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1. Streszczenie

Organizm sportowca zarowno podczas aktywnosci fizycznej, jak i w czasie regeneracji,
wymaga prawidtowego nawodnienia uwzgledniajgcego optymalny bilans wodny
oraz prawidtowg w aspekcie jakosciowym i ilosciowym zawartos¢ elektrolitdw. Najwazniejsze
sposréd nich, takie jak Na*, K, ca**, Mg®', Cl-, HCO;~, poza udziatem w gospodarce
wodno-elektrolitowej, wigczone sy rowniez w inne procesy, miedzy innymi regulacje
rownowagi kwasowo-zasadowej organizmu.

W czasie aktywnosci fizycznej mozliwa jest utrata nawet do ponad 3 litréw wody
na godzine. Dokfadne okreslenie zapotrzebowania na ptyny u sportowca wymaga jednak
przeprowadzenia oceny nie tylko stanu nawodnienia, ale réwniez réwnowagi
kwasowo-zasadowej organizmu. Dotyczy to szczegdlnie gier zespotowych, gdzie kazda
rozgrywka ma swoje tempo, dynamike i intensywnos¢, co przektada sie na indywidualne
obcigzenie organizmu kazdego z zawodnikdw. Poznanie zakresu tych zmian oraz okreslenie
zmiennosci wskaznikéw gospodarki wodno-elektrolitowej i rownowagi kwasowo-zasadowej
oznaczanych we krwi i moczu zawodnikéw, zwifaszcza pod wptywem dodatkowych,
wprowadzonych czynnikdw eksperymentalnych, takich jak zrdéznicowana osmolarnos¢
spozywanych napojéw lub miejsce treningu, stato sie celem moich poszukiwan badawczych.

Grupe badang tworzyto 14 zawodniczek hokeja na trawie oraz 12 zawodniczek pitki
recznej, sposrdod ktdrych 6 uczestniczyto réwniez w treningach odmiany plazowej tej gry.
Materiat do badan stanowita krew kapilarna z opuszki palca oraz mocz, pozyskane
przed i po treningu. We krwi oznaczano stezenie elektrolitéw (Na*, K*, Ca**, CI-, HCO3~, Mg),
mleczanu, aldosteronu, wartos¢ osmolalnosci, hematokrytu i pH krwi oraz standardowy
nadmiar zasad, natomiast w moczu ciezar wtasciwy oraz pH. Jednostki treningowe u pitkarek
recznych, zarowno w hali, jak i na plazy, stanowity symulowane mecze, w trakcie ktérych
zawodniczki spozywaty wode niskozmineralizowang. U hokeistek, wysitek byt realizowany
jako standardowa jednostka treningowa. Zawodniczki kazdorazowo przydzielano losowo
do grup spozywajgcych ptyny o rézinym sktadzie mineralnym (woda niskozmineralizowana,
woda wysokozmineralizowna, napdj izotoniczny), w sposéb zapewniajacy przyjecie przez
wszystkie hokeistki kazdego z napojéow. W obu grupach badanych, o czasie i ilosci
przyjmowanych ptynéw zawodniczki decydowaty samodzielnie.

Wyniki badan obu grup zawodniczek wykazaty nieliczne powysitkowe rdznice istotne

statystycznie, odnoszace sie do miejsca treningu czy przyjmowanego napoju. U pitkarek
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recznych réznica pomiedzy wartosciami powysitkowymi w hali i na plazy dotyczyta stezenia
jondéw wapniowych, ktére bardziej obnizyto sie po treningu w hali, oraz pH moczu, ktdére
bardziej obnizyto sie po treningu na plazy. Mozna przypuszczaé, ze stosunkowo mata
rozbieznos¢ wartosci powysitkowych u pitkarek recznych spowodowana byta przez kilka
czynnikdw, m. in. odpowiednio dobrany strdj, objetos¢ przyjmowanych ptyndéw
i dostosowanie intensywnosci wysitku. Natomiast u hokeistek, réznice pomiedzy wartosciami
powysitkowymi dla trzech badanych napojow stwierdzono tylko w przypadku osmolalnosci
osocza, stezenia jonow sodu, potasu oraz aldosteronu. Wszystkie zaobserwowane rdznice
wystgpity wytacznie po pordédwnaniu napoju izotonicznego z napojami hipotonicznymi.
Spozycie napoju izotonicznego bogatego w séd wigzato sie najmniejszym przyrostem
stezenia aldosteronu, ktéry odpowiada za reabsorpcje sodu w kanalikach nerkowych,
zwiekszajac przy tym wydalanie jonéw potasu z moczem. W konsekwencji zaobserwowano
najwiekszg redukcje stezenia jonéw sodu po wysitku, a najmniejszg potasu, co przektadato
sie réwniez na najwieksze obnizenie osmolalnosci krwi. Sugeruje to, ze napoje izotoniczne
w przeciwiedstwie do hipotonikdw sprawniej stabilizujg uktad renina-angiotensyna-
aldosteron, co zapewnia najlepsze nawodnienie definiowane przez osmolalnos¢ osocza krwi.
Dodatkowo okreslono, ze rdznice wartosci przed- i potreningowe pojedynczej jednostki
treningowej, niezaleznie od czynnika eksperymentalnego wptywajg znaczaco na zmiane
wskaznikdw gospodarki wodno-elektrolitowej i réwnowagi kwasowo-zasadowe]. Znajduje
to potwierdzenie w wynikach dostepnych w pismiennictwie, dotyczgcych réznych dyscyplin

sportu, w szczegdlnosci innych gier zespotowych.



2. Abstract

The athlete's body, both during physical activity and during recovery, requires proper
hydration taking into account the optimal water balance and the correct qualitative
and quantitative content of electrolytes. The most important of them, such as Na*, K, ca®,
Mg“, Cl7, HCO3", apart from their participation in the water-electrolyte balance, are also
involved in other processes, including the regulation of the acid-base balance of the body.

During physical activity, it is possible to lose up to more than 3 liters of water per hour.
Accurate determination of an athlete's fluid needs requires the assessment of not only
hydration, but also the body's acid-base balance. This is especially important of team games,
where each game has its own pace, dynamics and intensity, which influence an individual
training load on the body of each player. Understanding the scope of these changes and
determining the variability of the water-electrolyte and acid-base balance measured
in the blood and urine of players became the goal of my research. The research
was especially focused on influence of additional, introduced experimental factors, such
as different osmolarity of consumed drinks or the place of training.

Fourteen female field hockey players and twelve female handball players participated
in the research, six of whom also participated in the beach variant of this game. Capillary
blood from the fingertip and urine were collected before and immediately after training
units. The concentration of electrolytes (Na*, k', Ca2+, Cl7, HCO3", Mg), lactate, aldosterone,
value of osmolality, hematocrit and blood pH as well as standard excess of bases were
determined in the blood. Moreover, specific gravity and pH were measured in urine.
The training units for handball players, both in the hall and on the beach, were simulated
matches, during which the players consumed low-mineralized water. In field hockey players,
effort was implemented as a standard training unit. Each time the athletes were randomly
assigned to groups receiving fluids with a different mineral composition (low-mineralized
water, high-mineralized water, isotonic drink), in a way that ensured that each subject would
take each of analyzed drinks. In both study groups, the players made their own decisions
about the time and amount of intake fluids.

The results of the research of both groups of female players showed few post-exercise
statistically significant differences, depending on the place of training or the consumed
drink. In handball players, the difference between the post-exercise values in the hall

and on the beach was related to the concentration of calcium ions, which decreased more
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after training in the hall than after training on the beach. On the contrary the urine pH,
which decreased more considerably after training on the sand court than hall. It can
be assumed that the relatively low discrepancy at the post-exercise values in handball
players was caused by several factors, including properly selected outfit, volume of fluid
intake and adjustment of exercise intensity. On the other hand, in female field hockey
players, the difference between the post-exercise values for the three tested beverages
was found only in the case of plasma osmolality, concentration of sodium and potassium
ions and aldosterone. All observed differences occurred only when comparing the isotonic
drink with the hypotonic drinks. Consumption of the isotonic drink rich in sodium
was associated with the lowest increase in the concentration of aldosterone, which
is responsible for sodium reabsorption in the renal tubules, while increasing the excretion
of potassium ions in the urine at the same time. As a consequence, the greatest reduction
in the concentration of sodium ions after exercise, and the lowest in potassium
was observed, which also affected the greatest reduction in blood osmolality. This suggests
that, unlike hypotonic drinks, isotonic drinks more efficiently stabilize the renin-angiotensin-
aldosterone system, which ensures the best hydration defined by plasma osmolality.
Additionally, it was determined that the differences in the pre- and post-training values
of a single training unit, regardless of the experimental factor, significantly influenced
the change of the water-electrolyte and acid-base balance. This is confirmed by the results

available in the literature on various sports disciplines, in particular other team games.



3. Autoreferat
3.1. Wykaz osiggniec
3.1.1. Tytut osiggniecia naukowego
Jako osiggniecia naukowe, stanowigce podstawe ztozonego wniosku o nadanie stopnia
doktora w dyscyplinie nauk o zdrowiu, wskazano monotematyczny cykl publikacji
naukowych, obejmujacy dwie publikacje pod wspdélnym tytutem: ,ZMIANY W ZAKRESIE
GOSPODARKI ~ WODNO-ELEKTROLITOWE] | ROWNOWAGI KWASOWO-ZASADOWE)
U ZAWODNICZEK GIER ZESPOLOWYCH PODDANYCH ZROZNICOWANEMU NAWODNIENIU”.
Zostaty one przygotowane w oparciu o badania przeprowadzone w ramach projektu
naukowego Rozwoju Sportu Akademickiego numer N RSA3 03553 pt.: ,Monitoring
nawodnienia organizmu i stezenia elektrolitéw u zawodniczek zespotowych gier sportowych
w rocznym cyklu treningowym”.
3.1.2. Prace wchodzace w cykl publikacji
1) Kaminska, J., Podgorski, T., Krysciak, J., & Pawlak, M. (2020). Effect
of simulated matches on post-exercise biochemical parameters
in  women's indoor and beach handball. International Journal
of Environmental Research and Public Health, 17(14), 5046.
https://doi.org/10.3390/ijerph17145046 [IF: 2,849; MNiIE: 70]

2) Kaminska, J., Podgérski, T., Rachwalski, K., & Pawlak, M. (2021). Does
the minerals content and osmolarity of the fluids taken during exercise
by female field hockey players influence on the indicators of water-
electrolyte and acid-basic  balance?  Nutrients, 13(2), 505.

https://doi.org/10.3390/nu13020505 [IF: 4,546; MNIE: 140]

Sumaryczna punktacja osiggniecia naukowego w postaci monotematycznego cyklu dwéch
publikacji naukowych wyniosta: IF: 7,395; MNiE: 210.

Petne teksty publikacji wchodzgcych do cyklu zamieszczono w rozdziale 4.


https://doi.org/10.3390/ijerph17145046
https://doi.org/10.3390/nu13020505

3.2. Wprowadzenie do problematyki cyklu publikacji

Organizm sportowca, zarowno w okresie zwiekszonej aktywnosci fizycznej, jak i w czasie
odnowy, wymaga nawodnienia na prawidtowym poziomie (Volpe i wsp., 2009). Zawartos¢
wody w organizmie zdrowego, dorostego cztowieka wynosi okoto 60% masy jego ciata.
Wskaznik ten zalezy miedzy innymi od wieku, ptci, zawartosci tkanki ttuszczowej, a takze
podejmowanej aktywnosci fizycznej. Osoby uprawiajgce sport posiadajg zazwyczaj wiecej
wody w organizmie, co jest zwigzane z wiekszg masg tkanki miesniowej i mniejszym
udziatem tkanki ttuszczowej (Ciborowska, 2012; Rychlik i wsp., 2020). Wtasciwe nawodnienie
organizmu nie ogranicza sie wytacznie do zréwnowazonego bilansu wody przyjmowane;j,
wydalanej i tworzonej w procesach metabolicznych, ale réwniez uwzglednia aspekty
zachowania homeostazy elektrolitowe] i utrzymania fizjologicznego cisnienia osmotycznego
przestrzeni wodnych organizmu. Prawidtowe stezenie jondw w przestrzeniach wewnatrz-
i zewnatrzkomorkowej, umozliwia wiasciwy przebieg podstawowych funkcji organizmu,
w tym przekazywania informacji, skurczu miesni czy pracy serca (Shirreffs, 2003; Murray,
2007; Bonetti i Hopkins, 2010; EFSA, 2010; Maughan i Shirreffs, 2010; Seifter i Chang, 2017).
W tych procesach wazine jest zatem dostarczanie ptynéw zawierajgcych optymalng ilos¢
elektrolitéw, zwtaszcza jondw sodowych, potasowych, wapniowych, magnezowych,
chlorkowych oraz wodoroweglanowych. Poza modulowaniem gospodarki wodno-
elektrolitowej, wtgczone sg one réwniez w inne procesy, chociazby regulacje réwnowagi
kwasowo-zasadowej organizmu (Rychlik i wsp., 2020), ktérej homeostaza zostaje zachwiana
podczas wysitku fizycznego generujgcego metabolity o charakterze kwasnym, zwtaszcza
mleczan, pirogronian, acetooctan i B-hydroksymaslan (Stickland i wsp., 2013).

