych dziedzin, tzw.
»-omicznych” tj. metabolomika, proteomika, transkryptomika i genomika, w polaczeniu z
szeroko do tej pory stosowanymi metodami analitycznymi [Bongiovanni et al. 2019].
Analiza moze mie¢ charakter ukierunkowany (ang. targeted analysis) lub nieukierunkowany
(ang. untargeted analysis). Analizy ukierunkowane stuza do wykrywania metabolitow
zwigzanych z konkretnymi procesami i szlakami biologicznymi bedacymi obiektem
zainteresowania. Metabolomika nieukierunkowana, inaczej zwana odkrywcza,

wykorzystuje szerokg game technik zbierania danych analitycznych i pomiarow. Pozwala
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wigc odkry¢ nowe metabolity lub zmiany stezen metabolitow w réznych stanach, np.
konkretnych jednostkach chorobowych, a w przypadku sportomiki, rodzajach wysitku
fizycznego. W kontekscie wysitku fizycznego badano dotychczas biomarkery stresu
oksydacyjnego, stan uszkodzenia mig¢$ni czy deficyt energetyczny. Uzyskanym u ludzi
wynikom przypisuje si¢ znaczenie w opracowaniu metod zapobiegania kontuzjom i
poprawienia osigganych przez sportowcéw wynikdw. Pozwalaja réwniez doktadniej
monitorowa¢ wptyw réznych czynnikow, np. diety, na osiaggni¢cia sportowe. Jest to bardzo
dobre narzedzie uzupetiajgce wykorzystywane do tej pory tradycyjne metody badawcze, a
w przyszto$ci moze by¢ wykorzystane do oceny potencjatu sportowego osobnika, okreslenia
podatno$ci danego organizmu na obrazenia, a nawet do okreslenia predyspozycji danej
osoby/zwierzecia do rodzaju wysitku fizycznego, a nawet konkretnej dyscypliny sportu
[Bongiovanni et al. 2019; Kelly et al. 2020].

Opisywane zmiany zachodzace w metabolomie na skutek wysitku fizycznego zaleza
od wielu zmiennych, takich jak rodzaj wysitku, jego czas trwania, intensywnos$¢ oraz od
cech badanej grupy. Prowadzone dotychczas badania dotyczyty gtéwnie ludzi, zaréwno
zawodowych sportowcow, jak i o0sOb uprawiajagcych sport sporadycznie. W
do$wiadczeniach prowadzonych u 0s6b zdrowych uprawiajacych sport wyrdznia si¢ trzy
kategorie. Pierwsza z nich, to okreslenie jakie zmiany metabolomiczne zachodzg na skutek
réznych form wysitku, np. biegania, ptywania czy treningu sitowego. Zauwazalne zmiany
dotyczyly zwigzkéw nalezacych do nastepujacych grup i szlakow metabolicznych: tlenki
amin, aminokwasy, weglowodany, lipidy, nukleotydy, ksenobiotyki, witaminy 1 kofaktory,
zwiazki nalezace do szlakoéw energetycznych [Chorell et al. 2012; Kelly et al. 2020]. Druga
kategoria to poréwnanie osOb regularnie uprawiajacych sport i osdéb prowadzacych
spokojny, siedzacy tryb zycia. Najwigcej zmian obserwowanO tu w grupie zwigzkoéw
lipidowych [Kelly et al. 2020]. Ostatnia kategoria to poréwnanie zawodowych sportowcow
uprawiajagcych rozne dyscypliny sportu, w tej grupie najistotniejsze réznice dotyczyly
aminokwasow, ksenobiotykdw i lipidow [Al-Khelaifi et al. 2018].

Metabolomika w weterynarii jest dziedzing stosunkowo nowa, do tej pory opisanych
zostalo niewiele badan nad wptywem wysitku na metabolom zwierzat. Dotychczas badania
nad wptywem wysitku na profil metabolomiczny prowadzono u koni, a ich wyniki
przyczyniaja si¢ do lepszego zrozumienia zmian zwigzanych z treningiem u tego gatunku
[Klein et al. 2021]. Zdecydowana wigkszos¢ doswiadczen prowadzonych u psow, skupia

si¢ na okre$leniu nowych markerow przydatnych w jak najwczesniejszym wykrywaniu
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roznych jednostek chorobowych [Carlos et al. 2020]. U psow trenujacych nie prowadzono
dotychczas zadnych badan metabolomicznych.

1.4.6. Testy wysilkowe u ludzi i zwierzat

Istnieje wiele rodzajow testow wysitkowych przeznaczonych dla ludzi.
Wykonywane sg zar6wno u sportowcow, celem okreslenia ich wydolno$ci i poziomu
wytrenowania, jak i u 0s6b chorych lub podejrzewanych o choroby, najczesciej uktadu
oddechowego i krwiono$nego [Weismann i Zeballos 2001]. Testy mozna podzieli¢ na dwie
glowne kategorie — testy stacjonarne i testy terenowe. Testy stacjonarne lub inaczej
kliniczne, odbywaja si¢ w pomieszczeniu, a badana osoba podejmuje aktywno$¢ na biezni,
rowerze stacjonarnym lub ergometrze. W czasie takiego badania istnieje mozliwo$¢ badania
wielu parametrow, mi¢dzy innymi: wydolnosci, wyrazonej jako moc (w watach wedlug
uktadu SI), tetna, zapisu EKG, ci$nienia krwi, objetosci pobieranego tlenu (VO2), putapu
tlenowego (VOamax), objetosci wydychanego dwutlenku wegla (VCO3), liczby oddechéw na
minutg czy wspotczynnika oddechowego (RQ) [Lollgen i Leyk 2018]. Mozliwos¢ §ledzenia
tak licznych parametrow wiaze si¢ z konieczno$cig wykorzystania specjalistycznego sprzetu
i umieszczeniu wielu rodzajoéw czujnikéw na badanej osobie. Dodatkowym, wymagajacym
prébki krwi parametrem mierzonym zaréwno podczas klinicznych testow wysitkowych jak
1 testow wydolno$ciowych sportowcow, jest stezenie mleczanu we krwi. Moment wysitku,
powyzej ktérego przekroczony zostaje prog mleczanowy jest lepszym wskaznikiem
wydolnos$ci, niz warto$¢ putapu tlenowego i lepszym wskaznikiem poziomu intensywnosci
wysitku dla organizmu, niz pomiar t¢tna [Goodwin et al., 2007]. Testy terenowe sg
najczesciej przeprowadzane U zawodowych sportowcdw, a ich przebieg oraz badane
zmienne uzaleznione sg od charakterystyki dyscypliny [Anderson et al. 2014; Kowalska et
al. 2019].

Testy wysitkowe prowadzane U koni rowniez majg charakter stacjonarny lub
terenowy. Badania stacjonarne przeprowadzane sg na specjalnie przystosowanej dla koni
biezni. Zwierzeta, zanim zostang poddane badaniu, musza by¢ stopniowo oswojone z biezna,
nauczy¢ si¢ poruszania si¢ na niej w réznych chodach oraz z podlaczonym sprzetem
monitorujagcym parametry zmieniajgce si¢ podczas wysitku. W takich warunkach, przy
odpowiednim przygotowaniu konia do badania, istnieje mozliwo$¢ zbadania licznych
zmiennych, tak jak u ludzi podczas badan na rowerze stacjonarnym, ergometrze czy biezni.
Warunki badania sg bardziej stabilne niz w badaniach terenowych, gdzie wptyw na ich

przebieg ma wiecej zmiennych, m.in. podtoze, jezdziec czy warunki pogodowe [Muunsters
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et al. 2014; de Maré et al. 2017]. Badania stacjonarne przeprowadzane sa najczesciej w
celach naukowych, ze wzgledu na koszty biezni, czas jaki nalezy pos$wigci¢ na
przygotowanie konia do badania oraz ryzyko ewentualnego wypadku podczas
przeprowadzania badania [Franklin et al. 2010]. W zwigzku tym, w medycynie sportowej
koni, cze$ciej przeprowadzane sg testy terenowe. Sg one oczywiscie dostosowane do rodzaju
wysitku, np. skokow przez przeszkody, wyscigobw czy ujezdzenia. Do parametrow
najczesciej monitorowanych w czasie terenowych prob wysitkowych zaliczy¢ mozna
predkos¢ z jaka pokonywany jest konkretny dystans, putap tlenowy, tetno, stezenie
mleczanu, zapis EKG oraz parametry morfologiczne i biochemiczne krwi [Allen et al. 2016].
Mozliwa do przeprowadzenia jest rowniez ocena pracy gornych drég oddechowych,
polegajaca na wprowadzeniu koncéwki endoskopu przez nozdrza w okolice gardta. Pozwala
to na obserwacje pracy krtani i nagto$ni podczas aktywnosci fizycznej [de Mare et al. 2017].

Badania wysitkowe opisane u psOw rowniez odbywaly sie w warunkach
zamknigtych, przy uzyciu biezni lub w terenie. Badanych jest jednak znacznie mniej
parametrow niz w przypadku ludzi i koni 1 sa to najcze$ciej: tetno, temperatura ciata, stezenie
glukozy i mleczanu w krwi oraz parametry morfologiczne krwi. Dotychczas opisano badania
U m.in. u pséw policyjnych réznych ras (owczarki niemieckie i belgijskie), nieuprawiajacych
sportow pséw rasy beagle oraz psow ras brachycefalicznych [Alves et al. 2012; Piccione et
al. 2012; Riggs et al. 2018; Soderlund et al. 2023; Turkci et al. 2023]. W przypadku psow,
istotna jest duza r6znorodnos¢ ras, a co za tym idzie rOwniez rozmiaroéw i budowy, co moze
przysporzy¢ trudnosci w przeprowadzeniu badania na biezni. Testy wysitkowe
wykorzystywane sg rowniez do badan nad konkretnymi jednostkami chorobowymi 1 do
monitorowania lub wykrywania u ras predysponowanych do ich wystapienia. Przyktadem
moze by¢ monitorowanie pracy serca przy uzyciu aparatu Holter, u psow rasy bokser
biegajacych po schodach. Test ten byl uzyty do zbadania czgstosci wystepowania
kardiomiopatii arytmogennej u przestawicieli tej rasy [Agarwal et al. 2022]. Inny przyktad
to obserwacja wystepowania i nasilenia objawow w syndromie ras brachycefalicznych (ang.
BOAS- brachycephalic obstructive airway syndrome) u pséw takich ras jak mopsy, buldogi
francuskie i buldogi angielskie [Riggs et al. 2018; Turkcl et al. 2023]. W nielicznych
badaniach dotyczacych stopnia wytrenowania uwzgledniono dotychczas m.in. owczarki
niemieckie, owczarki belgijskie, dobermany, greyhoundy, labradory i beagle,
a najistotniejszymi parametrami przydatnymi do oceny zmian powysitkowych okazaly si¢
parametry czerwonokrwinkowe (RBC i HCT) i stezenie mleczanu we krwi [Alves et al.
2012; Piccione et al. 2012; Pellegrino et al. 2018; Soderlund et al. 2023].
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2. Cele pracy
W zwiazku z brakiem danych na temat zmian wywotanych wysitkiem u rasy whippet
angielski oraz sygnalizowaniem przez wiascicieli potrzeby opracowania testow
wysitkowych przeznaczonych dla tej rasy, celem pracy byto zbadanie wptywu wysitku na
wartosci parametrow mozliwych do oceny w badaniach o matej inwazyjnosci oraz proba
opracowania schematu terenowego testu wysitkowego dla pséw rasy whippet. Ponadto,
biorac pod uwage specyfike dyscypliny coursing poszukiwano nowych parametrow, ktore

moga by¢ przydatne do oceny trenujgcych psow.

Szczegolowe cele badan:
Ocena przydatno$ci badan nieinwazyjnych (zmiany warto$ci t¢tna, predkos¢ pokonywania

odcinkow) w terenowych testach wysitkowych u whippetow.

Ocena przydatnosci parametrow hematologicznych oraz stezen kwasu mlekowego w

terenowych testach wysitkowych u whippetow.
Opracowanie optymalnego schematu terenowych testow wysitkowych dla whippetow.

Analiza wplywu treningu na profil metabolomiczny whippetow.

Ocena przydatnosci badania okulistycznego do wykrycia patologii majacych wptyw na

przebieg treningu i osiggane wyniki sportowe.
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3. Materialy i metody
Badane psy
Badaniami objeto 70 psdw rasy whippet angielski. Przed przystgpieniem do badania
wlasciciele psow wypetniali ankiete dotyczacg ich whippetoéw, modelu zywienia oraz
programu treningowego jaki stosuja (Ryc. 1).

51 psow trenowato regularnie coursing, a 19 badanych pséw nie uprawiato tej dyscypliny
(Tab. 2). Wszystkie psy pochodzity z hodowli FCI, krajowych i zagranicznych i byty
zarejestrowane w Zwigzku Kynologicznym w Polsce. W trakcie przeprowadzanych badan
wszystkie zwierzeta byty zdrowe, a wilasciciele wyrazali dobrowolnie zgode na udziat ich

psow w badaniu.

Ryc.1. Ankieta dla wiascicieli whippetow trenujacych coursing, bioragcych udzial w

badaniach.

Badanie whippetow
SGGW

ANKIETA

Imie i nazwisko wlasciciela:

Adres e-mail:
Rodowodowe imie psa:
Nazwa hodowli:

,Linia hodowlana”:

wystawowa D hodowlana D

Pleé:

pies D suka D

Kastracja:

tak D nie D
Wiek:

Masa ciala:

0d Kkiedy pies jest w treningu:

Intensywnos¢ treningu:

2x w tygodniu D 3x w tygodniu D 4x w tygodniu D

Inny schemat:
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Uprawiane dyscypliny:

coursing D wyscigi torowe D flyball D frisbee D

inne:

Opisz krotko treningi (dystans, ilos¢ sprintéw itp.):

Opisz krotko przebieg rozgrzewki przed biegiem:

Data ostatniego badania krwi:
Kontuzje przez ostatnie p6t roku:
Przyjmowane leki przez ostatnie 2 tygodnie:

Czy pies przyjmuje hormony tarczycy?

nie D tak D

Jesli tak, to jaki preparat i w jakiej dawce:

Czy pies przyjmuje suplementy diety?

nie D tak D

Jesli tak, to jakie:

Na jakiej diecie jest pies?

Karma sucha D karma mokra D karma mieszana D
BARF D Inna D

Jesliinna, to jaka?

Tab. 2. Charakterystyka whippetow bioragcych udziat w badaniach.

