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Wstep

Organizm ludzki w przewazajacej mierze sklada si¢ z wody. Stwierdzenie to, czesto
powtarzane przez autorow, zdaje si¢ by¢ juz banalne i trywialne. By¢ moze fakt ten jest
powszechnie znany, ale na pewno wsréd sportowcéw na kazdym poziomie wyszkolenia
czgsto pomijany i lekcewazony. Woda odpowiada za szereg funkcji ustroju cziowieka [1]
i stanowi 50-55% masy ciata kobiet, 60-65% masy ciala mezczyzn, a u dzieci jej wartosé
sigga nawet 75%. Prawidlowe nawodnienie warunkuje harmonijne funkcjonowanie
organizmu zar6wno w czasie wysitku jak i w spoczynku. Podczas wysitku fizycznego
dochodzi do wzrostu temperatury ciala, a nadmiar ciepla uwalniany jest w znacznej mierze
przez skorg. Proces termoregulacji prowadzi do utraty wraz z potem wody i elektrolitow.
Obnizenie zawartosci wody w organizmie o 2% masy ciala, ma znaczacy wplyw na
wydolno$¢ zawodnika, moze prowadzi¢ do podwyzszenia ciénienia tetniczego krwi,
powstawania skurczéw migéni, boléw glowy, obnizenia koncentracji oraz szybszego
meczenia si¢. Utrata 5% zasoboéw wody powoduje szereg zaburzen w ukladzie krazeniowo-
oddechowym i migsniowym, obniZajac wydolnos¢ organizmu o 20-30%. 15% deficyt wody
jest niebezpieczny dla zdrowia i Zycia, w najpowazniejszym wypadku moze skutkowaé nawet
smiercig. Odpowiednie nawodnienie przed, w trakcie oraz po wysiltku jest bardzo waznym
czynnikiem zard0wno w procesie treningowym, restytucyjnym oraz podczas startow
w zawodach [2]. Zapotrzebowanie sportowcOw na wode jest uwarunkowane wieloma
czynnikami tj.: intensywnoscia i czasem trwania wysilku, temperatura i wilgotnoscia
otoczenia, stanem nawodnienia przed treningiem, dieta oraz predyspozycjami osobniczymi.
Trening w warunkach podwyzszonej temperatury (powyzej 25°C) powoduje zaburzenie
hemodynamiki krwi. Przewodnictwo cieplne skéry wzrasta nawet 7-krotnie, co powoduje
zwigkszone wydzielanie potu, ktére u wytrenowanych sportowcow ksztaltuje sie na poziomie
2-3V/h, a w ekstremalnych warunkach temperatury przy intensywnym wysitku moze
dochodzi¢ nawet do 5-71/h. Dobowa utrata wody przez skore w temperaturze otoczenia 40-
50°C moze siega¢ nawet 101, co skutkuje duzym ubytkiem elektrolitow i enzymow oraz
determinuje hiponatremi¢. Zawodnicy dyscyplin wytrzymatosciowych sa zdolni do ¢wiczen
przy temperaturze wewnetrznej oscylujacej w granicach 40°C, jednak przy braku
odpowiedniego nawodnienia dlugotrwaly wysitek w wysokiej temperaturze moze by¢ mniej
efektywny i prowadzi¢ do nieodwracalnych zmian, a w skrajnych przypadkach moze by¢
nawet przyczyng zgonu. Problem ten dotyczy szczegllnie maratonczykow, chodziarzy,
kolarzy i pitkarzy noznych [3]. Rowniez nie bez znaczenia pozostaje ci$nienie pary wodnej,



ktore znaczaco wplywa na proces termoregulacji skornej, obnizajac go. Wzrasta wowczas
utrata wody z wydychanym powietrzem, ktéra w zimnym i suchym powietrzu gérskim moze
sigga¢ 1500ml/dobe [4].

Na rynku dostepnych jest coraz wigcej preparatéw nawadniajacych, ktore maja na celu
przyspieszyC proces restytucji powysitkowej. Powinny zapewni¢ one odpowiednia podaz
energii (weglowodanéw), skiadnikéw mineralnych i witamin. Do napojéw sportowych
stosowanych okolo-treningowo lub podczas zawodéw mozna zaliczyé suplementy
hipotoniczne, izotoniczne, hipertoniczne, z dodatkiem substancji pobudzajacych oraz wode
[5]. Poniewaz w czasie wysitku dochodzi do zaburzenia réwnowagi kwasowo-zasadowej
organizmu, trwaja badania nad zasadno$cia wykorzystania wody o regulowanym pH.
W praktyce klinicznej w celu oceny stanu nawodnienia stosuje sie rézne metody badawcze,
do ktérych nalezy badanie catkowitej zawartosci wody w organizmie (za pomocg impedancii
elektrycznej), pomiar wskaznikéw krwi (osmolalno$é, objetosé i zawartoéé sodu) i moczu
(objetos¢, cigzar wlasciwy, osmolalno$¢), ocena zabarwienia moczu oraz krotkoterminowe
zmiany masy ciala [6]. Jak pokazuja badania zdecydowana wigkszos¢ zawodnikow
uprawiajacych rézne dyscypliny sportu nie realiznje dobowych norm zapotrzebowania na
wode. Szczegblnie narazeni na odwodnienie s3 zawodnicy sportow wytrzymatoéciowych
o dlugim czasie trwania, jednak jak wynika z badann w grupie ryzyka znalezli si¢ mezczyzni
trenujacy dyscypliny silowe i sporty walki [7].

Zyskujacym  popularno$¢  alternatywnym  rozwiazaniem dla  dotychczas
wykorzystywanych napojow sportowych staje si¢ woda o regulowanej zawartosci
makroskiadnikow i zwigkszonym pH (woda alkaliczna). Dotychczas byla ona
wykorzystywana glownie w profilaktyce chordb, ktérym towarzyszy kwasica metaboliczna.
Udowodniono jej pozytywny wplyw na stan tkanki lgcznej. Randomizowane badania
prowadzone na kobietach w wieku przed menopauzalnym wykazaly, iz spozycie wody
alkalizowanej w ilosci 1,5 1 na dobg mialo znaczacy wplyw na poprawe gestosci mineralnej
kosci, wzrost pH moczu oraz spadek stezenia parathormonu i C-telopeptydu kolagenu typu I
w surowicy [8, 9]. Liczne badania naukowe dowodza, ze woda o regulowanej alkalizacji
wykazuje dzialanie przeciwcukrzycowe i przeciwmiazdzycowe poprzez obniZzenie steZenia
glukozy we krwi i HbAlc oraz spadek stezenia trigliceryddw, lipoprotein o malej gestosci
(LDL) i catkowitego stezenia cholesterolu we krwi. Ponadto hamuje angiogeneze guzow

nowotworowych i ma dziatanie przeciw neurodegeneracyjne [10].



Obecnie coraz czgiciej porusza si¢ temat wody alkalicznej w kontekscie poprawy
zdolnosci wysitkowych i regeneracyjnych u sportowcéw. Istnieja badania eksperymentalne
traktujagce o jej pozytywnym wplywie na gospodarke kwasowo-zasadowa organizmu,
zardwno w spoczynku jak i po wysitku o charakterze beztlenowym [11]. Woda alkalizowana
hamuje powstawanie wolnych rodnikéw i reaktywnych form tlenu tworzacych sie
w komorkach w trakcie wysitku o duzej intensywnoéci [12]. Randomizowane badania
z podwdjnie $lepg proba wykazaty, ze woda o pH 9,3 wplynela pozytywnie na obnizenie
kwasicy powysitkowej, co stwierdzono poprzez wzrost spoczynkowego i powysitkowego pH
krwi oraz stgzenia dwutlenku wegla grupy testowej w stosunku do grupy spozywajacej
placebo [13].

Reasumujgc najnowsze i niezalezne prace badawcze wskazuja, ze woda alkalizowana
ma pozytywny wplyw na organizm czlowieka. Fakt ten w przyszlosci moze zostaé
wykorzystany do wspomagania restytucji powysitkowej i zmniejszenia kwasicy
metabolicznej u wyczynowych sportowcow. W swietle przytoczonych argumentéw, wydaje
si¢ zasadne przeprowadzenie badan na sportowcach w celu bardziej szczegélowego

przeanalizowania wptywu wody alkalicznej na organizm poddany rezimowi treningowemu.

Analiza dostgpnej literatury opisujacej badania z wykorzystaniem wody o wysokiej
alkalizacji potwierdza uzyskane w niniejszym opracowaniu wyniki. Prozno szuka¢ licznych
badan o podobnej tematyce, natomiast dostgpne pozycje wskazuja podobna do
zaprezentowanej tendencje. Heil [14] przeprowadzil eksperyment na grupie 38 nietrenujgcych
ochotnikéw z wykorzystaniem wody o pH 10,0. Dzienna podaz testowanej wody wyniosta
2,2-2.4 litra na dobe. Po 4-tygodniowej interwencji zaobserwowano istotny wzrost pH krwi
i moczu w grupie spozywajacej wode alkalizowang w por6wnaniu do grupy kontrolnej [14].
Zadowalajace wyniki uzyskali rowniez Ostojic i Stojanovic, ktérzy testowali wode o pH 9,3
na grupie 52 aktywnych fizycznie mezczyzn. Ochotnicy pili wod¢ o podwyzszonym pH przez
okres dwoch tygodni w iloéci 2 litrbw na dobe, co bylo znaczaco nizsze w poréwnaniu
z wykorzystang w moich pracach metodologia. W konsekwencji nastapil istotny wzrost pH
krwi oraz stezenia dwuweglanow po spozyciu wody alkalicznej [13]. Poréwnujgc wiasne
wyniki z przytoczong literatura mozna zaobserwowac pozytywne skutki stosowania wody
o wyzszym pH na niektére parametry okresélajace rownowage kwasowo-zasadowa organizmu.
Wyniki te nie s3 jednak jednoznaczne, co moze by¢ zwigzane z czasem trwania

eksperymentu, poziomem wytrenowania badanych, oraz iloscia spozywanej wody alkaliczne;j.



Przedmiot Rozprawy

Przedmiotem rozprawy doktorskiej jest osiagniecie naukowe w postaci 5 prac
traktujgcych o wplywie wody o zwigkszonej alkalizacji na stan réwnowagi kwasowo-
zasadowej organizmu zawodnikéw uprawiajacych rozne dyscypliny sportu. Cztery z
ponizszych prac maja charakter empiryczny, a jedna jest praca pogladowa na poruszany
temat. £.3czna warto$¢ punktowa opublikowanych prac wynosi: IF = 4,495; MNSiW = 75 pkt.
KBN.

Prace zostaly przedstawione pod wspélnym tematem: Wplyw przyjmowania wody alkalicznej
na stan nawodnienia oraz tlenowe i beztlenowe moiliwosci wysitkowe zawodnikow gier
zespolowych i sportow walki.
Wykaz prac opublikowanych:
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Praca nr 1. - The Effectiveness of Alkaline Water in Hydrating Athletes

Praca pogladowa traktujaca o funkcjach wody w ustroju czlowieka, istocie
prawidlowego nawodnienia organizmu oraz skutkach obniZenia jej zawartosci w organizmie.
Ponadto w artykule zaprezentowano wplyw réznych czynnikéw srodowiskowych na stan
nawodnienia min. temperatury, wilgotnosci i cisnienia. Sedno natomiast stanowi przeglad
prac naukowych zwigzanych z tematyka nawodnienia wsréd sportowcow oraz nowatorskie
zastosowanie wody o regulowanej wartosci pH (wody alkalizowanej). Najnowsze i niezalezne
prace badawcze wskazujg, ze woda alkalizowana ma pozytywny wplyw na organizm
czlowieka. Fakt ten w przyszlosci moze zosta¢ wykorzystany do wspomagania restytucji

powysitkowej i zmniejszenia kwasicy metabolicznej u sportowcow.
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The most important ingredient of the human body
includes water. Water consists 60-65% of an adult's body mass,
55% or less for women, while it reaches values of close to 75%
in infants. A proper hydration state is a must for general health,
yet it is even more important for individuals that exercise on a
regular basis, and especially for competitive athletes submitted
to extreme loads, often under extreme environmental conditions
[1]. Intra and extra cellular water is responsible for numerous
functions in our bodies. Water allows for homeostasis, it facilitates
most biochemical reactions, it allows numerous particles and
compounds to dilute; it helps in the transport of metabolites and
speeds up the utilization of by-products. Water plays a major
role in thermoregulation; it nourishes and moisturizes tissues
and organs. Effective hydration determines proper functioning of
the whole body, at rest and especially during and after exercise.
During exercise heat is produced by the muscles and other organs
and it must be eliminated, not to cause hyperthermia. Excess heat
produced during exercise has to be removed, and it is mostly
accomplished through sweating, what causes significant water
loss. Reducing water volume by 2% or more doing exercise has
significant consequences on functions of particular organs and
the whole body. Dehydration can decrease aerobic capacity,
it can increase blood pressure, cause headaches, decrease
concentration and speed of reaction, and may also influence
cognitive abilities in sport disciplines that require tactical thinking
and decision making [2]. Some studies indicate that even a minor
hypohydration of 2% influences a variety of cognitive functions
such as vigilance, alertness, perceptual discrimination, arithmetic
ability, visuomotor tracking and psychomotor skills significant in
many sport disciplines and everyday life activities [3, 2].

There are sport disciplines for which fluid intake
before, during and after competition is a key factor determining
performance, and those that are not much affected by hydration
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status. Explosive track and field events such as the shot put or
high jump are not influenced to a great degree by hydration status,
while performance in aerobic endurance events, especially those
lasting several hours, performed under extreme environmental
conditions (temperature, humidity, altitude), are very much
dependent on the volume, quality and timing of fluid intake. Road
cycling is an excellent example, where races last for 4-6 hours
and can be performed under very hot or cold conditions, with
significant radiation and at low or high altitudes.

There is significant evidence to indicate that
hypohydartion impairs aerobic endurance performance, and these
effects are significantly related to the degree of body water deficit
[4]. Fatigue in prolonged aerobic exercise do to hypohydration
is explained by thermoregulatory, cardiovascular and metabolic
factors. Dehydration in such circumstances increases core
temperature and causes elevation of heart rate parallel to the
decrease in blood flow, stroke volume, cardiac output and skin
blood flow [5]. Since evaporation is the most effective manner of
heat loss during exercise, core body temperature rises at a greater
extent as hypohydration levels increase. Dehydration during
exercise may also affect muscle metabolism by accelerating the
rate of glycogen depletion [6].

Hypohydration and its consequences may also occur
in sport disciplines that require high intensity and intermittent
bouts of effort over several hours of competition or training.
This is especially true in soccer tournaments played in high
temperature, with insufficient rest and hydration between
games. Some authors [7] reported decreased performance when
hypohydration acceded 2.4% in soccer, while no impairments
were observed in shooting, passing or spiking in basketball
and volleyball when hypohydration reached 2% [8]. Tennis and
especially long 4-5 set matches played in severe heat have shown
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to cause significant hypohydration and negatively affect shot
precision and speed of reaction [2].

Itis unclear how much hypohydration impairs muscular
strength, and inconsistent results may be due to the use of
different protocols to achieve hypohydration and measurements
of strength and power abilities. Some authors have observed
significant reductions in isometric and isokinetic force after
2% hypohydration [5], while others did not register significant
changes in muscular activity even after a 4% hypohydration [9].
It seems that strength and power as well as aerobic capacity may
be significantly affected by a state of hypohydration in combat
sports, where athletes usually dehydrate before competition
to reduce body mass for a certain weight category, and then
sweat immensely during competition. This has been observed
in tournaments which last for several hours during a day in
judo, wrestling and boxing [10]. The applied power diminishes
significantly in the later stages of these bouts. This has been
explained by an increase in core temperature which affects the
sequence of muscle strength production by reducing motor
cortex activation, peripheral stimulus and power output [9]. A
dehydration of 5% causes serious consequences in the cardio
respiratory and muscular systems, decreasing aerobic capacity
by 20-30%. Hypohydration in excess of 10% may be dangerous to
the athlete’s health and a threat to life. An appropriate hydration
of the body is crucial during exercise for adaptive changes to
occur at all levels of the organism and also very significant after
training and competition for recovery.