Sporty zespotowe, w tym pitke reczng i hokej na trawie, cechuje wynikajgca ze specyfiki
dyscyplin powtarzalno$é¢ wysitkbw o wysokiej i niskiej intensywnos$ci oraz okreséw
odpoczynku. Takim wysitkom, okresSlanym jako stop-and-go, towarzyszy podwyzszenie
temperatury wewnetrznej organizmu (Gonzalez-Alonso i wsp., 1997). Mechanizmy
kompensujace, zwtaszcza zwiekszona produkcja potu (Leiper i wsp., 2001), prowadza
do utraty wody oraz zawartych w niej elektrolitéw (Shirreffs i Maughan, 1997), co sprzyja
odwodnieniu organizmu sportowca (Nuccio i wsp., 2017). Objetos¢ wydzielanego potu
zalezna jest miedzy innymi od temperatury i wilgotnosci otoczenia, stanu adaptacji
zawodnikéw do aktualnych warunkdw zewnetrznych oraz kondycji fizycznej poszczegdlnych

graczy (Davis i wsp., 2016; Nuccio i wsp., 2017).
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Wiadomo, ze ubytki wody przekraczajgce 2-3% masy ciata skutkujg szeregiem
konsekwencji, od zaburzenn mechanizmdéw termoregulacji organizmu (Adams i wsp., 2018),
zmniejszenia zdolnosci wysitkowych i wytrzymatosci miedniowej, poprzez spadek
maksymalnej mocy aerobowej i anaerobowe] (Coyle, 2004; Casa i wsp., 2005; Baker i wsp.,
2007; Murray, 2007; Maughan i Shirreffs, 2010; Cunniffe i wsp., 2015), az po zaburzenia
Swiadomosci (EFSA, 2010). Odwodnienie organizmu i zwigzane z tym zmiany stezen jondéw
zwiekszajg tez prawdopodobieistwo wystgpienia kontuzji, ktérych zrédta mozna upatrywac
w zmeczeniu lub spontanicznych skurczach miesni (Mueller, 2002). Gtéwnym elektrolitem
wydzielanym wraz z potem jest s6d, natomiast w mniejszych ilosciach organizm tg drogg
traci chlorki oraz inne jony, zwtaszcza potasowe, wapniowe czy magnezowe (Lentner, 1981;
Shirreffs i Maughan, 1997). Procesy te oraz tworzace sie podczas wysitku zwigzki
o charakterze kwasnym, nie sg obojetne dla rownowagi kwasowo-zasadowej (Lindinger
i wsp., 1995; Hanon i wsp., 2012; Wiecek i wsp., 2015). Jej zachwianie manifestuje
sie szeregiem niekorzystnych zmian w organizmie, obejmujgcych zmniejszenie kurczliwosci
biatek, zaburzenie struktury tréjwymiarowe] biatek, w tym enzymow oraz wptyw na procesy
kognitywne (Allen i wsp, 2003; Girard i wsp., 2011; Macutkiewicz i Sunderland, 2018).
Ponadto towarzyszace wysitkowi fizycznemu podwyzszenie stezenia jonéw wodorowych
we krwi, dziatajgc bezposrednio na komdrki ktebuszkdédw nerkowych, nasila uwalnianie
aldosteronu (Kramer i wsp., 2000). Hormon ten dziatajagc w ukfadzie renina-angiotensyna-
aldosteron (RAA) przyczynia sie do regulacji stezenia jonéw sodowych i potasowych
w organizmie. Wzrastajgce stezenie aldosteronu hamuje wydalanie sodu z moczem,
zwiekszajgc utrate jonédw potasu z organizmu (Yamauchi i wsp., 1998).

Swiadomos¢ wystepowania tych proceséw wskazuje na konieczno$¢ kontroli, a w razie
potrzeby na uzupetnianie ptynéw przed, w trakcie oraz po wysitku fizycznym, zaréwno
w aspekcie iloSciowym, jak i przy uwzglednieniu odniesien jakoSciowych. Przemieszczanie
pobranych ptynéw z przewodu pokarmowego do krwiobiegu oraz tkanek uzaleznione jest
m. in. od czasu ich przebywania w zotgdku oraz od efektywnosci ich wchtfaniania w jelicie
cienkim. Procesy te uwarunkowane sg z kolei przez objetos¢ spozytego ptynu, zawartosci
w nim substancji energetycznych, takich jak glukoza oraz gradientu stezen po obu stronach
bariery jelitowej. W zwigzku z tym nasilony transport wody z jelit do krwioobiegu i tkanek
mozliwy jest zwtaszcza dla napojow hipotonicznych. Napoje hipertoniczne wspierajg bardziej

przemieszczenie wody z tkanek do swiatta przewodu pokarmowego (Maughan i Leiper,
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1999). Niekorzystne jest réwniez przyjmowanie przez osoby aktywne fizycznie wody o matej
zawartosci skfadnikdw mineralnych (roztworéw hipotonicznych). Moze to skutkowad
obnizeniem osmolalnosci osocza, a dalej pobudzeniem produkcji moczu, nasilajac
odwodnienie i utrate jondw z organizmu (Nose i wsp., 1988; Shirreffs i wsp., 2007).

Objetos¢ przyjmowanych przez cztowieka ptynéw regulowana jest nie tylko przez procesy
fizjologiczne, ale réwniez odczucia subiektywne. Atrakcyjnos¢ smakowa ptynéw moze okazaé
sie istotnym czynnikiem w procesie nawodnienia, uwzgledniajac zwtaszcza objetosci ptynow
spozywanych przez zawodnikdw (Passe, 2001). W przypadku wody, na jej smakowitos$é
wptywa zwiekszony udziat jondéw sodu, co stymuluje pragnienie fizjologiczne, a tym samym
prowadzi do lepszego nawodnienia (Nose i wsp., 1988). Dlatego ptyny o charakterze
izotonicznym najskuteczniej wyréwnujg straty wody i elektrolitbw wywotane wysitkiem
fizycznym, zapewniajgc przy okazji dodatkowg podaz energii za sprawa dodatku
weglowodandéw (Ersoy i Ersoy, 2013).

Przyjmuje sie, ze wzmozona aktywnos¢ fizyczna moze spowodowac utrate ptyndw w ilosci
nawet do ponad 3 litréw na godzine. Z kazdym litrem potu, oprécz wody, usuwany jest
rowniez séd w ilosci od 1 do 4 gramow (Delavier i Gundill, 2010) oraz inne elektrolity. W celu
zapewnienia organizmowi odpowiedniego nawodnienia, American College of Sports
Medicine zaleca 2-3 godziny przed planowanym wysitkiem wypicie 400-600 ml ptyndw,
a nastepnie po kazdych 15-20 minutach wysitku, przyjecie kolejnych porcji po 150 do 300 ml.
Po zakoriczeniu treningu lub zawoddw zaleca sie wypicie takiej objetosci, ktére uzupetnig
utrate wody z potem, co w praktyce wymaga zwykle spozycia okoto 1,5 | ptynéw na kazdy
kilogram utraconej masy ciata (ACSM, 2007). Sugeruje sie, aby przy doktadnym okreslaniu
zapotrzebowania na ptyny, u kazdego sportowca przeprowadzona zostata ocena stanu
nawodnienia organizmu, przy uwzglednieniu takich czynnikéw jak: intensywnosé¢ i czas
treningu, klimat (temperatura, wilgotnos$é, przeptyw powietrza tj. wiatr, klimatyzacja),
w ktérym zawodnik przebywa oraz indywidualne zapotrzebowanie zwigzane z stopniem
wytrenowania organizmu (Maughan i wsp., 2007; Maughan i Shirreffs, 2010; Shirreffs, 2010;
Maughan i wsp., 2015).

Pomimo duzej wiedzy na temat wptywu wysitku fizycznego na zmiany w organizmie
sportowca, dostrzega sie w piSmiennictwie rozbiezne informacje dotyczace korzysci
wynikajagcych ze stosowania pitynéw o réinym skfadzie podczas aktywnosci fizycznej.

Ramos-Jiménez i wsp. (2013) wykazali takg samg skuteczno$¢ nawodniania organizmu
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podczas stosowania ptyndw z dodatkiem lub pozbawionych elektrolitdw. Bonetti i Hopkins
(2010) poréwnujac dziatanie napojéw hipotonicznych, hipotonicznych pozbawionych sodu,
napojow izotonicznych i wody na nawodnienie kolarzy stwierdzili, ze napoje hipotoniczne
i izotoniczne wykazywaty podobne dziatanie, skuteczniejsze w poréwnaniu z wodg i napojami
hipotonicznymi nie zawierajagcymi sodu. W innym badaniu, przeprowadzonym przez
Lee i wsp. (2011), poréwnywano dziatanie napoju sportowego zawierajgcego elektrolity
i weglowodany oraz wody pitnej i placebo. Wspomniani autorzy wykazali wieksze mozliwosci
wytrzymatosciowe u zawodnikéw przyjmujgcych napdj sportowy, w pordéwnaniu
do zawodnikéw korzystajgcych z wody lub placebo. Natomiast Shirreffs (2009) wskazat
na wyzszg wydolno$¢ zawodnikdw otrzymujacych napoje sportowe o profilu
weglowodanowo-elektrolitowym w pordéwnaniu ze stosowaniem wody oraz podkreslit,
ze przyjmowanie czystej wody byto korzystniejsze niz pominiecie nawadniania podczas

wysitku fizycznego.
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3.3. Uzasadnienie podjecia badan i cele pracy

Uzasadnienie podjecia badan

W praktyce sportowej, znajomos$¢ wskaznikdw gospodarki wodno-elektrolitowej
i rownowagi kwasowo-zasadowe] jest waznym elementem kontroli procesu treningowego.
Zapewnienie zawodnikom prawidtowego nawodnienia i rdwnowagi kwasowo-zasadowej
umozliwia zmniejszenie lub nawet wykluczenie przynajmniej czesci zdarzen, ktére moga
niekorzystnie oddziatywa¢ na zdrowie zawodnika i/lub obniza¢ jego wyniki sportowe.
Zwtaszcza odwodnienie organizmu asocjowane jest w piSmiennictwie z zaburzeniami
mechanizmdéw termoregulacji organizmu (Adams i wsp., 2018), zmniejszeniem mozliwosci
wysitkowych i wytrzymatosci miesniowej, obnizeniem maksymalnej mocy aerobowej
i anaerobowej (Coyle, 2004; Casa i wsp., 2005; Baker i wsp., 2007; Murray, 2007;
Maughan i Shirreffs, 2010; Cunniffe i wsp., 2015), czestszymi kontuzjami (Mueller, 2002),
a nawet zaburzeniami $wiadomosci (EFSA, 2010). Dodatkowo, utrata podczas wysitku
podstawowych elektrolitéw (Lentner, 1981; Shirreffs i Maughan, 1997) oraz powstajgce
zwigzki o charakterze kwasnym, uruchamiajg zmiany w obszarze gospodarki kwasowo-
zasadowej (Lindinger i wsp., 1995; Hanon i wsp., 2012; Wiecek i wsp., 2015). Jej naruszenie
uderza przede wszystkim w biatka kurczliwe, struktury komérkowe warunkujgce transport
btonowy oraz procesy metaboliczne (Allen i wsp, 2003; Girard i wsp., 2011;
Macutkiewicz i Sunderland, 2018).

Liczba publikacji odnoszacych sie do gospodarki wodno-elektrolitowej i réwnowagi
kwasowo-zasadowej u sportowcodw, uwzgledniajgcych stosowne oznaczenia wykonywane
we krwi i moczu, jest znaczna. Mimo tego, nie znajduje sie tam wynikéw szerzej zakrojonych
badan opisujgcych potreningowe zmiany omawianych wskaznikow, zwtaszcza u kobiet
uprawiajgcych gry zespotowe. Ponadto, badania witasne uwzgledniajg dwa dodatkowe
aspekty. Pierwszy z nich dotyczy specyfiki miejsca przeprowadzenia treningdéw, czyli hali
lub boiska piaskowego na sSwiezym powietrzu, co moze mie¢ wptyw na ksztattowanie
sie badanych wskaznikéw. W dostepnym piSmiennictwie nie znaleziono bowiem Zzadnych
prac poréwnujgcych wskazniki biochemiczne moczu i krwi zawodnikéw w obrebie jednej gry
zespotowej w dwdch jej wariantach. Drugi aspekt obejmuje wptyw ptynéw
o niejednorodnym sktadzie mineralnym i rdéinej osmolarnosci na badane wskazniki

biochemiczne krwi i moczu. W tym przypadku, w pismiennictwie stwierdzono zaledwie kilka
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prac dotyczacych tego zagadnienia (Powers i wsp., 1990; Gisolfi i wsp., 1998; Suzuki i wsp.,

2013), jednak ich wyniki wykazujg sie znaczng heterogennoscia.

Cele pracy

Za gtéwny cel przeprowadzonych badan przyjeto zbadanie wptywu wybranych,
praktycznie relewantnych czynnikdw doswiadczalnych na gospodarke wodo-elektrolitowa
i rownowage kwasowo-zasadowg u zawodniczek gier zespotowych. U pitkarek recznych
dotyczyly one miejsca, w ktdrym odbywaty sie treningi (hala i plaza), a u hokeistek sktadu
mineralnego i osmolarnosci ptynédw przyjmowanych podczas treningdw (woda
niskozmineralizowana, woda wysokozmineralizowana i napdj izotoniczny).

Dodatkowo, w obu druzynach, w kazdym terminie badan, analizowano rdéznice miedzy
wartosciami przed- i potreningowymi badanych wskaznikdw oznaczanych w krwi i moczu,
aby uzyskaé informacje o efekcie pojedynczej jednostki treningowej na gospodarke wodno-

elektrolitowg i rownowage kwasowo-zasadowg zawodniczek.
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3.4. Materiat i metody badan
Projekt pt.: ,,Monitoring nawodnienia organizmu i stezenia elektrolitéw u zawodniczek
zespotowych gier sportowych w rocznym cyklu treningowym”, uzyskat w dniu 05. lutego
2015 roku zgode Komisji Bioetycznej przy Uniwersytecie Medycznym im. Karola
Marcinkowskiego w Poznaniu o numerze 140/15 na realizacje badan. Przed przystgpieniem
do badan, wszystkie zawodniczki otrzymaty niezbedne informacje dotyczace celu i przebiegu

badan oraz wyrazity zgode na ich przeprowadzenie podpisujgc stosowne o$wiadczenie.

Uczestnicy

Badaniami objeto 14 zawodniczek trenujacych hokej na trawie oraz 12 zawodniczek
trenujgcych pitke reczng, sposréd ktérych 6 zawodniczek uczestniczyto rowniez w treningach
odmiany plazowej tej gry. Z obu druzyn wytgczono bramkarki ze wzgledu na inny charakter
wykonywanego przez nie wysitku w czasie treningu. Doktadny podziat grup badawczych

przedstawiono w Tabeli 1.