CECHA WHIPPETY TRENUJACE WHIPPETY NIETRENUJACE
(n-51) (n-19)
M — 63% M — 58%
Pleé¢ F-37% F—42%
MEDIANA (IQR) ZAKRES MEDIANA (IQR) ZAKRES
Wiek [lata] 1.7 (1.4-5) 09-11 3(2-3.9) 0.9-7.5

N — ilo$¢ psoéw; M — pies; F- suka; IQR- przedzial miedzykwartylowy
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Zywienie

Nie istnieja jednoznaczne wytyczne dotyczace zywienia pséw trenujacych coursing.
Kazdy z psow mieszkal na state ze swoimi wlascicielami, co wigzato si¢ z wyraznymi
réznicami w diecie. Inaczej jest w przypadku greyhoundow utrzymywanych do biegow
torowych. Takie psy zyja w boksach, podobnie jak konie wyscigowe i ich Zywienie i sposob
utrzymania jest znacznie bardziej ujednolicony. W ankietach wypetnianych przez wtascicieli
(Ryc. 1) w podpunkcie o zywieniu, poproszono o zaznaczenie jednej z czterech odpowiedzi:
BARF(ang. Biologically Appropriate Raw Food lub Bones and Raw Food), karma sucha,
karma mokra lub karma mieszana (mokra, sucha, gotowana). BARF to cieszacy si¢ w
ostatnich latach duza popularnos$ciag model zywienia, oparty na surowym migsie i kosciach,
uzupetnionych odpowiednimi dodatkami i suplementami. Ryciny 2 i 3 przedstawiajg rozktad
procentowy uzyskanych odpowiedzi. Wiasciciele badanych psow zywionych dieta BARF
opierali si¢ na wytycznych [FEDIAF Nutritional Guidelines for Complete and
Complementary Pet Food for Cats and Dogs, European Pet Food 2021] i korzystali z porad
tego samego dietetyka, dlatego uznano, ze psy zywione BARF stanowily grupe jednolita

dietetycznie.

Ryc. 2. Metody zywienia psow trenujacych coursing.

WHIPPETY TRENUJACE COURSING

mBARF mKarma sucha m Karma mokra ® Karma mieszana (mokra, sucha, gotowane migso z dodatkami)
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Ryc. 3. Metody zywienia psow nie trenujacych coursingu.

WHIPPETY NIE TRENUJACE COURSINGU

mBARF mKarma sucha m Karma mokra mKarma mieszana (sucha, mokra, gotowane migso z dodatkami)

Trening
Kazdy z trenujacych psow, mieszkal na stale ze swoim wiascicielem. Oznacza to, podobnie
jak w przypadku zywienia, ze plany treningowe poszczegolnych psow roznity sie od siebie.
W ramach czlonkostwa w klubie sportowym dla whippetow trenujacych coursing,
wlasciciele uczestniczyli w szkoleniach prowadzonych przez zoofizjoterapeutow jak i
znawcOw rasy 1 na tej podstawie dostosowywali plan treningowy do mozliwosci swoich jak
i psa. Schematy treningowe stosowane u badanych psow byty podawane przez wiascicieli w
ankietach. Przykladowe programy treningowe stosowane w przygotowaniu badanych
whippetow do zawoddw coursingowych:
2x w tygodniu flyball, 2x w tygodniu wabik
1x w tygodniu wabik
3x w tygodniu bieg przy rowerze, 2x w tygodniu spacery wysitkowe, swobodny bieg, wabik
2X W miesigcu
3-4 x w tygodniu trening biegowy

2x w tygodniu wabik, 2x w tygodniu frisbee, wabik 2-3x w miesigcu
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Przyktadowe schematy rozgrzewki przeprowadzane przez wiascicieli badanych whippetow
przed startem:

10 min spaceru, 5 min. sprintu za zabawka, 2 min. rozciggania

7x sprint za zabawka, 2 min truchtu

5-10 rzutow frisbee, zabawa z drugim psem, szarpanie z wabikiem

Wykonane badania

Badania krwi wykonano u 43 psow. W zalezno$ci od rodzaju zaplanowanego
doswiadczenia, probki krwi pobierany byly w pomieszczeniu lub podczas badan
terenowych. Krew pobierano z zyly odpromieniowej lub odpiszczelowej do proboéwek
zawierajacych antykoagulanty (EDTA, heparyna) i do probowek bez antykoagulantéw w
celu uzyskania surowicy. Badanie okulistyczne, podczas ktorego kazdy pies przeszedt petne

badanie oftalmologiczne wykonano u 45 pséw.
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4. Omo6wienie najwazniejszych wynikéw i dyskusja

4.1.0cena przydatnosci badan nieinwazyjnych w testach wysitkowych u whippetéw

U pséw bioragcych udziat w sesji treningowe] na torze coursingowym
przeprowadzony zostal dwukrotny pomiar liczby uderzen serca na minut¢ — tuz przed
startem oraz zaraz po dobiegnigciu do mety. Pomiar przeprowadzono poprzez ostuchiwanie
klatki piersiowej kazdego psa przez minute, a wynik wyrazono liczbg uderzen serca na
minute (Tab. 3.) .

Tab. 3. Warto$¢ pomiaru liczby uderzen serca/minute u psow na linii startu i po przekroczeniu linii

mety po biegu po coursingu.

KOLEJNOSC TETNO NA STARCIE TETNO NA MECIE
STARTU [liczba uderzen serca/min.] [liczba uderzen
serca/min.]
1. 208 212
2. 220 188
3. 200 192
4. 140 212
5. 132 136
6. 160 152
7. 200 198
8. 128 136
9. 164 148
10. 160 196
11. 208 164
12. 208 190
13. 136 192
14. 256 180

U ponad polowy pséw wartosci okazaty si¢ wyzsze na linii startu niz po zakonczeniu
biegu. Wynikato to prawdopodobnie z duzej ekscytacji przed biegiem, co potwierdzata

obserwacja zachowania pséw na linii startu. Podobnych obserwacji dokonano u koni
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wyscigowych, ktorych tetno rosto stopniowo podczas drogi do bokséw startowych [Mukai
et al. 2007]. W zwigzku tym, badanie to uznano za niemiarodajne. Pomiar wykonany na
trzech etapach —na linii startu, w czasie biegu i na linii mety, prawdopodobnie bylby bardziej
wiarygodny. Przeprowadzenie takich pomiardw wymagatoby jednak umieszczenia
odpowiedniej aparatury do pomiaru tetna, np. pulsometru na ciele psa. U koni sportowych
przeprowadza si¢ takie badania zardwno na biezni jak i podczas pracy. [Frippiat et al. 2021;
Kapteijn et al. 2022]. U wyztow, labradorow i retrieverow aparature typu Holter stosowano
do badan wysitkowych na biezni [Shull et al. 2021]. W badaniach w ramach niniejszej pracy
wykonywano jednak wylacznie proby terenowe, ktore pozwalaly na bezpieczng analize
wysitku przy duzych predkosciach w naturalnych warunkach. Zastosowanie aparatury typu
Holter nie byloby w takich warunkach obojetne ze wzgledu na mniejsze rozmiary i mase
ciata whippetow niz np. labradoréw, co sprawia, ze aparatura stanowitaby istotne obcigzenie
podczas biegu z duza predkoscia. Zastosowanie takiej aparatury w warunkach terenowych
mogloby by¢ niebezpieczne, dlatego odstgpiono od takiego badania.

Biorac pod uwage specyfike dyscypliny (zgodnie z opisem w rozdziale 1.3), pomiary
predkosci na calej trasie biegu nie sag miarodajne. W ocenie na zawodach majg znaczenie
elementy opisowe, a wigc ocena jest rOwniez jako$ciowa, a pies, ktory jako pierwszy
dopadnie do wabika na mecie, niekoniecznie bgdzie zwyci¢zca danego biegu. Ponadto w
czasie zawodow lina, na ktorej przemieszcza si¢ wabik zawiera zakrety, czesto bardzo ostre.
Oznacza to, ze psy nie biegng przez caty czas w linii prostej, a niejednokrotnie zatrzymuja
si¢ na zakrecie, gdy zgubig wabik z oczu. Pomiar predkosci od startu do mety nie

odzwierciedla zatem przygotowania pséw do zawodow.

4.2 Ocena przydatnosci parametréw hematologicznych oraz stezenia kwasu
mlekowego w terenowych testach wysitkowych u whippetow

W celu okreslenia wptywu wysitku jakim jest coursing na organizm psOw rasy
whippet, poréwnano wartosci parametréw hematologicznych u pséw w spoczynku oraz po
dwoch rodzajach wysitku. Pierwszy z nich, to typowy trening w jakim braty udziat psy, czyli
bieg za wabikiem w linii prostej. Drugi bieg przeprowadzony zostat na torze coursingowym,
imitujgcym ten, po jakim psy biegaja podczas oficjalnych zawoddéw, sktadajacym sie z linii
prostych jak 1 zakretow. W obu przypadkach dystans jaki pokonywaly psy wynosit 400m.
Wyniki wykazaly, ze parametry hematologiczne, takie jak RBC, HCT oraz WBC wzrosty
po obu rodzajach wysitku. Nie odnotowano jednak istotnych roznic pomiedzy sesja

treningowa PO prostej a sesjg treningowa po torze coursingowym. Stwierdzone zmiany
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wynikaja z typowych dla wysitku szybko$ciowego zjawisk: skurczu $ledziony
powodujacego uwolnienie erytrocytow (a zatem wzrost RBC i HCT) oraz uwolnienie puli
marginalnej leukocytow (a zatem wzrost WBC) pod wptywem wyrzutu adrenaliny. Sg one
istotne dla potwierdzenia obcigzenia wysitkowego podczas treningu, jednak nie pozwalaja
na oceng stopnia obcigzenia.

Zmiany parametrow czerwonokrwinkowych byly podobne do stwierdzonych u
greyhoundéw po biegu na 400 m w linii prostej, kiedy RBC, HGB i HCT wzrosty
odpowiednio 0 11%, 7% i 10% [Rose i Bloomberg 1987]. U badanych w niniejszej pracy
whippetdw procentowy wzrost byt bardzo podobny, jednak nieco wyzszy po biegu po proste;j
(13%, 11% i 14%) niz dla biegu po torze coursingowym (9%, 13% i 12%). Zdecydowanie
wigksze zmiany stwierdzono u koni trenujacych polo, gdzie RBC uleglo zwigkszeniu o 49%,
HGB 0 45%, a HCT 0 51% [ Zobba et al. 2011]. Zmiany u whippetow byly jednak wyrazne
I istotne statystycznie.

Badanie progu mleczanowego pozwala ocenia¢ sprawnos$¢ sportowcow. U ludzi
uprawiajacych rézne dyscypliny sportu badanie to wykonuje si¢ gldéwnie w celu okreslenia
poziomu wytrenowania zawodnikéw [Ghosh 2004]. U koni parametr ten jest
wykorzystywany do oceny wytrenowania w roznych konkurencjach, najczesciej u koni
wyscigowych, ale tez tych trenujacych skoki przez przeszkody czy ujezdzenie [Piccione et
al. 2010; Hassan et al. 2015].

Wzorujgc si¢ na badaniach wysitkowych opracowanych dla koni wyczynowych
zbadano stezenie mleczanu we krwi whippetow w roznych punktach czasowych po wysitku
i porownano réznice pomig¢dzy pomiarami dla dwdch opisanych wczeéniej rodzajow
wysitku. Podczas treningu stezenie kwasu mlekowego oznaczano po rozgrzewce,
bezposrednio po biegu, a nastepnie 15 min i 30 min po zakonczonym wysitku. Pomiary
wykonane bezposrednio po obu rodzajach biegu wykazaly wartosci LA znacznie
przekraczajace prog mleczanowy, podczas gdy po 30 minutach warto$¢ ta spadata do granicy
progu mleczanowego. Pomiary stezenia LA po 15 minutach, wykonane po biegu
treningowym w linii prostej, byly nizsze niz zaraz po biegu, jednak wciaz powyzej progu
mleczanowego. Po przeprowadzonej przez wlascicieli rozgrzewce u zadnego z badanych
psOW prog ten nie zostat przekroczony.

Pomiary stezenia kwasu mlekowego nie s3 wykorzystywane w sportach
kynologicznych tak szeroko jak w przypadku konkurencji jezdzieckich. Przeprowadzone w
niniejszej pracy badanie jest pierwszym wykonanym u trenujacych whippetéw. Dotychczas

wykonano podobne badania u labradorow, u ktorych stopniowo zwigkszano nat¢zenie
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wysitku na biezni, jednak nie osiggni¢to przekroczenia progu mleczanowego, cho¢ u
niektorych pséw widoczna byta istotna roéznica pomigdzy wynikami spoczynkowymi i
powysitkowymi [Ferasin i Marcora 2009]. U pséw trenujacych agility stwierdzono wyrazny
wzrost stezenia LA po zakonczonym biegu, zwlaszcza u zaawansowanych psich
zawodnikow [Baltzer et al. 2012]. U greyhounddéw po biegu na dystansie 100 m w pogoni
za przyneta RBC 1 LA we krwi pozostawaly podwyzszone przez 10 minut po biegu, a
stezenie LA po wysitku przekroczyto prog 4 mmol/l [Pellegrino et al. 2018]. U whippetow
badanych w niniejszej pracy warto$¢ LA wahata si¢ od 5 do 16 mmol/l bezposrednio po
wysitku. Biorgc pod uwage, ze poziom wytrenowania pséw roznit si¢ nawet wedlug
subiektywnej oceny ich wilascicieli, powysitkowy wzrost stgzenia LA odpowiadat
poziomowi wytrenowania. Wysitek podczas treningu byt dla pséw odpowiedni, co
potwierdza spadek LA ponizej 4 mmol/l u wszystkich psow po 30 minutach regeneracji po
przekroczeniu progu zaraz po biegu. Czas i zakres zmian potwierdzaja, ze st¢zenie kwasu
mlekowego jest wlasciwym parametrem pozwalajacym ocenic¢ obcigzenie wysitkowe oraz
regeneracje organizmu whippetow trenujacych coursing.

Doktadny opis oraz wyniki przeprowadzonych analiz znajduja si¢ w publikacji:
Exercise-induced Haematological and Blood Lactate Changes in Whippets Training for Lure
Coursing. Miazga K., Szalué-Jordanow O., Czopowicz M., Zmigrodzka M., Witkowska-
Pitaszewicz O., Moroz-Fik A., Mickiewicz M., Wilczak J., Cywinska A. J Vet Res. 2023;
67(1):139-146.

4.3 Opracowanie terenowych testow wysitkowych optymalnych dla whippetow.

W pierwszym doswiadczeniu, w pracy wymienionej powyzej, badano stezenie
mleczanu bezposrednio po wysitku, w celu okreslenia czy 1 w jakim zakresie przekroczony
zostal prog mleczanowy oraz 15 i 30 minut po zakonczeniu biegu w celu oceny regeneracji.
Wybor punktow czasowych byt podyktowany schematem badan u koni wyczynowych,
gdzie pomiar restytucyjny (regeneracyjny) jest wykonywany 30 minut po wysitku oraz
badaniem u greyhoundow, gdzie pomiar wykonywano 10 minut po zakonczeniu wysitku
[Pellegrino et al. 2018]. Stezenie mleczanu u badanych w niniejszej pracy whippetow po 15
min od zakonczeniu wysitku, byto srednio dwukrotnie wyzsze od przedziatu referencyjnego,
co wskazuje, ze czas ten byl zbyt krétki na regeneracje po przekroczeniu progu
mleczanowego. Dlatego podczas biegu po torze coursingowym zrezygnowano z tego

pomiaru i okreslono stezenie kwasu mlekowego dwukrotnie - zaraz po zakonczeniu wysitku
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oraz po 30 minutach i ten czas jest najbardziej odpowiedni do oceny regeneracji. Po obu
rodzajach aktywnosci, stezenie kwasu mlekowego zmniejszyto si¢ w ciggu 30 minut po
biegu 0 9-11 mmol/l. Ponadto oznaczano stezenie kwasu mlekowego zaraz po rozgrzewce,
jeszcze przed biegiem. Stezenie kwasu mlekowego po rozgrzewce nie przekroczyto progu
mleczanowego u zadnego z badanych psow. Oznacza to, ze przeprowadzana przez
wiascicieli rozgrzewka byta prawidtowa i nie stanowita obcigzenia treningowego.