Athletes engaged in high intensity exercise for 2 hours
a day should consume at least 3-4 | of water or other fluids.
Thirst should not be the main factor determining hydration, since
it always appears with a certain delay, while fluids should be
replaced on the spot, if possible every 10-15 minutes of activity,
with an increased intake during recovery [11].

The demand for water in athletes is conditioned by
numerous factors, which include volume, intensity and frequency
of training sessions, temperature, humidity, environment, pre-
exercise hydration status, diet, supplementation and clothing.
Individual metabolic characteristics also must be considered,
as some athletes have much higher BMRs with greater
thermogenesis. As a consequence they produce more heat and
sweat to a greater extent, losing significant amounts of water
[12].

Exercising in a hot environment (above 25C) causes
significant disturbances in blood hemodynamics. The skin
conductivity increases 7 - fold, what stimulates sweating and
evaporation. Well trained athletes undergoing intensive exercise
sweat in excess of 2-31/h, while in extreme conditions even up to
5-71/h. A daily loss of 101 of water under conditions of extreme
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heat and humidity causes a significant loss of electrolytes,
enzymes and stimulates hyponatremia. Endurance athletes
can continue to exercise with the inner temperature close to or
even above 40C, yet without sufficient hydration, fatigue settles
in, hindering coordination and sports performance. Prolonged
exercise under such conditions can cause irreversible changes in
the body and can even be fatal.

This phenomenon has been observed in marathon
runners, cyclists, triathletes and soccer players. Water vapor
pressure seems an important factor in exercise tolerance,
because of its thermoregulatory effect. In such cases water is lost
while exhaling, which can increase up to 1500ml/d in a cold dry
climate.

Currently there are numerous products available on
the market used for hydrating athletes before, during and after
exercise. The main objective is to increase exercise tolerance and
speed up the recovery process. Most sport drinks are fortified
with carbohydrates, minerals and vitamins, or chosen amino
acids. The most popular drinks are isotonic in nature, while
hypotonic and hypertonic drinks are also used depending on the
type of activity, its length and environment in which the exercise
is performed [12].

Despite the abundance of sports drinks on the market,
water is still one of the most often used forms of replacing fluids
during and after exercise, especially in individuals who are
watching their body mass closely. Because exercise especially
that of high intensity causes significant disturbances in acid-
base balance, it has been hypothesized that drinking alkaline
water could increase the buffering capacity of blood and muscle
tissues and improve the hydration status of athletes. Since most
biochemical reactions are very sensitive to pH, drinking alkaline
water could facilitate most of these reactions and speed up post-
exercise recovery.

Water, the most widely used fluid during exercise
comes in different forms, with specific properties depending
on the mineral content. The mineral content, and especially
the proportions between 5042- and HCO3- as well as the pH
determine hydration status and other therapeutic properties.
This has been documented in numerous experiments and clinical
trials [13]. Mineral water has a significant impact on acid-base
balance which determines anaerobic exercise capacity [14]. Many
researchers have suggested that water rich in Ca is characterized
by this specific quality [15]. Even subtle changes in blood and
tissue pH have significant metabolic consequences, including the
response to oxidative stress [16]. During supramaximal exercise,
there is a significant increase in Reactive Oxygen Species (ROS)
and reactive nitrogen species (RNS). In trained individuals the
antioxidant system is more efficient due to the adaptation to
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exercise [11]. The neutralization of ROS may promote the use
of water rich in hydrogen ions. This action is explained by the
stimulation of numerous antioxidant proteins [1]. The results
of long-term research show that the use of hydrogen-rich water
is helpful in preventing metabolic diseases, including diabetes
[17]. Alkaline mineral water with a high pH, through the effect on
acid-base balance can also increase the rate of lactate utilization
following anaerobic exercise [18].

Acid-base equilibrium within the body is tightly
maintained through the interaction of three complementary
mechanisms: Blood and tissue buffering systems (eg,
bicarbonate), the diffusion of carbon dioxide from the blood to
the lungs via respiration, and the excretion of hydrogen ions from
the blood to urine by the kidneys [19].

Many studies have shown that the consumption of
alkalizing supplements can have a significant effect on the body’s
acid-base balance using surrogate markers of urine and blood pH
[16]. It seems possible that the regular consumption of alkaline
water could have a similar effect on markers of acid-base balance,
yet the available data is conflicting, thus further research is
necessary with different populations, different exercise protocols
and varied environmental conditions.

For practical purposes, different methods of evaluating
hydration status are used. They include total body water content
(electrical impedance), blood variables (osmolality, volume and
sodium concentration), as well as urine variables (osmolality,
volume, specific urine gravity. Research indicates that most
athletes do not meet the daily norms of water intake, considering
their training loads, energy demands and sweating rate [11].
Athletes practicing and competing in long distance endurance
events are most prone to dehydration, yet hypohydration has
also been observed in team sport games and combat sports. An
experiment conducted in extreme heat (31°C) and high humidity
(60-65%) on youth athletes subjected to a continuous run
(65% VO, ) until volitional exhaustion showed no difference
in hydration status when different types of fluid were ingested
during the exercise protocol. Unrestricted intake of tap water,
grape-flavored water and grape-flavored water with 6%
carbohydrate and 18.0 mmol/L NaCl showed no differences in
performance and hydration status after the exercise protocol [4].
Alkaline water with a specific mineral content and increased pH
has recently been proposed as an alternative sports drink. There
are reports indicating a positive effect of alkaline water on resting
and post-exercise acid-base balance [18]. The results of this study
indicates, that the use of water with alkalizing properties exhibits
a significant potential for hydration, it reduces fluid-electrolyte
disturbances and accelerates the rate of lactate utilization
following intensive anaerobic interval exercises. Skeletal muscles
fatigue by numerous mechanisms, including accumulation of
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metabolites, such as potassium, or H+ [11]. To a large extent, the
structural damage to the myocytes and inflammation depend on
the exercise ROS production [20]. Several authors have indicated
that consumption of alkaline water inhibits the production of ROS
during exercise of high intensity [20]. A randomized double blind
study showed that the consumption of highly alkaline water with
a pH of 9,3 allowed for increased resting and post-exercise blood
pH and a lower level of metabolic acidosis after an intensive
physical effort [21].

In another randomized study conducted on pre-
menopause women, regular consumption of 1,51/d of highly
alkaline water caused a significant increase in bone density,
increased urine pH and a decrease of parathyroid hormone
and serum C-telopeptide [22]. Other studies indicate that
regular consumption of alkaline water prevents diabetes and
atherosclerosis by lowering blood concentration of glucose and
HbAlc, as well as Triglycerides (TG), Low Density Lipoproteins
(LDL) and Total Cholesterol {TCH). Some authors also indicate
that drinking alkaline water may slow down neurodegenerative
processes [23].

In competitive sports urine osmolality, specific urine
gravity and color are often used as indicators of the state of
hydration [24]. Consumption of alkaline water following a
dehydrating bout of cycling exercise has previously been shown
to rehydrate cyclists faster and more completely than the
consumption of placebo water. Following the consumption of
alkaline water, the cyclists demonstrated less total urine output,
their urine was more concentrated (higher specific gravity), and
total blood protein concentration was lower [25]. In another
well controlled experiment Heil [26] reported that water
retention at the end of a 3-hour recovery period was 79.2 + 3.9%
when subjects drank alkaline water versus 62.5 + 5.4% when
consuming a placebo.

It can be concluded that the habitual consumption
of highly alkaline mineralized water can significantly improve
hydration status. Alkaline water with a pH as high as 9.3 can
improve resting and exercise acid-base balance and thus improve
both, aerobicand anaerobic performance. Daily recommendations
for alkaline water intake should be strictly individualized, and in
case of competitive athletes depend on their age, sex, body mass,
BMR, training volume and intensity, diet, type of sport discipline
and the environment in which the training or competition takes
place. Thus, children and youth athletes with a body mass of 25-
35 kg and low energy expenditure can consume as little as 11 of
water a day, while male adult road cyclists (70-75kg) performing
a continuous effort of 4-5h in a hot and humid environment may
need up to 7-8l of alkaline water to fully hydrate the body, and
utilize its full potential for exercise and recovery.
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Prac nr 2. - The effect of mineral-based alkaline water on hydration status and

the metabolic response to short-term anaerobic exercise

Celem badania bylo okreslenie efektow przyjmowania wody o rdznej mineralizacji na
stopiefi nawodnienia i rownowage kwasowo-zasadowa mezczyzn uprawiajgcych wyczynowo
pitk¢ nozng. Do badania zakwalifikowano 36 pitkarzy noznych w wieku 21 + 4 lat.
Zawodnicy stanowili homogenna grupe pod wzgledem stopnia wytrenowania, wieku i stazu
treningowego oraz wigkszos$ci parametrow somatycznych. Badani posiadali aktualne badania
lekarskie, ktére pozwolily im na wzigcie udzialu w eksperymencie. W trakcie badania
zawodnicy zostali podzieleni na trzy grupy, liczace po 12 — stu uczestnikow. Kazda z grup
poddana zostala innemu protokolowi nawodnienia, ktéry trwal siedem dni. Grupa pierwsza
przyjmowala wod¢ o wysokim stopniu mineralizacji, grupa druga przyjmowala wode
o niskim stopniu mineralizacji ale o wysokiej alkalizacji, a grupa trzecia, kontrolna
przyjmowata wode stolowa. Ilo$¢ spozywanej przez zawodnikéw wody byla dostosowana
indywidualnie na podstawie zalecen National Athletic Trainers Association i wynosila §rednio
4,2 litra na dobg. Podczas eksperymentu wszyscy uczestnicy badan spozywali izokaloryczng
mieszana diete, realizujac treningi o niskiej intensywnosci. W tym czasie badani nie stosowali
lekéw, suplementéw diety oraz alkoholu i innych uzywek. Kazdy uczestnik eksperymentu
zostal szczegdélowo zapoznany z protokolem badania oraz z mozliwosciag wycofania sie
z niego na kazdym etapie badan. Eksperyment trwal 7 dni. Wyrozniono trzy fazy:
diagnostyczng, terapeutyczng i kontrolng. Etap diagnostyczny i kontrolny obejmowat
nastgpujace testy i pomiary:

Badania skladu ciata za pomoca impedancji elektrycznej,

Pomiar pH i ciezaru wlasciwego moczu,

Pomiar temperatury ciala,

Testy fizyczne z oznaczeniem réwnowagi kwasowo-zasadowej organizmu oraz

spoczynkowego i wysitkowego stezenia mleczanu w osoczu krwi.
Oceniono nastgpujace zmienne:

W spoczynku przed testem wysitkowym (t0): TBW, ECW, ICW, temperature ciala,

ciezar wlasciwy i pH moczu,

Bezposrednio po tescie wysitkowym (t1): temperature ciata,
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W 5 minucie restytucji (t2): TBW, ECW, ICW,
W 30 minucie restytucji (t3): ciezar wlasciwy i pH moczu.

Test wysitkowy na ergometrze rowerowym zostat przeprowadzony przed i po okresie
nawodnienia. Skladat si¢ z 5 powtdrzen po 60 s przy obcigzeniu 120% VOamax (ktérego oceny
dokonano na podstawie progresywnego wysitku do odmowy tydzien przed badaniem
wlasciwym) i kadencji w granicach 75-80 obrotdw na minute. Przerwa wypoczynkowa
pomigdzy kolejnymi seriami wysitku wynosita 60 s. Przed testem wytrzymato$ciowym kazdy
z zawodnikéw wykonywat 5-minutowa rozgrzewke z oporem 100 W i kadencjg w granicach
70-80 obr. / min. Po rozgrzewce zawodnicy rozciagali koficzyny dolne i przystgpowali do
testu wysitkowego. W celu okreslenia natgzenia glikolizy okreslono stezenie mleczanu (LA) i
zmienne rownowagi kwasowo-zasadowej. Probki krwi z opuszki palca pobierano w
spoczynku, bezposrednio po ostatnim powtérzeniu testu wysitkowego oraz w 3, 6, 9 i 12
minucie restytucji. Uzyskane wartosci wykorzystano do okreslenia stopnia utylizacji
mleczanu po wysitku.

Wyniki przeprowadzonego eksperymentu wykazaty zwigkszone pH moczu w grupie
stosujgcej wode zasadowa. Ciezar wlasciwy moczu po wysitku ulegl zmniejszeniu we
wszystkich trzech grupach, najistotniejsza réznice zaobserwowano jednak w grupie stosujacej
wode alkaliczng. Rowniez w tej grupie odnotowano najskuteczniejsze wykorzystanie
mleczanu powstajacego po tescie obciazeniowym po okresie hydratacji.
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ABSTRACT: Previously it was demonstrated that mineralization and alkalization properties of mineral water
are important factors influencing acid-base balance and hydration in athletes. The purpose of this study was
to investigate the effects of drinking different types of water on urine pH, specific urine gravity, and post-exercise
lactate utilization in response to strenuous exercise. Thirty-six male soccer players were divided into three
intervention groups, consuming around 4.0 l/day of different types of water for 7 days: HM (n=12; highly
mineralized water), LM (n=12; low mineralized water), and CON {n=12; table water). The athletes performed
an exercise protocol on two occasions (before and after intervention). The exercise protocol consisted of 5 bouts
of intensive 60-s (120% V0, cycling separated by 60 s of passive rest. Body composition, urinalysis and
lactate concentration were evaluated — before (t0), immediately after (t1), 5 (t2), and 30" (t3) after exercise.
Total body water and its active transport (TBW — total body water / ICW — intracellular water / ECW — extracellular
water) showed no significant differences in all groups, at both accasions. In the post-hydration state we found
a significant decrease of specific urine gravity in HM (1021+4.2 vs 1015%3.8 g/L) and LM (1022+3.1
vs 1008+4.2 g/L). We also found a significant increase of pH and lactate utilization rate in LM. In conclusion,
the athletes hydrated with alkaline, low mineralized water demonstrated favourable changes in hydration status
in response to high-intensity interval exercise with a significant decrease of specific urine gravity, increased
urine pH and more efficient utilization of lactate after supramaximal exercise.
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T RO U T N e S B e T S T e SR e ey

A good hydration state, regardless of the sport discipline and training
intensity, provides the opportunity to achieve an optimal physical
and mental state [1]. Hydration protocols during training and com-
petition are a basic part of athletic training [2]. The hydration strat-
egy should consider in detail the type and properties of administered
fluids, and their volume in relation to the type of physical activity, its
intensity and duration [3]. The American College of Sports Medicine,
The Naticnal Athletic Trainer's Association and other institutions of
sport and science present their recommendations to optimize per-
formance, and to reduce the probability of injuries and overtraining
due to dehydration [4]. The optimal hydration state is determined
by monitoring urine specific gravity [5].