Tabela 1. Charakterystyka grup pod wzgledem prowadzenia badan

Gra Liczba Opis grupy Oznaczenie
zespofowa zawodniczek skrétowe
12 Zawodniczki odbywajace trening na hali w 2016 roku H1
Pitka reczna 6 Zawodniczki odbywajgce trening na plazy w 2016 roku P1
12 Zawodniczki odbywajace trening na hali w 2017 roku H2
6 Zawodniczki odbywajace trening na plazy w 2017 roku P2

Zawodniczki spozywajace podczas treningu wode

14 . . . NW
. niskozmineralizowang
Hokej na Zawodniczki spozywajace podczas treningu wod
trawie 14 pozy JQ. P . & & Ww
wysokozmineralizowang
14 Zawodniczki spozywajgce podczas treningu napdj izotoniczny 120

Charakterystyki somatyczne zawodniczek okreslono na podstawie pomiaréw wykonanych
przed rozpoczeciem kazdego z treningdw (Tabela 2). Ich wysokos$¢ i mase ciata zmierzono
za pomocg wagi medycznej WPT60/150 OW (Radwag®, Radom, Polska), natomiast pomiaru
obwodu talii dokonano korzystajgc z miary krawieckiej wedtug metody zalecanej
w podreczniku dotyczagcym normalizacji antropometrycznej (ASM) (Lohman, 1988). Masa
wydalonego moczu okreslana byta poprzez poréwnanie masy ciata bezposrednio po wysitku
i masy ciata po opréznieniu pecherza moczowego. Petny schemat badan przedstawiony

zostat na rycinie 1.
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Tabela 2. Charakterystyka somatyczna i fizjologiczna zawodniczek hokeja na trawie i pitki recznej
($redniatodchylenie standardowe - X+SD)

W SC W SC
Zawodniczki hokeja na trawie a:)tosc Zawodniczki pitki recznej ar:osc
Charakterystyka NW ww 1ZO H1+ H2 P1+P2
X+SD X+SD X+SD X+SD X+SD
Wiek [lata] 21,9+2,3 21,9+2,3 21,9+2,3 NS 20,7+2,4 20,8+2,2 NS
Wysokos¢ ciata
[m] 1,70£0,06 1,70+0,06 1,70+0,06 NS 1,7040,05 1,69+0,05 NS
Masa ciata [kg] 65,3+5,4 65,4+5,4 65,2+5,0 NS 63,2+4,0 62,0+4,3 NS
WHtR 429+1,4 43,0+1,4 429+1,4 NS 43,0+2,6 43,2+2,7 NS
HR $rednie
[bpm] 151,7+3,0 152,0+4,3 151,6+2,1 NS 151,51£3,8 152,1+2,6 NS
Staz t[l‘;:'aqgowy 12,5¢2,9  12,5¢2,9  12,5%2,9 NS 6,0£1,2 6,0£1,2 NS
Objetosc
. 5439 + 535,7 503,6 +
+ +
spozyyvanych 270,0 180,2 2247 NS 561,5+163,7 527,1+161,8 NS
ptynow [ml]
Masa moczu
157,1 ¢ 135,0¢ 115,7
+ +
wydalonego 70,4 104,6 72.8 NS 131,1+81,2 138,7+97,9 NS

po treningu [g]

bpm — uderzen na minute; HR — tetno; NS — wynik nieistotny statystycznie; WHtR — stosunek wysokosci ciata
do obwodu talii

Za jednostke treningowg u pitkarek recznych, zaréwno w hali, jak i na plazy, przyjeto
symulowane mecze, a u hokeistek wysitek, we wszystkich terminach, odbywat sie w formie
jednakowej standardowej jednostki treningowej.

Zawodniczki przez 22h przed badaniami nie wykonywaty zadnego intensywnego wysitku
fizycznego. Godzine przed kazdym terminem badan spozywaty standardowy positek, ktérego
gramatura i sktad zostat okreslony przez dietetyka. Positek stanowita owsianka na mleku
z bananem, ktorej kalorycznos¢ odpowiadata 10% dziennej racji pokarmowej kazdej
z zawodniczek, obliczonej poprzez przyjecie jako 100% catkowitej przemiany materii

okreslonej za pomocg wzoru Harrisa-Benedicta (Harris i Benedict, 1918).
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Pomiar masy ciata Pobrane krwi
Pobranie moczu oraz pomiar ilosci wtosniczkowej
ptynu w bidonie z opuszki palca

Pomiar masy ciata

oraz pomiar ilosci

pozostatego ptynu
w bidonie

Pobrane krwi
wtosniczkowej Trening
z opuszki palca

Pobranie moczu Pomiar masy ciata

Ryc. 1. Schemat przeprowadzanych badan okototreningowych

Analizy biochemiczne

Materiat do badan stanowita krew kapilarna pozyskana z opuszki palca zawodniczek, przed
i po standardowej jednostce treningowej. Krew pobierana byfa zgodnie z obowigzujgcymi
procedurami, z palca reki niedominujacej przy uzyciu naktuwacza Medlance® Red (HTL-Zone,
Berlin, Niemcy) z 1,5 mm ostrzem i 2,0 mm gtebokoscig penetracji. Ponadto od kazdej
zawodniczki pozyskano prébke moczu.

e W krwi pobranej do kapilary z heparyng (65 ul) oznaczano stezenie elektrolitéw
(Na*, K*, Ca**, CI", HCO;7), mleczanu, warto$¢ osmolalnosci i pH krwi oraz nadmiar
zasad (BE), za pomocy analizatora gazometrycznego (ABL90 FLEX, Radiometer,
Kopenhaga, Dania).

e Pobrano 300 pl krwi kapilarnej do probdwki Microvette® CB 300 (Sarstedt, Niimbrect,
Niemcy) zawierajgcej K2-EDTA (EDTA sdél dipotasowa) jako koagulant, celem
oznaczenia hematokrytu na automatycznym analizatorze hematologicznym
(Mythic®18, Orphee, Genewa, Szwajcaria).

e 300 pl krwi kapilarnej pobrano do probdéwki Microvette® CB 300 Z (Sarstedt,
Nimbrect, Niemcy) z aktywatorem krzepniecia, w ktérej oznaczono stezenie
aldosteronu przy uzyciu ELISA kit (DRG MedTek, Warszawa, Polska; Cat No. EIA-5298)
i magnezu metodg kolorymetryczng (Mg; Cormay, tomianki, Polska; Cat No. 2-229).
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Odczytu absorbancji dokonano na wielodetekcyjnym czytniku mikroptytkowym ELISA
(Synergy 2 SIAFRT, BioTek, Winooski, Vermont, USA).
e Ciezar whasciwy oraz pH moczu zostaty oznaczone na paskowym analizatorze moczu

(URYXXON® Relax, Macherey-Nagel, Diieren, Niemcy).

Symulowany mecz u pitkarek recznych

Treningi, w wariantach halowym i plazowym, odbywaty sie w tym samym tygodniu,
odpowiednio we wtorek i czwartek, w okresie przejSciowym miedzy ostatnim meczem
sezonu halowego a poczatkiem sezonu plazowego, w formie symulowanych meczéw.
Badania zostaty powtdérzone w dwdch kolejnych latach (2016 i 2017). Treningi odbywaty sie
na krytym boisku z parkietem oraz sztucznym zewnetrznym boisku plazowym. Oba obiekty
potozone byty obok siebie. W wariancie halowym gry uczestniczyto 14 zawodniczek (w tym
dwie bramkarki) ktére rozegraty mecz sktadajacy sie z dwdch 30-minutowych czesci.
Natomiast symulowany mecz pitki recznej plazowej sktadat sie z dwdch 10-minutowych
czesci i byt rozgrywany przez osiem zawodniczek (w tym dwie bramkarki). Aby uwzglednic
znaczenie podstawowych warunkéw klimatycznych, podczas kazdego treningu w czterech
rogach boiska oznaczano temperature i wilgotnos¢ powietrza (Tabela 3), za pomoca

rejestratorow danych (EBI 310 TH, Ingolstadt, Niemcy).

Tabela 3. Podstawowe warunki klimatyczne podczas treningdw (Sredniatodchylenie standardowe -
X+SD)

HALA (n=8) PLAZA (n = 8) ..
_ — W
X+SD X+SD artoscp
Temperatura [°C] 21,0+0,11 27,1+0,83 <0,001
Wilgotnosc [%] 40+2,6 53+3,8 <0,001

Podczas treningu zawodniczki deklarowaty najwyzsze zaangazowanie w gre przez caty czas
jej trwania. Podczas kazdego treningu czestos¢ skurczow serca (HR) kazdej zawodniczki byta
monitorowana za pomoca Polar Team? PRO (Polar Electro Oy, Kempele, Finlandia),
a wartosci srednie przedstawiono w Tabeli 2.

W trakcie meczéw zawodniczki same decydowaty o czasie i iloSci spozycia wody

niskozmineralizowanej (Tabela 2), ktérej sktad przedstawiono w Tabeli 4.
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Tabela 4. Sktad mineralny wody spozywanej przez zawodniczki pitki recznej podczas treningédw

Sktadnik mineralny llosé [mg/1]
ca” 48,8
Na* 4,25
Mg** 3,7
K* 0,47
HCO;5” 136,0
S0, 17,0
cr 5,86
F 0,13
SUMA SKtADNIKOW MINERALNYCH 231,9

Standardowy trening u hokeistek na trawie

Trzy terminy badan zrealizowano w odstepach tygodniowych, w listopadzie i grudniu 2016
roku, w hali, w godzinach od 18:00 do 19:30. Kazdorazowo zawodniczki byty losowo
przyporzadkowane do grup spozywajgcych ptyny. Losowanie przeprowadzono w sposdb
zapewniajacy kazdej zawodniczce w kolejnych terminach badan przyjmowanie innego ptynu.
Wyniki opracowywano statystycznie w grupach przyjmujacych okreslony rodzaj
spozywanego ptynu o réinym sktadzie mineralnym i osmolarnosci. Zawodniczki miaty
swobodny dostep do wylosowanego ptynu podczas kazdego z péttoragodzinnych treningdw
(Tabela 5) i same decydowaty zaréwno o czasie, jak i o ilosci ich przyjmowania (Tabela 2).
Sktad ptyndéw, podany przez producentéw na opakowaniach, przedstawiono w Tabeli 6,
natomiast osmolarnos¢ tych napojow przyjeto na podstawie danych z dostepnej literatury:
woda niskozmineralizowana ~20 (mOsm/kg H,0), woda wysokozmineralizowana

~88 (mOsm/kg H,0), ptyn izotoniczny ~279 (mOsm/kg H,0) (Sadowska i wsp., 2017).
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Tabela 5. Ramowy plan jednostki treningowej w hokeju na trawie podany przez trenera

Grupa szkolenia

Kadra narodowa kobiet i kadra mtodziezowa kobiet

Czas trwania

90 minut

Przestrzen

Hala 40m x 20m

Cel treningow

Przygotowanie do halowych imprez mistrzowskich zgodnie z kalendarzem Europejskiej
Federacji Hokeja na Trawie

Rozgrzewka

Rozgrzewka ogdlnorozwojowa z akcentami dynamicznymi + stretching dynamiczny —
15 minut

Rozgrzewka specjalistyczna - wprowadzenie techniczne — rdozne formy podan i przyjec
pitki w ruchu (bez udzialu obroncy) — krétsze i dtuisze podania, réwniez
z wykorzystaniem bandy — 5 minut

Cwiczenia strzeleckie (rézne sektory pétkola strzalowego) — 5 minut

Trening

Rozwigzywanie uktadoéw przewagi 2 v 1 i 3 v 2 / organizacja defensywy w przewadze
liczebnej przeciwnika — wspotdziatanie z bramkarzem - 20 minut

Wspotdziatanie taktyczne w uktadzie 3 v 3 w bocznym sektorze boiska (lewa i prawa
banda) z akcentem na faze przejSciowg (przejscie z bronienia do atakowania)

—15 minut

Rozegranie pitki w uktadzie 5 v 4 — 4 x 3 minut + 1 minuta przerwy po kazdych
3 minutach

Gra 5v4—2x5minut (po 5 minutach zmiana druzyn)

Tabela 6. Sktad mineralny ptyndw, podany przez producenta, spozywanych przez zawodniczki hokeja
na trawie podczas treningéw

IZOTONIK + WODA

WODA NISKOMINERALIZOWANA

NISKOMINERALIZOWANA

WODA
WYSOKOMINERALIZOWANA

r:ikrizcrj:llrlfy (Primavera) (Staropolanka 2000) (ActLvrIia:]:)an:f:)t vt
[mg/1]
ca”* 48,10 319,00 288,10
Na* 2,10 111,00 702,10
Mg>* 6,68 47,90 126,68
K* 1,20 49,50 261,20
HCO,” 166,30 1639,00 166,30
50, 10,29 30,00 10,29
cr 5,60 2,70 245,60
F 0,06 0,30 0,06
SUMA
SKEADNIKOW 240,33 2 199,40 1.800,33
MINERALNYCH
Glukoza 0,00 0,00 52 600,00

Podczas kazdego treningu prowadzono pomiary temperatury i wilgotnosci powietrza

za pomocg rejestratoréw danych umieszczonych w czterech rogach boiska na hali (EBI 310
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TH, Ingolstadt, Niemcy). Wskazniki te nie rdznity sie istotnie statystycznie w poszczegdlnych
terminach.

Wszystkie zawodniczki uczestniczyty w treningach przez caty czas ich trwania.
Monitorowano woéweczas u nich czestos¢ skurczow serca (HR) przy pomocy zestawéw Polar

Team? PRO (Kempele, Finland), a wartosci $rednie przedstawiono w Tabeli 2.

Analiza statystyczna

Dane zostaly przedstawione za pomoca éredniej i odchylenia standardowego (X + SD)
oraz przedziatu ufnosci dla sredniej (95% Cl). Wartosci badanych wskaznikdw opracowano
statystycznie, a zmienne sprawdzono pod katem normalnosci rozktadu, stosujgc test
Shapiro-Wilka. W celu poréwnania réznic badanych wskaznikow przed i po treningu,
w poszczegdlnych terminach badan dla danych o rozktadzie normalnym zastosowano
test t dla préb zaleznych, a dla danych nie posiadajgcych rozktadu normalnego test kolejnosci
par Wilcoxona.

W celu poréwnania wynikdw przedtreningowych oraz potreningowych, poszczegdlnych
wskaznikédw, miedzy zawodniczkami pitki recznej trenujacymi na hali, a zawodniczkami pitki
recznej trenujgcymi na plazy wykonano test t dla prdb niezaleznych (wzgledem zmiennych)
dla danych o rozktadzie normalnym i test U Manna-Whitneya dla danych bez rozktadu
normalnego.

W celu pordéwnania uzyskanych wynikdw przedtreningowych oraz potreningowych
pomiedzy trzema terminami badan w hokeju na trawie, wykonano dla danych majgcych
rozktad normalny ANOVA uktady z powtarzalnymi pomiarami, a dla wskaznikow
nie majacych rozktadu normalnego ANOVA Friedmana.