Wyniki doswiadczen potwierdzity, ze schemat badan wysitkowych opracowanych
dla koni wyscigowych ma zastosowanie u whippetow trenujacych coursing. Psy tej rasy sa
$rednich rozmiaréw 1 czg$¢ z nich ma nerwowy temperament, zwlaszcza w atmosferze
ograniczone. Pobranie krwi dwukrotnie — zaraz po wysitku oraz 30 min p6zniej, nie stanowi
istotnego obcigzenia dla organizmu psa. Wyniki wskazuja rowniez, ze bieg za wabikiem po
prostej byt dla psow bardziej wymagajacy niz bieg po torze coursignowym, co jest zgodne
z zalozeniami planu treningowego. Nie bylo to zaskakujace, gdyz trening polegal na
szybkim 1 réwnym biegu po prostej, podczas gdy na zawodach psy nie biegaja
réwnomiernie, lecz zwalniajg na zakretach lub gdy straca wabik z oczu. Oba rodzaje wysitku
treningowego stanowily istotne obcigzenie wysitkowe, nie byly jednak nadmiernym
obcigzeniem, co potwierdza fakt przekroczenia progu mleczanowego natychmiast po biegu
i powrotu do poziomu ponizej 4 mmol/l 30 minut pdzniej. Pomiar LA bezposrednio po
wysitku i 30 minut po6zniej mozna zatem zaleci¢ jako metode potwierdzenia czy program
opracowany przez trenera jest optymalny dla danego psa. Sesja treningowa, podczas ktorej
psy biegng za wabikiem w linii prostej, jest wieckszym obcigzeniem dla organizmu niz bieg
po torze w czasie zawodow i stanowi wlasciwg metode adaptacji do wzrastajacych obcigzen.
Monitorowanie st¢zenia kwasu mlekowego podczas sesji treningowych moze by¢ pomocne
W ocenie przygotowania psa do zawodow, monitorowania postgpOwW treningowych oraz
dostosowania treningu do konkretnego psiego zawodnika i uzyskania optymalnych efektow
w czasie zawodow.

Doktadny opis oraz wyniki przeprowadzonych analiz znajduja si¢ w publikacji:
Exercise-induced Haematological and Blood Lactate Changes in Whippets Training for Lure
Coursing. Miazga K., Szalu$-Jordanow O., Czopowicz M., Zmigrodzka M., Witkowska-
Pitaszewicz O., Moroz-Fik A., Mickiewicz M., Wilczak J., Cywinska A. J Vet Res. 2023;
67(1):139-146.
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4.4 Analiza wplywu treningu na profil metabolomiczny whippetow.

Poszukujac innych parametrow, ktore mogg by¢ przydatne do oceny zmian
powysitkowych u whippetow, przeprowadzono analiz¢ profilu metabolomicznego pséw
trenujacych (16 psoéw) 1 nietrenujacych (9 psow). W celu ujednolicenia obu grup
badawczych, wybrano tylko psy zywione w taki sam sposob, dietg BARF. Do badan
wykorzystano materiat pobrany od psé6w w spoczynku. Uzyty test pozwolil na oznaczenie
stezen 630 metabolitow i 232 wskaznikow metabolizmu (ang. metabolism indicators).
Réznice pomiedzy badanymi grupami okreslano na podstawie istotnosci statystycznej
(p<0,05), oraz bezwzgl¢dnej wielokrotnosci zmian (FC — ang. fold change) powyzej 1,5.
Warunki te spetnito 48 metabolitow oraz 18 wskaznikéw metabolizmu. Az 33 sposrod 48
metabolitow nalezato do grupy triglicerydow. Dwadziescia z nich osiggn¢to wyzsze stgzenie
u psoéw trenujacych, podczas gdy pozostate 13 triglicerydéw miato wyzsze stezenie u psow
nie trenujacych. Triglicerydy zostaly opisane wg wzoru TG(x:y n:m) gdzie ,,x” oznacza
ilo$¢ atomow wegla, ,,y”’ oznacza ilo$¢ wigzan podwojnych w reszcie kwasu thuszczowego
W pozycji sn-1, ,n” to calkowita ilos¢ atomow wegla, ,,m” catkowita ilo$¢ wigzan
podwoéjnych w resztach kwasow tluszczowych w pozycji sn-2 i sn-3. U psow regularnie
trenujacych coursing dominowaty $rednio tancuchowe triglicerydy z TG 16:1, TG 17:1i TG
18:1, podczas gdy u psow nietrenujacych wyzsze stezenia odnotowano dla TG 20:2/3 1 TG
18:2/3. Zaobserwowano takze zaleznos¢ dotyczaca stezen triglicerydow zawierajgcych 18
atomow wegla w pozycji sn-1, poniewaz 10 z nich TG(18:0 30:1), TG(18:1_30:0),
TG(18:1_30:1), TG(18:1_33:0), TG(18:1_33:1), TG(18:1 34:1), TG(18:1_35:2),
TG(18:1 36:1), TG(18:1 _36:2)1 TG(18:2_35:1) bylo wyzsze u pséw trenujacych, a 6 znich:
TG(18:1_38:7), TG(18:2_36:5), TG(18:2_38:5), TG(18:2_38:6), TG(18:3_38:5) oraz
TG(18:3 38:6) byto wyzsze dla psow z drugiej grupy.

Do czterech gltéwnych endogennych zZrédel energii podczas wysitku zalicza si¢
glukoze bedaca produktem glikogenolizy w watrobie, wolne kwasy tluszczowe uwalnianie
z tkanki tluszczowej oraz bedace efektem hydrolizy TG, glikogen mig$niowy i triglicerydy
wewnatrzkomorkowe. Endogenne triglicerydy stanowig najwigksza rezerwe energii, ktora u
ludzi jest az 60 razy wigksza niz ilo$¢ energii zmagazynowanej w glikogenie [Muscella et
al. 2020]. Z tluszczu otrzymywane jest wigcej energii (8,5 kcal/g) niz z biatek i
weglowodanow (3,5 kcal/g). Psy w wiekszym stopniu niz ludzie korzystaja z energii z
kwasow ttuszczowych, a podczas dlugotrwalej pracy przy umiarkowanej intensywnosci

nadal produkuja energi¢ z utleniania ttuszczow [Wakshlag i Shmalberg 2014; Zoran 2021].
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W przeprowadzonym badaniu stwierdzono wyzsze stg¢zenia a co za tym idzie dostepnos¢ w
osoczu triglicerydow bogatych w $redniotancuchowe kwasy thuszczowe, ktore sa
wykorzystywane jako zrodto energii podczas wysitku. Niestety nie udato si¢ wskazac
konkretnych metabolitow jako wskaznikow wydolnosci, poniewaz jedynie trzy triglicerydy
byly skorelowanie z punktami rankingowymi uzyskanymi przez psy podczas zawodow, a
korelacja nie byta wysoka.

Uzyskane wyniki stanowig pierwszg opublikowang analiz¢ wptywu wysitku na
metabolom psow. Wykazano, ze powysitkowe zmiany u whippetow, zwigzane z regularnym
treningiem coursingu, dotycza przede wszystkim triglicerydow. Sugeruje to, ze adaptacja
treningowa jest zwigzana ze zwigkszeniem mozliwosci wykorzystania wolnych kwasow
thuszczowych, jako Zrodla energii w czasie biegu. Niektore uzyskane wyniki, jak np.
stezenia triglicerydow o takiej samej ilosci atoméw wegla, daja podtoze do przeprowadzenia
dalszych analiz w tym zakresie.

Przeprowadzono  réwniez  analiz¢  parametrow  morfologicznych  oraz
biochemicznych krwi dla obu grup badanych psoéw. Nie stwierdzono istotnych roéznic w
warto$ciach parametrow czerwonokrwinkowych, u wszystkich miescity si¢ w gornych
granicach normy, co jest cechg typowa dla chartow [Zaldivar-Lopez et al. 2011]. Wérod
parametrow biochemicznych istotnie roznifa si¢ aktywnos¢ kinazy kreatynowej (CK), ktora
byta wyzsza u pséw trenujacych. Wynika to najprawdopodobniej z regularnych treningow,
ktore skutkuja zwigkszeniem masy migsniowej. Poza CK, wyzsze w tej grupie byly
aktywnosci gamma-glutamylo-transferazy (GGT) i lipazy. U ludzi potwierdzono, ze
aktywno$¢ lipazy lipoproteinowej znacznie wzrasta po wysitku fizycznym [Horowitz i Klein
2000; Muscella et al. 2020]. Zjawisko podwyzszenia aktywnosci GGT po intensywnym
treningu opisywano rowniez U koni jako nieprzystosowanie do treningu zwigzane ze stresem
oksydacyjnym [Mann et al. 2022]. Jednak biorac pod uwage roznice w metabolizmie pséw
I koni, trudno przypuszczac¢, ze taki sam mechanizm ma miejsce u pséw, a zagadnienie to
wymaga dalszych badan.

Doktadny opis oraz wyniki przeprowadzonych analiz znajduja si¢ w publikacji:
Metabolomic analysis indicated changes in triacylglycerols' levels as a result of training in
Whippet dogs. Miazga K., Kopczynska K., Szalus-Jordanow O., Moroz-Fik A., Wilczak J.,
Barszcz K, Cywinska A. Sci Rep. 2023; 13(1):18223.
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4.5 Ocena przydatnosci badania okulistycznego do wykrycia patologii majacych
wplyw na przebieg treningu i osiggane wyniki sportowe.

Charty, w odroznieniu od innych pséw mysliwskich, poluja gléwnie przy uzyciu
wzroku, a nie wechu. Umiejetno$¢ $ledzenia 1 podgzania za uciekajacg na otwartej
przestrzeni zwierzyng jest wykorzystywana przez charty, w tym whippety, podczas
zawodow coursingowych. Pogon za wabikiem wymaga doktadnej jego obserwacji, a jedng
ze sktadowych koncowej noty jest wtasnie ocena podazania za uciekajacym wabikiem.
Dlatego zdecydowano si¢ na przeprowadzenie dokladnego badania okulistycznego u
whippetoéw trenujgcych coursing oraz ocene czy ewentualne choroby oczy majga wplyw na
osiggane przez psy wyniki w czasie zawodow. Dodatkowo, badanie wzroku nie jest
wymagane przez Polski Zwigzek Kynologiczny ani zagraniczne oddziaty FCI przed
dopuszczeniem psoOw tej rasy do rozrodu, stad dane na temat wad narzadu wzroku u tej rasy
w Polsce nie sg obszerne. Badaniem objeto 45 psow regularnie trenujacych coursing i
startujacych w zawodach na poziomie krajowym i1 migdzynarodowym. U kazdego psa
przeprowadzono petne badanie okulistyczne, obejmujace oceng reakcji na odruch grozenia,
reakcje Zrenic na $wiatlo, odruch oSlepienia, badanie biomikroskopowe przed i1 po
rozszerzeniu zrenic, badanie dna oka metodg oftalmoskopii posredniej oraz stan refrakcji za
pomocg retinoskopii pasmowej. U 53,3% psow stwierdzono obecno$¢ patologii, z ktérych
najczestszg (20%) stanowito zwyrodnienie ciata szklistego (ang. vitreous degeneration -
VD). Srednia wieku pséw, u ktorych stwierdzono to zaburzenie wynosita 5 lat, co
koresponduje z badaniami opisujagcymi zwigzek wystepowania VD z wiekiem psow
[Krishnan et al. 2020]. Kazdy kolejny rok zycia psa zwigcksza prawdopodobienstwo
wystgpienia VD o 24%. W badaniu przeprowadzonym u greyhoundéw ktore zakonczyty
kariere sportowa w biegach torowych, VD stwierdzono u 31% psow w wieku 3-5 lat [Lynch
2007]. Inne wykryte zmiany obejmowaty za¢meg, nukleoskleroze (stwardnienie jadra
soczewki), retinopati¢, zanik tgczowki, ztogi barwnikowe w przedniej torebce soczewki,
torbiel btony naczyniowej oka, blizny rogowki i siatkowki oraz cialo obce rogéwki. Cztery
sposrod nich: VD, za¢ma, zanik teczowki 1 retinopatia, s wymienione wsrod osmiu
schorzen na liscie ECVO (European College of Veterinary Opthalmologists), ktére sg lub
podejrzewa sig, ze sg dziedziczne [ECVO Manual]. U trzech pséw opisano retinopatie, ktorej
objawy obejmowaly zmiany w postaci punktowych biatych przebarwien, widocznych
podczas badania dna oka. Wiasciciele psow z najwiekszym nasileniem tych zmian

sugerowali tagodne zaburzenia widzenia u swoich psow. Wsréd badanych psow nie
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stwierdzono opisywanego w literaturze dotyczacej whippetow postepujacego zaniku
siatkobwki (ang. progressive retinal atrophy — PRA) [Somma et al. 2017]. U wszystkich
przebadanych psow wykazano emmotropi¢, co oznacza, ze ich oczy byty wolne od wad
refrakcji. Do najczestszych wad refrakcji zalicza si¢ dalekowzrocznos¢ 1 krotkowzrocznos¢.
Analiza punktow rankingowych otrzymanych przez psy podczas zawoddw krajowych, nie
wykazata jednak istotnych statystycznie roznic w wynikach sportowych psow z
zaburzeniami okulistycznymi w poréwnaniu do psow, u ktorych nie stwierdzono zmian
okulistycznych. Wydaje si¢ zatem, ze zaobserwowane w czasie badania zmiany nie
wplywaja negatywnie na wyniki sportowe whippetdw trenujacych coursing. Nalezy jednak
mie¢ na uwadze, ze cze¢$¢ zmian moze postepowaé, a zdecydowana wigkszo$¢ psow
bioracych udziat w badaniu byta mtoda (najstarszy pies miat 7,5 toku). Dlatego warto jest
monitorowac postgp opisanych zmian jak i ich ewentualny wptyw na rezultaty sportowe.
Doktadny opis oraz wyniki przeprowadzonych analiz znajduja si¢ w publikacji:

Ocular abnormalities in Whippets practicing lure coursing in Poland. Miazga K.,
Tomkowicz A., Wilczak J., Cywinska A. Pol J Vet Sci. 2024; 27(1) 5-12.
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6. Wnioski

1. Zmiany parametrow czerwonokrwinkowych u psow rasy whippet sg przydatne do
potwierdzenia obcigzenia wysitkowego podczas treningu szybkosciowego, jednak nie
pozwalaja na ocen¢ stopnia obcigzenia. Oceng stopnia obcigzenia oraz wytrenowania psa
umozliwia analiza zmian st¢zen kwasu mlekowego we krwi. Pomiar liczby uderzen serca na
minute metodg ostuchiwania klatki piersiowej przed i po wysitku nie jest przydatny do oceny

obcigzenia wysitkowego ani przygotowania treningowego psow rasy whippet.