Acid-base equilibrium within the body is tightly maintained through
the interaction of three complementary mechanisms: blood and tis-
sue buffering systems (e.g., bicarbonate), the diffusion of carbon

dioxide from the blood to the lungs via respiration, and the excretion
of hydrogen ions from the blood to the urine by the kidneys [6].
The most widely used fluid during exercise includes water. Differ-
ent properties and especially the mineral content, the proportions
between S0, and HCO, as well as the pH determine hydration
status and other therapeutic properties. This has been documented
in numerous experiments and clinical trials [7, 8]. Mineral water has
a significant impact on acid-base balance, which determines an-
aerobic exercise capacity [9]. Many researchers have suggested that
water rich in Ca is characterized by this specific quality [10]. Even
subtle changes in blood and tissue pH have significant metabolic
consequences, including the response to oxidative stress [11, 12].
During supramaximal exercise, there is a significant increase in reac-
tive oxygen species (ROS) and reactive nitrogen species (RNS). In
trained individuals the antioxidant system is more efficient due to
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the adaptation to exercise [13, 14, 15, 16]. The neutralization of
ROS may promote the use of water rich in hydrogen ions. This action
is explained by the stimulation of numerous antioxidant pro-
teins [17, 18]. The results of long-term research show that the use
of hydrogen-rich water is helpful in preventing metabolic diseas-
es [19], including diabetes [20]. Alkaline mineral water with a high
pH, through the effect on acid-base balance can increase the rate of
lactate utilization following anaerobic exercise [10].

Many studies have shown that the consumption of alkalizing
supplements can have a significant effect on the body's acid-base
balance using surrogate markers of urine and biood pH [21]. It is
possible that the regular consumption of alkaline water could have
an effect similar to nutritional supplements on markers of acid-base
balance, yet this has not been evaluated in a controlled manner.

The aim of this study was to investigate the effects of water intake
with different mineralization and alkalization properties on the state
of hydration and the rate of lactate utilization in athletes following
high-intensity interval exercise.

Jakub Chycki et al.

MATERIALS AND METHO DS 150
Study participants

The study included 36 male, well-trained soccer players with an
average age of 21.3+ 1.8 years (Table 1). The selected group of
athletes was homogeneous with strictly defined criteria for research
—age (19-23 years), anthropometric indices (BM, %TBW, ECW, BF),
and chosen variables of aerobic and anaerobic capacity (VO, .y,
P o). All players had valid medical examinations and showed no
contraindications to participate in the experiment.

The athletes (n = 36) were randomly assigned to 3 groups — two
experimental groups (HM; n = 12), (LM; n = 12) and a control
group (CON; n = 12). All participants were submitted to different
hydration protocols, ingesting water with specific biochemical prop-
erties for 7 days. Group | ingested highly mineralized water (Table 2),
group |l drank low mineralized high alkaline water, while the control
group hydrated with table water. The volume of water intake was
individualized based on the recommendation of the National Ath-
letic Trainers Association and averaged 4.2 litres per day. All study

TABLE 1. Basic anthropometric characteristics of the experimental and control groups.

Variables

High mineral Low mineral Control

(n=12) (n=12) (n=12)
AGE 21.0 = 3.0 20.0 + 3.0 21.0:% 20
BM (kg) 699 + 86 76.1 + 6.8 71.5% 4.8
FFM (kg) 62.1 £ 7.2 67.8 + 65 643+ 46
FM (kg) 72:%:23 84 +09 12 % 2.7
FM (%) 102 +29 11.0x 13 98 + 33
TBW (1) 45.6 £ 5.5 496 + 43 471+ 2.1
ICW (1) 288 + 35 314 £ 28 299+ 14
ECW (1) 16.8 £ 2.0 181+ 1.6 172 0.7

Note: Data are expressed as mean = SD, n=12; BM (kg) - total body mass, FFM (kg) - fat free mass, FM (kg/%) - fat mass,

TBW (l) - total body water, ICW (1) - intracellular water, ECW (I) - extracellular water

TABLE 2. Chemical properties of mineral water used in the study.

Variable Measurement unit High mineral Low mineral Control

pH pH 6.1 = 0.04 8.0 5.00 = 0.08
CO, mg/L 922 +6.2 1123 £ 23 14.98 + 0.66
HCO* mg/l 1326 + 11.3 260 = 6.14 3.62 + 0.12
cr mg/l 8.4 0.3 79+13 0.41 = 0.03
S0,* mg/l 28.7 £ 2.0 68.0 + 3.6 1.60 + 0.09
Na* mg/i 827 £ 6.2 824 +1.1 1.21 + 0.05
K* mg/l 7.41 = 0.05 183 =05 0.30 = 0.03
Cat* mg/l 177 £:b:2 89.6 + 46 1.21 = 0.05
Mg** mg/l 151 = 4.1 114227 0.40 = 0.04

Note: Data show the mean =+ SD of three analyses for each water; pH - potential of hydrogen, CO, - carbon dioxide, HCO® -

bicarbonate, CI" - chiorine, S0, - sulphates, Na* - sodium, K* - potassium, Ca*™* - calcium, Mg** - magnesium
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participants abstained from intensive exercise 3 days prior to initial
evaluations and testing.

The study participants consumed an isocaloric, mixed diet, both
before and during the experiment (55% carbohydrates, 20% protein,
25% fat). The players participating in the experiment did not take
any medications or ergogenic substances, 2 weeks before and during
the study. In addition, all athletes taking part in the experiment ad-
hered to the requirement of 8 hours of sleep daily, and refrained from
consuming alcohol and supplements during the experiment.

The athletes were informed about the purpose and the procedure
of the research and signed an informed consent form before partici-
pating in the study. They were also informed about the potential risks
and benefits associated with participating in the research project.
The study received the approval of the Bioethics Committee at the
Academy of Physical Education in Katowice, Poland. The test pro-
tocol was presented in detail to each player during the interview.
Each participant was informed about the possibility to withdraw from
the research at any stage of the experiment.

Procedures
The experiment lasted 7 days. Three phases were distinguished -
diagnostic, therapeutic and control. Subjects involved in the diag-
nostic stage were qualified based on previously described criteria.
The diagnostic and control stage involved the following tests and
assays (Fig. 1):
» Determination of body mass and body composition based on
the method of electrical impedance (BM, TBW, ECW, ICW).
» Determination of urine pH and its specific gravity.
+ The measurement of body temperature.
« |nterval test protocol with evaluation of acid-base balance and

The following variables were assessed:
* At rest, before the stress test (t0) - TBW, ECW, ICW, body tem
perature, urine specific gravity, urine pH.
= immediately after the stress test (t1) — body temperature.
» 5 minutes after the stress test (t2) - TBW, ECW, ICW.
* 30 minutes after the stress test (t3) — specific gravity of urine,
urine pH.

The therapeutic hydration phase involved the daily intake of 4-4.5 |
of a particular type of water. The athletes drank either alkaline water,
highly mineralized water or base mineral water as a control. The
duration of the hydration procedure was 7 days.

Laboratory tests

Two sets of laboratory analysis were performed in this study. Stress
tests were carried out at the beginning and at the end of the experi-
ment. All biochemical variables were determined within 24 h, in
both the diagnostic and control phases. The research was carried
out at the Human Performance Laboratory of the Academy of Phys-
ical Education in Katowice.

Body mass and body composition

The measurements of body mass and body composition were con-
ducted in the morning between 8.00 and 9.00. The day before the
measurements, the participants had the last meal at 20.00 and
hydrated with 1.5 litres of water between 20.00 and 22.00. The
subjects were informed about the need to standardize measurement
conditions. They reported to the laboratory after an overnight fast,
refraining from exercise for 24 h and not consuming alcohol or liquids
containing caffeine and carbohydrates before the diagnostic measure-

lactate concentration. ments. Body mass and body composition were determined based on
to ti t2 %]
] )
E TBW, ECW, ICW E body temperature ! TBW,ECW,ICW ! urinalisys
! body temperature : \ :
! urinalisys : : :
L) ] ] L)
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] L] ] ]
[} 1 ] L}
1 ] 1 > ]
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FIG. 1. Temporal structure od examinations.
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the method of electrical impedance using the 370 inBody apparatus
(InBody 370, USA). Body mass (BM), body fat (FAT), fat-free mass
(FFM) and the compartmental and total body water (TBW, ICW,
ECW) were determined, while BM! was calculated from BM and
height. The tO test was conducted with the above standards, while
the 2 test was conducted following supervised hydration.

Body temperature

Body temperature was measured with a Braun thermometer (Thermo
Scan Pro 6000, Germany) according to the timetable of the experi-
ment.

Urine test

Urine samples were placed in a plastic container and mixed with
5 ml/L of a 5% solution of isopropyl alcohol and thymol to secure
the properties. Material was stored at 5°C. Urine samples were as-
sayed for the presence of blood and proteins. Specific gravity of urine
was determined using the Atago Digital refractometer (Atago Digital,
USA). Urine pH was determined based on the standardized Mettler
Toledo potentiometer (Mettler Toledo, Germany).

Biochemical assays

To determine lactate concentration (LA) and acid-base equilibrium
variables: pH, pCO,, p0,, serum bicarbonate (SB), base excess (BE),
oxygen saturation {(0,SAT) and total bicarbonate (ctCO,), capillary

Jakub Chycki et al.

blood samples were collected. Blood was taken from the fingertip in
a volume of 1 ml. Determination of lactate was based on an enzy-
matic method using a commercial test from Boehringer Mannheim
using the Shimadzu UV1201 spectrophotometer (Shimadzu UV 1201,
Japan).

Stress tests
The exercise stress test included an interval test protocol, performed
under control conditions (CT) and after hydration (HT). The exercise
protocol consisted of 5 sets of 60 s exercise at an individualized load
of 120% VO2max and a cadence within 75-80 rpm. The rest inter-
val between bouts of exercise equalled 60 s. Before the stress test,
each athlete performed a 5-min warm-up with a resistance of 100 W
and cadence within 70-80 rpm. After the general warm-up on the
ergo-cycle, the athletes stretched the lower limbs, and proceeded
with the stress test. To avoid the orthostatic effect, the participants
were advised to rest for 3 min in the supine position. In order to
determine the intensity of glycolysis, the concentration of lactate (LA)
and acid-base equilibrium variables were determined. Finger-tip blood
samples were drawn at rest, immediately after the last set of the
stress test and in the 3rd, 6th, 9" and 12™ minute of recovery. The
obtained values were used to determine the rate of post-exercise
lactate utilization.

The test was performed on an Excalibur Sport bicycle ergometer
(Lode, Netherlands) with electromagnetic adjustable resistance of

CONTROL TESTS | EXPERIMENTAL FACTOR | HYDRATION TESTS
urinalysis test : EXP. group HM (n=12) : urinalysis test
blood test ; 1 blood test
bioimpedance : EXP. group SW (n=12) ! bicimpedance
temperature i i L temperature

1L __________________________ \

Contr. group CON (n=12)

A J

A

one week hydration

exercise trial 1)
(60’ (120%Vo2max/80RPM) - 60’rest) x5

LTsp. max, 3'. 6', 9', 12" after

exercise trial (HT)
(60’ (120%Vo2max/80RPM) - 60’rest) x5
LTsp. max, 3", 6", 9", 12' after

(t0)- rest (t1)-0 after (12)- 5°after (t3)- 30’ after
urinary gravity temperature TBW,ECW urinary gravity
ph ph
osmolarity osmolarity
TBW, ECW

FIG. 2. Experimental procedure.
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the flywheel. The generated power (W), cadence (RPM) and total
work performed (J) were recorded with the Lode ergometer man-
ager software.

The progressive test during which the 120% VO, load was
determined was conducted a week before the start of the experiment.
Each participant performed a ramp ergo-cycle test (T20x1)
(20 W/1 min) with the work load increasing linearly (0.33 W per 1 s).
The test evaluating VO, started with a resistance of 40 W and
lasted until volitional exhaustion. The cadence was maintained with
60-65 RPM. Heart rate {HR), minute ventilation (VE), oxygen up-
take (VO,), expired carbon dioxide (CO,), respiratory ratio {RER) and
breath frequency (BF) were constantly monitored (Meta Lyzer 3B-2R,
Cortex, Germany). Maximal oxygen uptake (VO,,.,) and maximal
work rate (Wr,,,,, — W) were registered using the Lode Ergometry
Manager (LEM Software, Germany).

Statistical analysis

Normality of distribution was verified using the Shapiro-Wilk test. All
data are presented as mean = SD. Verifications of the differences
between analyzed variables and groups were carried out using ANO-
VA with repeated measures. Statistical significance was set at

TABLE 3. Changes in urine pH in the initial and hydration state
before and after exercise.

TEST ,, HYDRATION To T3

HM 6.8 = 0.3 6.3 = 0.7
LM 6.0 = 0.8 B =05
CON 6.4 = 0.4 53 +04
TEST ,.HYDRATION To T3

HM 6.1 = 1.0 6.3 £0.8
LM 6.0 1.0 6.5+ 0.5
CON 6411 63+%13

Note: Data are expressed as mean + SD, n=12. HM - high mineral
water, LM - low mineral water, CON - control group (table water).

p<0.05. All statistical analyses were performed using Statistica 9.1
with the neural network module, and Microsoft Office Excel 2010.

RESLI TS o e e e S 10 R e o P S
All participants completed the described testing protocol. The pro-
cedure was carried out in identical environmental conditions
with the air temperature of 19.20 = 0.34°C and humidity of
57.92 + 0.46%.

The analysis of urine in the pre-hydration state, in accordance
with the anticipated acute adaptation to anaerobic exercise, showed
a decrease in pH and a reduction in specific gravity. Intergroup com-
parative analysis with respect to pH and the specific gravity of urine,
carried out before and after exercise, showed no significant difference
(HM vs. LM vs. Con.).

After the hydration procedure the athletes consuming alkaline
water with specific mineralization (LM) showed significantly increased
urine pH. In all groups of athletes, after exercise, the specific gravity
of urine decreased (HM, LM, Con.). Intergroup analysis showed that
the gradation of urine specific gravity was lowest in the LM group,
consuming low mineralized water.

The total body water and its active transport (TBW / ICW / ECW)
showed no significant differences in all investigated groups, at both
the pre- and post-hydration state.

There were no changes in the value of LT, in all groups (HM,
LM and Con). The largest statistically significant differences related
to the rate of lactate utilization ArestLT were observed after the stage
of hydration. Lactate utilization was most efficient in the group of
athletes using low mineralized water (LM).

CHSCUSSION s s S e e i i v
Many studies have focused on the maintenance of proper hydration
during prolonged aerobic exercise [1], whereas inadequate data have
been presented regarding rehydration procedures and benefits during
short-term anaerobic exercise. During high-intensity exercise water
loss is minimal and other aspects of recovery should be taken into
account.

TABLE 4. Exercise-induced changes in the concentration of lactate in the pre-hydration and post-hydration state

-=HYDRATION rest max 2 6’ 9' 12 A A res

HM 1.20+0.33 10.10+1.96 8.60+2.01 7.52%2.27 6.52+2.34 5.75+2.47 8.90x2.02 4.35%0.32
LM 1.38 =0.36 8.94 +0.95 7.90 £1.18 7.17 +0.91 5.59 +0.94 4.83 +0.80 7.56 =1.08 4.11 x0.12
Con. 1.19 +0.13 10.80 +£1.08 9.31 +1.29 7.90 +1.38 7.14 +1.01 628 £1.24 9.60 +1.18 452 + 1.12
ot HYDRATION rest max 3y 6’ b X 12 A A res

HM 1.25 £0.31 10.09 +1.52 9.00 =1.89 7.76 +1.63 6.49 +2.06 5.69 £2,10 8.85 =1.45 4.40 £0.34
LM 1.12+0.41 9.34+0.93 6.43x1.01 557+1.04 4.23+1.06 3.51+x0.90 8.22x0.81 5.83+0.25
Con. 1.34+0.45 9.74+1.18 9.07+1.43 8.26+1.40 7.01+1.33 6.33x1.26 8.40x1.17 3.41x0.18

Note: Data are expressed as mean =+ SD, n=12. HM - high mineral water, LM - low mineral water, CON - control group (table water).
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Fluid-electrolyte balance and hydration affect the mental and
physical state of athletes. Hydration can have a significant influence
on both aerobic and anaerobic performance [11. The results of our
study indicate that the use of water with alkalizing properties exhib-
its a significant potential for hydration. It reduces fluid-electrolyte
disturbances and accelerates the rate of lactate utilization following
intensive anaerobic interval exercises.