Wielko$¢ efektu (d) obliczono przy pomocy S$rednich i odchylen standardowych.
Aby okresli¢ wielkos¢ efektu, zastosowano kryteria Cohena (Cohen 1988), ktére uznajg
wartosci 20,2 i <0,5 za “mate”, 20,5 i <0,8 za “Srednie”, a 20,8 za “duze”. Prég poziomu
istotnosci réznic przyjeto na poziomie p<0,05. Analiza statystyczna zostata wykonana przy
uzyciu komputerowego pakietu statystycznego STATISTICA 13.1 (StatSoft. Inc., Tulsa, OK,
USA).
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3.5. Wyniki badan i ich omoéwienie

W celu sprawdzenia homogennosci w obrebie kazdej z badanych grup, poréwnano
wartosci spoczynkowe badanych wskaznikbw w poszczegdlnych terminach badan.
Odnotowano brak istotnych réznic w tym zakresie, zaréwno u pitkarek recznych (hala
vs plaza), jak tez u hokeistek na trawie (woda niskozmineralizowana vs woda

wysokozmineralizowana vs napdj izotoniczny).
W kilku przypadkach stwierdzono natomiast powysitkowe istotne rdznice pomiedzy

poszczegdlnymi terminami badan:

e U pitkarek recznych rdéznice pomiedzy wartosciami powysitkowymi w hali i na plazy,
wykazano w przypadku stezenia jonéw wapniowych i pH moczu, co przedstawiono

w Tabeli 7.

Tabela 7. Istotne statystycznie rdznice wartosci powysitkowych w rdéinych miejscach treningu
w grupie pitkarek recznych (§redniatodchylenie standardowe - X+SD)

Wskaznik Miejsce treningu Po treningu (X+SD)
Hala 1,19 + 0,02
Jony wapnia [mmol/I] Plaza 123+0,05
Wartosc p 0,002
Hala 6,27 + 0,69
pH moczu Plaza 5,46 + 0,50
Wartosc p 0,002

W dostepnym pismiennictwie nie znaleziono publikacji poréwnujgcych wskazniki
biochemiczne moczu i krwi zawodnikdw pitki recznej halowej i plazowej. Warto zauwazyg,
ze zarowno temperatura, jak i wilgotnos¢ powietrza byty znacznie nizsze
na hali niz na plazy, mogly zatem wptynagé¢ na uruchomienie odmiennej odpowiedzi
metabolicznej u zawodniczek. Statystycznie istotne obnizenie sie stezenia jondw wapnia
we krwi obserwowane po symulowanych meczach halowych moze wigzac sie z dtuzszym
czasem trwania tego wysitku. Zmniejszenie zawartosci jondw wapnia w miesniach
oraz aktywnoéci Ca’*-ATPazy pozostaja w zwigzku z obnizonymi mozliwosciami skurczu
miesni poddanych zmeczeniu (McKenna i wsp., 1996). Shirreffs i wsp. (2006) opisali zmiany
w wydzielaniu potu w zaleznosci od temperatury (T) i wilgotnosci (W) powietrza. Ustalili,
Ze procentowa zmiana masy ciata, wywotana w duzej mierze poprzez wydzielanie potu przez

pitkarzy, byta taka sama w chtodnym (T = 5°C, W = 81%), umiarkowanym
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(T = 27°C, W = 55%) i cieptym (T = 32°C, W = 20%) $Srodowisku. Pokazuje to, ze warunki
otoczenia mogg nie modyfikowa¢ znaczgco wydzielania potu podczas treningu
lub w trakcie meczu, jezeli zawodnicy mogg dostosowaé objetosé przyjmowanych ptyndw,
rodzaj stroju sportowego i intensywnos$¢ podejmowanego wysitku (Maughan i wsp., 2007),

co najprawdopodobniej miato miejsce w naszym badaniu.

e U hokeistek, réznica pomiedzy wartosciami powysitkowymi dla trzech badanych
napojéw, uchwycona zostata w odniesieniu do osmolalnosci osocza, stezenia jondw

sodu i potasu oraz dla aldosteronu (Tabela 8).

Tabela 8. Istotne statystycznie rdznice wartosci powysitkowych przy stosowaniu ptynéw o réznym
sktadzie w grupie hokeistek ($redniatodchylenie standardowe - X+SD)

Wskaznik Przyjmowany ptyn Po treningu (X*SD)
NW 290,1+3,6
Osmolalnos¢ osocza [mOsm/kg] WW 290,1+3,6
120 285,3+2,6
Wartosé p <0,001°
NW 14242
Jony sodu [mmol/I] ww 14242
120 140+1
Wartosé p 0,005°
NW 4,1+0,4
Jony potasu [mmol/I] ww 3,9+0,3
120 4,310,3
Wartosé p 0,022°
NW 411,8+184,0
Aldosteron [pmol/I] ww 424,2+107,5
120 270,2+104,6
Wartosé p 0,005°

®— wartoé¢ dla napoju izotonicznego byta istotnie nizsza niz w przypadku obu wéd
b_ gdzie wartos¢ dla napoju izotonicznego byta istotnie wyzsza niz w przypadku wody wysokozmineralizowanej

Przedstawione w Tabeli 8 rdznice odnoszg sie wytgcznie do wskaznikdw opisujgcych
gospodarke wodno-elektrolitowg. Nie stwierdzono natomiast rdznic statystycznych
dla wskaznikdw charakteryzujgcych réwnowage kwasowo-zasadowg. Spozycie napoju
izotonicznego bogatego w séd wigzato sie z najmniejszym wzrostem stezenia aldosteronu,
ktory odpowiada za reabsorpcje sodu w kanalikach nerkowych, zwiekszajgc przy tym

wydalanie jondéw potasu z moczem (Morgan, i wsp., 2004; Boone i wsp., 2016).
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W konsekwencji, przy zastosowaniu napoju izotonicznego zaobserwowano najbardziej
znaczace zmniejszenie stezenia jondw sodu po wysitku, a najmniejsze jondw potasu,
co przektadato sie na najwieksze obnizenie osmolalnosci krwi. Co wiecej, stezenie jondw
potasu mierzone po wysitku obnizyto sie najbardziej w osoczu zawodniczek w przypadku
korzystania z wody wysokozmineralizowanej, dla ktérej odnotowano réwniez najwiekszy
wzrost stezenia aldosteronu. Préobe wyjasnienia i konstruowania wnioskéw utrudnia
niewielka liczba publikacji dotyczaca wptywu pltyndw o rdznej osmolarnosci
na gospodarke wodno-elektrolitowa i réwnowage kwasowo-zasadowg u zawodnikdw gier
zespotowych. Ponadto niejednoznaczno$¢ wynikdw wskazuje na potrzebe petniejszego
zbadania tego zagadnienia. W nielicznych powigzanych tematycznie publikacjach, autorzy,
ktorzy analizowali osmolalno$é osocza (Powers i wsp., 1990; Gisolfi i wsp., 1998; Suzuki
i wsp., 2013) oraz stezenie jondw sodu i potasu (Powers i wsp., 1990; Gisolfi i wsp., 1998)
we krwi po spozyciu ptyndw o réznej zawartosci sktadnikow mineralnych, nie wykazali
istotnych statystycznie rdznic po spozyciu réznych ptynow.

W tym miejscu dochodzi do zasadniczej réznicy w poréwnaniu z badaniami wtasnymi,
w ktérych wykazano, ze napdj izotoniczny zmniejsza osmolalnos¢ osocza i stezenie jondw
sodu we krwi, zwiekszajgc stezenie potasu we krwi bardziej niz analizowane wody.
Z wymienionych wczesniej publikacji tylko Powers i wsp. (1990) badali wptyw zastosowanych
ptyndw na stezenie jondw wodorowych we krwi. W badaniach wfasnych nie analizowano
stezenia tych jondw, okredlano natomiast wartosci pH, ktére mozna odniesé¢ do stezenia
jondw wodorowych. Powers i in. (1990) wykazali, ze napoje zawierajgce elektrolity
spozywane podczas wysitku skuteczniej stabilizuje stezenie jondw wodorowych we krwi niz
ptyny bez elektrolitéw. W badaniach wtasnych nie zaobserwowano zadnych znaczgcych
réznic w zakresie wskaznikdéw réwnowagi kwasowo-zasadowej oznaczanych we krwi i moczu,
niezaleznie od stosowanych ptyndw. Z uwagi na mozliwos¢ poréwnania wynikdw badan
wtasnych tylko z jednym badaniem (Powers i wsp., 1990), trudno o podanie jednoznacznej
przyczyny takich réznic. Wymaga to badan z udziatem wiekszej liczby uczestnikéw podczas

wysitkdw o rdéznej intensywnosci.
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Kolejne istotne zmiany, wartosci wskaznikdw opisujacych gospodarke wodno-

elektrolitowg i rownowage kwasowo-zasadowgq, nastgpity pod wptywem zastosowanych

jednostek treningowych:

e |stotne statystycznie rdznice u pitkarek recznych przedstawiono w Tabeli 9.

Tabela 9. Istotne statystycznie rdznice powysitkowe w grupie pitkarek recznych (Sredniatodchylenie

standardowe - X+SD)

P Miejsce Przed treningiem Po treningu L2
Wskaznik - = w
skazni treningu (X1SD) (X+SD) artoscp
Hala 63,2+4,0 62,2 £4,0 <0,001
Masa ciata [kg] .
Plaza 62,0+4,3 61,4+4,3 <0,001
. Hala 1,016 + 0,006 1,019 £ 0,004 0,013
Ciezar wtasciwy moczu [g/] )
Plaza 1,013 £ 0,004 1,019 £ 0,005 0,003
Jony potasu [mmol/I] Hala 4,3+0,5 4,1+0,4 0,046
Jony wapnia [mmol/I] Hala 1,21 £0,03 1,19+ 0,02 <0,001
Hala 124,6 £+ 62,4 304,5 + 168,9 <0,001
Aldosteron [pmol/I]
Plaza 129,0+102,1 213,7 £ 200,5 0,034
Hala 246+1,4 22,5+1,8 <0,001
Jony wodoroweglanowe [mmol/I]
Plaza 24,7+1,7 23,4+2,4 0,011
) Hala 03+1,7 -2,5+£2,5 <0,001
Standardowy nadmiar zasad [mmol/I]
Plaza 0323 -1,5+3,3 0,011
Hala 7,42 £ 0,02 7,40 £ 0,03 0,002
pH krwi
Plaza 7,42 £ 0,02 7,40 £ 0,02 0,002
pH moczu Plaza 6,54 £ 0,62 5,46 + 0,50 0,005
Hala 1,26 £ 0,53 5,33+3,01 <0,001
Mleczan we krwi [mmol/I] )
Plaza 1,29+0,41 5,75 +1,83 <0,001

Istotnych rdznic, przy zadnym z miejsc symulowanych

meczow, nie zaobserwowano

natomiast dla oznaczanych u zawodniczek wartosci hematokrytu, osmolalnosci oraz stezenia

jonéw sodowych, chlorkéw i magnezu.
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e |[stotne statystycznie réznice u hokeistek na trawie przedstawiono w Tabeli 10.

Tabela 10. Istotne statystycznie rdznice powysitkowe w grupie hokeistek ($redniatodchylenie

standardowe - X+SD)

Wskaznik Przyj:;::/any Przec:l(;(r:sn[l)r)lglem Po(;:;:)n)gu Wartoéé p
NW 65,315,4 65,1+5,4 0,002
Masa ciata [kg] WW 65,415,4 65,2+5,5 0,001
1ZO 65,215,0 65,0+5,0 <0,001
NW 0,377+0,017 0,366+0,021 0,048
Hematokryt [I/1] WW 0,372+0,020 0,360+0,023 <0,001
12O 0,367+0,020 0,353+0,021 <0,001
Ciezar whasciwy moczu [g/I] NW 1,01340,006 1,01940,008 0,001
WW 1,014+0,006 1,02310,009 0,006
Osmolalnos¢ osocza [mOsm/kg] 120 290,1+2,9 285,3+2,6 0,001
Jony sodu [mmol/I] 120 142+2 140+1 <0,001
Jony potasu [mmol/] NW 4,4+0,4 4,1+0,4 0,024
WWwW 4,3%0,3 3,9+0,3 <0,001
NW 1,21+0,03 1,1940,03 0,031
Jony wapnia [mmol/I] WwWw 1,20+0,02 1,18+0,04 0,030
1ZO 1,22+0,03 1,19+0,03 <0,001
Jony chlorkowe [mmol/I] 1ZO 109+2 107+2 <0,001
NW 125,8+45,4 411,8+184,0 0,001
Aldosteron [pmol/I] WwWw 117,0+53,9 424,2+107,5 <0,001
1ZO 112,2+28,4 270,2+104,6 <0,001
NW 24,1+1,6 22,4+1,3 <0,001
Jony wodoroweglanowe [mmol/I] WwWw 24,7+2,1 22,8+1,5 0,005
1ZO 24,3+1,4 22,3+2,0 <0,001
NW -0,1£1,3 -2,6£1,8 <0,001
Standardowy nadmiar zasad [mmol/I] WW 0,9+1,7 -2,1+2,0 <0,001
12O 0,1+1,7 -2,8+2,8 <0,001
o krwi NW 7,4040,03 7,3940,03 0,024
WW 7,4110,02 7,3940,03 0,012
NW 6,20,7 5,410,6 0,002
pH moczu Ww 6,2+0,7 5,6+0,6 0,005
12O 6,010,7 5,5+0,6 0,018
NW 1,310,4 5,8+1,7 0,001
Mleczan we krwi [mmol/I] ww 1,310,3 5,9+2,6 0,001
12O 1,4+0,4 5,9+2,5 0,001

Istotnych rdznic przy zadnym z stosowanych napojow nie zaobserwowano natomiast

dla stezenia magnezu.
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Zmiany wartosci badanych wskaznikdw po przeprowadzonym wysitku fizycznym zaréwno
u hokeistek, jak i u pitkarek recznych, odpowiadaty wartosciom spotykanym
w pismiennictwie. Dostepne wyniki badaid potwierdzajg zmniejszanie sie powysitkowo
szeregu wskaznikdw, w tym masy ciata (Zetou i wsp., 2008; Jones i wsp., 2016), wartosci
hematokrytu (O’Connell i wsp., 2018), osmolalnosci (Bargh i wsp., 2017), stezenia jondw
sodu (Jones i wsp., 2016), potasu (Karakoc, i wsp., 2005), wapnia (Karakoc, i wsp., 2005;
Wang i wsp., 2012), jondow wodoroweglanowych (Karakoc, i wsp., 2005; Couderc i wsp.,
2017; Macutkiewicz i Sunderland, 2018), standardowego nadmiaru zasad (Wiecek i wsp.,
2015; Macutkiewicz i Sunderland, 2018) i pH krwi (Wiacek i wsp., 2011; Couderc i wsp., 2017;
Macutkiewicz i Sunderland, 2018). W badaniach wifasnych, dla czesci oznaczanych
wskaznikdw zaobserwowano natomiast wzrost wartosci po wysitku. Dane te réwniez
znajdujg swoje odzwierciedlenie w piSmiennictwie, ktére mozemy zaobserwowac dla ciezaru
wtasciwego moczu (Osterberg i wsp., 2009), stezenia aldosteronu (Wolf i wsp., 1986; Mannix
i wsp., 1990) i mleczanu (Karakoc, i wsp., 2005; Wiacek i wsp., 2011; Couderc i wsp., 2017;
Macutkiewicz i Sunderland, 2018). Nie natrafiono natomiast na publikacje z wynikami,
do ktérych mozna by odnies¢ dane dotyczgce powysitkowego stezenia chlorkéw i magnezu
we krwi oraz wartosci pH moczu. Mozna zatem przyjgé, ze zmiany potreningowe
obserwowane u badanych zawodniczek nie odbiegajg od danych obserwowanych w innych
dyscyplinach sportowych, takich jak siatkéwka plazowa (Zetou i wsp., 2008), rugby
(Jones i wsp., 2016; Bargh i wsp., 2017; Couderc i wsp., 2017), pitka nozna (Karakoc, i wsp.,
2005; Wiacek i wsp., 2011; O’Connell i wsp., 2018) i koszykdowka (Osterberg i wsp., 2009;
Wang i wsp., 2012), a takze u zdrowych, niewytrenowanych oséb po testach na biezni

(Wiecek i wsp., 2015) lub ergocyklometrze (Wolf i wsp., 1986; Mannix i wsp., 1990).
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3.6. Wnioski

Zmiany wskaznikéw gospodarki wodno-elektrolitowej i réwnowagi kwasowo-zasadowej

u zawodniczek gier zespotowych, stwierdzone w badaniach wtasnych, pomiedzy wartos$ciami

przed- i potreningowymi, znajdujg potwierdzenie w dostepnej literaturze. Wystepowaniu

réznic sprzyja charakter dyscyplin, gdzie kazda rozgrywka ma swoje tempo, dynamike

i intensywnos¢, co przektfada sie na indywidualne obcigzenie kazdego z zawodnikdéw, a dalej

roznice srednich badanych grup.