2. Optymalnym dla pséw rasy whippet schematem terenowego testu wysitkowego jest
badanie stezenia kwasu mlekowego we krwi bezposrednio po biegu po prostej (ocena
przekroczenia progu mleczanowego) oraz 30 minut po zakonczeniu biegu (ocena

regeneracji).

3. Regularny trening powoduje zmiany metaboliczne dotyczace przede wszystkim stezenia
konkretnych frakcji triglicerydow we krwi. Prawdopodobnie sg to zmiany adaptacyjne
umozliwiajace efektywniejsze wykorzystanie wolnych kwaséw thuszczowych jako zrédta

energii podczas wysitku.

4. Choroby narzadu wzroku dotycza znacznej czesci whippetow startujagcych w zawodach w
dyscyplinie coursing. U przebadanych pséw wykazano, iz pozostajg one bez wptywu na
osiggane przez psy wyniki sportowe. W zwigzku z mtodym wiekiem badanych zwierzat,
warto przeprowadza¢ badania kontrolne w celu oceny progresji zmian i ich ewentualnego

wplywu na wyniki sportowe.
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Abstract

Introduction: Whippets are traditionally trained to compete in lure coursing. While in humans and horses, training is
routinely monitored by special tests, this is not carried out in the training of whippets. The aim of this study was to check if
laboratory tests designed for racehorses could be useful in monitoring whippets training for lure coursing. Material and Methods:
Blood samples were taken from 14 whippets at several time points: before exercise (including warm-up), immediately after,
15 min after and 30 min after exercise sessions of straight 400 m runs (T) and coursing (C). Routine haematological values and
lactate concentrations (LA) were measured. Results: White blood cell count, red blood cell count, haemoglobin concentration and
haematocrit increased significantly in both types of exertion, and no differences between the types were observed. The LA measured
immediately after the run were increased, but there was no significant difference between the types of session (T and C). After both
types of activity, LA decreased within 30 min post run by 9—-11 mmol/L. Lactate concentrations were significantly higher 30 min
after the T sessions than after the C sessions. Conclusion: The results confirmed that typical exercise-induced changes occurred in
whippets training for lure coursing; however, the scale of changes was different to that in horses. The sampling scheme used in

racehorses can be applied to whippets and can be useful as a laboratory tool for monitoring their training.

Keywords: exercise physiology, haematology, lactic acid, lure coursing, sighthounds.

Introduction

Coursing was traditionally a canine activity involving
the pursuit of other animals. Today, it has become a no-
victim sport in race form and found popularity in many
countries. The races take place on open, grassy terrain
which is as flat as possible. The lure is placed on a line
stretched close to the ground, arranged in a track. Unlike
greyhound track runs, the coursing track does not follow
a regular oval, but it consists of straight lines as well as
turns. The distance ranges between 250 and 900 m
depending on the rank of the competition and the breed
of the competing dogs. Whippets are known as the
fastest accelerating breed and one which can quickly
change direction. They are also solo hunters eager to
take the lure as quickly as possible (8). Thus, they
constitute an ideal breed for lure coursing.

The competing dogs are trained to increase their
speed, agility and endurance, in order to meet all judging
criteria; however, the first two are the most important
since the competitions demand anaerobic exertion.
Training programmes usually draw on the trainers’
experience and respond to general indications, but
exercise tests with objective benchmark values that can
be used for the evaluation of individual dogs are still
lacking. Such tests have been widely described and used
on human athletes of various disciplines. In the case of
animals, horses have undeniably been best investigated
in this respect (5, 6, 15, 16, 20, 29, 33). One of the
parameters most frequently tested during speed exercise
tests on humans and horses is the lactic acid (lactate)
concentration (LA). Lactate is a metabolite produced
from pyruvate in anaerobic fermentation during
exercise. When energy is needed rapidly, glycogen is

© 2023 K. Miazga et al. This is an open access article distributed under the Creative Commons Attribution-
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broken down anaerobically into lactate. When the rate of
lactate production exceeds the rate of its removal, its
concentration increases markedly, which can be detected
by blood LA measurements (21). The duration of
exercise that can be undertaken when using glycogen
alone as the energy source is limited due to the muscle
fatigue related to acidification.

Blood LA measurements are widely used to assess
the level of fitness in sport horses (3, 5, 29). Speed
exercise tests are based on the evaluation of the time it
takes for LA to reach the level of 4 mmol/L (the anaerobic
threshold) (17). Studies have shown that a lactate-guided
conditioning programme can significantly enhance
performance and that LA, along with basic haematology,
can be used to determine fitness in different types of
exercise; it follows that the optimised enhancement is
attained partly through the most reliable determination
of fitness, and therefore the right preparation of the test
and the correct sampling are crucial (5, 29). Exercise
tests have been performed and changes in blood count
before and after exercise have been reported for
greyhounds, but not for whippets (19, 22). Therefore, the
aim of this study was to determine the changes in
haematological parameters and blood LA in whippets
at various exercise sessions.

Material and Methods

Dogs. Fourteen privately owned whippets living
with their owners in domestic conditions were enrolled
in the study. They were 12 males (2 neutered) and
2 intact females, aged from 11 months to 5.5 years with
a mean (SD — standard deviation) age of 2.6 (1.3) years,
and weighing from 11.0 to 19.2 kg with a mean (SD)
weight of 14.2 (2.4) kg. All dogs were active lure-
coursing competitors at different levels of training. The
movement and general condition of each dog were
assessed as they walked in a straight line on a leash in
the owner’s hand. Each owner filled in a questionnaire
about the dog with questions regarding nutrition, dietary
supplements, vaccination and health history. All tests
were performed as part of routine health examinations
and at the owners’ requests, and thus, according to
the European Directive EU/2010/63 (7) and Polish regulations
regarding experiments on animals (12), there was no
need for the approval of the Ethical Committee for the
described procedures. These qualified as non-experimental
clinical veterinary practices, excluded from the directive.

Exercise sessions. A speed-training session
(training — T) and a run that mimics competitions
(coursing — C) were investigated. Both sessions, T and C,
were conducted outdoors on a grassy meadow in the
morning hours. The distance in both cases was 400 m;
however, during the T session the lure was moving in
a straight line, while in the C session the track was
designed with turns as well as straights, in a similar
manner to competition courses. The dogs ran in pairs
selected by the trainer based on previous experience and
performance. Each dog was dressed in a coursing

blanket and had a muzzle. The owner started the run on
their own initiative. Before the run, each dog was put through
an individual warm-up by its owner, consisting mainly
of run-ups after a frisbee or ball, stretching and tricks.

Blood analyses. Blood samples were collected
at rest and after exercise at time points selected in reference
to exercise tests performed on racehorses. The number
of blood samples collected from each dog depended on
the dog’s size, what was possible without impacting the
dog’s welfare, and the owner’s preference. Samples for
haematology were obtained at rest and immediately after
the runs in both session types. Samples for blood LA
testing were taken as follows: in the T session
immediately after, 15 min after and 30 min after the run,
and in the C session immediately after and 30 min after.
Blood LA was also measured immediately after the
warm-up before the C session. Blood was collected from
the cephalic or saphenous vein into a 2 mL tube with
ethylenediaminetetraacetic acid (EDTA) and a plain
tube using a 0.7 mm (22G) needle. Lactic acid
concentration was measured in blood from the plain
tubes immediately after collection using hand-held
analysers (Accusport; Roche, Mannheim, Germany).
All samples were stored in a cooled container and within
4 h the researchers’ laboratory took the following
haematological measurements from blood from the
EDTA tubes: red blood cell count (RBC), haecmoglobin
concentration (HGB), haematocrit (HCT), white blood
cell count (WBC), and platelet count (PLT). The plain
tubes were centrifuged and the serum was used to
evaluate the biochemical profile. For haematological
and biochemical measurements, published reference
intervals (RI) were used (31) while the RI for LA ranged
from 1.2 to 3.1 mmol/L (27).

Statistical analysis. The normality of the data
distribution was confirmed using the Shapiro—Wilk test.
Numerical variables were presented as the arithmetic
mean, SD, and range, or as the arithmetic mean, 95%
confidence interval (CI 95%) and measurements of
individual dogs in figures. Haematological measurements
and LA were compared in the 14 whippets between time
points and types of exertion using the paired Student’s
t-test with Bonferroni correction for multiple comparisons.
Comparisons between three time points were made
using the repeated-measure analysis of variance with
Dunnett’s post-hoc test. All tests were two-tailed.
A significance level (o)) was set at 0.05. The analysis was
performed in TIBCO Statistica 13.3 (TIBCO Software
Inc., Palo Alto, CA, USA).

Results

Haematology. Significant increases were noted in
WBC, RBC, HGB and HCT after both C and T
compared to the baseline; however, they remained
within the RI. There were no significant differences
between the two types of exertion (Table 1). The PLT
count increased significantly after the T session but not
after the C session. As a result, PLT was significantly higher
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after the T session than after the C session (Table 1). The
WBC increased significantly after both sessions, with no
differences between the session types (Table 1).
Biochemistry. The biochemistry results, tested
at rest, were within the RI. Relevant data is presented in
supplementary Table 1 associated with this article.
Lactate concentrations. In the T session, the LA
measured immediately after the run significantly
exceeded the upper reference limit, doing so even
sixfold, and then decreased to values slightly below and
above the upper RI. The decrease was significant
between both 0 and 15 min post run concentrations
(P <0.001) and 15 and 30 min post run concentrations
(P < 0.001) (Fig. 1). The results in blood collected
15 min after the end of the exercise were on average
twofold higher than the reference interval, indicating
that this time had been too short for recovery after the
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LA threshold was exceeded. Therefore, we decided to
abandon measuring LA 15 min after the run in the C session.
Instead, we measured LA immediately after the warm-up
and the concentrations were below the upper RI in all
dogs but one (Fig. 2). Immediately after the C session, LA
concentrations increased significantly to more than 10 mmol/L
on average and reverted to normal after 30 min of recovery.

When comparing both types of exercise, the LA
measured immediately after the run were significantly
higher than the baseline and did not differ significantly
between the C and T sessions (P = 0.249) (Fig. 2). The
values decreased significantly within 30 min after both
types of activity by approximately 9-11 mmol/L on
average (P <0.001 for both types of exercise) (Table 2).
However, 30 min after the run, LA were significantly
higher after the T session compared to the concentrations
after the C session (P = 0.002) (Fig. 3).

Table 1. Change in haematological measurements after two types of session — training (T) and coursing (C)

Blood parameter R_eference Baseline After T session Baseline v:‘ T After C session Baseline vj ¢ Tus C
interval P-value P-value P-value
WBC (g/L) 6.0-16.5 54+009 (4.1-7.4) 7.8+£2.1(5.1-11.4) 0.002* 7.27+0.94 (5.8-8.6) <0.001* 0.999
RBC (T/L) 5.5-8.5 7.5+0.9 (4.8-8.3) 8.5+0.5(7.6-9.7) 0.001* 8.18 £ 0.51 (7.2-9.0) 0.039* 0.149
HGB (mmol/L)  7.5-11.3 11.5+ 1.4 (7.4-13.0) 12.9+0.7 (11.9-14.6) 0.010* 13.1+0.8(12.1-14.4) 0.007* 0.482
HCT (L/L) 0.37-0.55 0.54 +0.06 (0.35-0.61) 0.62 +0.03 (0.57-0.70) 0.001* 0.6+ 0.03 (0.6-0.7) 0.009* 0.696
PLT (g/L) 200-580 216.4 +26.2 (174-281) 243.9 +32.8 (193-294) 0.028* 211.4 +16.2 (188-242) 0.999 0.002*

 — paired Student’s ¢-test P with Bonferroni correction for three comparisons; * — Significant at o= 0.05; WBC — white blood cell count; RBC — red blood

cell count; HGB — haemoglobin concentration; HCT — haematocrit; PLT — platelet

Table 2. Changes in mean lactate concentrations (mmol/L) after two types of session — training (T) and coursing (C)

Lactate concentration (mmol/L)

Type of effort Mean difference + SD Imm_ediately after
Immediately after session 30 min after session (C195%) vs 30 min after, P-value
T session 13.6+£3.2(7.7-18.2) 3.1+£09(1.3-5.2) 10.5+2.7 (8.5, 12.6) <0.001
C session 10.7 + 3.1 (4.8-15.0) 1.8+ 1.1 (0.1-3.8) 8.9+3.3 (6.4, 11.5) <0.001
Mean ?lcflffg;“/:)e +SD 29+54(-1.2,7.1) 1.4+1.1(0.5,2.2)
T vs C, P-value 0.2 0.002*

SD — standard deviation; CI 95% — 95% confidence interval; * — paired Student’s #-test P with Bonferroni correction for four comparisons;

* — significant at o = 0.05

20
P<0.001
® Arithmetic mean
18l o T cios%
© ¢ Individual dogs
16 | °
s 7 P<0.001
—_~ ¢o
S 14 + Fel P L) <
Q ~
g -
E 12t PE SRR
ks
- N
g 10 ¢ o \\\
g 8¢ LS <o o
3] T e
8 "
8 ~ °
5 6 o .- )
Lo RN <
¢ |oo RN
4 LEESSS T & <
©
8° “-s °
o 1% o
2+
<
°
0 " i
0 15 30
Time (min)

Fig. 1. Change in lactate concentration (mmol/L) after the training (T) session measured immediately after (0),

15 min after and 30 min after the exertion



142 K. Miazga et al./] Vet Res/67 (2023) 139-146

18
P<0.001 . .
= ® Arithmetic mean
16 S T ci9o5%
¢ Individual dogs
<
14 P
= —_
° 12
=] e e
E F
= 10 RN
(=] s ~
: // | ~
g S '\
s 8 3 AN
3 . N
=] ’ ° ~
’ AN
8 P
6 v
= . P=0.643
o = 0.
- - < ~
Q
3 4 ¢ rh N 3
/’ R
N
. ‘ \lo%
2 / o o ©
o <
o © o 3 <
0 O 0 O ® <
0 30
After warm-up
Time (min)

Fig. 2. Change in lactate concentration (mmol/L) after the exercise (C) session measured after the warm up,

immediately after, and 30 min after the exertion
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Discussion

Our study shows that basic haematological
measurements and LA significantly increase after lure
coursing in whippets, but that LA reverts to normal
within 30 min of the end of a run. The detected changes
are in general consistent with those previously reported
in humans and horses (16, 23). The resting values of the
haematological parameters in the dogs examined in our
study were at the upper limit or in excess of the

published RI (31). This is in line with earlier
haematology results typical for sighthounds (19, 28,
30, 32). Several explanations of this phenomenon have
been given in the literature regarding hounds, but
whippets have not been discussed extensively. It has
been indicated that the natural adaptation to running
leads to higher oxygen demands in muscles during
exercise and thus more effective oxygen transport in the
blood is required. However, other findings suggest that
training and racing are not primarily responsible for
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differences in haematological values between adult
greyhounds and other breeds (25, 32). Investigations by
Shiel et al. (25) of the potential impact of age and sex on
blood component proportions in young greyhounds
before the start of regular training revealed that HCT,
HGB, and RBC correlated positively with age, and
haematological values typical for adults were reached by
9-10 months of age. In the case of the whippets
examined in our study, the youngest one was 11 months
old, so according to the results of Shiel et al. (25), the
blood of all dogs should have already yielded values
typical of adult dogs.