Skeletal muscle fatigue is caused by numerous mechanisms, in-
cluding accumulation of metabolites, such as potassium, or H* [20].
To a large extent, the structural damage to the myocytes and inflam-
mation depend on the exercise ROS production [22].

Analysis of urine osmolality, specific urine gravity and colour may
suggest the state of hydration [23]. Consumption of alkaline water
following a dehydrating bout of cycling exercise has previously been
shown to rehydrate cyclists faster and more completely than the
consumption of placebo water. Following the consumption of alkaline
water, the cyclists demonstrated lower total urine output, their urine
was more concentrated (higher specific gravity), and total blood
protein concentration was lower, all of which are expected observa-
tions for improved hydration status [24]. Heil [6] reported that wa-
ter retention at the end of a 3-hour recovery period was 79.2 + 3.9%
when subjects drank alkaline water versus 62.5 * 5.4% when
drinking a placebo (p < 0.05). Thus, the present study has shown
that the habitual consumption of mineralized bottled water can actu-
ally improve indicators of hydration status. The test procedures in-
cluded in the study determined urine specific gravity and urine pH
before and after exercise, in the pre- and post-hydration state. In
both pre-hydration and the post-hydration states, the urine specific
gravity decreased. However, in the LM group after hydration the
changes were more significant (HM 1015 = 3.8 g/L vs
LM 1008+ 4.2 g/L, LM 1008+ 4.2 g/l vs Con. 1014+ 4.1;
p< 0.001).

The specific gravity of urine is dependent on the amount and
weight of the solutes, including electrolytes. Improved water absorp-
tion causes a lower concentration of soluble particles and suggests
stronger water retention, as observed in the LM group.

Simultaneously, we recorded an exercise-induced increase in uri-
nary pH. This change could be the result of drinking large amounts
of alkaline water with aforementioned mineralization properties.
Consumption of alkaline water in the present study was associated
with an increase in urine pH, while the dietary composition remained
stable. Previous research by Welch et al. [25] demonstrated that
urinary pH from 24-hour collection samples could function as an
effective surrogate marker for changes in acid-base balance when
evaluating differences in dietary intake.

A study conducted by Konig et al. [11] suggested that drinking
water rich in minerals causes an increase in urine pH (5.94 to 6.57).
Numerous experiments confirm the benefits of alkalizing additives
in water. Heil [26] described the effects of highly alkalized water on
the state of hydration and improved acid-base balance. Similarly,
Berardi et al. [27] reported that urinary pH increased from 6.07 to
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6.21 and 6.27 following one and two weeks of ingestion, respec-
tively, of a plant-based supplement. The observations from these
studies [6, 11] are consistent with the changes in urine pH (6.00 to
6.51) observed by the present study for group 2. Our study confirms
the possible effect on hydration and accelerated recovery. Group 2
hydrating with alkaline water had much more efficient lactate utiliza-
tion following the high-intensity interval training protocol (5.83+0.25
p<0.05). This result can be attributed to the specific properties of
the alkaline water used for hydration in this group of athletes.

There are a few well-recognized activating factors at the cellular
level: ATP, inorganic phosphate and H* ions. Skeletal muscle has a
large capacity for ammonia production, which is usually revealed by
its high blood accumulation during exercise above 60 VO,,,,. It is
clear that an increase in lactate production mirrors recruitment and
activity of type Il muscle fibres, and this process starts at exercise
intensity reaching the anaerobic threshold. Rapid adenosine tri-
phosphate hydrolysis during high-intensity exercise builds up adenos-
ine di-phosphate and adenosine monophosphate (AMP). In the
further metabolic degeneration cascade known as the purine nucle-
otide cycle, AMP is deaminated into inosinomono-phosphate, with
the parallel formation of ammonia (NH?). Because ammonia is cor-
related with the number of fast switch muscle fibres, an increase in
lactate and efficacy of oxidative metabolism, this may suggest that
ammonia might be an important player in modulation of central
fatigue [28].

Dehydration in athletes may also lead to fatigue, poor performance,
decreased coordination, and muscle cramping. Although further stud-
ies are absolutely warranted, drinking highly alkaline water seems
an effective fluid hydration strategy for high-intensity interval
training.

COMNCLUSHINS e S e S T S RN
Drinking alkaline water in amounts of 4.0 | per day shows a positive
effect on hydration status after anaerobic exercise with a significant
decrease of specific urine gravity.

Intake of alkaline water also shows a positive effect on urine pH
during the anaerobic test protocol, and much more efficient lactate
utilization after the high-intensity interval exercise.

The consumption of alkaline water was associated with improved
acid-base balance and hydration status. In contrast, subjects who
consumed table water showed no changes over the same period of
time. These results indicate that the habitual consumption of alkaline
water may be a valuable nutritional vector influencing both acid-base
balance and hydration status in active healthy adults.

These preliminary data demonstrated that consumption of alkaline
water can improve anaerobic performance and post-exercise
recovery.
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Praca nr 3. - Anaerobic Performance and Acid-Base Balance in Basketball

Players after the Consumption of Highly Alkaline Water

Do badania zakwalifikowano 15 mezczyzn uprawiajacych wyczynowo koszykéwke
w druzynie AZS AWF Katowice. Zawodnicy stanowili jednorodna grupe pod wzgledem
wieku, stazu treningowego i poziomu sportowego. Wszyscy badani posiadali aktualne
badania lekarskie, ktére pozwalaly na udzial w zaplanowanych probach wysitkowych
i analizach biochemicznych. W eksperymencie zadbano o minimalne zréznicowanie diety,
czasu snu, intensywnosci oraz liczby jednostek treningowych. W okresie trwania
eksperymentu badani nie stosowali zadnych suplementéw diety, lekow i uzywek.

Badania rozpoczg¢to od analizy spoczynkowej moczu porannego. Nastepnie
w godzinach popotludniowych tego samego dnia zostal przeprowadzony anaerobowy test
sprawnosci specjalnej dla koszykéwki w postaci biegu wahadlowego 6 x 28 m. Przed
i po wysilku pobierano krew kapilarna w celu oznaczenia réownowagi kwasowo-zasadowej
oraz st¢zenia mleczanu. Kilka minut po wysitku dokonano ponownej analizy probek moczu.
Nastepnie zawodnicy przez okres 6 tygodni spozywali wode alkaliczng (pH 9,13) w ilosci
2,5-3 litréw na dobe. Woda przyjmowana byla rano, po przebudzeniu, oraz przed, w trakcie
i po zajeciach treningowych (1,5 litra) oraz przed snem. Po okresie proby uczestnicy zostali
ponownie poddani badaniom wysitkowym i laboratoryjnym. Zawodnicy zostali szczegdtowo
zapoznani z procedurg badania i wyrazili pisemna zgode na udzial w eksperymencie.

W eksperymencie wykorzystano nastgpujace pomiary laboratoryjne i testy sprawnosciowe :

Badania krwi - okre§lono: pH, pCO2, pO2, HCOsact, HCOs'std, BE(ecf), BE(B),
02SAT, ctCO»>. Na ich podstawie dokonano oceny rownowagi kwasowo-zasadowej
przed i po wysitku oraz przed i po hydratacji.

Badania moczu — okreslono: pH, ci¢zar wlasciwy (CW) i osad. Na ich podstawie
dokonano oceny rownowagi kwasowo-zasadowej przed i po wysitku oraz przed i po
hydratacji.

Testy sprawnosciowe - zawodnicy wykonali specyficzny test wytrzymatosci

beztlenowej dla koszykowki, ktory polegal na biegu wahadlowym 6 x 28m. Kazdy

odcinek 28m zostat zakonczony przecigciem fotokomorki dowolna czgscia ciala.
Wyniki badan krwi wykazaly, iz po hydratacji woda alkalizowang, nastgpit istotny
wzrost pH krwi w spoczynku i bezposrednio po wysitku (test 6 x 28 m). Wyniki badan moczu
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przed hydratacja nie réznily si¢ znaczaco przed i po wysitku. Znaczace zmiany odnotowano
rowniez w poréwnaniu wynikéw cigzaru wilasciwego moczu (CW) w spoczynku. Po
suplementacji wodg o regulowanym pH nastapit istotny spadek CW moczu. Réwniez analiza
poréwnawcza czasOw uzyskanych w pierwszym i w drugim tescie biegowym (po hydratacji)
wykazala znaczacg poprawg wynikéw w probie wytrzymatosci beztlenowej. Wykazano
istotne statystycznie réznice biegu wahadlowego 6 x 28m przed i po suplementacji woda
alkaiczng. Srednia warto$¢ poprawy wyniku w biegu wahadlowym wynosita 0.71s., przy
p=0.03.
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Abstract

Many researchers have unequivocally demonstrated that water of higher pH
has a positive effect on the human body. In terms of undertaken research, the adjust-
ment of acid-base balance during anaerobic effort, a decrease in the concentration of
free radicals as well as the improvement of connective tissue condition is of primary
importance. The aim of this study was to evaluate an influence of high alkaline water
consumption on anaerobic performance and acid-base balance in professional basket-
ball players. There was evaluating changes in parameters of blood and urine in labora-
tory tests (pH, pCO,, pO,, HCO, act, HCO, std, BE (ecf), BE(B), O, std, and ctCO,).
The group of fourteen adults male underwent in two experimental trials, before and af-
ter six weeks hydration tested water. Statistical analysis of blood tests showed that after
ingestion of alkaline water there was a significant increase of blood pH at rest and after
anaerobic exercise. The same results were obtained in urine tests, respectively 1.30 in
rest and 0.93 after physical examination. The results of the specific anaerobic endur-
ance test revealed a significant difference in performance between the tests performed
after hydrating with highly alkaline water in comparison to table water. The average
improvement of results equaled 0.71s. (p = 0.03). In conclusion the athletes hydrated
with alkaline water showed a positive impact on acid-base balance with a significant
increase of blood and urine pH. The daily intake of 2.5 - 3.0 1 of highly alkalized water
delay in muscular acidosis during anaerobic exercise, as well as prevention of dehydra-
tion, and faster recovery.
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Introduction

intensity until the end of the game plays a central role in compe-
tition and can determine the final outcome®®). A crucial aspect of

Basketball is a team sport that involves speed, accel-
eration, changes of direction as well as numerous technical and

tactical activities that require concentration and precision!'2.
Actions are executed and repeated at high intensity, causing sig-
nificant disturbances in acid-base equilibrium and gradual fa-
tigue. A basketball game played at the elite level can elicit up to
90% of maximal heart rate, while blood lactate concentrations
can reach 6 - 7 m mol/l at half time and close to 8 - 10 m mol/l
after the gameP*l. In addition, new game rules initiated in 2000
such as the reduction of offensive possession time from 30 to
24 s and a limit of 8 s to cross the midcourt line significant-
ly increased the pace of the game, and the physical demand on
players. The physical ability to perform repeated sprints at high

bution 4.0 International License.
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competitive sports includes the appropriate supply of fluids. The
hydration status in professional athletes should be maintained
at an optimal level, as both the lack and excess of fluid intake
adversely affect exercise tolerance. The systematic maintenance
of fluid balance is crucial in providing the appropriate volume
of blood in vessels, and, consequently, an efficient transport of
oxygen, nutrients, by-products of metabolism and heat. A fre-
quent issue of competitive sports, including team sport games is
the inadequate supply of water or other fluids. A dehydration of
1-2% may result in the lack of concentration, weakened cogni-
tive functions, reduced efficiency and lower exercise tolerance!™.

7 Copyrights: © 2018 Zajac, A. This is an Open access article distributed under the terms of Creative Commons Attri-
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Acid-Base Balance in Basketball Players

Athletes can control hydration through thirst, changes in body
mass or by observing the colour of urine. However, changes in
the above-named variables can be observed once dehydration
has already taken place, making it impossible to prevent reduced
efficiency during training or competition. Because of that fact,
athletes should anticipate and prevent oncoming changes in the
body. Controlling fluid intake before, during and after physical
effort is of great importance to competitive athletes. Only a com-
plex approach can ensure that an athlete will be fully hydrated
for training or competition'®'"). The issue of adequate hydration
becomes even more significant when exercises at altitude!?. An
increasingly popular alternative to various sports drinks and sup-
plements includes water with adjusted contents of minerals and
pH. The wide application spectrum of such water results from its
buffering and therapeutic properties. Experimental research with
alkaline water revealed its positive effect on acid-base balance,
both during rest and after anaerobic effort"*. Weidman et al re-
vealed that water with higher pH ensured better rehydration after
intense physical effort-induced dehydration than that provided
by standard water. The foregoing conclusion was based on re-
search involving blood viscosity tests in a randomised group of
100 adults. Alkaline water decreased blood viscosity by 6.30%,
which was significantly more than the result obtained with stan-
dard water (3.36%)"4.. Alkaline water may also inhibit the effect
of oxidative stress generated in cells during high-intensity exer-
cise. The above mentioned favourable influence was identified
using a marker enabling the determination of oxidative damage
to DNA in lymphocytes, i.e. 8-0xy-2"-deoxyguanosine (8-o0xo-
2dG). In contrast to water with a higher pH, water having high
contents of electrolytes did not trigger any significant chang-
estl. In addition, advantages related to alkaline water intake,
include its positive effect on connective tissue. Randomised
tests involving females at a pre-menopausal age revealed that
the consumption of 1.5 1 of alkaline water per day significantly
improved the mineral density of bones, increased urine pH, and
decreased the concentration of parathyroid hormone as well as
that of serum C-telopeptide!'*'”l. Numerous research has con-
firmed that water of adjustable alkalisation has antidiabetic and
antiatherogenic effect by reducing the concentration of glucose
in blood and HbA Ic, as well as by lowering the concentration of
triglycerides, Low-Density Lipoproteins (LDL) and the concen-
tration of total cholesterol in the blood!'*'*!_ In addition, alkaline
water inhibits the angiogenesis of neoplasm’s and has an an-
ti-neurodegenerative effect. To sum up, many research-related
tests have unequivocally demonstrated that water ofhigher pH
has a positive effect on the human body. In terms of undertaken
research, the adjustment of acid-base balance during anaerobic
effort, a decrease in the concentration of free radicals as well as
the improvement of connective tissue condition are of primary
importance'.

Material and Methods

Study participants

Fourteen male competitive basketball players with an
average age of 25, 7 + 3, 4 years were qualified for the research.
Trainings took place 5 times a week, and each session lasted
2 hours, with official games played during the weekend. The
players constituted a homogenous group in regards to age, phys-
ical fitness and training experience. The average body height and
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body mass of the participants equaled 190.6 + 4.8 cm, at 88.5 +
5.7 kg respectively, with 9.8 + 2.3 years of training experience.
All participants had valid medical examination which allowed
them to take part in the experiment. The study participants con-
sumed an caloric, mixed diet both before and during the exper-
iment (55% carbohydrates, 20% protein, 25% fat). The players
taking part in the experiment did not take any medications or
cryogenic substances, 6 weeks before and during the study. In
addition, all athletes taking part in the experiment adhered to the
requirement of 8 hours of sleep daily, and refrained from con-
suming alcohol and supplements during the experiment. More-
over, for the purpose of the study there has been an appropriate
training monocycle planned which was repeated twice- before
the study and during hydration.