Pitka reczna:

Stwierdzono brak rézinic powysitkowych dla wiekszosci badanych wskaznikdw
opisujgcych gospodarke wodno-elektrolitowg i réwnowage kwasowo-zasadowg
oznaczanych w krwi i moczu, w odmiennych warunkach srodowiska (hala vs plaza).
Powyzsze mozna rozpatrywac jako swoisty efekt synergii uwzgledniajgcy czynniki:
odpowiednio dobranego stroju, objetosci przyjmowanych ptynéw i dostosowania
intensywnosci wysitku. Moze to wskazywa¢ na brak potrzeby modyfikacji sposobu
nawadniania w zaleznosci od podstawowych warunkéw klimatycznych w miejscu

treningu.

Hokej na trawie:

Stopien mineralizacji wody spozywanej przez hokeistki nie réznicowat wskaznikow
gospodarki wodno-elektrolitowej i kwasowo-zasadowej krwi i moczu podczas
standardowych jednostek treningowych.

Osmolarno$é spozywanych ptyndéw w niewielkim stopniu wigzata sie ze zmiang
wskaznikdw gospodarki wodno-elektrolitowej i réwnowagi kwasowo-zasadowe;j.
Efekt zauwazalny byt jedynie po spozyciu napoju izotonicznego, manifestujgc
sie wiekszymi zmianami stezenia aldosteronu, jondéw sodu i potasu oraz osmolalnosci
krwi, niz w przypadku napojow hipotonicznych. Napoje izotoniczne
w przeciwienstwie do hipotonikdw najprawdopodobniej sprawniej stabilizujg uktad
renina-angiotensyna-aldosteron, co zapewnia najlepsze nawodnienie definiowane
przez osmolalnos¢ osocza krwi. Dlatego zasadne wydaje sie przyjmowanie napojow

izotonicznych podczas treningdw w sportach zespotowych.
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3.7. Mocne i stabe strony badan, ich warto$é aplikacyjna oraz wskazania do dalszych
badan

Zagadnienia dotyczace zmian rownowagi wodno-elektrolitowej i kwasowo-zasadowej
zawodniczek spozywajacych ptyny o zrdinicowanej osmolarnosci lub prowadzacych
aktywnos¢ fizyczng w réznych warunkach srodowiska, nie zostaty dotychczas wystarczajgco
opisane. Ponadto dostepne pismiennictwo dotyczgce tych zagadnien nie przedstawia
jednorodnych wynikéw i szczegdétowych zalecen dotyczgcych strategii nawadniania
w roznych dyscyplinach sportowych, zwtaszcza w grach zespotowych. Dlatego podjeto prdbe
okreslenia zmian powysitkowych podczas standardowego treningu w oparciu o diagnostyke
biochemiczng krwi i moczu zawodniczek pitki recznej i hokeja na trawie. Jednak
najwazniejszym aspektem podjetych badan byt wptyw czynnika eksperymentalnego, czyli
u hokeistek na trawie — osmolalnosci spozywanych ptyndéw, natomiast u pitkarek recznych —
miejsca treningu, na powysitkowe réznice réwnowagi wodno-elektrolitowej i kwasowo-
zasadowej. Nie bez znaczenia jest tez, ze wiekszos¢ publikacji dotyczacych nawodnienia
w sportach zespotowych opisuje to zagadnienie u mezczyzn, a w badaniach wtasnych
postanowiono przyjrze¢ sie temu problemowi u kobiet. Zaletg tego badania jest takze to,
ze pomiary przeprowadzono w rzeczywistych warunkach treningowych, a nie podczas
izolowanych testéw laboratoryjnych. Istotng nowoscig prezentowanych wynikéw jest
rowniez monitorowanie nawodnienia sportowcéw na podstawie wskaznikédw oznaczanych
we krwi kapilarnej i moczu, ale nie w pocie. Oba badane materiaty biologiczne s3 tatwe
do pozyskania i lepiej odzwierciedlajg rzeczywiste zmiany gospodarki wodno-elektrolitowej
spowodowane wptywem wysitku fizycznego na sportowcéw.

Niestety opisane badania majg rowniez pewne ograniczenia. Nalezy do nich brak
monitorowania stezenia jondéw wydalanych w moczu. Ponadto, nie podjeto analizy
dobowych dziennikdw zywieniowych przed wykonaniem badan. Oba te czynniki
umozliwityby ocene wptywu spozywanych pokarméw na poziom elektrolitéw i rownowage
kwasowo-zasadowg podczas treningu. Zachodzi jednak obawa, ze zbyt duza liczba zmiennych
objetych badaniami, mogtaby utrudni¢ lub wrecz uniemozliwia¢ ich wtasciwg weryfikacje
empiryczna.

Pomimo tych ograniczen nalezy dostrzec bardzo wysoka wartos¢ aplikacyjna
przeprowadzonych badan, jako Zze uzyskane wyniki mogg byé wykorzystane przez

zawodnikéw i treneréw do poprawy wynikdw sportowych i zdrowia sportowcéw. Moze
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sie tak staC dzieki zwrdceniu uwagi na dwie wazine zmienne majace znaczenie przy
nawadnianiu, tj. rodzaj przyjmowanych ptynéw i podstawowe warunki klimatyczne. Jestem
przekonana, ze wyniki przedstawionych badan, dzieki wtgczeniu do oceny tak szerokiego
zakresu wskaznikéw biochemicznych krwi i moczu, przyczynia sie w przysztosci do trafniejszej
oceny sposobow nawodnienia podczas réznego typu wysitkdw fizycznych.

W przysztych badaniach warto by byto zwiekszy¢ liczbe analizowanych zawodnikéw,
co wzmochnitoby moc stawianych wnioskéw na podstawie analizy statystycznej, a takze

uwzglednic inne dyscypliny sportu.
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Abstract: This study assesses the status of hydration and the acid-base balance in female handball
players in the Polish Second League before and after simulated matches in both indoor (hall) and
beach (outdoor) conditions. The values of biochemical indicators useful for describing water—
electrolyte management, such as osmolality, hematocrit, aldosterone, sodium, potassium, calcium,
chloride and magnesium, were determined in the players’ fingertip capillary blood. Furthermore,
the blood parameters of the acid-base balance were analysed, including pH, standard base excess,
lactate and bicarbonate ion concentration. Additionally, the pH and specific gravity of the players’
urine were determined. The level of significance was set at p < 0.05. It was found that both indoor
and beach simulated matches caused post-exercise changes in the biochemical profiles of the
players” blood and urine in terms of water—electrolyte and acid-base balance. Interestingly, the
location of a simulated match (indoors vs. beach) had a statistically significant effect on only two of
the parameters measured post-exercise: concentration of calcium ions (lower indoors) and urine pH
(lower on the beach). A single simulated game, regardless of its location, directly affected the acid-
base balance and, to a smaller extent, the water—electrolyte balance, depending mostly on the time
spent physically active during the match.

Keywords: water—electrolyte status; acid-base balance; ambient condition; team sports; nutrition;
women in sport

1. Introduction

Handball is a team sport played both indoors and outdoors, usually on the beach. In the first
case, two teams of seven players each (including the goalkeeper) play a match that consists of two
30-min periods, on a solid floor court measuring 40 x 20 m. A beach handball match consists of two
10-min periods and is played by two teams with four players each (including the goalkeeper), on a
sandy court measuring 27 x 12 m [1]. Matches are characterised by high-intensity movements
(striding and sprinting) alternating with rest periods (walking, jogging and standing), which is
referred to as stop-and-go [2,3].

Handball leads to high levels of perspiration, depending on the ambient temperature and
humidity, as well as the individual player’s state of acclimatisation and physical fitness [4]. At the
same time, significant individual variation in the amount of water lost through sweat is observed [5].
It is also known that water loss in excess of 2-3% of the player’s body mass causes a wide spectrum
of disturbances, including thermoregulatory disorders [6], increase in the heart rate, decrease in
plasma volume and in cardiac ejection fraction and nerve conduction disorders [7], which, in turn,
reduce aerobic and anaerobic capacity and increase the likelihood of injury [1,8].
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Sodium is eliminated through sweat to a greater extent compared to chlorides, potassium and
other electrolytes [9]. The level of hydration has an influence the endocrine system, especially the
synthesis of aldosterone, a hormone that helps maintain appropriate sodium levels in the body by
increasing its reabsorption in the kidneys [10]. These processes and the resulting acidic compounds
have an inevitable effect on the acid-base balance [11,12] leading to a number of adverse changes in
the modulation of contractile proteins, the variability of the three-dimensional structure of proteins
and even cognitive processes [13].

In sports practice, knowledge of blood and urine indicators of water-electrolyte and acid-base
balance is seen as an important element in controlling training and match loads [14]. In the case of
the handball players tested in this study, changes in the water-electrolyte and acid-base balance, in
addition to purely environmental factors (indoors/beach), were also affected by the different ty pes of
surfaces. Movement on sand increases energy consumption compared to movement on a solid floor
[15,16].

The aim of the study, in the absence of relevant data in the literature, was to describe changes to
water-electrolyte and acid-base management caused by the adaptation of female handball players’
bodies to simulated matches, both indoors and on the beach. In addition, we investigated which of
these workouts puts more pressure on the water-electrolyte and acid-base balance in the body.

Our hypothesis was that longer indoor matches would cause changes in both biological
materials: peripheral blood and urine. Also, we hypothesised that the higher intensity of a match
played on the beach, the higher energy cost of the effort made on sand and changing ambient
conditions would cause deeper disturbances in the water-electrolyte and acid-base balance in the
players’ bodies.

2. Materials and Methods

2.1. Experimental Approach

The changes in biochemical and haematological markers in female handball players during
simulated indoor and outdoor (beach) matches were examined. The water-electrolyte balance and
acid-base balance were assessed based on blood and urine parameters. The players participated in
two matches played on an indoor solid floor court and two matches played on an artificial outdoor
sand court in the transition period. Blood and urine samples were collected before and after each
simulated match. The rationale behind these times of measurement was to assess the players’
hydration status on different surfaces and in different environmental conditions during a simulated
match.

2.2. Participants

The investigation included 12 female athletes who played handball (AZS AWF Poznan—
University Sports Association of Poznan University of Physical Education, Poland; Polish Second
League) and trained indoors, out of which 6 participated in simulated matches on the beach in the
summer period. Goalkeepers were excluded from the research due to different match efforts. The
measurements were repeated for two successive years (2016 and 2017) with the same players. Because
the indoor and the beach group was analysed over two years, this amounted to 24 and 12 cases,
respectively.

The players” anthropometric data were determined based on the average of three measurements
made before the simulated matches in both years (Table 1). Body height and mass were measured
using WPT60/150 OW medical scales (Radwag®, Radom, Poland), while waist circumference was
measured using a tape measure. In addition, body mass was checked before and after each simulated
match.
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Table 1. Characteristics of female handball players taking part in the simulated indoor and beach

matches.
1 Indoor (1 = 24) Beach (n=12)

e X _£SD 95% CI X £SD 95% CI

Age (years) 2142 20-22 21+2 19-22 NS

Body height (m) 1.70 £ 0.05 1.68-1.72 1.69 + 0.05 1.66-1.72 NS

Body mass (kg) 63.2+4.0 61.4-649 62.0+43 59.2-64.7 NS

WHIR * 43.0+26 41.9-44.1 432+27 41.6-449 NS

HR mean (bpm) 151.5+3.9 149.9-153.2 152.1+2.6 150.5-153.8 NS

Fluids intake (mL) 561 + 164 492-631 527 + 162 424-630 NS

* waist-to-height ratio; NS—non-statistically significant.

2.3. Ethics Approval

All subjects gave their informed consent for inclusion before they participated in the study. The
study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved
by the Ethics Committee of the Poznan University of Medical Sciences (Approval No.: 140/15).

2.4. Biochemical Analyses

The material for the tests was fingertip capillary blood obtained from each player’s non-
dominant hand before and after the simulated matches. Blood was collected by qualified medical
personnel in accordance with applicable procedures. The samples were drawn from the fingertip of
the non-dominant hand using a disposable Medlance® Red lancet-spike (HTL-Zone, Berlin,
Germany) with a 1.5 mm blade and 2.0 mm penetration depth. Furthermore, a urine sample was
obtained from each player.