The differences in routinely measured erythrogram
parameters in greyhounds correspond to lower haemoglobin
Pso values (the oxygen tension at which haemoglobin is
50% saturated), meaning that haemoglobin has a higher
affinity for oxygen than it does in dogs of other breeds.
Moreover, at approximately 54 days (18), the RBC
lifespan in greyhounds is significantly shorter than it is
in other breeds. This transience has been suggested to
result from differences in membrane structure and
preferential splenic sequestration effected by the reportedly
larger spleens of greyhounds (32). These features
contribute to the excellent predisposition to exercise in
greyhounds, which has been expected also in whippets.

In our study erythrogram parameters increased
significantly after exertion, regardless of its type, which
is consistent with previous reports regarding racing
greyhounds (22). In the investigated greyhounds, RBC,
HGB and HCT increased after 400 m runs by 11%, 7%
and 10%, respectively (22). In the whippets examined in
our study, the increases were similar, but slightly higher
after the straight run (the T session): 13%, 11% and 14%
for RBC, HGB and HCT, respectively. After the C session,
the results had a slightly different pattern to that in the
greyhounds referred to previously: 9%, 13% and 12%
increased, respectively. The differences between the
types of exertion examined in our study were not
significant at the group level, but are worth mentioning
as an indicator for blood analyses in individual dogs. The
exercise-induced erythrogram increases are well known
in sportsmen and sport horses and result from the splenic
contraction leading to the release of stored erythrocytes
into the circulation (33) and are manifested by high
RBC, HGB and HCT values. The rises might also be
supported by exercise-induced fluid shifts as well as
splenic contraction. The parameters listed above
reverted to the baseline within one hour of the end of
exercise (33). Comparing the increases in the values of
haematological parameters after exercise in horses with
the values obtained in the whippets examined in our
study, it is clear that their percentages were not as high
as in, for example, polo horses (33), where RBC
increased by 49%, HCT by 51% and HGB by 45%, but
still the changes we observed are visible and statistically
significant.

Platelets are not commonly counted in an exercise
test. Greyhounds’ baseline PLT seemed to be below the
commonly accepted RI in previous research (1, 19, 30);

however, it was not confirmed in the whippets examined
in our study. Although the changes noted in our study
were statistically significant, the results may have been
materially affected by the mechanisms involved in the
variations in PLT counts. Hence, we postulate that PLTs
are not useful in the evaluation of exercise-induced
changes in whippets just as they are not in horses (24).

The WBC increased significantly after the T and C
sessions regardless of the type of exertion. In greyhounds,
an increase in WBC by 36% was observed after dogs
chased the lure over a distance of 400 m (22). The
increases observed in our study were by 42% after
T sessions and 34% after C sessions. In performance
horses, leukocytosis is frequently observed after various
types of exercise (4, 15) and its level depends on the
nature of the exertion. In endurance horses competing
over 162 km, the increase in WBC was 68% (4), while
in thoroughbreds racing over 1,600 m the difference was
26% (13). Two mechanisms have been widely accepted
for this phenomenon: adrenaline release and cortisol
release stimulated by sustained exertion. Adrenaline
stimulates the release of both mono- and polymorphonuclear
cells from the marginal pool and the release of
leucocytes such as RBC from the spleen. Additionally,
the release from bone marrow and efferent lymphatics
occurs and contributes to leukocytosis (14). The short
duration of the dogs’ exercise in our study causes us to
suspect that adrenaline is responsible for leukocytosis.
In humans, cortisol is involved in acute leukocytosis in
low-volume, high-load exercise, but this is not the case
in high-volume, medium-load exercise (26). This
corresponds to the types of exercise the whippets
examined in our study were given, where the intensity
was high over a short period of time. It is also worth
mentioning that baseline leukocyte studies with different
breeds of sighthounds showed values below the RI in
greyhounds and whippets (25, 32), but we did not
observe this phenomenon. It is likely to correspond
mainly to the lower neutrophil count. In a high
percentage of greyhounds, “grey” or “vacuolated”
eosinophils are found and some analysers are suspected
of not correctly detecting them (11).

Coursing competitions demand exertion for
attaining speed, which is anaerobic exertion, and
therefore we hypothesised that training tailored to such
competitions would produce similar exercise-induced
changes to those known to occur in racehorses (13, 20,
16). Blood LA relative to exercise intensity is a relevant
marker for exercise performance. The anaerobic
threshold falls at a particular point in the range of
exercise intensity and denotes the point below which
there is an increased contribution of energy associated
with metabolic acidosis and consequently respiratory
compensation (10). The aerobic—anaerobic LA threshold
is supposed to identify the maximal intensity of exercise
at which blood lactate production and clearance are in
balance. In humans it has been established at 4 mmol/L.
Exercise intensity above this level will require a greater
contribution by anaerobic metabolism in order to obtain
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energy. The lactate threshold concept is used to assess
fitness in athletes. It has been widely tested in humans
participating in different kinds of disciplines, mainly to
determine the training level (10). In horses, this
parameter is used to examine horses used in different
disciplines, most commonly racing thoroughbreds, but
also show-jumping and dressage horses. Special tests,
named standardised exercise tests, were designed to
match the nature of each discipline (6). In canine sports,
such standardised methods for testing exercise capacity
have not been evaluated. Nevertheless, some research
has been done in dogs: in Labrador retrievers undergoing
an incremental treadmill test, the LA threshold of
4 mmol/L was not exceeded; however, in some dogs
a relevant difference between the resting and post-
exercise results was visible (9). Agility testing induced
a significant LA increase immediately after the exercise,
especially in advanced competitors (2). While monitoring
LA changes in sled dogs entering training, it was noted
that LA measured 5 min after training decreased over
a nine-week training programme, indicating progress (3).
Between week 0 and week 9, the decrease in post-
exercise LA reached 47%. However, the type of exercise
differed from the one performed by sighthounds,
because sled racing is an example of endurance sport.
Greyhounds sprinting over a 100 m distance while
chasing a lure showed very promising results in terms of
efficiency. The RBC and blood LA remained elevated
10 min after the run, indicating the high intensity of the
exertion. Moreover, the LA concentration after the
exercise exceeded the 4 mmol/L threshold, suggesting
a predominant anaerobic metabolism during the exercise
(19). In the whippets examined in our study, LA ranged
between 5 and 16 mmol/L immediately after exercise.
Given that the dogs’ training levels varied according to
their owners’ judgement, it is likely that the LA
corresponded to the training level. However, verification
of this hypothesis requires further studies. Most
importantly, the exertion was tolerable. This was
demonstrated by the LA falling below 4 mmol/L in all
dogs after 30 min of recovery following the crossing of
the lactic acid threshold during the runs. Post-exercise
LA did not differ between types of exercise. The T
session, which was examined first, showed that although
LA decreased after 15 min, the threshold was still
exceeded at that time, and the subsequent decrease (after
30 min) was more pronounced. We suppose that,
similarly to how it is for sport horses, this is a better time
point to evaluate the recovery in whippets.

Whippets are small and sometimes anxious, so the
number of blood samples and the amount of blood
collected must be limited. Therefore, we decided not to
take blood more than twice after exercise. We think that
collecting blood immediately after and 30 min after
exercise is optimal. In the case of measurements taken
30 min post exercise, differences were visible as higher
haematological parameter values after the T session than
the C session. This indicates that running in a straight
line is more exhausting for dogs than coursing

competition simulation. It may be related to the
specificity of the effort. The T session was an uninterrupted
sprint in a straight line with maximal speed, while the
C session imitated the chase after the lure, and although
the latter was a fast run, it also consisted of changes in
pace, e.g. in corners. Overall, the lactate threshold was
exceeded in all dogs, but dropped below 4.1 mmol/L
after 30 min, showing a good level of dog training. The
results also indicate that the straight run (T session) was
more demanding of the dogs than the competition
(C session), which is in line with the assumptions of the
training plan. We expected this result, as the training
consisted of a fast and steady straight run, while in
competitions dogs do not run steadily, but slow down on
turns or when they lose the lure. We can also say that the
warm-up given by the owners was at an appropriate
level, because the lactate threshold was not exceeded
and thus there was no muscle fatigue before the actual
exercise. If owners are not sure whether they provide
a proper warm-up, measuring LA can be helpful. For the
dogs included in our study, both types of training
exertion were taxing but appropriate, as the lactate
threshold was exceeded immediately after running and
returned to below 4 mmol/L 30 min later. Thus, LA
measurement can be recommended as a laboratory
method to confirm if the programme designed by the
trainer is optimal for the dogs.

The main limitation of our study was the non-
uniformity of the conditions provided by the keepers of
the dogs tested. Each whippet lived with its owner and
led a different lifestyle to the others including its diet and
daily exercise routine. In the case of greyhounds, the
group is more unified as the dogs are kept in the manner
in which racehorses are kept. Another constraint was the
limited possibility of blood collection due to the size of
the dogs. Thus, we had to limit the number of blood
samples taken during one session to three.

This study is the first to describe exercise-induced
changes in basic blood parameters in whippets. Three
main conclusions may be drawn: the first is that the
schedule of LA and haematological measurements used
in racehorses is applicable to whippets training for lure
coursing, and the second is that exercise-induced
changes were significantly different between the types
of exertion at the group level only in terms of LA
concentration 30 min afterwards, but that some other
differences are likely and should be taken into
consideration when analysing individual dogs. The last
conclusion is that since collecting blood from whippets
is difficult and stressful, testing LA immediately after
exercise and after a 30-minute recovery period is to be
recommended.
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Metabolomic analysis indicated
changes in triacylglycerols’ levels
as a result of training in Whippet
dogs
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Regular physical effort produces metabolic changes manifested as adaptation to exercise and
increasing performance. In humans these changes have been characterized at metabolome level

as depending on the discipline. However, all sports involve some level of changes in protein,
carbohydrate and lipid metabolism. Recently, also performance horses have been subjected to
metabolic analyses, but similar studies were lacking in sports dogs. In this study we performed

the metabolomic analysis in plasma of Whippet dogs regularly trained and competing in coursing
events, and untrained dogs of the same breed, fed with the same diet. We have also compared

the hematological and blood biochemical results in these two groups of dogs. Basic blood tests
indicated that enzymes related to lipid metabolism (lipase and gamma-glutamyltransferase) differed
considerably between the groups. Metabolomic analysis of plasma confirmed the metabolic shift
expressed as the differences in triacylglycerols levels between training and non-training dogs, aimed
atimproving the use of fatty acids as a source of energy during exertion. Surprisingly, other classes of
metabolites were only hardly changed when comparing training and non-training Whippets.

Physical effort causes a number of changes in the body aimed at providing the necessary energy and maintaining
homeostasis at the same time. Metabolomics is a field of science that allows to track and monitor these changes
in more accurate way than previously used research methods. Large variety of different metabolites can be
monitored, which is very valuable when focusing on interactions during exercise or nutritional interventions'.
Metabolites are defined as low molecular weight (< 1500 Daltons) chemical substrates, intermediates, or end
products of enzyme-mediated reactions?.

Metabolomics is a quickly growing field in veterinary medicine. In dogs, a large part of the published research
focuses on variability of the metabolome in different disease entities and the search for metabolites that could be
markers for these diseases®°. Several canine diseases have been evaluated with some promise for potential bio-
marker and/or disease mechanism discovery®. It has also been proven in humans that undertaking various types
of physical activity produces changes in metabolic profiles. In the case of human athletes, it has been confirmed
that different types of exercise affect the metabolic pathways of compounds from various groups, including lipids,
amino acids, and carbohydrates'”. A word “sportomics” was created and it means the application of metabolomics
in sports to investigate the metabolic effects of physical exercises on individuals, regardless of whether they are
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professional athletes or not®. Several metabolomic studies in humans have been published in this field”*!!, but
according to the author’s knowledge, no such research in dogs have been published.

Certain canine breeds practice sports of various disciplines. The oldest and most traditional canine discipline
is racing dedicated for hounds, and currently a wide variety of race types have been created for certain breeds
among hounds. Lure-coursing has been specially created for sighthounds, mainly Whippets to test their con-
genital chasing and hunting skills. Dogs chase a mechanized plastic lure in a grassy and open area. In contrast
to the typical greyhound track racing, here the route is variable and consists of both straight lines and curves.

Numerous scientific reports confirm that in the body of dogs subjected to exercise, noticeable changes take
place, characteristic for a specific type of exercise. Biochemical analysis of sighthounds’ blood after exercise,
regardless of whether they chased a live prey or artificial lure, presented changes in the lactate (LA) level typical
for anaerobic exercise in humans and horses'% It has also been reported that basic hematology parameters—red
blood cells count (RBC), hematocrit (HCT) and hemoglobin concentration (HGB), are higher in racing Grey-
hounds compared to non-runners of other breeds'®. Moreover, it has been proved that erythrogram parameters
increase after exercise in Whippet dogs'*. Knowing these outcomes, we decided to check if exercise-related
changes are reflected by metabolomic changes in Whippets practicing lure-coursing. Thus, in the current study we
investigated changes in metabolome of Whippet dogs trained for lure-coursing, compared to the same breed dogs
that do not practice any sport training. Additionally, we compared basic hematological and blood biochemical
profiles to check if routinely used reference values are accurate also for Whippets practicing regular sport training.

Results
The study groups of training and non-training dogs (Table 1) did not differ significantly in terms of age and
body weight.

Hematology and blood biochemistry

Most hematological and biochemical parameters remained within normal ranges for canine species recom-
mended by the laboratory. In 5 training dogs WBC values were slightly below the reference range, but no other
abnormalities were detected, so it was treated as normal for these individuals. Alike, due to these values the
median value for WBC was significantly lower in training dogs, however, fold change (FC,,.4i.,) Was below 1.5,
so it was not interpreted as important. There were no significant differences in other hematological parameters
between the groups (Table 2, Supplementary Table S1). The levels of several biochemical parameters: TP, ALB,
GGT, CK, lipase, fructosamine differed significantly, being still within reference values, however, FC,,.4i., Values
were above 1.5 only for GGT and lipase (Table 3, Supplementary Table S2).

Metabolites and metabolism indicators
Six hundred thirty metabolites (listed in the Methods section) and 232 metabolism indicators were tested. One
hundred fifty seven metabolites (29 acylcarnitines, 1 alkaloid, 6 aminoacids related, 6 bile acids, 5 biogenic
amines, 3 carboxylic acids, 7 ceramides, 2 cholesterol esters, 37 diacylglycerols, 8 dihydroceramides, 5 fatty acids,
14 glycerophospholipids, 3 hormones, 1 indole derivative, 1 nucleobase related, 29 triacylglycerols) were excluded
from further analyses due to being out of the limit of detection (LOD), 35 out of 232 metabolism indicators were
rejected from further analyses for the same reason. In total, 670 compounds were subjected to further analyses
(Supplementary Table S3a and b).