Procedure

The research was performer in a basketball gym and in
the Human Performance Laboratory of the Academy of Physical
Education in Katowice, Poland. The research started with the
analysis of morning urine. Then in the afternoon the same day
there was a specific test of anaerobic endurance performed which
was about shuttle running 6 x 28m. At rest and after the physical
cffort the analysis of capillary blood and urine was carried out.
The study participants have consumed 2, 5 - 3 liters of alkaline
water per 24 hours for 6 weeks. In the morning after awakening,
before, during and after the training (1. 5 liter) and before going
to sleep. After the interference period the contestants have been
put through an exercise stress tests and laboratory tests again.
Figure 1 depicts the procedure of the study in detail.

f

Figure 1: Procedure of the study in detail.

The players were familiarized with the procedure, pos-
sible benefits and side effects of the research, signing the consent
for participation before the commencement of the study. The
study received the approval of the Bioethics Committee at the
Academy of Physical Education in Katowice, Poland or 5/2015.

Alkaline water characteristics: The water used in the study
was captured from a well in Humniska with a pH of 9, 13 which
is highly alkaline compared to other commercial products. The
amount of Pt was 9, 4 mg/dm? and carbonates 26, 5 mg/dm®. The
chemical composition is presented in detail in Table 1.

The alkaline water contained 840 mg/dm® of perma-
nent ingredients what classified it as middle mineral content.
The bicarbonate ion HCO,- (357, 8 mg/dm®) and carbonate ion
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CO,* (163, 5 mg/dm®) consisted the dominant anions. Sodium
Na* (254, 55 mg/dm® dominated among cations. The water’s
characteristic was bicarbonate-carbonate-sodium [HCO,-, CO,-,
and Na*].

Table 1: Mineral content of alkaline water used in the study.

Cations mg/dm*® B i 0,005
Na+ 254,55 Mo® 0,0011
K* 0,91 v 0,001
Li* 0,079 b 0,010
NH* 0,793 Ti* 0,02
Be** 0,0005 As*t 0,005
Ca™ 10,00 e 0,0001
Mg 0,371 we 0,0013
Ba? 0,0099 TOTALK' 266,9
Se* 0,0344

Fe** 0,09 Anions mg/dm’
Mn?* 0,009 F 1,28
Ag' 0,001 Cl 26,4
Zn* 0,016 Br 0,1
Cu?* 0,017 J 0,24
Ni** 0,001 SO 7,81
Co* 0,0002 HCO.- 357.8
Pb* 0,0009 cox 163,5
Hg* 0,0001 NO, 3,0
ca 0,0003 NCV 0,24
Se 0,01 CN 0,002
Sh* 0,0011 PO > 0,7647
AP 0,010 TOTAL A~ 558,1

Laboratory tests: The contestants have been put through cap-
illary blood and urine test in order to evaluate the acid-base bal-
ance of the body. The analysis has been performed at rest and
after the physical effort (6 x 28 m shuttle run).

Blood tests: The research was carried out at the Human Per-
formance Laboratory of the Academy of Physical Education in
Katowice. Capillary blood sample was taken from contestants’
index finger tips in the amount of 1 ml. pH, pCO,, p0O,, HCO-
,act, HCO,std, BE (ecf), BE(B), O,SAT, ctCO, parameters were
measured. On their basis the acid-base balance of the body was
evaluated before and after the physical effort as well as before
and after hydration.

Urine tests: The tests were carried out at a Diagnostics Lab-
oratory. Urine pH, specific gravity and residue variables were
evaluated. On the base of the above mentioned variables, the
acid-base balance was evaluated before and after the anaerobic
physical effort as well as before and after hydration.

Physical fitness test: The players performed a specific basket-
ball anaerobic endurance test, which consisted of a 6 x 28 m
shuttle run (length of a basketball court) timed with photocells
(Microgate, Italy). The test was preceded by a 20 min warm-up
which included dribbling, shooting and the 3 man weave fol-
lowed by 5 min of dynamic stretching.
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Statistical analysis

Normality of distribution was verified using the Shap-
iro-Wilk test. All data are presented as mean + SD. Verifications
of the differences between analyzed variables and groups were
carried out using the ANOVA analysis of variance with repeated
measures. Statistical significance was set at p < 0.05. All statis-
tical analyses were performed using Statistica 9.1 with neural
network module, and Microsoft Office - Excel 2010 packets.

Results

All the measurements were carried out with greatest
care, according to established procedures and methodology. The
players performed both tests under similar external conditions
(air temperature 25 C°, relative humidity 65%).The study par-
ticipants rested the day before testing to minimize the effects of
fatigue. In order to minimalize the influence of dependent vari-
ables on the tested variables, a specific 6-week training mesocy-
cle was programmed and repeated twice during the experiment.
During the experiment the participants did not take any supple-
ments, medications, did not smoke and refrained from alcohol.
Throughout the study the basketball players used a mixed, iso-
caloric (3255 + 676 kcal/d) diet (55% CHO, 20% Pro and 25%
Fat), which was similar to the one adopted before the study. One
player was eliminated from the study due to injury which pre-
vented him from training and performing the anaerobic exercise
protocol.

Statistical analysis of blood tests showed that after in-
gestion of alkaline water there was a significant increase of blood
pH at rest (0.192), pCO, (7.459), HCO,act (12.977), HCO,std
(11.615), BE(ecf) (-9.390), BE(B) (-8.701) and ctCO, (13.191)
(Table 1). A comparison of other blood variables, such as pO,
and O, SAT did not show any statistically significant differenc-
es. After the 6 x 28 m anaerobic exercise test blood evaluations
revealed a significant increase in blood pH (0.15 with F = 4.459
and p = 0.002), what did not occur when the players drank table
water. No significant changes were observed in other blood vari-
ables (pO,, pCO,, HCO, act, HCO, std, BE (ecf), BE (B), ctCO,
and O, SAT) in the group of basketball players drinking table
water during the 6 week intervention period.

Table 2: Results of statistical analysis (ANOVA) of blood after hydra-
tion with alkaline water at rest.

Variables F P

pH 280,271 0,001*
pCO, [mmHg] 37,874 0,001*
pO, [mmHg] 3,996 0,055
HCO, act [mmol/L] 384,810 0,001*
HCO, std [mmol/L] 547,292 0,001*
BE(ecf) jmmeol/L] 476,883 0,001*
BE(B) [mmol/L] 503,360 0,001*
0, SAT[%] 0,063 0,803
stCO, [mmol/L] 366,184 0,001*

* statistically significant differences

The initial urine test results, before hydration with al-
kaline water did not reveal significant differences before and af-
ter the intense physical effort. However, the intergroup analysis
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indicated a significant increase of urine pH at rest (1,301 with F
= 39,942 and p = 0.0001) and directly after the physical effort,
after the 6-week hydration with alkaline water (0.933 with F =
19,601 and p = 0.0001). Significant changes were also noticed
during the comparison of urinary specific gravity at rest (F =
5,446 and p = 0.0270). After hydration with alkaline water there
was a significant decrease in urinary specific gravity (-0.006)
(Table 2).

The results of the specific anaerobic endurance test (6
x 28 m shuttle) revealed a significant difference in performance
between the tests performed after hydrating with highly alkaline
water in comparison to table water. The average improvement of
results equaled 0.71s. With F = 5.256 and p = 0.03.

Discussion

The conducted experiment concerning the effect of
alkalised water on acid-base, and water-electrolyte balance of
basketball players revealed positive changes confirmed by blood
and urine pH-related tests). The values obtained prior to and fol-
lowing the exercise protocol were significantly improved after
the period of alkalised water-based hydration. The specific exer-
cise protocol was characterised by a predominance of anaerobic
processes activating metabolic acidosis. Results of the specific
basketball endurance test (6 x 28 m) improved by 0.71 s in com-
parison to those obtained in the pre-hydration period.

Players participating in the tests constituted a homog-
enous group. They were characterised by similar age, training
experience, and the level of physical fitness. The anthropometric
variables of tested individuals differed accordingly which corre-
sponded to the specific nature of basketball where, e.g. playmak-
ers are characterised by lower height and lower body mass (180
- 190 cm and 80 - 85 kg respectively), whereas pivot players are
significantly taller and heavier (200 - 210 cm and 95 - 115 kg
respectively). Before the study commenced, the players partici-
pating in the experiment completed a 6-week conditioning peri-
od. During the experiment the players completed 5 training units
a week, each lasting 90 - 120 min, where 2 training sessions
were characterised by high intensity, specific basketball drills,
during which exercise metabolism was dominated by anaerobic
glycolysis, with a significant disturbance of acid-base balance.
Besides the 5 training units the study participants played an offi-
cial league game on Saturdays.

One of the novel aspects of this research included the
use of highly alkalized water (pH 9.13). Another novel element
of the experiment was the time of intervention amounting to 6
weeks, and the amount of consumed water (2.5 - 3 litres/d). This
facilitated the course of adaptive changes, and increased the
accuracy and reliability of the evaluations. The study protocol
also involved the monitoring of the players’ diet to minimise
its impact on experimental results. During the 6-week interven-
tion period the basketball players were on a mixed diet (55%
CHO, 20% Pro and 25% Fat), where the average caloric value
amounted to 3285 + 688 kcal/d and was similar to the food
intake preceding the experiment. The caloric diversity resulted
primarily from significantly different body mass of the players
and not from energy expenditure (similar in terms of all study
participants).

The results obtained in our study are mostly confirmed
in the available literature regarding the use of alkalized water, al-
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though few studies have been conducted on competitive athletes
involved in intense anaerobic exercise!'*42],

Heil"" performed an experiment involving a group of
38 untrained volunteers and water having a pH of 10.0. The dai-
ly intake of the alkalised water was individualized and, in the
experimental group, amounted to 2.2 - 2.4 litres per day. After a
4-week intervention it was possible to observe a significant in-
crease in blood and urine pH of participants ingesting alkalised
water in comparison with values registered for the control group.
An average increase in blood pH after the physical effort amount-
ed to 0.15, whereas that of urine amounted to 0.93. The tests also
revealed an increase in blood osmolality and a decrease in urine
osmolality. Interesting results were also obtained by Ostojic and
Stojanovici?, who tested water having a pH of 9.3 in a group
of 52 physically active men. The volunteers consumed 2 litres
of water per 24 hours for a period of 2 weeks. The amount of
water was smaller and the intervention period was shorter than
those used in the tests described in this work. As a consequence
of drinking Hydrogen Rich Water (HRW), significant increases
in blood pH and bicarbonates were registered. After 2 weeks of
administration, the HRW group had higher levels of fasting pH
than the placebo group (7.44 + 0.10 vs. 7.38 + 0.09, p = 0.03),
and a higher concentration of bicarbonates (30.5 + 1.9 vs. 27.1
+ 1.3 m Eq/L, p < 0.001). The intake of HRW significantly in-
creased post exercise pH from 7.39 + 0.15 to 7.46 + 0.11 (p
= 0.03) after intervention. Results confirming the advantageous
effect of water having higher pH values were obtained by!"*,
who observed a group of 36 soccer players consuming 4 litres of
variously mineralised water (highly mineralized water pH 6.1,
low mineralized water pH 8 and table water pH 5). In spite of
a relatively short intervention time the results obtained in the
above-named experiment were similar to those reached in our
study. The group consuming the water characterised by the high-
est alkalisation revealed a significant increase in urine pH (by
0.5) after anaerobic effort following the period of hydration, and
a decrease in the specific weight of urine. The groups consum-
ing highly mineralised and table water did not reveal significant
changes. When comparing the results obtained within this study
and those referred to in reference publications it was possible to
observe positive effects resulting from the consumption of water
having higher pH on variables characterizing the acid-base bal-
ance of the body. Studies involving both, untrained individuals
and competitive athletes revealed an increase in blood and urine
pH after the hydration with alkalised water, as well as a decrease
in specific weight of urine. The authors found it interesting that
positive changes were obtained regardless of the duration of the
intervention,

Numerous researches demonstrate that a common is-
sue concerning basketball players is connected with the fact that
they play games in a state of dehydration. Seventy five percent
of young elite basketball players at the FIBA Europe U20 Cham-
pionship started the tournament with a dehydration of 883 m
Osmol/bm. In turn, tests involving adult NBA players during the
summer basketball league revealed that 52% of tested individ-
uals started games in the state of dehydration (USG > 1,020)
241 During official competition in basketball the loss of fluids is
significant, and can reach 2 litres per 20 minutes of the game.
Tests performed by Osterberg et al.,””* revealed that players lost
on the average 2.2 litres during a game lasting 21-40 minutes.
Specific individual recommendations concerning the intake of
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fluids should be calculated based on sweat rates, sport dynam-
ics, and individual tolerance. Some authors suggest a general
rehydration protocol for basketball players: 200 mL at quarter
breaks, 400 mL at half time and 100 mL at one timeout/halfi>*.
However, certain tests indicate the lack of appropriate supply of
fluids during the game in spite of players having unlimited ac-
cess to them. There are reports indicating that the fluid demand
in competitive basketball is only replaced in 50 to 70% of the
need needs”. The most sensitive method enabling the determi-
nation of hydration is the measurement of plasma osmolality, the
proper value of which amounts to 280 - 290 m Osmol/kgbm. The
body dehydration increases along with plasma osmolality val-
ues. An increase in osmolality by a mere 1% impedes the activa-
tion of compensation mechanisms, i.e. the secretion of ADH and
the intensification of thirst aimed to prevent dehydration'?’2*,
Metabolism during anaerobic exercises is significantly affected
by the acid-base balance of the organism. Variables enabling the
assessment of fluctuation include the level of lactate and bicar-
bonate in the blood, blood and urine pH as well as the saturation
of blood with oxygen and carbon dioxide™. The reduction of
acidification during and after anaerobic effort increases the ef-
ficiency of exercises through the intensification of lactate wutili-
sation and an increase in the production of ATPP?. The effect of
metabolic alkalosis can be obtained by the use of sodium bicar-
bonate and B-alanine supplements, which was demonstrated in
numerous researches**?. Recent reports, as well as the results
of our study indicate that drinking alkalised water may have a
positive effect on acid-base balance and in consequence improve
high intensity exercise performance. However, this problem re-
quires further observation to optimise the recommended doses
and hydration time.