The volume of 65 L of blood was collected into a heparinised capillary tube, where the
concentrations of sodium (Na*), potassium (K*), calcium (Ca?"), chloride (Cl-), bicarbonate (HCOs")
ions, blood lactate (La), blood pH value, standard base excess and osmolality were determined using
a blood gas analyser (ABL90 FLEX, Radiometer, Copenhagen, Denmark). Moreover, 300 uL of
capillary blood was collected into a Microvette® CB 300 tube (Sarstedt, Niimbrect, Germany)
containing K2-EDTA (EDTA dipotassium salt) as anticoagulant for haematological measurement
using the 20-parametric automated haematology analyser Mythic® 18 (Orphée, Geneva, Switzerland).
Hematocrit value was considered in the study. Furthermore, 300 uL of capillary blood was collected
into a Microvette® CB 300 Z tube (Sarstedt, Niimbrect, Germany) with a clotting activator, and the
separated serum was used to measure the concentration of aldosterone (DRG MedTek, Warsaw,
Poland; Cat No. EIA-5298) and magnesium (Mg; Cormay, tomianki, Poland; Cat No. 2-229), which
was determined on a multi-detector microplate ELISA reader (Synergy 2 SIAFRT, BioTek, Winooski,
Vermont, USA), whereas the specific gravity and pH of urine were measured with a device used for
the biochemical analysis of urine (URYXXON® Relax, Macherey-Nagel, Diieren, Germany).

2.5. Simulated Matches

Both the simulated indoor and beach matches took place in the same week, on Tuesday and
Thursday, respectively, in the transition period between the last match of the indoor season and the
start of the beach season (June). Testing was repeated for two successive years, according to a
predetermined pattern (Figure 1). The simulated handball matches were played on an indoor solid
floor court and an artificial outdoor sand court. Both courts were located in the same primary school
which specialises in handball. In the four corners of court, temperature and humidity were measured
using data loggers (EBI 310 TH, Ingolstadt, Germany) to determine ambient conditions. The mean
measured temperature and humidity were significantly higher (p <0.001) on the beach in comparison
to indoors (beach vs. indoors: temperature 27.1 + 0.83 °C vs. 21.0 = 0.11 °C and humidity 53 + 3.8% vs.
40 + 2.6%, respectively). During the simulated matches, players declared maximum involvement in
the game. The research assumed that players participated in the matches throughout the game.
During each simulated match, each player’s heart rate (HR) was monitored with Polar Team? PRO
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(Polar Electro Oy, Kempele, Finland) (Table 1). During the matches, the players themselves decided
on the time and quantity (Table 1) of their intake of low-mineralized water (total mineral content =
231.9 mg/L) with the following mineral composition: Ca2* (48.8 mg/L); Na* (4.25 mg/L); Mg2 (3.7
mg/L); K* (0.47 mg/L); HCOs~ (136.0 mg/L); SO« (17.0 mg/L); CI- (5.86 mg/L); F- (0.13 mg/L).

| Urine collection |

)

| Body weight measurement ‘

¥

’ Blood collection ‘

v

’ Standard warm-up (15 min) ‘

! v

- - 15t half w 15t half -]
| . = o -~y
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(3-5 min after simulated match)

¥
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)

| Body weight measurement ‘

Figure 1. Pattern of testing for handball players playing indoors and on the beach.

2.6. Statistical Analysis

Data are presented as mean values with standard deviation (X + SD) and confidence interval
(95% CI). All measured variables were checked for normality of distribution using the Shapiro-Wilk
test. In order to compare rest and post-exercise values between both match types, the homogeneity
of variance of the individual indicators was examined, and the t-test for indicators with normal
distribution and the Mann-Whitney U test for indicators with no normal distribution were carried
out. In order to compare the differences between times (before and after the simulated matches),
analysis of variance with repeated measures (ANOVA) and Wilcoxon signed-rank test were applied.
Effect sizes (d) were calculated using means and standard deviations. To determine the effect size,
Cohen'’s criteria were used [17], which indicates that 0.2 and <0.5 was considered “small”, >20.5 and
<0.8 “medium”, and 20.8 “large”. The level of significance was set at p <0.05. The statistical analysis
was performed using the analytics software package STATISTICA 13.1 (StatSoft Inc., Tulsa, OK,
USA).
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3. Results

The physiological homogeneity of the female athletes in the tested groups is demonstrated by
the results of all variables measured before the simulated indoor and beach matches (Table 2). The
results of these two groups were not statistically different. However, statistical differences were
visible after the end of the match. An analysis of differences in the mean values of all the variables
measured showed statistically significant differences for both mentioned locations in terms of: body
mass, urine specific gravity, concentration of aldosterone, HCOs-, standard base excess, blood pH
and lactate. Statistically significant post-exercise differences in the concentration of K+ and Ca?* were
found only in the case of indoor matches and were found in urine pH only on the beach. However,
no significant differences were observed for hematocrit, osmolality and the concentration of Na*, CI-
and magnesium (Table 2).

Table 2. Average values of the analysed indicators measured before and after both types of simulated

matches.
Indicator Location  Pre-Exercise  Post-Exercise  p-Value  Effect Size
oy mass (kg) Indoors 632+ 4.0 622+ 4.0 <0.001 0.24
Y & Beach 62.0+43 61.4+43 <0.001 0.14
Water Management
. Indoors  0.383+0020  0.378+0.020 NS
Hematoest (D) Beach 038140029  0374+0.023 NS
e e Indoors  1.016+0.006  1.019+0.004 0013 058
pedificgrayity Beach  1.013+0.004  1019+0.005  0.003 1.36
X Indoors 289.4+24 289.5+3.4 NS
Osmolality (mO=mike) Beach 2895+ 4.1 291.2+42 NS
Electrolyte Management
Indoors 142 +1 142 +2 NS
et (/L) Beach 1422 1432 NS
¥ S— Indoors 43405 4104 0.046 0.48
{enol{t) Beach 44:04 44£07 NS
Indoors  1.21+0.03 119 0.02 <0.001 0.96
»
Gt (minolL) Beach 1.23+0.04 1.23+0.05 NS
Indoors 108+2 10742 NS
CF (mmal/L) Beach 107 +2 108 +2 NS
Magnesiizm mal/L) Indoors 0.89 +0.04 0.86 +0.08 NS
6 Beach 0.87 +0.02 0.85+0.06 NS
Aldosierans (mmaliL) Indoors 1246624  3045:1689  <0.001 141
Beach  129.0+1021  213.7+200.5 0.034 053
Acid-base Balance
_ Indoors 246+14 225+18 <0.001 1.28
Hegk paisolL) Beach 24717 23.4+24 0.011 0.63
Indoors 03+1.7 -25+25 <0.001 1.33
Standard base excess (mmol/L) Bascks 03423 1533 0011 0.63
Blood oH Indoors  7.42+0.02 7.40 +0.03 0.002 0.90
p Beach 7.42+0.02 7.40 +0.02 0.002 093
Usi H Indoors 6.21 +0.61 6.27 +0.69 NS
HOeP Beach 6.54+0.62 546+ 0.50 0.005 193
Indoors  1.26+0.53 533+3.01 €0.001 1.89
Bloo Teetate:immal/L) Beach 129 +0.41 5.75+1.83 <0.001 3.36

NS—non-statistically significant.
The ambient conditions of simulated matches (indoor vs. beach) had a statistically significant

effect on two parameters measured post-exercise: concentration of Ca* (Figure 2a) and urine pH
(Figure 2b).
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Figure 2. Significant post-exercise differences between simulated matches played indoors and on the
beach: (a)—for Ca*, (b)—urine pH.

4. Discussion

The aim of this study was to compare the post-exercise response of female handball players
caused by a simulated match in both beach and indoor conditions. We hypothesised that the longer
indoor matches would cause changes in the players’ peripheral blood and urine. Also, we predicted
that the higher intensity of a match on the beach, higher energy cost of the effort made on sand and
changing ambient conditions would cause deeper disturbances in the water—electrolyte and acid-
base balance in the players’ bodies.

To our knowledge, this is the first time that an extensive study describing post-workout changes
in female handball players in terms of water—electrolyte and acid-base balance has been presented.
In addition, this research considers the ambient conditions of simulated matches, played traditionally
indoors in a hall or outdoors on a sand court. The value and practical usefulness of this work is
evident, given the small number of publications on handball, especially regarding post-exercise
response [18] as well as the characteristics of players” hydration status [1].

In this study, a significant decrease in body mass amounting on average of 1.3 + 0.46% was
observed in all the players after the simulated matches. This was undoubtedly caused by insufficient
fluid intake during these matches. However, the dehydration levels of the analysed participants did
not exceed 2% of their respective body mass and, therefore, likely had little impact on their physical
performance [1,8]. Previously, Cunniffe et al. [1] noticed that only 56% of female handball players
took equal or greater volume of fluids than the amount of sweat expelled during training and
competitive games. In other team sports, the reduction in body mass during training and during a
match has been assessed at 0.5% and 0.6%, respectively, for female rugby players [19], and at 0.8%
for male beach volleyball players during a match [20]. Higher post-exercise dehydration, reaching
even -3.2% of body mass, has been observed in male basketball players during competitive games
[21]. Male football players, in the publications of Maughan et al. [5] or Shirreffs et al. [22], showed
dehydration levels exceeding 2% of their respective body mass, both after training and after a
competitive game.

In the current work, a statistically non-significant reduction of Hct values were observed directly
after the matches. Such an effect was also observed by Lippi et al. [23] after a half-marathon.
However, some authors reported a decrease in Hct value after exercise [24,25], attributing this to post-
exercise auto-hemodilution [26].
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The proper hydration of the players before the simulated matches was confirmed by another
indicator we examined, which is urine specific gravity. In most of them, this value was below 1.020
before the matches. When the value of this index reaches 1.021-1.030, it indicates that the body
dehydrating in the range of 3% to 5% of body mass. Determining urine specific gravity has a practical
dimension—athletes with higher values before an event of physical exertion risk demonstrating
potentially greater dehydration after a training session or a match [21]. Osterberg et al. [21] recorded
dehydration levels in basketball players immediately before a competitive game and then observed
the exacerbation of this condition after the game.

A good marker for assessing the hydration of players is also plasma osmolality. Dehydration
leads to a significant increase in plasma osmolality, for example after an ultramarathon [27] or high-
volume training [28]. The present work did not show changes in the osmolality of plasma after
simulated matches, which was probably compensated by the stable concentrations of blood sodium
(Table 2) and glucose (data not shown).

Physical effort leads to loss of electrolytes through sweat [1,8,29]. In the present study, a
statistically significant decrease of potassium and calcium concentrations in the players’ blood were
observed, however, only after the indoor match. This not-fully-explainable physiological effect was
also observed in a group of basketball players [30] and young boxers [31] immediately after training.
Lowering calcium concentrations in blood plasma, as suggested by Wang et al. [30], could be caused
by its transport to muscle and nervous tissue to help neural signalling, in response to physical effort.

Many factors may affect post-exercise potassium concentration in the blood. Some researchers
have indicated that physical exercise does not significantly change the level of this marker [27,32],
however, others have observed an increase [28] or even a reduction [28] thereof. The decrease of blood
potassium concentration in this study may be due to regulation of the water—electrolyte balance by
increasing aldosterone concentration. This steroid hormone preventing water loss through Na*
retention in the body may increase the excretion of potassium in the urine [28,29]. The current
investigation showed a significant (p < 0.05) increase in aldosterone concentration, in both the
simulated indoor and beach matches, which would confirm the existence of the mechanism described
above.

Exercise usually leads to the loss of Na*, Cl- and magnesium through sweat [1,33,34] that is not
always combined with a simultaneous decrease of their concentration in blood [19,27,28,31], as was
also confirmed in our study. Moreover, there are also reports showing an increase [28,30] as well as
a decrease of blood sodium concentration after intense exercise [32,35]. Only a handful of authors
have described post-exercise changes in blood chloride ion concentration, although the role of these
ions during depolarization of skeletal muscle cells has been known for two decades. Wang et al. [30]
reports their increase after high-intensity training in elite basketball athletes. Regarding post-exercise
changes in magnesium concentration, Laires and Monteiro [36] showed that sub-maximal effort
decreased, but lower intensity exercise increased, the concentration of blood magnesium ions. It can
be assumed that the moderate-intensity exercise by the tested handball players did not have a
sufficient trigger effect to disturb the homeostasis and change the concentration of these three
electrolytes in their blood. Additionally, the lack of changes in their concentration in the blood may
be explained by proper renal reabsorption and not very intense loss through sweat.

Disturbances in the acid-base balance of the body are manifested by changes in the blood lactate
and bicarbonate ion concentrations, by disorders of both, value of the standard base excess, as well
as the pH of blood and urine. In the current work, statistically significant post-exercise changes were
found for all these indicators, with the lactate concentration increasing, while the values of the other
indicators decreased. These changes indicate the acidification of the players’ plasma after both types
of simulated matches, indoor and beach. The reduction of bicarbonate ion concentration after exercise
is consistent with most published data [11,37], indicating the participation of these ions in buffering
processes. Similar to HCOs-, a decrease in the standard base excess value is a typical response to
intense physical exertion [11,38]. Both types of simulated matches caused aerobic and anaerobic
metabolism (post-exercise lactate concentration below 4 mmol/L, Table 2), as a result of which the
acid-base balance changed.
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Female handball player experienced a reduction in blood and urine pH after physical exercise
as a consequence of the acidic products of metabolism, such as hydrogen ions, lactate, pyruvate and
ketone bodies. In the present study, the post-exercise results of this indicator, both in the blood and
urine, were statistically significantly reduced. Most publications, according to the results of their own
research, confirm a decrease in the value of blood pH after anaerobic [11], aerobic [12] and mixed
physical exercise [39].

The influence of blood lactate in terms of lowering post-exercise pH was also shown in our
study, supporting other studies’ observations of an increase in blood lactate concentration after
exercise regardless of the nature of that exercise [11,12,37,39].

In this paper, we reported a few differences in biochemical parameters during the simulated
matches in indoor and outdoor conditions. No papers presenting a comparison of urine and blood
biochemical parameters between indoor and beach handball players have been published to date, to
the best of our knowledge. It is worth noting that both temperature and humidity were significantly
lower indoors compared to the beach, so this may have influenced the metabolic response of the
players. A statistically significant decrease in the concentration of calcium ions observed only after
the simulated indoor matches may be associated with the longer duration of this exercise. Decreases
in muscle Ca?* content and Ca>-ATPase activity are closely related to depressed contraction
possibilities caused by fatigue [40].

Shirreffs et al. [22] described changes in sweat loss depending on ambient conditions
(temperature—T; humility —H). They determined that the percentage change in body mass of
football players was the same in cool (T =5 °C, H = 81%), moderate (T =27 °C, H = 55%) and warm (T
=32 °C, H = 20%) environments. This shows that ambient conditions may not significantly affect
sweat loss during training or during a match when players are able to adjust the amount of fluids,
clothing and working rate [5], which is probably what happened in our study.