Ninety eight metabolites (Fig. 1) and 32 metabolism indicators differed significantly (p <0.05) between groups.
The criterion of absolute FC,,,.4;., above 1.5 was fulfilled by 70 metabolites (Fig. 2) and 38 metabolism indicators,

Training dogs Non-training dogs | p
Number of animals | n=16 n=9 -
Sex 14 males (4 of them neutered), 2 females | 4 males, 5 females -
Age 3 (2-3.5) years 1.5 (1.5-3.6) years | 0.559
Body weight 14.25 (13-14) kg 140 (12-145) kg | 0.276

Table 1. Study population. Age and body weight are given as medians (IQR range).

Training (n=16) Non-training (n=9) Training vs non-
Blood parameter Reference interval Median (IQR) Range Median (IQR) Range training p-value* FC
WBC (G/1) 6.0-12.0 5.7 (4.75-6) (3.7-7.4) 6.4 (6.2-7.3) (5.1-8.6) 0.002 1.123
RBC (T/1) 5.5-8.0 7.68 (7.4-8.0) (5.0-9.1) 7.47 (7.3-7.6) (6.3-7.9) 0.152 -1.028
HGB (mmol/l) 7.45-11.17 11.8 (11.1-12.4) (7.4-13.8) 114 (11.2-12) (10.1-12.5) 0.579 -1.035
HCT (1) 0.37-0.55 0.55 (0.52-0.58) (0.37-0.63) 0.53 (0.52-0.56) (0.47-0.59) 0.579 ~1.038

Table 2. Basic hematology results of training and non-training Whippets at rest. *Significant at a=0.05.
WBC—white blood cells, RBC—red blood cells, HGB—hemoglobin, HCT—hematocrit, FC—fold change.
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GGT (U/) 5-25 8 (6-10.5) (5-22) 5 (5-5.5) (5-6) 0.006 1.6
CK (U/) 5-467 135.5 (127.25-140.25) | (103-174) 99 (72-100) (70-108) 0.003 1.369
TRI (mg/dl) 17.7-115.1 32 (27.5-44.25) (20-59) 37 (33-40) (29-41) 0.621 -1.156
Lipase (U/1) 0-135 32.5 (24-48.5) (18-134) 11 (10-14) (11-16) 0.001 2.955
TP (g/1) 55-75 56 (55.5-58) (52-58) 59.5 (57-62.25) (57-63) 0.003 ~1.063
ALB (g/l) 29-43 32 (31.5-33) (30-34) 36.5 (35.75-37) (24-38) 0.001 ~1.16
Fructosamine (umol/l) | 225-365 331.27+26.99 (288-366) 250.80+29.02 (225-289) 0.004 1.32

Table 3. Selected biochemistry results of training and non-training Whippets at rest. *Significant at a=0.05.
GGT—gamma-glutamyltransferase, CK—creatine kinase, TRI—triglycerides, TP—total protein, ALB—
albumins, FC—fold change.
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Figure 1. Classes of metabolites that differed significantly between training and non-training Whippets.

being higher or lower in the training dogs. Both criteria: significance and absolute FC_ 4., above 1.5 were ful-
filled by 48 metabolites (3 free fatty acids, 1 acylcarnitine, 1 aminoacids related, 1 bile acid, 1 biogenic amine, 1
carboxylic acid, 2 cholesterol esters, 1 cresol, 2 glycerophospholipids, 1 glycosylceramide, 1 nucleobases related
and 33 triacylglycerols—TGs) and 18 metabolism indicators, including 7 newborn screening traits (deficiencies)
designed for tests in humans. The remained 11 included: sum of betaine related metabolites, cystine synthesis,
p-cresol-SO4 synthesis, sum of VLCFA-CEs, ratio of DGs to TGs, ratio of DHA to EPA, sum of MUFAs, sum
of PUFAs, PLA2 activity (3), ratio of TGs to FAs, sum of purines and sum of saturated TGs (Supplementary
Tables S4 and S5).

Thirty three triacylglycerols (Fig. 3) that fulfilled both criteria: differed significantly between groups, and
absolute FC,, 4., above 1.5 contained from 14 to 20 carbon atoms residues at sn-1 position. In the training
group the concentrations of TGs containing 16 and 17 carbon residues in this position were higher than in non-
training dogs. The concentrations of TGs with longer chains, containing 20 carbon atoms, except TG(20:3_32:0)
were higher in the non- training group. An interesting trend has been noticed for 18 carbon residues, the con-
centrations of TG(18:0_30:1), TG(18:1_30:0), TG(18:1_30:1), TG(18:1_33:0), TG(18:1_33:1), TG(18:1_34:1),
TG(18:1_35:2), TG(18:1_36:1), TG(18:1_36:2) and TG(18:2_35:1) were higher in training dogs, while the con-
centrations of TG(18:1_38:7), TG(18:2_36:5), TG(18:2_38:5), TG(18:2_38:6), TG(18:3_38:5), and TG(18:3_38:6)
were higher in the non-training group. The highest concentrations (in both groups) were noted for TG(18:1_34:1)
and TG(18:1_36:2), both being higher in training dogs.

Hierarchical clustering of the metabolites and metabolism indicators that fulfilled both above-mentioned
criteria indicated the similarities and dissimilarities among variables, as shown at the dendrogram (Fig. 4). The
most similar are the variables that are linked by the branches at the smallest height. The closest relation was
found between TMCA and Hex2Cer(d 18:1/26:0). The triacylglycerols TG (20:3_34:1) to TG (14:0_34:1) were
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Figure 3. The concentrations of TGs that significantly differed between training and non-training dogs and the
absolute FC,,,.4;,, Was above 1.5.
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Figure 4. Dendrogram of the hierarchical cluster analysis of metabolites and metabolism indicators that
differed significantly between training and non-training dogs and the absolute FC_.4,, Was above 1.5. The
height of branches that link the variables represent similarities (lower located branches) and dissimilarities
(higher located branches) among variables.

relatively close to each other, while another group: IVA(NBS) to C3 of rather dissimilar variables is far from
other variables. All TGs were quite similar to one another, with the closest relations among TG(18:1_33:0),
TG(17:0_34:1), TG(18:1_33:1), TG(16:0_35:2), TG(16:0_33:1) and TG(17:1_34:1). Sum of purines appears as the
most different from other variables, as it is linked at the largest height. Subsequent inherently unique variables
are Sum of Betaine-Related Metabolites, Cystine Synthesis and Xanthine.

Significant Spearman rank correlations with the ranking points obtained by dogs in the competitions were
identified for 3 variables: TG(16:0_35:2), TG(17:1_34:1) and TG(18:1_33:0), all correlations were negative and
only moderate (Supplementary Table S4).

Discussion

This study is the first complex analysis of the changes in blood metabolic profile in the dogs subjected to regular
sport training. The study design involved analyzing routine blood tests and metabolomic profile which gives
much deeper insight into metabolic processes. The groups were selected to exclude the effect of the factors other
than sport activity, mainly the diet, which could have affected the metabolism. ‘Biologically Approved Raw Food’
also called ‘Bone and Raw Food’ (BARF) is the most popular diet, favored by the owners and recommended for
sports dogs. It generally consists of muscle meat, offal (organs), raw bone, fresh vegetables and fruit, and other
healthy additives. It can be prepared at home or bought commercially. It is rich in saturated fats, so can affect
metabolic parameters, i.e., concentrations of saturated triacylglycerols (triglycerides, TGs)'*. That is why only
dogs fed with homemade but unified BARF have been selected to ensure that the groups are as homogenous
as possible, so the results can be understood as related to regular training. The food was prepared according
to FEDIAF guidelines'® (as described in the Methods section). We have expected that similarly to humans and
horses!” regular training produces changes related to energy metabolites at protein, carbohydrate and lipid levels
and we wished to characterize them at metabolomic level and additionally, to check if any changes can be detected
in the routine blood tests. The metabolomic analyses clearly indicated that training-related changes manifest
mainly in the triacylglycerols profile and hardly in other profiles, and they are not pronounced in routine tests.
We postulate that training-related metabolic shift in TGs profile improves the use of fatty acids as a source of
energy during exertion.

Some significant differences between training and non-training dogs were revealed by routine hematologi-
cal and blood biochemical tests, but the parameters remained within the reference ranges recommended by the
laboratory in both groups, except for few individuals. Parameters describing red blood cells (RBC, HGB, HCT)
did not differ significantly between training and non-training groups, and were rather in the upper limits of
norms, which is a feature previously described and typical for Greyhounds and other sighthounds'*'8. Thus,
upper limits of ranges for canine species are reccommended for these breeds but there is no need to use more
specific values related to training.

Among blood biochemical parameters, creatine kinase (CK) is considered as the most important value related
to training due to the fact that CK is the best indicator of striated muscle damage and most of its activity is in
skeletal muscle'®?. The increase in plasma CK activity in dogs results from its leakage through the cell membrane
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and therefore, is evident in all conditions associated with muscle inflammation, necrosis, or degeneration but
also after exhausting training?'. Greyhounds have slightly higher CK activity than non-Greyhounds because of
larger muscle mass. In the dogs tested in this study, all CK results were within reference range and there was a
significant difference between the training and non-training group in favour of the former. This is most likely due
to regular training resulting in the increased muscle mass. However, FC_.4;,, was below 1.5, so this difference,
although statistically significant, should not be ranked as important and meaningful.

Two biochemical parameters, lipase and gamma-glutamyltransferase activities, fulfilled both criteria FC,,.gian
above 1.5 and significant difference between training and non-training dogs. Lipase activity was almost 3 times
higher in training dogs. In humans, it has been confirmed that the muscle lipoprotein lipase (LPL) increases
significantly after exercise. This fact is related to the increased uptake of circulating triglycerides during exercise,
which are either utilized immediately or used for restoration of muscle lipid stores after the end of exercise*?*.
This is in line with our results indicating higher serum lipase levels in dogs that were in training compared to
those that did not train actively. Although triglyceride concentrations in baseline biochemistry were not sig-
nificantly different, metabolomic analysis clearly indicated the differences in TGs profiles between training and
non-training dogs.

In case of GGT, high individual variations have been observed (from 5 to 22 U/L), however all of them
were within the reference values. Serum GGT is derived from biliary epithelium, renal tubular epithelium, and
pancreatic acinar cells® and in the dogs truly elevated GGT levels together with elevated ALP indicate hepatic
diseases but have not been discussed in the context of exercise. In humans, GGT increases acutely after exer-
cise, but regular aerobic training has been shown to decrease GGT levels and the role of GGT in exercise has
been linked to its role in glutathione metabolism, counteracting oxidative stress and supporting cells repair?.
In racehorses, moderate increases in GGT levels, called "GGT syndrome”, occur in some horses as a result of
intensive training and is considered as a marker of maladaptation to training related to oxidative stress?’. Due
to the metabolic differences between horses and dogs it is hard to consider higher GGT level in training dogs as
similar phenomenon, but this issue requires further research.

Total protein and albumin concentrations were lower in training dogs, which corresponds to lower total
protein, albumin and globulin concentrations previously reported in Greyhounds and being suggested as related
to plasma volume expansion associated with chronic conditioning and training'®. Fructosamine is used to assess
the average blood glucose concentration over the preceding 2-3 weeks. Although higher in training group, it
remained within reference ranges, and reflected the temporary changes that may have had multiple reasons
(including excitement related to training).

Metabolomic analysis clearly indicated that the training related metabolic changes involved primarily TGs’
levels. This class represented the majority (33 out of 48) of metabolites that significantly differed between groups,
and the magnitude of change indicated by absolute FC_,.4;,, above 1.5 confirmed their importance. They were
also close to each other as indicated by hierarchical cluster analysis, with the closest relation among medium
chain TGs with 16, 17 and 18 carbon atoms in sn-1 position and 33, 34 and 35 carbon atoms in s»n-2 and sn-3
positions. TGs are glycerides in which glycerol is esterified with 3 fatty acid groups. In the metabolomic data in
our study they are described by the pattern TG(x:y_n:m) in which the number of carbon atoms (x) and double
bonds (y) in the fatty acid residues at sn-1 position and the total number of carbon atoms (n) and total number
of double bonds (m) in the fatty acid residues at the positions sn-2 and sn-3 are given®.

Higher concentrations of TGs, primarily containing medium chain, having 16, 17 and 18 (with one double
bond) carbon atoms at sn-1 position (Fig. 3, Supplementary table S4) in training dogs seem to be related to
the metabolic shift towards the increased availability of fatty acids as a source of energy used during training
(repeated exercise).

During exercise, there are four major endogenous sources of energy: plasma glucose derived from liver gly-
cogenolysis, free fatty acids (FFAs) released from adipose tissue lipolysis and from the hydrolysis of TG in very
low-density lipoproteins (VLDL-TG), muscle glycogen and intramyocellular triacylglycerols (IMTGs) available
within the skeletal muscle fibers. Endogenous TGs represent the largest energy reserve in the body, in humans it
is over 60 times greater than the amount of energy stored in glycogen?®*. There are three pathways of TG biosyn-
thesis, two of which take place in the liver and adipose tissue, and one in the intestines. Fats taken in with food
are digested and undergo numerous transformations, requiring various enzymes, so as to be stored as cytoplasmic
lipid droplets in all cell types of the body®. At rest FAs released from adipose tissue surpass the quantity of FAs
oxidized in the skeletal muscle, most of the FAs are re-esterified into liver TGs**. When fatty acids are required by
other tissues for energy or other purposes, they are released from the triacylglycerols by the sequential actions of
three cytosolic enzymes®. The use of fatty acids as fuel requires hydrolysis of triacylglycerols (i.e., lipolysis) from
adipose tissue, muscle, and plasma and the delivery of the released fatty acids to skeletal muscle mitochondria
for oxidation®. Fat-based energy is twice as high (9 kcal/g, in the dogs 8.5 kcal/g) as the one based on protein or
carbohydrates (4 kcal/g, in the dogs 3.5 kcal/g). Dogs even more than humans rely on free fatty acids for energy
generation. In contrast to humans that use carbohydrate loading to increase stamina, in dogs exhaustion is not
correlated to glycogen depletion. Dogs, during long lasting work at moderate intensity, continue to produce
energy from fat oxidation®**!. Free fatty acids undergo beta oxidation to generate energy in the form of ATP in
the post-absorption period. The length of the fatty acid chain plays the most important role in the amount of
net energy gained, which is important during aerobic exercise. Medium- and short-chain fatty acids are more
effectively oxidized, resulting in a higher thermogenic effect. On the other hand, long-chain fatty acids undergo
oxidation less willingly and the amount of energy is lower than in the case of short- and medium-chain fatty
acids. This is due, among other factors, to the need of activation of long-chain fatty acids before their oxidation,
and the use of these compounds also as substrates for the formation of important biologically active molecules,
such as eicosanoids. In addition, long-chain fatty acids, which constitute the majority of FFA derived from the
diet or released from adipose tissue, unlike short- and medium-chain fatty acids, cannot pass directly through the
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mitochondrial membranes, but thanks to palmitoylcarnitine transferase 1 (CPT1) they are converted into fatty
acylcarnitine derivatives®. The training-related metabolic changes detected in our study dealt with the composi-
tion of TGs in blood. In the dogs subjected to regular training, medium chain TGs predominated with the 16,
17 and 18 (with one double bond) carbon atoms residues in sn-1 position, in contrast to non-training dogs, in
which the residues containing 20 or 18 (but with 2 or 3 double bonds) carbon atoms predominated in this posi-
tion. Thus, higher concentrations of TGs rich in medium chain fatty acids in the plasma of training dogs confirm
that they are better available and preferentially used by dogs in the post-absorption period as the primary source
of energy. The fact that different TGs predominated in the groups explains also that the concentration of TGs
detected by routine blood biochemistry did not differ between training and non-training dogs. Unfortunately,
only 3 TGs correlated with the ranking points and the correlations were only moderate. Thus, currently none of
the tested metabolites could be proposed as an indicator of dog’s performance.