The results of this experiment confirm that ingesting
water with a higher pH favourably influences acid-base balance
and hydration of competitive athletes, in this case semi-profes-
sional basketball players. The daily intake of 2.5 - 3.0 1 of high-
ly alkalized water brings about several advantages including, a
delay in muscular acidosis during anacrobic exercise, as well
as prevention of dehydration, and faster recovery. Importantly,
favourable properties of alkalised water are not limited to ath-
letes and exercise. Regular consumption of alkalised water has
several clinical advantageous, such as the treatment of gout, de-
creased oxidative stress, slowing down of osteoporosis, regulat-
ing blood glucose levels in diabetes, as well as anti-atherogenic
and antineoplastic effects!"?**1,
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Praca nr 4. - Alkaline water improves exercise-induced metabolic acidosis and

enhances anaerobic exercise performance in combat sport athletes

Celem pracy bylo okreslenie wplywu wody mineralnej o wysokim stopniu alkalizacji
na rownowage kwasowo-zasadowg i stan nawodnienia organizmu oraz na wydolnosé
beztlenowa zawodnikéw uprawiajacych wyczynowo sporty walki. Grupe badang stanowito
16 zawodnikow sportow walki, w podobnym wieku i o zblizonym stopniu wydolnosci
tlenowej i beztlenowej. Zostali oni w sposob losowy podzieleni na dwie grupy: grupe
eksperymentalng (n=8), ktéra przez okres trzech tygodni przyjmowata wode o wysokiej
alkalizacji i grupg kontrolng (n=8), ktéra w tym samym czasie otrzymywata wode stolows.
Podczas eksperymentu uczestnicy stosowali izokaloryczng, mieszang diete (55%
weglowodanéw, 20% biatka, 25% tluszczu). Badanie przeprowadzono podczas okresu
przygotowawczego rocznego cyklu szkoleniowego, a na dwa dni przed proba zawodnicy
zaprzestali trening6éw, tak by zminimalizowac efekty zmeczenia. W trakcie eksperymentu
i 3 tygodnie przed rozpoczeciem badania uczestnicy nie przyjmowali zadnych lekéw ani
suplementéw. Podczas eksperymentu spozycie wody bylo zindywidualizowane w oparciu
o zalecenie National Athletic Trainers Association i wynosito srednio 2,6-3,2 1 na dobe. Do
badania zostata wykorzystana woda o pH 9,13 i zawartosci skladnikow stalych na poziomie
840 mg / dm3 ($rednia zawarto$¢ mineratow). Oceny wydolnosci beztlenowej dokonano za
pomoca dwdch podwdjnych testéw Wingate dla koficzyn dolnych i gémych z 3 minutowymi
przerwami wypoczynkowymi. Test wysitkowy poprzedzono S5-minutowa rozgrzewka
z oporem 100 W i rytmem w zakresie 70-80 obrotéw na minutg¢ dla konczyn dolnych oraz
40 W i 50-60 obrotow na minute dla konczyn gomych. Po rozgrzewce rozpoczgto probe,
w ktorej celem bylo osiggniecie najwyzszej kadencji w jak najkrotszym czasie i utrzymanie
jej przez czas trwania testu. W celu okreslenia st¢zenia mleczanu (LA), réwnowagi kwasowo-
zasadowej i poziomu elektrolitdw, oceniono nastgpujace zmienne: LA (mmol / L), pH krwi,
pCO2 (mmHg), pO2 (mmHg), akt HCO3™ (mmol / L), HCOjs™ std, (mmol / L), BE (mmol / L),
02SAT (mmol / L), ctCO2 (mmol / L), Na* (mmol / L) i K* (mmol / L). Oznaczenia
wykonano z probek krwi kapilarnej w spoczynku i po 3 minutach restytucji. Probki moczu
pobierano w spoczynku, po calonocnym poscie, w punkcie wyjSciowym i po zakonczeniu

badania.

Testy ujawnily statystycznie istotny wzrost $redniej mocy dla konczyn gérnych

i dolnych w grupie stosujacej wode alkalizowang. Zmian tych nie zaobserwowano w grupie

kontrolnej. Wykazano réwniez statystycznie istotne zmniejszenie stezenia LA w spoczynku
29



(z 1,99 mmol / L do 1,30 mmol / L przy p = 0,008), oraz istotny wzrost stezenia LA po
wysitku (z 19.09 mmol / L do 21,20 mmol / L przy p = 0,003) w grupie eksperymentalnej
spozywajacej wode alkaliczna. Dodatkowo, znaczny wzrost pH krwi w spoczynku (z 7,36 do
7,44 z p = 0,001), HCO3" w spoczynku (z 23,87 do 26,76 przy p = 0,001) i HCOs™ po wysitku
(od 12,90 do 13,88 przy p = 0,002 ) zaobserwowano w grupie eksperymentalnej. Pozostate
znaczace zmiany adaptacyjne wystapily w stezeniu po wysitku K* (z 4,15 do 4,41 przy
p = 0,039), w pH moczu (z 5,75 do 6,62 przy p = 0,017) i obnizeniu wartosci SG (od 1,02 do
1,00) przy p = 0,001), wszystkie w grupie eksperymentalnej stosujacej wode alkaliczna.
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Abstract

Hydration is one of the most significant issues for combat sports as athletes often use water
restriction for quick weight loss before competition. It appears that alkaline water can be an
effective alternative to sodium bicarbonate in preventing the effects of exercise-induced
metabolic acidosis. Therefore, the main aim of the present study was to investigate, in a
double blind, placebo controlled randomized study, the impact of mineral-based highly alka-
line water on acid-base balance, hydration status, and anaerobic capacity. Sixteen well
trained combat sport athletes (n = 16), were randomly divided into two groups; the experi-
mental group (EG; n = 8), which ingested highly alkaline water for three weeks, and the con-
trol group (CG; n = 8), which received regular table water. Anaerobic performance was
evaluated by two double 30 s Wingate tests for lower and upper limbs, respectively, with a
passive rest interval of 3 minutes between the bouts of exercise. Fingertip capillary blood
samples for the assessment of lactate concentration were drawn at rest and during the <
min of recovery. In addition, acid-base equilibrium and electrolyte status were evaluated.
Urine samples were evaluated for specific gravity and pH. The results indicate that drinking
alkalized water enhances hydration, improves acid-base balance and anaerobic exercise
performance.

introduction

Despite numerous scientific data, there is still no conclusive answer regarding what and how
much we should drink to optimize sports performance. Until the middle of the 20" century,
the recommendation was to avoid drinking to optimize performance. The first drinking guide-
lines were introduced by the ACSM to avoid heat stress in 1975, while hydration and perfor-
mance were first addressed only in 1996 [1]. At that time, athletes were encouraged to drink
the maximum amount of fluids during exercise that could be tolerated without gastrointestinal
discomfort and up to the rate lost through sweating. Depending on the type of exercise and the
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environment, volumes from 0.6 to 1.2 L per hour were recommended. These drinking guide-
lines have been questioned recently, and other issues such as over hydration and hyponatremia
have been addressed [2].

The inconsistency of the results regarding hydration and sports performance arise from dif-
ferences in experimental protocols. In studies in which dehydration develops during exercise,
fluid loss of up to 4% body mass does not compromise performance, while in studies that
induced dehydration prior to exercise, performance impairments have been observed after
dehydration as low as 1-2% body mass [3]. Several comprehensive reviews on the influence of
dehydration on muscle endurance, strength, anaerobic capacity, jumping performance and
skill performance in team sport games have revealed negative effects of dehydration > 2%
body mass [4, 5, 6]. Hydration is one of the most significant issues for combat sports, as ath-
letes often use water restriction for quick weight loss before competition. During tournaments
lasting several hours, combat sport athletes sweat immensely and increase their core tempera-
ture affecting muscle strength, reducing motor cortex activation, peripheral stimulus as well as
the speed of reaction and power output [7].

Considering the vast amounts of fluids used during exercise, water seems to be the most
often form of hydration. Water comes in different forms, with specific properties depending
on its mineral content. The pH of water, as well as the proportions between $O,~ and HCO3’
determines hydration status and other therapeutic properties [7]. Drinking hydrogen rich
water in human nutrition is a rather new concept, and it is recently suggested for medical pur-
poses and hydration during exercise [8-10]. Alkaline water is being marketed as a nutritional
aid for the general public for acidity-lowering, antioxidant, and antiaging properties. Some of
the animal and human research has confirmed its effectiveness as an alkalizing agent in the
treatment of metabolic acidosis [11, 12]. However, metabolic acidosis that occurs during high
intensity exercise is a distinct form of metabolic alteration, when cells are forced to rely on
anaerobic ATP turnover that leads to proton release and a decrease in blood pH that can
impair performance [8, 13].

Anaerobic exercise metabolism leads to the production of lactic acid in the working mus-
cles. Part of the produced lactic acid is released to the blood, reducing blood pH, and disturb-
ing acid—base balance. Several studies have provided evidence that hydrogen ions are released
from the muscles in excess of lactate after intense exercise [14]. Two mechanisms have been
proposed to explain this phenomenon. It seems that hydrogen ions are released both by a
sodium-hydrogen ion exchanger and by a lactic acid transporter [15]. Since red blood cells
have a higher buffering capacity than blood plasma, the lactate generated during exercise
largely remains in the plasma while hydrogen ions are transferred to the red blood cells and
buffered by hemoglobin [16]. One of the objectives of training and supplementation in high
intensity anaerobic sports disciplines is to increase the buffering capacity of the blood and tis-
sues [17]. The use of sodium bicarbonate has proven effective in speed endurance and strength
endurance sports, yet its use has been limited due to the possibility of gastrointestinal distress,
metabolic alkalosis, and even edema due to sodium overload [8, 18]. It appears that alkaline
water can be an effective alternative to sodium bicarbonate in preventing exercise-induced
metabolic acidosis [8, 19]. Contrary to bicarbonate, alkaline water can be used on an everyday
basis and has no known side effects. However, there are only few cross-sectional or longitudi-
nal studies on the impact of alkaline water ingestion in combat sport athletes. Therefore, the
main objective of the current study was to investigate in a double blind, placebo controlled
randomized study, the impact of mineral-based highly alkaline water on acid-base balance,
hydration status, and anaerobic capacity in experienced combat sport athletes subjected to a
very intense exercise protocol.
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Materials and methods
Subjects

Sixteen very well-trained males, who trained and competed in combat sports for at least 7.6
years, participated in the study. The athletes constituted a homogenous group in regard to age
(average age 0f 22.3 + 0.5 years), somatic characteristics, as well as aerobic and anaerobic per-
formance (Table 1). The subjects (n = 16) were randomly divided into two groups, the experi-
mental group (EG; n = 8), which received highly alkaline water, and the control group (CG;

n = 8), which was hydrated with table water. All subjects had valid medical examinations and
showed no contraindications to participate in the study. The athletes were informed verbally
and in writing of the experimental protocol, the possibility to withdraw at any stage of the
experiment, and gave their written consent for participation. The study was approved by the
Research Ethics Committee of the Academy of Physical Education in Katowice, Poland.

Diet and hydration protocol

Energy intake, as well as macro and micronutrient an intake of all subjects was determined by
the 24 h nutrition recall 3 weeks before the study was initiated. The participants were placed
on an isocaloric (3455 + 436 kcal/d) mixed diet (55% carbohydrates, 20% protein, 25% fat)
prior and during the investigation. The pre-trial meals were standardized for energy intake
(600 kcal) and consisted of carbohydrate (70%), fat (20%) and protein (10%). During the
experiment, and 3 weeks before the commencement of the study, the participants did not take
any medications or supplements. Throughout the experiment water intake was individualized
based on the recommendation of the National Athletic Trainers Association and averaged 2.6~
3.2 L per day. In our study we used water which had a pH of 9.13 which is highly alkaline com-
pared to other commercially available products. The water ingested during the experiment
contained 840 mg/dm” of permanent ingredients, and was classified as medium mineral con-
tent. The bicarbonate ion HCO; (357.8 mg/dm?) and carbonate ion CO,* (163.5 mg/dm?)
consisted the dominant anions. Sodium (Na* 254.55 mgldm"’) dominated among cations. The
water contained bicarbonate, carbonate-sodium (HCOj;', CO5; Na"). The chemical properties
of both types of water used in the experiment (alkaline and table water) are presented in

Table 2.

Study protocol

The experiment lasted 3 weeks, during which two series of laboratory analyses were per-
formed. The tests were carried out at baseline and after three weeks of hydration with alkaline

Table 1. Characteristics of the study participants. 7
Variables Experimental Group

Control Group

B (n=8) _(n=8)
_ Age(yrs) | 227432 L 224+28
_ Height (cm) b . M8Yeell . ) 178.3+4.9
_ Bodymasstkg) | 818432 L 792426 =
EM(%) ) 10.2+2.1 = ; 10.842.4 =
- Wieupper timbs (/kg) | B E . O E—— 136+19
Wetower times Okg) | 27604 l 283£26
Pcinitcnis Himba (W/kg) 19.8+0.9 20.2£1.6
= _P_um_-upzerhm(wfkg) ! 8.9+1.1 — | 8704
VO (ml/kg/min) | 647428 | 626432

https://doi.org/10.1371/journal.pone.0205708.t001
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Table 2. Chemical properties of water used in the study.

Variable | Measurement Unit | AllalineWater  TableWater
. pH . pH ) L omBrom 5006008
co” | . mgdm’ _ 1635463 14984066
HCO; | mgdm® 357.8+6.14 3624012
a0 mgdw’ 2%64%23 _041%003
_so& omg/dm® 781£12 L60+0.09
N mgdm® L vassera _121%005
K _—y _ mg/dm® 091+£004 , 0.30 £ 0.03
o Ca mg/dm’ ] 1000+ 1.6 , . 121005
Mg | mgldm* | ) 0.37 £ 0.03 . 040+0.04

Note: Data shows mean values + SD of three analysis of each type of water

https://doi.org/10.1371/journal.pone,0205708.t002

or table water. The study was conducted during the preparatory period of the annual training
cycle, when a high volume of work dominated the daily training loads. The participants
refrained from exercise for 2 days before testing to minimize the effect of fatigue.

The subjects underwent medical examinations and somatic measurements. Body composi-
tion was evaluated in the morning, between 8.00 and 8.30 am. The day before, the participants
had the last meal at 20.00. They reported to the laboratory after an overnight fast, refraining
from exercise for 48h. The measurements of body mass were performed on a medical scale
with a precision of 0.1 Kg. Body composition was evaluated using the electrical impedance
technique (Inbody 720, Biospace Co., Japan). Anaerobic performance was evaluated by a two
double 30-second Wingate test protocol for lower and upper limbs respectively, with a passive
rest interval of 3 minutes between the bouts of exercise. The test was preceded by a 5 min
warm-up with a resistance of 100 W and cadence within 70-80 rpm for lower limbs and 40 W
and 50-60 rpm for the upper limbs. Following the warm-up, the test trial started, in which the
objective was to reach the highest cadence in the shortest possible time, and to maintain it
throughout the test. The lower limb Wingate protocol was performed on an Excalibur Sport
ergocycle with a resistance of 0.8 Nm-Kg-1 (Lode BV, Groningen, Netherland). The upper
body Wingate test was carried out on a rotator with a flying start with a load of 0.45 Nm-Kg-1
(Brachumera Sport, Lode, Netherland). Each subject completed 4 test trials with incomplete
rest intervals. The variables of peak power—P,,, (W/Kg) and total work performed-W, (J/Kg),
were registered and calculated by the Lode Ergometer Manager (LEM, software package,
Netherland).

Biochemical assays

To determine lactate concentration (LA), acid-base equilibrium and electrolyte status the fol-
lowing variables were evaluated: LA (mmol/L), blood pH, pCO, (mmHg), pO, (mmHg),
HCO;. 5o (mmol/L), HCO3 g, (mmol/L), BE (mmol/L), Oz541 (mmol/L), ctCO; (mmol/L),
Na' (mmol/L), and K" (mmol/L). The measurements were performed on fingertip capillary
blood samples at rest and after 3 minutes of recovery. Determination of LA was based on an
enzymatic method (Biosen C-line Clinic, EKF-diagnostic GmbH, Barleben, Germany). The
remaining variables were measured using a Blood Gas Analyzer GEM 3500 (GEM Premier
3500, Germany).

Urine samples were taken at rest, after an overnight fast, at baseline and at the conclusion
of the investigation. They were placed in a plastic container and mixed with 5 ml/L of 5% solu-
tion of isopropyl alcohol and thymol for preservation. Urine samples were assayed for the
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presence of blood and proteins. Specific gravity was determined using the Atago Digital refrac-
tometer (Atago Digital, USA). Urine pH was determined based on the standardized Mettler
Toledo potentiometer (Mettler Toledo, Germany).