The strengths of this study include monitoring the hydration of athletes based on indicators
verified in blood and urine samples. Furthermore, very few publications relating to team sports
describe hydration in women, as most of them concern men. Unfortunately, this study did not include
any monitoring of urine and sweat ions, nor an analysis of the athletes” diet. Both could help
document the influence of the foods consumed on the level of electrolytes and acid-base balance
during the training process. In future studies, a higher number of analysed athletes should also be
considered.

5. Conclusions

A simulated handball match, depending on the location where it was performed (indoor vs. the
beach), directly affected the acid-base balance and, to a smaller extent, the water—electrolyte balance
in the players.

The match effort in indoor handball had a higher impact on the electrolyte balance than that in
beach handball, reducing blood calcium and potassium concentration. The intake of electrolytes in
the form of liquids or gels by athletes playing or training indoors is more important than by athletes
engaged in outdoor activity. This is probably due to the time spent physically active during these
matches.

Due to a significant reduction in the concentration of potassium and calcium ions in the blood
of the players who exercise in indoor conditions, it is recommended to use drinks with greater levels
of mineralization than those used in this research.
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Abstract: Although it is recognized that dehydration and acidification of the body may reduce the
exercise capacity, it remains unclear whether the qualitative and quantitative shares of certain ions
in the drinks used by players during the same exertion may affect the indicators of their water—
electrolyte and acid-base balance. This question was the main purpose of the publication. The
research was carried out on female field hockey players (n = 14) throughout three specialized training
sessions, during which the players received randomly assigned fluids of different osmolarity and
minerals contents. The water—electrolyte and acid-base balance of the players was assessed on
the basis of biochemical blood and urine indicators immediately before and after each training
session. There were statistically significant differences in the values of all examined indicators for
changes before and after exercise, while the differences between the consumed drinks with different
osmolarities were found for plasma osmolality, and concentrations of sodium and potassium ions
and aldosterone. Therefore, it can be assumed that the degree of mineralization of the consumed
water did not have a very significant impact on the indicators of water—electrolyte and acid-base
balance in blood and urine.

Keywords: hydration status; water-electrolyte balance; acid-base balance; fluids osmolarity; team
sports; nutrition; women in sport

1. Introduction

Field hockey is a team sport practiced by women and men, both on a recreational
and professional level [1]. At the elite level, field hockey players cover between 3.4 km
and 9.5 km during training and competition depending on their position on the pitch [2,3],
with 55% being low-intensity efforts (standing, walking), 38% moderate intensity (jogging,
running), and the remaining 7% being high-intensity efforts (fast running, sprinting) [4].
Physical activity increases the body’s internal temperature [5]. Compensating mecha-
nisms, especially increased sweat production [6], cause a loss of water and the electrolytes
contained in it [7]. Moreover, acidic compounds formed during exercise simultaneously
contribute to disturbances in the acid-base balance [8,9], reducing sports performance,
especially muscle endurance [10] or cognitive functions [11]. It is therefore important to
control and, if necessary, replenish fluids of an appropriate qualitative and quantitative
profile before or during exercise. The transport of fluids into the bloodstream and tissues
depends, inter alia, on the speed at which they leave the stomach and on the effectiveness
of their absorption in the small intestine. The above depends on the volume of fluid
consumed, the content of energetic substances such as glucose in the fluid, and the concen-
tration gradient on both sides of the intestinal barrier. Thus, the transport of water from
the intestines into the bloodstream and tissues is greater for hypotonic than hypertonic
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drinks, since the latter support the movement of water from the tissues into the lumen
of the gastrointestinal tract [12]. On the other hand, the ingestion of low-mineral water
(hypotonic solutions) reduces plasma osmolality, which stimulates urine production and
may increase dehydration [13,14].

The regulation of the concentration of sodium and potassium ion levels in the body
depends on the renin-angiotensin-aldosterone system (RAA). Aldosterone inhibits the
excretion of sodium in the urine, increasing the loss of potassium ions from body fluids.
In addition, this hormone is secreted as a result of an increase in the concentration of
hydrogen ions in the blood accompanying exercise [15]. Such an excess of hydrogen ions
is excreted in the urine, and the speed of this process depends on the amount of urine
excreted.

The volume of fluids consumed by humans is regulated not only by physiological
factors, but also by subjective ones, whereby the taste attractiveness of liquids may prove to
be an important factor in the hydration process, especially taking into account the volumes
consumed by players [16]. In the case of water, its tastiness is influenced by an increase
in the proportion of sodium ions, which stimulates physiological thirst and thus leads to
better hydration [13]. Therefore, isotonic fluids most effectively compensate for water and
electrolyte losses caused by physical exercise, while providing additional energy [17].

It has been hypothesized that consuming beverages with a higher osmolarity and/or
content of minerals lead to a more favorable water—electrolyte and acid-base balance com-
pared to the intake of low-mineralized water. To verify this hypothesis, taking into account
the intensity and duration of training, ambient conditions and the athlete’s individual
physiological profile, during the standard training of female field hockey players, was the
main purpose of the research. In the publication, the authors also set themselves the goal
of describing changes in the water—electrolyte and acid-base balance indicators in terms of
adapting the bodies of female field hockey players to standard training loads.

2. Materials and Methods
2.1. Experimental Approach

The levels of biochemical and hematological indicators in female field hockey play-
ers were assessed during three specialized training sessions, during which the players
randomly received fluids of different osmolarities. The water—electrolyte and acid-base
balance was assessed on the basis of blood and urine indicators, which were obtained
immediately before and after each training session.

2.2. Participants

The research included 14 players training in field hockey, members of the women’s
national team and women'’s junior team. Players participated in training sessions five
times per week. The weekly training time was, on average, 6.5 & 1.0 h. Training was
complemented with 1 match per week during the three weeks of the research period. The
weekly framework of the training program is presented below:

Monday—active recovery training + static stretching
Tuesday—technical/ tactical training session + interval run
Wednesday—technical/tactical training session (research measurements)
Thursday—training game/small side games

Friday—individual gym session

Saturday—free/passive recovery

Sunday—~Polish League competition

Goalkeepers were excluded from the research due to the different nature of the effort
they performed.

The average training experience of the female competitors was 12.5 + 2.9 years.
They were non-smokers, as evidenced by the mean contents of carboxyhemoglobin in the
blood of female hockey players, amounting to 0.9% = 0.2%. For 22 h before the tests, the
contestants did not perform any intense physical effort. An hour before each test date,
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they ate a standard meal (porridge in milk with banana), the caloric content of which
corresponded to 10% of the daily food ration of each of the competitors. Additionally, the
competitors were not allowed to eat any food during the whole training.

The anthropometric data of the players were determined on the basis of measurements
made before the start of each training session (Table 1). Their height and weight were
measured using a medical scale WPT60/150 OW (Radwag®, Radom, Poland), while the
waist circumference was measured using a tailor’s tape measure. The mass of urine
excreted was determined by comparing body mass immediately after exercise and body
mass after urination (Figure 1).

Table 1. Somatic and physiological characteristics of female field hockey players (1 = 14).

Characteristics

Low-Mineralized Water High-Mineralized Water Isotonic Drink

p Value

X+SD 95% CI X+ SD 95% CI X+ SD 95% CI

Age (years)
Body height (m)
Body mass (kg)

WHItR
HR mean (bpm)
Fluid intake (ml)
Urine mass excreted
after training (g)

21.9+23 (20.6-23.2) 21.9+23 (20.6-23.2) 219423 (20.6-23.2) 1.000
170 £ 006  (1.67-1.74) 1704006  (L67-1.74)  1.70+0.06  (1.67-1.74) 1.000
65.3 + 5.4 (62.2-68.4) 65.4+54 (62.2-68.5) 652+ 5.0 (623-68.1) 0712
29+14 (42.1-43.7) 430+ 14 (42.1-43.8) 429414 (42.1-437) 0906
1517 +£3.0  (1499-1534) 1520 +4.3  (1495-1545) 151.6+£21 (1504-1529)  0.962
5439 +270.0 (388.0-699.8) 5357 +180.2 (431.7-639.8) 503.6 + 2247 (373.9-6333)  0.800

157.1£70.4 (116.5-197.8) 135.0 £104.6  (74.6-1954) 1157 +728  (73.7-157.8) 0.404

WHItR: waist-to-height ratio; HR: heart rate; X: average; SD: standard deviation; CI: confidence interval.
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ATHLETE’S HYDRATION PROCEDURE 4
| BODY MASS MEASUREMENT |
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Figure 1. Flow chart of the study design.

2.3. Ethics Approval

The research related to human use complied with all relevant national regulations
and institutional policies, has followed the tenets of the Declaration of Helsinki, and has
been approved by the Bioethical Committee of the Poznan University of Medical Sciences
(Approval No.: 140/15).

Informed consent was obtained from all individual participants included in the study.
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2.4. Biochemical Analyses

The material for the research was capillary blood obtained from the fingertip of the
non-dominant hand of the players, before and after the standard training unit. Blood was
collected according to the applicable procedures, from the finger of the non-dominant hand
using a Medlance® Red lancet-spike (HTL-Zone, Berlin, Germany) with a 1.5 mm blade
and 2.0 mm penetration depth. In addition, each of the contestants was asked to submit a
urine sample before and after training.

In blood collected from a heparinized capillary (65 uL), the concentration of elec-
trolytes (Na*, K¥, Ca2*, Cl~, HCO3 ™), lactate, plasma osmolality and pH, and standard
base excess (BE), were determined using a gasometric analyzer (ABL90 FLEX, Radiome-
ter, Copenhagen, Denmark). Additionally, 300 uL of capillary blood was collected in a
Microvette® CB 300 tube (Sarstedt, Niimbrect, Germany) containing K2-EDTA (EDTA
dipotassium salt) as an anticoagulant for hematocrit determination on a hematology reader
(Mythic®18, Orphee, Geneva, Switzerland). Another 300 pL of capillary blood was collected
in a Microvette® CB 300 Z tube (Sarstedt, Niimbrect, Germany) with a clotting activator, in
which the concentration of aldosterone was determined using an ELISA kit (DRG MedTek,
Warsaw, Poland; Cat No. EIA-5298) and magnesium using the colorimetric method (Mg;
Cormay, Lomianki, Poland; Cat No. 2-229). The absorbance readings were taken on a
multi-detection microplate ELISA reader (Synergy 2 SIAFRT, BioTek, Winooski, VT, USA).
Urine-specific gravity and pH were determined on a urine strip analyzer (URYXXON®
Relax, Macherey-Nagel, Diieren, Germany).

2.5. Specialized Training

The three test dates were carried out at weekly intervals, in November and December
2016, in the hall, each time from 6:00 to 7:30 p.m. Each time, the contestants were ran-
domly assigned to groups consuming fluids with different osmolality levels in a manner
ensuring the consumption of each of the drinks (Figure 1). The competitors had free
access to the randomly drawn fluid during each of the 1.5 h training sessions (Table 2) and
decided on both the time and amount of intake (Table 1). The composition of the liquids,
given by the producers on the packaging, is presented in Table 3, and the osmolarity
of these beverages was adopted based on the available literature: low-mineralized wa-
ter ~20 (mOsm /kg water), highly mineralized water ~88 (mOsm/kg water), and isotonic
drink ~279 (mOsm/kg water) [18].

During each training session, the air temperature and humidity were measured using
data loggers located in the four corners of the pitch in the hall (EBI 310 TH, Ingolstadt,
Germany). These indicators were not statistically significantly different on individual
study dates.

Table 2. Framework training unit plan.

Training Group

Women'’s National Team and Women’s Junior Team

Training duration

90 min

Venue

Indoor Hall 40 m x 20 m

Training objective

Preparation for indoor championship events according to the calendar of
the European Field Hockey Federation

Warm-up incl. dynamic stretching + acceleration and speed drills—15 min
Hockey-specific warm-up: various forms of passing and receiving the ball in motion (without the

Ll s participation of a defender); shorter and longer passes, also with the use of a boards—5 min
Scoring exercises (different zones of the shooting circle)—5 min
Numerical advantage training—2 vs. 1 and 3 vs. 2/defensive organization in the numerical
superiority of the opponent; cooperation with the goalkeeper—20 min
Thaining Tactical cooperation in even numbers situation—3 vs. 3 on the side sector of the pitch (left and right

board) with an emphasis on the transition phase (transition from defending to attacking)—15 min
Build-up in 5 vs 4 superiority—4 x 3 min + 1 min break after every 3 min
5vs. 4 game—2 x 5 min (change of teams after 5 min)
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Table 3. The mineral composition of the fluids, specified by the manufacturer, consumed by female field hockey players

during training.

Mineral Low-Mineralized Water High-Mineralized Water Isotonic Drink + Low-Mineralized Water
(mg/L)
Ca?* 48.10 319.00 288.10
Na* 2.10 111.00 702.10
Mg?* 6.68 47.90 126.68
K* 1.20 49.50 261.20
HCO3™ 166.30 1639.00 166.30
S0,? 10.29 30.00 10.29
(6l 5.60 2.70 245.60
F~ 0.06 0.30 0.06
Total minerals 240.33 2199.40 1800.33
Glucose 0.00 0.00 52,600.00

All of the players participated in the training throughout its duration. At that time,
their heart rate (HR) was monitored using the Polar Team2 PRO Heart Rate Monitoring
System (Kempele, Finland) (Table 1). In all competitors, apart from the indicators measured
in blood and urine, body mass and the amount of fluids consumed were also monitored
before and after training. The complete study scheme is presented in Figure 1.

2.6. Statistical Analysis

Data are presented using the mean and standard deviation (X + SD) and the confi-
dence interval for the mean (95% CI). The values of the studied indices were statistically
analyzed, and the variables were checked for normal distribution using the Shapiro-Wilk
test. In order to compare the pre-training and post-training results obtained between the
three study dates, repeated measures analysis of variance (ANOVA) was performed for
normally distributed data, and Friedman ANOVA for indices without normal distribution.
In order to compare the differences between the examined indices before and after training,
the t-test for dependent samples was used for data with a normal distribution on individual
test dates, and the Wilcoxon pair order test for data without normal distribution. Effect
sizes (d) were calculated using means and standard deviations. To determine the effect
size, Cohen’s criteria were used [19], which say that values > 0.2 and <0.5 are consid-
ered “small”, >0.5 and <0.8 “medium”, and >0.8 “large”. The level of significance was
set at p < 0.05. Statistical analysis was performed using a computer statistical package
STATISTICA v13.1 (StatSoft, Inc., Tulsa, OK, USA).