The interesting trend of TGs with 18 carbon atoms is worth mentioning. TG(18:0_30:1) to TG(18:1_38:7)
were higher in the training group while TG(18:2_36:5) to TG(18:3_38:6) were lower. The changes in the con-
centrations of TGs with 18 carbon atoms have been reported in humans, however, the experimental design was
different and involved the changes resulting from two handball games for 30 min with 10 min interval. It has
been shown that the plasma levels of stearate (18:0) decreased, and oleate (18:1) and linoleate (18:2) increased,
resulting in an increase of the ratio of unsaturated to saturated fatty acids®*. This is in line with the findings in
obese humans with impaired insulin sensitivity that had higher concentrations of stearic acid (18:0) and lower
proportion of oleic (18:1) and linoleic (18:2) acids, giving a lower ratio of unsaturated to saturated fatty acids
in skeletal muscle TGs—in comparison to non-obese individuals®**. Mougios et al.** assumed that in handball
players the shift in blood TGs reflected the stimulation of releasing TGs from the liver during exercise which can
overcome the hydrolysis of TG in muscles. They postulated, that the observed shift towards unsaturated fatty
acids may be associated with aerobic exercise and diet rich in unsaturated fatty acids. Other study showed that
in trained runners intramyocellular TGs provide a substantial portion of fatty acids fuel consumed during high
intensity exercise, however there is still not enough data regarding the role of TG fatty acids to provide energy
at rest or during exercise®.

We suspect that higher levels of some TGs in training dogs show their adaptation to intense running, as the
source of needed energy is easily accessible from the blood. Still, the question that needs to be answered is: why
some TGs concentrations are higher and some are lower when comparing trained to non-trained dogs? The
obtained results give perspective and hope for determining the parameters that can be markers helping to set
the training level of the organism and its adaptation to physical effort. However, further research is required to
confirm this hypothesis. Metabolites belonging to other classes, representing other metabolic pathways, were
only single among significantly different variables, which indicated that protein and carbohydrate metabolism
were not markedly changed by the training. This fact is supported also by the relations among metabolites shown
by hierarchical cluster analysis.

Interestingly, some metabolism indicators were significantly different between training and non-training
groups with absolute FC,,4i., above 1.5. Newborn screening (NBS) indicators reflect NBS traits mainly such
as the deficiencies in enzymes that can produce certain inherited disorders in humans. This interpretation of
metabolism indicators cannot be directly applied to dogs, but the differences between training and non-training
dogs may suggest the role of genetic background related to the enzymes in the predisposition to the training.
Training dogs usually originate from “sport lines” which are selected by the owners interested in subjecting their
dogs to sport training and competitions, but the breeding of “sport lines” is based on the history of dogs and no
specific genetic markers have been proposed. Our results may suggest that further research on the role of genetic
predispositions may involve the genes related to certain enzymes.

The main limitation of this study is the small group of dogs, particularly the non-training ones. Moreover,
training dogs took part in the competitions, which vary in terms of terrain and weather conditions, so the total
exercise load was not the same for all dogs. BARF diet was prepared by the owner according to common recom-
mendations; however, some minor differences may also have occurred. We did our best to select as homogenous
groups as possible, but some differences certainly existed.

According to the authors’ knowledge, this is the first study covering a wide panel of metabolites in Whippet
dogs, including the dogs in regular training. The results clearly indicated that in this homogenous group training
produced changes mainly in TGs’ levels and other classes of metabolites were hardly changed. The detection of
changes that seem aimed at more effective use of fatty acids as a source of energy during exertion can help in
better understanding the possibilities of dietary interventions in dogs in regular training.

Methods

Twenty-five adult Whippet dogs aged from 11 months to 5.5 years were enrolled in the study. The dogs were
divided into two groups depending on whether they practiced lure coursing or not (Table 1) and these groups
were compared. There were 16 dogs (14 males, including 4 neutered ones, and 2 females) that were in regular
training and were competing in national and international coursing competitions. In addition to coursing train-
ing, consisting mainly of sprints in a straight line, each of the dogs practiced interval and endurance training
with its owner, e.g., running by the bike, frisbee or flyball. During the sport events they competed against one
another, regardless of their sex and age. The dogs were officially ranked due to the number of starts in the season
and the places, so that better and worse competitors were indicated, 6 dogs were included into the ranking list but
not ranked due to disqualifications and lack of enough competitions completed. The group of non-training dogs
consisted of 9 dogs (4 males and 5 females) and apart from daily activities (e.g., walking, fetching toys) they did
not practice any canine sport. All 25 dogs lived with their owners in domestic conditions. All dogs were fed with
BAREF (‘Biologically Approved Raw Food’ also called ‘Bone and Raw Food’) with addition of dietary supplements,

Scientific Reports |

(2023) 13:18223 | https://doi.org/10.1038/s41598-023-45546-w nature portfolio



www.nature.com/scientificreports/

such as vitamins and trace elements necessary for proper functioning of the body. When preparing meals for their
dogs, the owners followed the recommendations of the guidelines of the European Pet Food Industry Federation
(FEDIAF)'® and checked the designed diet with the same canine dietician. BARF diet consisted of 75% muscle
meat, 5% offal (organs), 10% raw bone, 5% fresh vegetables and fruit, and 5% other healthy additives. The exact
composition of the diet depended on the dogs’ and owners’ preferences but fulfilled FEDIAF criteria. As all dogs
were considered adults, the amount of protein and fat based on MER (Maintenance Energy Requirements) of
110 kcal/kg was 45 g of protein and 13.75 g of fat (unit per 1000 kcal of metabolizable energy—ME). At the time
of blood sampling, all dogs were clinically healthy, as confirmed by routine veterinary examination. The dogs
were sampled at rest, all were fasted before blood sampling (8 h without food and 2 h without water). During
the sampling the dogs were handled by their owners to minimize stress, as recommended by the Ethical Com-
mittee guidelines. Blood was collected indoors from either cephalic or saphenous vein using 0,8 mm needle into
1 ml plastic tubes coated with EDTA (for hematological analyses), heparin (for metabolomic analyses) and dry
tubes coated with clotting factor (for blood biochemistry). Heparin tubes were centrifuged within 30 min after
collection, at 2500 x g for 10 min, next the plasma was harvested and stored at — 80 °C.

All the procedures of blood sampling were performed as part of routine health examination, on the owners’
request and thus, according to the European directive EU/2010/63 and Polish regulations regarding experiments
in animal® there was no need for the approval of Ethical Committee for the described procedures, qualified as
non-experimental clinical veterinary practices, excluded from the directive.

Blood analyses

Within 4 h blood from EDTA tubes was tested using an automated hematology analyzer (Abacus, UK), in a
laboratory for the following hematological measurements: white blood cells (WBC), red blood cells (RBC),
hemoglobin (HGB), hematocrit (HCT), medium cell volume (MCV), medium cell hemoglobin (MCH), medium
cell hemoglobin concentration (MCHC), red blood cell distribution width (RDW), platelets (PLT). The plain
tubes were centrifuged, and the serum was used to evaluate biochemical profile consisting of the following param-
eters: alkaline phosphatase (ALP), glucose, creatinine, urea, total protein (TP), total bilirubin (TBIL), globulins
(GLOB), albumins (ALB), gamma-glutamyltransferase (GGT), calcium (Ca), phosphorus (P), potassium (K),
sodium (Na), magnesium (Mg), chloride (Cl), cholesterol, lactate dehydrogenase (LDH), creatine kinase (CK),
triglycerides (TRI), amylase, lipase and fructosamine. For hematological and biochemical measurements refer-
ence intervals (RI) of the laboratory were used and compared to normal values for canine species®.

Metabolomic analyses

Concentration of endogenous metabolites belonging to 23 classes (acylcarnitines, alkaloids, aminoacids, amino
oxides, aminoacids related, bile acids, biogenic amines, carboxylic acids, ceramides, cholesterol esters, cresols,
diacylglycerols, dihydroceramides fatty acids, glycerophospholipids, glycosylceramides, hormones, indoles and
derivatives, nucleobases and related, sphingolipids, sugars, triacylglycerols, vitamins & cofactors) was determined
by mass spectrometry using a commercial MetaboINDICATOR™: MxP® Quant 500 Kit (Biocrates Life Sciences
AG, Innsbruck, Austria). The kit is designed to measure concentration of 630 metabolites: 40 acylcarnitines, 1
alkaloid, 1 amine oxides, 20 aminoacids, 30 aminoacids related, 14 bile acids, 9 biogenic amines, 7 carboxylic
acids, 28 ceramides, 22 cholesterol esters, 1 cresol, 44 diacylglycerols, 8 dihydroceramides, 12 fatty acids, 90
glycerophospholipids, 34 glycosylceramides, 4 hormones, 4 indoles and derivatives, 2 nucleobases and related,
15 sphingolipids, 1 sugars, 242 triacylglycerols, 1 vitamin & cofactors. Moreover, 232 metabolism indicators,
meaning predefined biologically metabolite sums and ratios, were measured.

Briefly, a 96-well based sample preparation device was used to quantitatively analyze the metabolite profile in
the samples. This device consisted of inserts that had been impregnated with internal standards, and a predefined
sample amount was added to the inserts. Next, a phenyl isothiocyanate (PITC) solution was added to derive
some of the analytes, and after the derivatization had been completed, the target analytes were extracted using
an organic solvent, followed by a dilution step. The obtained extracts then were analyzed by LC-MS/MS (small
molecules, bile acids, and free fatty acids) and FIA-MS/MS (lipid classes including acylcarnitines and hexoses)
methods, using multiple reaction monitoring to detect the analytes. Data items were quantified using appropriate
mass spectrometry software (Sciex Analyst) and imported into Biocrates. MetIDQ software (Biocrates Life Sci-
ences AG, Innsbruck, Austria) for further analysis'. The analysis was run in Fraunhofer-Institute for Toxikology
and Experimental Medicine ITEM in Hannover, Germany, in March 2022. Concentrations of all metabolites were
calculated in uM (umol/L) and were normalized with respect to internal quality control samples. Individual limit
of detection (LOD) was calculated for each metabolite. In total, concentration of 630 metabolites was measured,
of which 157 results were rejected due to being beyond LOD.

Statistical analysis
The significance of the differences between the concentrations of metabolites in training and non-training groups
was checked by Mann-Whitney U test. The same test was applied to evaluate the significance of the differences
in hematological and blood biochemistry parameters between the examined groups. P<0.05 was considered
as significant.

To evaluate possible importance of the differences in metabolites concentrations between training and non-
training dogs fold change (FC,,.4i.n) based on medians was calculated according to previously described formula:

FCmedian = Mel/Me0 if Mel > Me0 or FCmedian = —Me0/Mel if Mel < Me0

where Me; and Me, are medians for training and non-training groups, respectively®. The values higher then
absolute cut-off 1.5 were treated as possibly important.
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To investigate the relations among the metabolites and metabolism indicators, the variables that differed
significantly between groups and the absolute FC,4;,, Wwhich exceeded 1.5 were standardized and subjected to
the single linkage hierarchical clustering with Euclidean distance.

To evaluate the relations between ranking points and metabolites concentrations Spearman R correlations
were calculated. Data are presented as the median (Me), interquartile range (IQR) and range. Statistica 13.3.0
(TIBCO) was used for the calculations.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding
author on reasonable request.
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Abstract

Coursing is a canine sport discipline invented for sighthounds. The dogs chase the mechani-
cally operated lure on an open area at the track that consists of straight lines as well as turns. Thus,
the dogs must rely mainly on their sight in order to chase the lure and to compete.

Whippets are the most popular sighthound breed in Poland and more and more dogs practice
lure coursing on professional level. Several ocular disorders are known or presumed to be inher-
ited in Whippets, so we decided to check how often they occur amongst competing dogs and if
they have any impact on the results during competitions.

Forty-five regularly competing Whippets underwent complete ophthalmic examination, in-
cluding evaluation of menace response, pupillary light reflex and dazzle reflex, biomicroscopic
examination conducted before and after dilating pupils with topical tropicamide and fundus ex-
amination with indirect ophthalmoscopy. Refractive state of each eye was assessed via streak
retinoscopy.

Ocular abnormalities were identified in 24 dogs (53.3%). The most common finding was
vitreous degeneration identified in 9 dogs (20%), five dogs presented multiple lesions. There were
no statistically significant differences regarding sex, age, and ranking points between the dogs
with and without lesions.

However, some of the identified lesions are likely to progress, so we postulate that the oph-
thalmological examination should receive more attention in sport Whippets, to check if it has any
impact on competing dogs at more advanced age.