Statistical analysis

The Shapiro-Wilk, Levene and Mauchly’s tests were used to verify the normality, homogeneity
and sphericity of the sample’s data variances, respectively. Verifications of the differences
between analyzed variables before and after water supplementation and between the EG and
CG were performed using ANOVA with repeated measures. Effect sizes (Cohen’s d) were
reported where appropriate. Parametric effect sizes were defined as large for d > 0.8, as moder-
ate between 0.8 and 0.5, and as small for < 0.5 (Cohen 1988; Maszczyk et al,, 2014, 2016). Sta-
tistical significance was set at p<0.05. All statistical analyses were performed using Statistica
9.1 and Microsoft Office, and were presented as means with standard deviations.

Results

All participants completed the described testing protocol. All procedures were carried out in
identical environmental conditions with an air temperature of 19.2°C and humidity of 58%
(Carl Roth hydrometer, Germany).

The repeated measures ANOVA between the experimental and control group and between
the baseline and post-intervention period (3 weeks of alkaline and table water ingestion)
revealed statistically significant differences for thirteen variables (Table 3).

Post-hoc tests revealed a statistically significant increase in mean power when comparing
the values (7.98 J/kg to 9.38 J/kg with p = 0.001) at baseline vs. at the conclusion of the study in
the experimental group supplemented with alkaline water. In contrast, the control group
which received table water did not reveal any statistically significant results. Similar changes
were observed for Upper Limb Average Power (from 4.32 J/kg to 5.11 J/kg with p = 0.011) and
Upper Limb Peak Power (from 7.90 J/kg to 8.91 J/kg with p = 0.025) in the experimental
group. The post-hoc tests also showed statistically significant increases in values for Lower

Table 3. Statistically significant differences between the experimental and control groups at baseline and after 3
weeks of intervention (alkaline vs table water).

_ Variables P& T p F
_ Wingate Lower Limbs Average Power Exp. | 0884 | 0001 —2
__ Wingate Upper Limbs Average Power Exp. | 0.587 | 0.011 | 8528
Wingate UL Peak Power Exp. | 0501 | 0026 | 6228
Wingate LL Total Work Exp. | 0567 | 0045 | 4822
Wingate UL Total Work Exp. | o522 | ool | 8459
o LA | _[E_S_’a‘_t_l [ 0.008 | 9.429
LA pser | 0618 I 0.003 13.382
PH et | 084 | 0001 120159
. HCO3 e | 0.844 ‘ 0001 | 109.250
_ HCOy pesen 0632 | 0002 | 14724
L — K postexr - | 0.501 | 0.040 1 5154
(e _ UrinepH _ 0580 | 0017 | = 7298
_SG ) | p._884 | 0001 | 19707

Note: d—effect size; p—statistical significance
F-value of analysis of variance function

https://doi.org/10.1371/journal.pone.0205708.t003
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Fig 1. Differences between the control and experimental groups in total work of the lower and upper limbs (30s
Wingate test) at baseline and after 3 weeks of alkaline or table water ingestion. Note: * statistically significant
values.

https://doi.org/10.1371/journal.pone.0205708.g001

Limb Total Work (from 276.04 J/kg to 292.96 J/kg with p = 0.012) and Upper Limb Total
Work (from 138.15 J/kg to 156.37 J/kg with p = 0.012) when baseline and post intervention
values were compared. The changes in the control group were not statistically significant.
These results are presented in Fig 1.

Post-hoc tests also revealed statistically significant decreases in LA concentration at rest
(from 1.99 mmol/L to 1.30 mmol/L with p = 0.008), and a significant increase in post exercise
LA concentration (from 19.09 mmol/L to 21.20 mmol/L with p = 0.003) in the experimental
group ingesting alkaline water.

Additionally, a significant increase in blood pH at rest (from 7.36 to 7.44 with p = 0.001),
HCOj5 at rest (from 23.87 to 26.76 with p = 0.001), and HCOj5™ post exercise (from 12.90 to
13.88 with p = 0.002) were observed in the experimental group. The other significant changes
occurred in the post exercise concentration of K" (from 4.15 to 4.41 with p = 0.039), in urine
pH (from 5.75 to 6.62 with p = 0.017), and a decrease in the value of $G (from 1.02 to 1.00 with
p = 0.001), all in the experimental group supplemented with alkaline water.

Discussion

Acid-base equilibrium within the human body is tightly maintained through the blood and tis-
sue buffering systems, the diffusion of carbon dioxide from the blood to the lungs via respira-
tion, and the excretion of hydrogen ions from the blood to urine by the kidneys. These
mechanisms also regulate acid-base balance following high intensity exercise. Metabolic acido-
sis is a consequence of exercise induced ionic changes in contracting muscles. Increased intra-
muscular acidity impairs muscle contractibility, significantly limiting high intensity exercise
performance [20]. Importantly, acid-base equilibrium can be influenced by dietary
supplementation.

In the present study, we investigated the effect of mineral-based alkaline water on acid-base
balance, hydration status and anaerobic performance of competitive combat sport athletes.
The study participants were experienced athletes (Table 1), capable of performing extreme
anaerobic efforts. We have chosen such an approach for two reasons. First, it is well-docu-
mented that consumption of alkalizing water can have a significant effect on the hydration sta-
tus, acid-base balance, urine and blood pH (8, 10}, as well as Ca metabolism and bone
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resorption markers [21]. However, the majority of these research reports have been performed
on sedentary individuals [22] or on subjects with self-reported physical activity [10]. Second,
alkalization by alkaline water has been mostly discussed in the context of dehydration and aer-
obic performance [10]. Therefore, our study is novel by including both well trained combat
sport athletes and the use of an extremely intensive anaerobic exercise protocol.

Acid-base balance and hydration status

The exchange of ions, CO,, and waler between the intracellular and extracellular compart-
ments helps to restore acid-base balance following intensive exercise. There is sufficient data
indicating that, supplements that modify the blood buffering system affect high-intensity exer-
cise performance [23]. In humans, especially well trained athletes muscle pH may decrease
from 7.0 at rest to values as low as 6.4-6.5 during exercise [24]. Ergogenic aids that help buffer
protons attenuate changes in pH and enhance the muscle’s buffering capacity. This in turn
allows for a greater amount of lactate to accumulate in the muscle during exercise.

The results of our study are in line with the available literature regarding the impact of alka-
line water on blood and urine pH at rest [9, 19, 25]. However, novel results of the present
research are related to the changes in HCO;_after exercise in athletes ingesting alkaline water.
Bicarbonate-CO, accounts for more than 90% of the plasma buffering capacity. Supplementa-
tion can increase bicarbonate concentration in the blood and its pH. Since bicarbonate con-
centration is much lower in the muscles (10 mmol/L) than in the blood (25 mmol/L), the low
permeability of charged bicarbonate ions precludes any immediate effects on muscle acid-base
status [24]. These results confirm the view that an appropriate hydration status is necessary for
active bicarbonate ion transport.

Several lines of evidence support the negative impact of dehydration (>>2% body mass) on
muscle endurance, strength, and anaerobic performance [6]. On the other hand, literature
data indicates that consumption of alkaline water following a dehydrating bout of cycling exer-
cise was shown to rehydrate cyclists faster and more completely compared to table water. Fol-
lowing consumption of alkaline water, the cyclists demonstrated lower total urine output, their
urine was more concentrated (i.e., with higher specific gravity), and the total blood protein
concentration was lower, indicating improved hydration status [26]. Our previous study
revealed that the use of water with alkalizing properties exhibits a significant potential for
hydration during anaerobic exercise [9]. The results of the present study confirm a decrease in
urine specific gravity (from 1.02 to 1.00, with p = 0.001) and an increase in urine pH as the
result of consumption of alkaline water. These results illustrate that the habitual consumption
of highly alkaline water can markedly improve hydration status.

Anaerobic performance

The current investigation demonstrated a significant increase in anaerobic capacity (W~]/Kg)
of athletes in the experimental group supplemented with alkaline water. The improvements in
W, following alkaline water consumption were influenced by positive changes in blood pH
and bicarbonate. This phenomenon could be explained by the ergogenic effects of high alkali-
zation and mineral ingredients.

High intensity exercise in which anaerobic glycolysis provides ATP for muscle contraction
leads to an equal production of lactate and hydrogen ions. Most of the released hydrogen ions
are buffered; however, a small portion (~0.001%) that remains in the cytosol causes a decrease
in muscle pH and an impairment of exercise. Lactate efflux [15] and its oxidation are accom-
panied by a similar removal of hydrogen ions. The results of the current study demonstrated a
statistically significant decrease in lactate concentration at rest (from 1.99 mmol/L to 1.30
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mmol/L, p = 0.008), and a significant increase post exercise (from 19.09 mmol/L to 21.20
mmol/L, p = 0.003) when compared to the baseline levels with the values recorded at the end
of alkaline water supplementation. The extremely intense 4 x 30s upper/lower limb Wingate
test protocol employed in our study, with only short rest intervals between each bout of exer-
cise, was a likely reason that less of the total lactate produced in the muscles was transported to
the blood [27].

Muscle blood flow determines lactate efflux from the muscle [28], and is dependent on the
activity of lactate transport proteins [29], the extracellular buffering capacity [30], and the
extracellular lactate concentration [28]. Thus, our results on lactate concentration are in agree-
ment with the view that anaerobic performance (i.e., W,—J/Kg, W 4,,—J/Kg) depends on
counter-regulatory variables. Indeed, we demonstrated that changes in resting blood pH and
HCO; significantly improved anaerobic performance. Another variable that can affect anaer-
obic performance includes blood viscosity. Weidmann et al. (2016) showed that the intake of
highly alkaline water decreased blood viscosity by 6.30%, compared to table water (3.36%) in
100 recreationally active female and male subjects. Therefore, it may be possible that the excess
of metabolic end-products (namely, H" and Pi), which disturb cellular homeostasis and mus-
cle contraction, are more effectively transported. The available literature data does not specify
clearly which components of buffering capacity are altered by the above changes. It must be
indicated, that there are several methods available to determine muscle buffering capacity.
Due to the methodological complexity, none of these methods are free from criticism. In most
studies buffering capacity has been determined in vitro by titration, which does not include
trans-membrane transport of acid-base substances or dynamic buffering by biochemical pro-
cesses occurring in vivo [31].

Most studies show a documented ergogenic effect of bicarbonate loading during exhaustive
exercise lasting 1-7 min, when anaerobic glycolysis plays a major role in energy provision
[32]. The rationale for the ergogenic effect of bicarbonate is that the increase in extracellular
pH and bicarbonate will enhance the efflux of lactate and H' from muscle. There is also evi-
dence that the ergogenic effect of bicarbonate is more pronounced during repeated sprints
than during sustained exercise [30].

Different strategies used for improving buffering capacity of tissues and blood do not allow
for a direct comparison. Despite this, there appears to exist an ergogenic effect in response to
NaHCOj , what may explain the large effect size noted by Tobias et al. [33]. In our research we
obtained large effect sizes with regards to 4 variables (Average power of the lower limbs, rest-
ing HCO5', resting blood pH and urine SG).

Conclusions

The results of the present study indicate that drinking alkalized water improves hydration sta-
tus, acid-base balance, and high intensity anaerobic exercise performance. It appears that both
greater muscle buffering capacity and enhanced removal of protons, resulting in increased gly-
colytic ATP production, may be responsible for these effects. Considering the energy demands
and the intense sweat rate of combat sport athletes, the authors recommend the daily intake of
3-4 L of highly alkaline mineralized water to improve hydration and anaerobic performance
during training and competition.
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Praca nr 5. - Anaerobic power and hydration status in combat sport athletes

during body mass reduction

W zwigzku z powaznymi konsekwencjami jakie niesie za soba potrzeba redukcji masy
ciala w sportach walki, poczawszy od spadku wydolnosci i mocy, poprzez zaburzenia
rownowagi wodno-elektrolitowej, po powazne konsekwencje zdrowotne wiacznie, wydaje sie
by¢ zasadne prowadzenie dalszych badan nad rzeczywista skalg tego zjawiska. Choé¢ problem
redukcji masy ciala jest powszechnie znany i coraz czgsciej opisywany w literaturze, zaréwno

zawodnicy jak i trenerzy nie koryguja swoich metod osiagania pozadanej kategorii wagowej.

W prezentowanym artykule podjeto probe oceny zmian wydolnosci beztlenowej, masy
ciala, skiadu ciala oraz stanu nawodnienia u elitarnych sportowcow, w ciagu czterech tygodni
redukcji masy cialta w okresie przed zawodami. Do badania wigczono szesciu, dobrze
wyszkolonych zawodnikow sportéw walki. Wszyscy uczestnicy badania mieli co najmniej 8
letni staz treningowy, oraz kilkuletnie do$wiadczenie w rywalizacji na poziomie
miedzynarodowym. Stanowili oni jednorodna grupe pod wzgledem wieku (sredni wiek 27,3 +
0,5 lat), cech somatycznych oraz wydolnosci beztlenowej (Srednia masa ciata (BM) 79,4 +
1,1; zawartos$¢ thuszczu (FAT%) 10,8 + 1,7%).

Eksperyment trwat 29 dni, w tym czasie badani cztery razy zostali poddani testom
laboratoryjnym. Mase ciala, stan nawodnienia i wydolnos¢ beztlenowa oceniano w czterech
punktach czasowych (t1 - cztery tygodnie przed walka, t2 - dwa tygodnie przed walka, t3 -
jeden dzien przed walka, t4 - dzien walki). Badanie zostalo przeprowadzone w okresie
przygotowawczym rocznego cyklu szkoleniowego. Eksperyment imitowal okres
przygotowania do zawodéw i obejmowal duze obcigzenia treningowe. Uczestnicy
powstrzymywali si¢ od ¢wiczen przez 2 dni przed badaniem, aby zminimalizowaé efekt
zmeczenia. Wydolno$¢ beztlenowa zostala oceniona za pomoca 30-sekundowego testu
Wingate dla konczyn gornych. Test zostal poprzedzony 5-minutowg rozgrzewka z oporem 40
W i kadencjg w zakresie 50-60 obrotéw na minute. Po rozgrzewce rozpoczgla si¢ préba
testowa, w ktorej celem bylo osiagniecie najwyzszej kadencji w najkrotszym mozliwym
czasie i utrzymanie jej przez caly test. Oceniono zmienne: moc szczytowa - Pp (W), moc
$rednig - Pm (W) i prace catkowitg - Wt (J).

Analiza wariancji wykazata najbardziej istotne statystycznie réznice w wartosci Pp
miedzy 1 dniem przed walka a dniem walki (z p = 0,021), po nawodnieniu. Jak réwniez
miedzy 1 dniem przed walka a dniem walki w wartosciach Pm i Wt (p = 0,039 i p = 0,036).

41



Podczas gdy wartosci LA (p = 0,04) wykazaly najbardziej istotne statystycznie réznice
miedzy 1 dniem, a czterema tygodniami przed walka. Istotne statystycznie wyniki uzyskano
rowniez w wartosciach pomiaréw masy ciata i stanu nawodnienia (Usg, Uosm) dzien przed
walka i w dniu walki.

Przeprowadzone badanie wydaje si¢ potwierdza¢, ze stan hypohydratacji
spowodowany koniecznoscia przedstartowej drastycznej redukcji masy ciata w celu
osiggnigcia pozadanej kategorii wagowej, w znacznym stopniu obniza poziom mocy
anaerobowej w czasie walki. Wysoce prawdopodobne, ze pelne nawodnienie zawodnika w
okresie startu, nioslo by korzys$ci w postaci wzrostu wydolnosci beztlenowej i sprawnosci

nerwowo-mie$niowej.
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Hydration is one of the most significant issues for combat sports as athletes often use water restriction
10 QUICK WeIgnt 105S Derore compeuntion. There is significant evidence to indicate that the hypohydration
status impairs anaerobic performance. The aim of this study was to investigate if hypohydration, to
reach a weight category, affects anaerobic performance.