3. Results

The resting values of the biochemical blood and urine indices of the players on
the three study dates did not differ significantly from one another, which proves the
homogeneity of the group in terms of the determined indicators. On the other hand, post-
exercise differences between individual test terms were found. They concerned plasma
osmolality, and the concentration of sodium and potassium ions and aldosterone (Table 4).

The comparison of the values of the examined indicators measured before and after
exercise also showed statistically significant differences. They were related to all beverages
(low-mineralized water, high-mineralized water, and isotonic drinks) and the indicators
determined after their consumption: body mass, hematocrit value, concentration of calcium
ions, aldosterone, bicarbonate ions, standard base excess, lactate and urine pH. In the case
of consuming water, both low- and high-mineralized, differences in values before and after
training were also observed for urine-specific gravity, potassium ion concentration and
blood pH. However, the indicators that changed only when consuming isotonic drinks
were plasma osmolality, and the concentrations of sodium and chloride ions (Table 4).
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Table 4. Average values of the tested biochemical indicators of blood and urine in the examined persons after consuming
beverages with different osmolarity levels (1 = 14).

p Value for ANOVA
Indicator Beverages  Pre-Exercise  Post-Exercise 7 X:hll,f’égre Effect Size Dif?:::rt\-c]i:el::ltzs“n
Beverages)
Low 65.3 + 5.4 65.1 + 54 0.002 0.04
B°d({( ")‘ass High 654 +54 652 +55 0.001 0.03 0.706
& Isotonic 65.2 +5.0 65.0 + 5.0 <0.001 0.04
Water Balance
Plemaioctit Low 0.377 £ 0.017  0.366 + 0.021 0.048 0.56
o High 0.372 +0.020  0.360 + 0.023 <0.001 0.59 0.212
Isotonic ~ 0.367 4 0.020  0.353 + 0.021 <0.001 0.71
: o Low 1.013 £ 0.006  1.019 + 0.008 0.001 0.82
U;"‘,’;’fp(e‘/‘fﬂ; High 1.014 +0.006  1.023 +0.009 0.006 115 0.108
Bravity (g, Isotonic  1.016 +0.009  1.019 + 0.007 0.068
Plasma Low 2915+ 2.1 290.1 + 3.6 0.155
osmolality High 291.6 +2.5 290.1 + 3.6 0.077 <0.0012
(mOsm/kg) Isotonic 290.1 £29 285.3 + 2.6 0.001 1.73
Electrolyte Balance
S— Low 143 +1 142 + 2 0.111
‘(’m‘r‘;";}‘i‘)‘s High 143 + 1 14242 0.179 0.005 2
Isotonic 142 +2 140 £ 1 <0.001 1.51
—— Low 44+04 41+04 0.024 0.66 .
: High 43403 39403 <0.001 1.39 0.022
g L T e 45404 43403 0.075
R Low 121+ 0.03 1.19 +0.03 0.031 0.76
? el /‘E;‘S High 1.20 + 0.02 1.18 £ 0.04 0.030 0.60 0.624
= Isotonic 122 +0.03 1.19 +0.03 <0.001 1.06
ChlogiiESns Low 109 + 1 108 + 2 0.418
( n?ﬁ‘\ Of /‘L) High 108 + 2 107 + 2 0.292 0.357
Isotonic 109 +2 107 +2 <0.001 0.80
. Low 0.89 + 0.01 0.89 + 0.03 0.730
I\?ag“ef;‘i’)“ High 0.89 + 0.01 0.89 + 0.02 0.431 0.789
mo Isotonic 0.89 + 0.02 0.90 + 0.02 0.272
Ko Low 1258 £454  411.8 + 184.0 0.001 2.13
ool /1) High 1170 £539 4242 +107.5 <0.001 3.61 0.005
P Isotonic 11224284 2702 +104.6 <0.001 2.06
Acid-Base Balance
— Low 241+16 224+13 <0.001 113
; High 247 +21 28+15 0.005 1.05 0.683
ons(mmol/L)  p i 243+14 223+ 20 <0.001 116
Standard base Low —01+13 —26+18 <0.001 1.63
excess High 09+17 —21420 <0.001 1.61 0.645
(mmol/L) Isotonic Dl17 —-28+28 <0.001 1.26
Low 740 + 0.03 7.39 +0.03 0.024 0.45
Blood pH High 741 + 0.02 7.39 + 0.03 0.012 0.82 0.926
Isotonic 7.40 + 0.03 7.39 + 0.03 0.102
Low 62+ 07 54406 0.002 131
Urine pH High 62+ 07 56+ 0.6 0.005 0.89 0.313
Isotonic 6.0+ 0.7 55+ 0.6 0.018 0.81
Tsachii Low 13+ 04 58+ 17 0.001 3.64
P yrin High 13403 59426 0.001 254 0.807
Isotonic 14404 59+25 0.001 255

Low—low-mineralized water, High—high-mineralized water, Isotonic—sport drink; *—the average values for isotonic drinks are lower
than for both waters; —the average value for isotonic water is higher than for high-mineralized water.
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4. Discussion

This is the first time that such extensive research describing post-training changes in
water—electrolyte and acid-base balance in female field hockey players has been presented.
Few publications have so far described the effects of fluids with heterogeneous mineral
composition and different osmolarity on biochemical blood and urine parameters, adopted
by the athletes, especially in women. Therefore, the authors decided to investigate this topic,
including in the scope of their research a much wider range of indicators characterizing the
water—electrolyte and acid-base balance than in other studies.

The values of the examined indicators, determined before and after the training unit,
were in line with the ranges given in previous publications on the impact of exercise on
the body. They describe post-exercise reductions in a number of indicators, including
body mass [20,21], hematocrit value [22], osmolality [23], the concentration of sodium [21],
potassium [24], calcium ions [24,25], magnesium [26], bicarbonate ions [24,27,28], standard
base excess [8,28] and blood pH [27-29]. An increase in the value after exercise, in our
own studies, was observed for urine-specific gravity [30], and the concentrations of aldos-
terone [31,32] and lactate [24,27-29]. However, there are no publications with results that
can be related to the data on post-exercise blood chloride concentration and urine pH value
in the presented study. It can therefore be assumed that the post-training changes found in
the studied female field hockey players do not differ from the data found in other sports
disciplines, such as beach volleyball [20], rugby [21,23,27], football [22,24], soccer [29], and
basketball [25,30], as well as in swimming exercise [26] and in healthy untrained people
after exercise on a treadmill [8] or an ergocyclometer [31,32]. Moreover, changes in the
tested biochemical indices in the blood and urine are the result of physical exertion and the
accompanying dehydration of the body.

The main question of the research, however, concerned the effect of the osmolarity of
the fluids consumed by the athletes during exercise. The proposed arrangement of tests and
assays performed for blood and urine biochemical indices made it possible to determine
the hydration level of the players before the start of training, which was statistically the
same at all times. Additionally, the monitoring of air temperature and humidity ensured
that the ambient conditions did not affect the results of the experiment. The average values
of air temperature in individual periods were, respectively, 20.9 + 0.1 vs. 21.0 £ 0.1 vs.
20.8 & 0.1, and air humidity was 52.5 & 0.6 vs. 51.0 £ 0.8 vs. 52.0 £ 0.8. Moreover, the
players, despite independently making decisions about the amount of fluids consumed
during training, adopted a similar volume of experimental drinks on all test dates (Table 1).
The above is also visible in the similar mass of urine output after training (Table 1). Such
a lack of differences in the amount of urine output, up to 1 h after training, despite the
use of fluids with different osmolarity levels, was recently demonstrated by Pence and
Bloomer [33]. Their observations also show that drinking water increases urine output 2 to
4 h after drinking it, compared to drinks with a higher content of electrolytes.

The only statistically significant differences between liquids of different osmolarity
levels were observed between biochemical markers after drinking water (regardless of
the content of minerals in it) and isotonic drinks. These differences are expressed using
indicators describing the water—electrolyte balance, such as plasma osmolality, the con-
centration of sodium and potassium ions, and aldosterone. No statistical differences were
observed in the indicators characterizing the acid-base balance. The consumption of an
isotonic drink that is rich in sodium caused the smallest increase in the concentration of
aldosterone, which is responsible for the reabsorption of this element in the renal tubules,
increasing the excretion of potassium ions in the urine [34,35]. As a consequence, the
greatest post-exercise reduction in sodium ions and the lowest potassium ions were ob-
served, which also translated into the highest reduction in blood osmolality. Moreover, the
concentration of potassium ions measured post-exercise decreased the most in the plasma
of players in the case of high-mineralized water, where the highest increase in aldosterone
concentration was also noted (Table 4). The small number of publications on this issue
and the heterogeneity of the data included therein do not favor a detailed analysis of the
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issue, especially in the absence of relevant data characterizing players in team games. The
ambiguity of the results (Table 5) indicates the need for a more complete study of this issue.
All authors analyzing plasma osmolality [36-38] and sodium and potassium ions [36,37]
blood concentration after consuming fluids with different contents of minerals did not
show a statistically significant difference between these fluids. This is in contrast to our
research, wherein an isotonic drink was shown to decrease plasma osmolality and blood
sodium ions concentration simultaneously, increasing the blood concentration of potassium
more effectively than the analyzed waters. Among the publications presented in Table 5,
only Powers et al. [36] examined the effect of the used fluids on the blood hydrogen ions’
concentration. Although in our research we did not analyze the concentration of these
ions, we did determine the pH values, which are coherent. Powers et al. [36] showed that
the consumption of beverages containing electrolytes (EP, GP) more effectively stabilizes
the concentration of hydrogen ions in the blood than liquids without electrolytes (NEP),
especially during exercise. In our study, we did not observe any differences in the acid—base
balance indicators determined in blood and urine, regardless of the used fluids. Due to the
fact that we have the opportunity to compare our results only with one study [36], we are
not able to clearly explain the reasons for the differences. This requires research involving
a larger number of participants, as well as efforts (training loads) of varying intensity.

Table 5. Summary of publications on the impacts of drinks with different (indicated by the authors of the studies) osmolarity
levels on the biochemical and hematological indicators of people subjected to exercise tests.

Authors
(Sport Discipline)
(Kind of Effort)
Sex

Tested Biochemical Indicators
The Types of Beverages

No Significant Differences Significant Differences

Powers et al. [36]
(cyclists; n =9)
(exercises with a constant load on
a bicycle ergometer until fatigue)
Men

Non-electrolyte placebo (NEP)
(31 mOsm/kg)

Electrolyte placebo
drink without carbohydrate (EP)
(48 mOsm/kg)
Glucose polymer

drink containing electrolytes (GP)

(231 mOsm/kg)

Heart rate, plasma osmolality,
concentration of lactate,
potassium, calcium, sodium,
and chloride in blood

The concentration of hydrogen
ions in the blood was significantly
lower after 30 min of exercise
while using GP and EP compared
to NEP

Gisolfi et al. [37]

Water
(1 £ 0.3mOsm/kg)

e Hypertonic
85(W)', tren?/vzzn‘:/, '{/_ 7) (197 d:yZP mOsm/kg) Osmolarity, sodium and There are no statistically
(85 min 60%~65% VO,ma Isotonic otassium ions in plasma significant differences
xcycle ergometer) (295 + 6 mOsm/kg) P P en
mOsm/kg
5 Men, 2 Women Hypotonic
(414 + 2 mOsm/kg)
Suzuki etal. [35] o i o
i (Ct}’gé‘;ts\f/g =6) e 8 Hypotonic sports drink Plasma osmolality, There are no statistically
(cycling at 60% VO, peak for (193 mOsm/kg) lactate concentration significant differences
min in the hot conditions) Isotonic sports drink
Men (317 mOsm/kg)
Commercially available
Lagowska et al. [39] sports drink .
(rowers; n = 11) (258 mOsm/ kg) Lactate concentration, There are no statistically
80 min of exercises on a rowin, Natural carbohydrate hematocrit significant differences
8 Y gn
ergometer) electrolyte drink
Men (402 mOsm/kg)
Siwwork Lovz;r;én ne‘géi;e/dkév)ater HR, hematocrit, concentration of ~ Consumption of an isotonic drink

(field hockey; n = 14)
(90-min training unit)
Women

High-mineralized water
(~88 mOsm/kg)
Isotonic drink
(~279 mOsm/kg)

lactate, calcium, chloride and
bicarbonate ions, magnesium,
standard base excess, blood and
urine pH, and urine-specific
gravity

caused the smallest increase in the
concentration of aldosterone and
potassium ions, and the greatest
post-exercise reduction in sodium
ions and blood osmolality

VO, max: maximal oxygen uptake; VO, peak: peak oxygen uptake.

However, our own research shows that the amount of fluids, but not the quality, is of
greater importance for maintaining the correct water—electrolyte and acid-base balance.
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Our study has some limitations, which include the lack of the consideration of ions in
the urine and sweat. Analyses of the 24 h diet diaries before the performed tests were also
not undertaken.

The essential point of this manuscript is that the research topic is related to the deter-
mination of the effect of fluids with different minerals contents on the water—electrolyte
and acid-base balances. The available literature on this topic does not have homogeneous
results and specific recommendations for hydration strategies in various sports disciplines,
including field hockey. It was also the first time that such a wide range of blood and urine
biochemical parameters was used. The benefit of this study is that the measurements were
carried out in real training conditions, and not directly in isolated laboratory tests.

In the future, in order to more accurately assess the aim set in the study, we plan to
repeat the research, increasing the number of female players, including testing players
from other team games.

5. Conclusions

Based on a review of the available literature, we found that field hockey does not differ
from other sports in terms of the biochemical blood and urine indicators characterizing the
post-training changes of players.

The osmolarity of consumed fluids does not significantly affect the indicators of the
water—electrolyte balance and acid-base balance during exercise. Such an effect is only
noticeable after consuming an isotonic drink, manifesting itself in greater changes in the
concentration of aldosterone, sodium and potassium ions and plasma osmolality than
in the case of hypotonic drinks. Furthermore, the degree of mineralization of the water
consumed by female field hockey players did not affect the indicators of water—electrolyte
and acid-base balance in the blood and urine.

Isotonic drinks, unlike hypotonic drinks, most likely stabilize the RAA system during
training, which ensures the best hydration as defined by plasma osmolality.

The wide spectrum of commercially available sports drinks and waters used by
athletes raises the question of selecting those liquids that stabilize the water-electrolyte
and acid-base balances. Moreover, they should positively affect the exercise capacity of
athletes. The information contained in this publication discusses this issue in terms of the
different osmolarity levels of beverages, making the applied knowledge useful for both
players and coaches.
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