Keywords: lure coursing, ophthalmology, ocular disorders, Whippets
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Introduction

English Whippets represent the group of sight-
hounds and are one of the most popular breeds from this
group. Poland is recognized as the biggest Whippet ex-
porter all over the world. By the end of December 2022
there were 168 Whippet kennels registered as active by
the Polish Kennel Club (Hodowle — Whippety w Polsce
2022). Sighthounds rely on their sight and speed rather
than scent and endurance while hunting. Nowadays
hunting with sighthounds is forbidden in many coun-
tries, including Poland (Act of 13 October 1995 on
hunting law) and has been replaced by sport competi-
tions. Coursing has traditionally meant a canine activity
involving the pursuit of other animals. Today, it has
become a sport where live bait is replaced by an artifi-
cial lure. Races take place on an open, grassy, and pos-
sibly flat area. The lure is placed on a line stretched
close to the ground, arranged in a track, consisting
of lines and turns. Whippets are known to be ideal for
lure coursing as they are the fastest accelerating breed.
They are solo hunters willing to take the lure as quickly
as possible. An ophthalmological examination is not
compulsory for introducing dogs for breeding purposes
hence there is not much data of ocular diseases in this
breed. However, on the basis of published data, several
ocular disorders have been listed by the European Col-
lege of Veterinary Ophthalmologists (ECVO) as known
or presumed to be inherited (ECVO Manual: Breeds
2021). The ECVO list includes: cataract (familial pre-
disposition), progressive retinal atrophy — PRA (in case
if night blindness — suspected autosomal recessive and
in case of vision deficits in dim light and retinal thin-
ning — autosomal recessive), multifocal retinopathy
(X-linked suspected) and collie eye anomaly in long-
haired Whippets — CEA (autosomal, recessive, poly-
genetic, NHEJ1 - related). Inheritance of disorders such
as chronic superficial keratitis, corneal dystrophy, iris
atrophy, vitreous degeneration are still unknown
(ECVO Manual: Breeds 2021). The impact of the dis-
eases listed above on vision may vary, depending on the
origin of the disease, the degree of its advancement and
the treatment undertaken or not at the appropriate time.
For example, progressive retinal atrophy leads to blind-
ness, chronic superficial keratitis may lead to chronic
loss of vision if not treated, while iris atrophy and vitre-
ous degeneration are not sight threatening. Progressive
retinal atrophy described in Whippets by Somma et al.
(2016) leads to severe vision deficits in affected dogs.
Studies conducted on dogs training agility have shown
that dogs with jumping issues are more likely to have
visual disorders than normal jumping dogs and these
disorders affect their results during competitions (Day
et al. 2015). The authors showed that dogs with myopia,

astigmatism, and anisometropia had jumping problems.
Dogs with hyperopia did not have problems, and
emmetropes and strabismics were evenly divided
between good and poor jumpers. However, this study
focused only on refractive state of the eyes. Another
study conducted on working dogs in Brasil showed that
even though a considerable number of ophthalmic
abnormalities and refractive errors (54% of examined
dogs) were found, work performance was good with no
signs of impairment (de Oliveira et al. 2020). Knowing
that dogs training for coursing rely mainly on their
sight, we decided to check the prevalence of ocular
diseases that occur in actively training dogs and
whether they have an impact on the results achieved
during coursing competitions.

Materials and Methods

The study group consisted of 45 Whippets, 26 males
and 19 females, from 11 months to 7.5 years old, the
median age was 4 years (IQR range 4-5). All dogs were
regularly trained and took an active part in coursing
competitions and were officially ranked in the Polish
Cup (Coursing Polish Cup Results 2021) by the points
obtained in the competitions. Whippets underwent
complete ophthalmic examination, including evalua-
tion of menace response, pupillary light reflex and
dazzle reflex, biomicroscopic examination (KOWA
SL-15 Portable Slit Lamp, Kowa) was conducted
before and after dilating pupils with topical tropicamide
(Tropicamidum WZF 0.5%, Polfa Warszawa). Fundus
examination was completed with indirect ophthalmos-
copy (Omega 500 Binocular indirect ophthalmoscope,
Heine) using 30D condensing lens (Volk). Fundus pho-
tographs were taken in some dogs by use of ClearView
Fundus Camera (Optibrand). Refractive state of each
eye was assessed via streak retinoscopy (Beta 200,
Heine). Dogs were considered ametropic (myopic or
hyperopic) when the mean refractive state exceeded +/-
0.5 diopter (D). The dogs with and without ocular
lesions were compared regarding the age, sex and ran-
king points using Mann-Whitney U Test (Statistica 13,
TIBCO). Ophthalmological examination performed
as a part of routine health examination, on the owners’
request and thus, according to the European directive
EU/2010/63 and Polish regulations there was no need
for the approval of the Ethics Committee for the
described procedures, qualified as non-experimental
clinical veterinary practices, excluded from the direc-
tive (Act of 15 January 2015 on the protection of ani-
mals used for scientific or educational purposes).
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Fig. 1. Normal ocular fundus in a Whippet dog. Visible hyperreflective zone around the optic nerve disc.

Fig. 2. Depigmentation of the non-tapetal fundus in a dog with retinopathy.

Results

The population examined in this study covered 30%
(45 out of 161 ranked dogs) of sport Whippets in Po-
land, so constitutes the representative population.
Twenty one (46.3%) had no ocular lesions (Fig. 1).
Ocular abnormalities were identified in 24 dogs
(53.3%), 16 males and 8 females, median age was
4 years (4-6). There were no statistically significant
differences regarding sex (p=0.282), age (p=0.15)

and ranking points (p=0.138) between the dogs with and
without lesions.

The most common finding was vitreous degenera-
tion, identified in 9 dogs (20%), in 6 of them in both
eyes and in 3 of them only in the left eye. Other detected
lesions involved cataract (suture tips, fiberglass and
suture tips, pulverulent, nuclear), nucleosclerosis, retino-
pathy (Figs. 2, 3a and b), iris atrophy, anterior lens cap-
sule pigment deposits, uveal cyst, corneal foreign body
(Fig. 4), corneal scar and retinal scar (Fig. 5). Five dogs
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Fig. 3a, b. Multiple lesions in the tapetum fundus in a dog with retinopathy.

Fig. 4. Corneal foreign body in a Whippet dog.
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Fig. 5. Retinal scar in a Whippet dog.

Fig. 6. Vitreous material in the anterior chamber of the eye in a Whippet dog.

presented multiple lesions in at least one eye (Table 1). Discussion
All defined lesions are listed in Table 2.
This is the first study describing the occurrence of
ocular lesions in Whippets involved in regular training
and competitions. In Poland, despite the popularity of
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Table 1. Dogs with multiple lesions.

ID Age Sex

Lesions in the right eye

Lesions in the left eye

9 4 F Pulverulent cataract; vitreous degeneration Pulverulent cataract; vitreous degeneration
2 6 M Fiberglass and suture tips cataracts; vitreous Fiberglass and suture tips cataracts; vitreous
degeneration degeneration
Vitreous degeneration, uveal cyst floating
27 6 F Vitreous degeneration in vitreous chamber, vitreous material in anterior
chamber of the eye (Fig. 6)
29 7.5 M Vitreous degeneration, iris atrophy, nucleosclerosis  Vitreous degeneration, iris atrophy, nucleosclerosis
32 3 F ALC pigment deposits ALC pigment deposits, nuclear cataract

ID — identification number of the dog, F — female, M — male, ALC — anterior lens capsule

Table 2. Abnormalities found in the examined dogs.

Abnormality Number of right Number of left Total number M;c);h:;(r)lga;ge
eyes affected eyes affected of dogs affected (IQR range)
Vitreous degeneration 6 9 9 5(5-6)
Suture tips 3 1
Fiberglass and suture tips 1 1
Cataract 6 4 (4-5.5)
Pulverulent 1 2
Nuclear 0 1
Nucleosclerosis 3 3 3 7.17 (7.17-7.25)
Retinopathy (Fig. 2, 3a and 3b) 2 3 3 4 (4-4.5)
Iris atrophy 1 3 3 4 (4-4.875)
ALC pigment deposits 1 2 2 2.75 (2.75-2.67)
Uveal cyst 0 1 1 6
Corneal foreign body (Fig.4) 0 1 1 1.5
Corneal scar 0 1 1 1
Retinal scar (Fig. 5) 0 1 1 1.17

The age is given in years, as median (IQR — InterQuartile Range) if more than one dogs were affected, ALC — anterior lens capsule

this breed, only 161 dogs were officially ranked as sport
competitors in 2021 season, thus we have examined the
representative population. Ocular abnormalities were
diagnosed in 53.3% of the study population, which
is very similar to the prevalence (54%) reported by
de Olivera et al. (2020) in working dogs in Brasil.
Although the tendency that the lesions occur more
likely in older dogs and the dogs with lesions have
worse sport results can be suspected, in our study these
differences were not significant. This lack of differences
seems to be related to the fact that the sport carrier
of the dogs is limited, so none of the dogs examined
in this study was older than 7.5 years and that is why the
group was more homogenous regarding the age than
groups examined in other ophthalmological studies
(Guandalini et al. 2017, Balicki et al. 2021, Palmer et al.
2021, Crasta et al. 2022, Karamatic et al. 2022).
Although median ranking points were lower in the dogs
with ocular lesions, the difference was not significant

since many other factors (fitness and physical perfor-
mance) are important for the result. There were dogs
without lesions but with poor sport results and dogs
with ocular abnormalities and very good results.

In this study we have identified 4 types of abnor-
malities: vitreous degeneration, cataract, iris atrophy
and retinopathy, listed among 8 disorders presented
in ECVO section as known or presumed to be inheri-
ted in Whippets. Additionally, we have identified senile
nucleosclerosis, one uveal cyst, and coincidental cor-
neal foreign body and scars (corneal and retinal).
The most common type of ocular anomaly was vitreous
degeneration (VD). Vitreous body is a colorless gel
containing mainly water — 99% and the remained 1%
is formed from collagen fiber, hyaluronic acid and
glycosaminoglycans. It removes toxic metabolites from
the posterior segment of the eye, protects lens from
oxidative damage and is responsible for nutrients diffu-
sion. Changes of its molecular composition result in
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degeneration. There are few types of VD described e.g.,
liquefaction also called syneresis or formation of vitre-
ous floaters, asteroid hyalosis or synchesis scintillans
(Bishop et al. 2004). Although VD is a common finding,
in recent retrospective study conducted on 1569 whip-
pets, the incidence of it was low, reaching only 5%
(Krishnan et al. 2019). In our study vitreous anomalies
were found in 20% of dogs. Six dogs had syneresis,
2 syneresis that result in vitreous material in anterior
chamber and one dog had extensive vitreous attach-
ment to posterior lens capsule causing marked opacity
(Fig. 6). Average age of Whippets with VD was 5 years
which corresponds with the study of Krishnan et al.
(2019), where authors show a relationship between age
and VD. With every 1-year age period there is a 24%
higher likehood of VD development. Similar conclu-
sions can be drawn from a study of 100 retired racing
Greyhounds, where 31% of dogs presented with VD
(Lynch 2007). Interestingly, although the previously
reported prevalence of VD in Whippets was only 5%
(Kirshnan et al. 2019), in Italian Greyhound which have
the same genetic clad as Whippets, it was much higher
— 30.5% in Kirshnan et al. (2019) study and 46.7%
according to Guandalini et al. (2017). In the earlier
American project, that enrolled 352 Whippets, the
prevalence of VD was 13.6% (Vitreous Degeneration
in Whippets 2021) and the authors planned to examine
the dogs annually to follow the progression and the out-
come of the disease. Kirshanan et al. (2019) study found
also a not significant association between cataracts and
VD, 2 whippets had lens luxation and none of the dogs
had retinal detachment or glaucoma. According
to ECVO manual, VD in Whippets can cause secondary
glaucoma, lens luxation and retinal detachment (ECVO
Manual: Breeds 2021). ECVO manual, however, does
not report the prevalence of VD among Whippets and
defines the inheritance as unknown. In our study the
prevalence of VD was high in comparison to other
studies (Krishnan et al. 2019, Vitreous Degeneration in
Whippets 2021). However, we have examined only the
purebred dogs that regularly trained and competed.
Taking into account the fact that 1452 dogs were regis-
tered as purebred in 2021, but only selected lines are
used for sport activities, the high prevalence of VD
in the studied population might have additionally con-
tributed to the hereditary nature of the disease. In Italian
Greyhounds the genetic background of VD has already
been identified as associated with chromosomal region
indicating a recessive disease at the canine chromo-
some 17 (Kaukonen and Lohi 2018). Four of 9 VD dogs
in our study had other ocular anomalies. One had iris
atrophy and nucleosclerosis, one had uveal cyst floating
in the vitreous chamber and two had cataracts (pulveru-
lent cataract and fiberglass and suture tips cataracts,

respectively). Except of those 2 cases, cataract was
diagnosed in 4 other dogs, and it was pulverulent,
suture tip and nuclear cataract. These findings do not
correspond to ECVO manual where information about
equatorial and posterior subcapsular cataract were
noted in Whippets. Third most common affected part
of the eye in our study was the retina. One dog had
a local area of tapetal hyperreflectivity with visible pig-
ment accumulation in the center. Those changes indi-
cate inactive chorioretinitis and if they are small,
they are of no visual significance. In 3 dogs there were
multifocal small white areas in tapetal fundus. Owners
of the dog with most numerous changes have reported
vision problems — what indicates not only anatomical
but functional problem of the retina with such a change.
All 3 dogs with nonspecific retinal changes required
further investigation. In Whippets two types of progres-
sive retinal atrophy (PRA) described. One in which hy-
per reflection around the optic nerve is the first ophthal-
mological sign and total blindness occurs at the age
of 5 years. The second, described by Somma et al.
(2016) happens in younger dogs. Clinical signs are
visible in few month-old dogs, starting from mild vas-
cular attenuation in the retina and progress to advanced
retinal degeneration at the age of 24-36 months. Very
young, 1to 6-month-old, affected dogs exhibited oscil-
latory nystagmus, which is less apparent with age.
Interestingly multiple small retinal bullae were present
in 5-8-month-old dogs and they also as nystagmus are
less apparent with age (Somma et al. 2016). None of
dogs in our study had ophthalmological signs corre-
sponding with PRA. As there is no genetic test for PRA
available in Whippets, it is possible that affected indi-
viduals were present in the study but have not shown
clinical sign yet. Other pathologies seen in the study
were iris atrophy and pigment on anterior lens capsule
(ALC). Iris atrophy was found in 3 dogs with mean age
of 4 years. That indicates rather genetic base than senile
changes. Senile changes in the lens (nucleosclerosis)
were observed in 2 cases. Coincidental finding was cor-
neal foreign body (Fig. 4). Owners observed excessive
tearing and squinting in this eye, but as clinical signs
resolved, they did not decide to get a veterinary consult.
Corneal foreign bodies are mostly found in young,
active dogs, so 1.5-year-old Whippet perfectly fits
to those description (Pont et al. 2015). A piece of plant
was removed in local anesthesia and meds for corneal
ulcers were prescribed.

All dogs examined in this study were emmetropic,
so the eyes were free of refractive error. It means that
the optic with no accommodation - without the tension
of the ciliary muscles — is able to focus light rays
exactly on the retina. The most common refractive dis-
orders are myopia and hyperopia. Most dogs are emme-
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tropic which corresponds with our study. All of dogs fit
to the range -0.5D to +05D. Predisposition of refractive
errors is described in different breeds. Some of them
have tendency to be myopic e.g. Miniature Schnauzers
or Rottweilers others to be hyperopia, e.g. Bouvier des
Flandres or Alaskan Malamute (Murphy et al. 1997,
Kubai et al. 2008). Brasilian working dogs described by
de Oliveira et al. (2020) tended to be myopic, expect for
guided dogs (Retrievers) and tracking dogs (Belgian
Malinois, Bloodhound and German Shepherd) who
were rather emmetropic. The main limitations of this
study were the small group (although representative
for the sport population) and the fact that only one
examination was performed, so there were no data
regarding the progression of the disease. Since more
than half of the examined population presented ocular
abnormalities, we can postulate that ophthalmological
examination in sport Whippets should receive more
attention. In conclusion, ophthalmic abnormalities are
common among Whippets practicing coursing. At the
same time, it seems that noted ocular disorders do not
negatively affect the results achieved by the dogs during
coursing competitions. Nevertheless, it is worth per-
forming further research on a larger group of dogs to
confirm this hypothesis.
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