Six well trained combat sport athletes, classified in the middieweight division, took part In the
experiment. The hydration status and anaerobic petformance parameters were evaluated at four
points in time (t, - four weeks before fight, t, - two weeks before fight, t, - one day before fight, t, - the
fight day). The hydration status was determined using urine osmolality (U_,,) and urine specific gravity
U, ) technigues. Anaerobic performance was evaluated by 30s Wingate tests for upper limbs.

The current investigation demonstrated a significant impairment of anaerobic performance parameters,
such as peak power - P_ (W), mean power - P_ (W) and total work performed - W, (J), as a consequence
of dehydration in the weight cutting process.

The overall results indicate that hypohydration in combat sports athletes is not fully compensated In
the 24 h from weigh-in to competition.
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INTRODUCTION

Combat sports are among the sport disciplines which have weight categories to
make competition fair for athletes of different anthropometric characteristics. This
phenomenon relates to the drastic reduction of body mass before competition in
order to meet particular weight standards [1]. As research shows, most athletes
do not incorporate long term dietary and training procedures to reach the optimal
body mass for competition. On the contrary, the majority of combat sports athletes
reduce their weight drastically before the competition to reach appropriate weight
categories. This may mean a reduction of up to 5% body mass within 2-3 weeks
or even a shorter time period. The analysis of dietary procedures of elite female
judo athletes in the precompetitive period has revealed that 80% of them use
very low calorie diets, which do not cover the basic energy needs, and in some
cases reached values as low as 470 kcal/d [2]. The results of studies considering
the effects of body mass reduction on physical and mental performance are
quite controversial. There is research indicating that drastic weight reduction
negatively influences repeated-effort performance, while other studies show no
impact on aerobic and anaerobic single or repeated physical tasks [3]. It seems
that large magnitudes of weight loss (> 3% BM) over a short period of time (24~
48h) are detrimental to strength speed performance, while weight loss over
multiple days (5-12) using food restriction and fluid manipulation have not
shown negative effects on performance [4]. Studies that show a negative impact
of weight reduction usually relate to high intensity repeat effort performance up
to 24h following the weight loss [5, 6]. Combat sports with longer competition
duration are likely to be at a greater risk of impaired performance resulting
from rapid weight reduction. There are many methods of body mass reduction
which have different consequences on sport performance. Acute reduction in
energy intake influences performance through reduced glycogen concertation
[4, 6]. Lower levels of muscle glycogen induce fatigue and lower the strength-
endurance by reducing glycolytic potation. When using acute dehydration as
a weight loss strategy, different physiological changes will influence exercise
performance. Dehydration by sweat loss is associated with a reduction in blood
plasma, and total blood volume which impairs the cardiovascular function,
muscle blood flow and thermoregulation [5, 7]. The recovery period between
weight control and competition is usually 24h or less, which seems insufficient to
recover the hydration status [6, 7]. Some authors indicate that acute dehydration
significantly alters electrolyte concentration which may influence cells fluid
balance, and as a result impair the neuromuscular function [6, 8]. There is little
research investigating the acute effects of dehydration and rehydration on the
neuromuscular function and anaerobic performance in combat sports.

Considering the significant consequences of rapid weight reduction on physical
performance in combat sports, we have attempted to evaluate changes in
anaerobic power, body mass and body composition as well as the hydration
status in elite athletes over four weeks’ body mass reduction before competition

MATERIAL AND METHODS

Six, apparently well-trained combat sport athletes were enrolled in the study. All
study participants had at least eight years of training experience and competed
at the international level. Subjects were classified in the middleweight division
(154-160 1bs, 69.85-72.56 kg). The athletes constituted a homogenous group
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with regard to age (average age of 27.3 +0.5 years), somatic and anthropometric
characteristics as well as anaerobic performance (mean body mass (BM) 79.4 +1.1
kg; fat content (FAT%) 10.8 £1.7%). All subjects had valid medical examinations
and showed no contraindications to participate in the study. The athletes were
informed verbally and in writing of the experimental protocol, the possibility to
withdraw at any stage of the experiment, and they gave their written consent for
participation. The experimental protocol was approved by the Ethics Committee
of the Jerzy Kukuczka Academy of Physical Education in Katowice, Poland, and
conformed to the principles presented in the Declaration of Helsinki.

EXPERIMENTAL DESIGN

The experiment lasted 29 days. The study consisted of four visits to the
laboratory. The body mass, hydration status and anaerobic performance were
evaluated at four points in time (t, - four weeks before fight, t, - two weeks
before fight, t, - one day before fight, t, - the fight day) (Fig. 1). The study was
conducted during the preparatory period of the annual training cycle, when
a high volume of work dominated the daily training loads. The experiment
reliably imitated the preparations for competition. In fact, the preparations are
not crowned with a real fight. The exercise protocol would not be applicable
on the day of competition. The participants refrained from exercise for 2 days
before testing to minimise the effect of fatigue.

| Participants {n=6)
professional combat

sport athletes
|
&

; ' 1

ANAEROBIC PERFORMANCE ;

305 Wingate Test protocol {

The upper imbs activation, load of 0.45 Nm-Kg-1 I

a 24 day dehydration protocol
| | »
I | i
to t te ta
4 weeks before 2weeks before Hypothetical day o weight-In.) competition|

HYDRATION STATUS

Hydration status Body mass./ bedy compesiticn
wring asmoflality BiA
unne specific gravity

Fig. 1. Experimental design flowchart

A T e T e B s A T ST
BIOCHEMICAL ASSAYS

Urine samples were taken at each of the four time points (t,, t,, t,, t,). They
were placed in a plastic container and mixed with 5 ml/L. of 5% solution of
isopropyl alcohol and thymol for preservation. Urine samples were assayed
for the presence of blood and proteins. Specific gravity was determined using
the Atago Digital refractometer (Atago Digital, USA). Urine osmolality (U ,,)
was analysed in duplicate by freezing point depression osmometry (Model
3250, Advanced Instruments, USA).
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BODY MASS COMPOSITION

The measurements of body mass were performed on medical scales with a
precision of 0.1 kg. Body composition was evaluated using the electrical im-
pedance technique (Inbody 720, Bioscpace Co., Japan).

STRESS TEST

Anaerobic performance was evaluated by the 30-second Wingate test protocol
for upper limbs. The test was preceded by a 5 min warm-up with resistance
of 40 W and cadence within 50-60 rpm. Following the warm-up, the test trial
started, in which the objective was to reach the highest cadence in the shortest
possible time and to maintain it throughout the test. The lower limb Wingate
protocol was performed on an Excalibur Sport ergocycle with a resistance of
0.8 Nm‘Kg™ (Lode BV, Groningen, Netherlands). The upper body Wingate test
was carried out on a rotator with a flying start with a load of 0.45 Nm-Kg
(Brachumera Sport, Lode, Netherlands). Each subject completed test trials.
The variables of peak power - P, (W), mean power - P_ (W) and total work
performed - W, (J), were registered and calculated by the Lode Ergometry
Manager (LEM, software package, Netherlands).

STATISTICAL ANALYSIS

The data were processed using the Statistica software and presented as means
with standard deviations. The Shapiro-Wilk, Levene and Mauchly’s tests were
used in order to verify the normality, homogeneity and sphericity of the sample’s
data variances, respectively. The repeated measure ANOVA was performed to
determine differences between four weeks before, two weeks before, one day
before and the fight day for PE, MP, TW, LA, U, and U,.. The one way ANOVA
was used to determine differences between values of body mass changes, after
the hydration. Statistical significance was set at p < 0.05.

All statistical analyses were performed using Statistica 9.1 and Microsoft Office
and were presented as means with standard deviations.

RESULTS

Changes in P, P_, W, LA, U, and U, values, after hydration four weeks
before the fight day, two weeks before the fight day, one day before the fight
day and on the fight day were presented in Tables 1 and 2. Similarly, the
changes in body mass values after the hydration were presented in Figure 2.

The ANOVA analysis of variance with repeated measures showed the most
significant statistical differences in value of Pp between 1 day before the fight
and on the fight day (with p = 0.021), after the hydration, as well as between 1
day before the fight and on the fight day in the values of P_ and W, (p = 0.039 and
p = 0.036). On the other hand, ANOVA showed the most significant statistical
differences between 1 day before the fight and four weeks before the fight in
the value of LA with p = 0.040 (Table 3).

The same ANOVA analysis of variance with repeated measures revealed the
most significant statistical differences in values of U, and U, between 1
day before the fight and on the fight day (with p = 0.031 and p = 0.009) after
the hydration (Table 4).
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Table 1. Changes in PE, MP, TW and LA values in the hydration status four weeks before the fight
day, two weeks before the fight day, one day before the fight day and on the fight day

4 weeks before 2 weeks before 1 day before Fight day
Variables
Mean SD Mean SD Mean SD Mean SD
P, (W) 976.00  147.70 98238 14020 67243 107.70 923.24  126.90
Pm(w) 464.70 56.90 467.70 39.55 397.00 42.00 460.70 36.55

W, Q) 1341260 1695.50 1397160 1163.90 10393.60 1314.10 1327160 1147.90
A LA mmolfi) 10.42 1.69 10.55 1.45 9.70 2.11 10.56 1.45

Table 2. Changes in U, and U_, values after hydration four weeks before the fight day, two we-
eks before the fight day, one day before the fight day and on the fight day

Variables 4 weeks before 2 weeks before 1 day before Fight day

UOS
(mOsmkgr H,0%) 340.000 380.000 1121.300 780.800
U 1.012 1.010 1.045 1.011

Table 3. Results of differences between four weeks before, two weeks before, one day before and
on the fight day for PE. MP, TW and LA with ANOVA repeated measures

Variables Measures %‘gg:s Zb‘;’%zs t}e‘fjc?r!é ':'j%gt
4 weeks before 0.231 0.034 0.167
B W) 2 weeks before 0.231 0.032 0.189
e 1 day before 0.034 0.032 0.021
fight day 0.167 0.189 0.021
4 weeks before 0.451 0.041 0.387
P (W) 2 weeks before 0.451 0.039 0.401
- 1 day before 0.041 0.039 0.043
fight day 0.387 0.401 0.043
4 weeks before 0.397 0.040 0.333
2 weeks before 0.397 0.038 0.405
W, il 1 day before 0.040 0.038 0.039
fight day 0.333 0.405 0.039
4 weeks before 0.114 0.040 0.314
2 weeks before 0.114 0.043 0.714
A LA (mmol/l)
1 day before 0.040 0.043 0.043
fight day 0.314 0.714 0.043

Table 4. Results of differences between four weeks before, two weeks before, one day before and
on the fight day for U, and U_, with ANOVA repeated measures

Variables  Measwes  40FSC  REEE LGS o

4 weeks before 0.124 0.021 0.041

2 weeks before 0.124 0.012 0.034

Vo 1 day before 0.021 0.012 0.031
Fight day 0.041 0.034 0.031

4 weeks before 0.114 0.009 0.111

2 weeks before 0.114 0.010 0.115

Use 1 day before 0.009 0.010 0.009
Fight day 0.111 0.115 0.009
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One way ANOVA revealed significant statistical differences in the changes of
body mass values after the hydration for one day before the fight with p = 0.021
and with reference to values for four weeks before, two weeks before and for
the fight day (Fig. 2).

Fig. 2. Changes of body mass in the hypohydration protocol

DISCUSSION

There are such sport disciplines as combat sports for which fluid intake before,
during and after competition is a key factor determining performance, as
well as being part of the strategy for reaching the weight category limit [9].
Effective hydration determines proper functioning of the human body at rest and
especially during and after exercise. Water allows for homeostasis; it facilitates
most biochemical reactions; it allows numerous particles and compounds to
dilute. It helps in the transport of metabolites and utilization of by-products [10,
11]. Exercise induces ionic changes within contracting muscles that contribute
to the development of metabolic acidosis. The increased intramuscular acidity
can then limit the capacity to perform exercise of high intensity [12].

In the present study, we investigated the effect of the hypohydration status
on anaerobic performance of competitive combat sport athletes. The study
participants were experienced athletes, capable of performing extreme
anaerobic efforts and with the body mass reduction practice using energy
and fluid restriction. We have chosen such an approach for two reasons.
Firstlv. it is well documented that hvoohvdration impairs aerobic and anaercbic
performance. However, the majority of these research reports have been
carried out in specific hydration statues, not presenting performance changes
in increasing dehydration and after rapidly 24-hours hydration. Secondly,
impairment of metabolism has been mostly discussed in the context of
sedentary and recreationally active individuals [12]. Therefore, our study
is novel by including both well-trained combat sport athletes and the use
of protocol correlating an increasing hypohydration status with selected
anaerobic performance parameters.

It is unclear how much hypohydration impairs anaerobic performance, and

inconsistent results may be due to the use of different protocols to achieve
hypohydration and measurements of strength and power abilities. Some

www.balticsportscience.com 6
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authors have observed significant reductions in isometric and isokinetic
force after 2% hypohydration [13], while others did not register significant
changes in muscular activity even after 4% hypohydration [13, 14]. The current
investigation demonstrated a significant decrease in anaerobic capacity (W, -
J) during a 29-day hypohydration protocol (from 13412.6 (]) - 4 weeks before
to 10393.6 ] - one day before the fight, p = 0.0008). This has been explained
by an increase in core temperature which affects the sequence of muscle
strength production by reducing motor cortex activation, peripheral stimulus
and power output [10, 12].

The impairments in W, were influenced by changes in U ,, and U_. The results
of the current study demonstrated a statistically significant increase U, (from
340 (mOsmkg H,07) to 1131.3 (mOsmkg H,0"), p = 0.031) and U, (1.012
to 1.045, p = 0.009) in the weight cutting process. For practical purposes,
different methods of evaluating the hydration status are used. They include
total body water content (bio-electrical impedance), blood variables (osmolality,
volume, isotope tracers and sodium concentration), as well as urine variables
(osmolality, volume, specific urine gravity). In our study, we used monitoring
of U, and Ug.. This choice is consistent with the suggestion of Popowski et
al. [15], who compared the validity of U, and U, to plasma osmolality and
concluded that both are greatly correlated and are good measurements of

hydration status.

The results of our study are in line with the available literature regarding
the impact of hypohydration on P (W) and P_(W). This phenomenon could be
explained by the influence of the suppressed neuromuscular function, although
membrane excitability is not reduced by dehydration [16]. It is well accepted
that water is bound to the glycogen molecule in the cellular environment.
Each gram of glycogen is stored in human muscle with at least three grams
of water [17]. Olsson et al. assessed body water by tritium trace in dilution
before and after glycogen loading, suggesting that each gram of glycogen
was stored with 3-4g of water. Some authors sustain that different ratios of
muscle glycogen to water following post-exercise glycogen repletion under
different fluid intakes. A ratio of 1:3 was found when only 400 ml of water was
consumed, while a ratio of 1:17 was determined when participants replaced
the fluid lost during exercise [15, 18]. Despite numerous scientific data , there
is still no conclusive answer regardina how much time is needed to recover
fluid and energy substrates after a weight cutting protocol. Tarnopolsky et al.
observed that the weight loss using energy and fluid restriction before weigh-
in results in a marked decrease in muscle glycogen concentration which could
affect high intensity anaerobic actions common in combat sports. However,
those reductions in muscle glycogen concentrations are largely reversed
during the 17-hour period allowed between weigh-in and the start of the
competition [19]. The results of our study indicate that, despite 24h hydration,
selected Wingate test parameters (Pp and P ) were impaired if compared to
the baseline value.

CONCLUSIONS

It seems that strength and power is significantly affected by a state of
hypohydration in combat sports, where athletes usually dehydrate before
competition to reduce body mass for a certain weight category. It is possible
that full rehydration would have resulted in larger gains in neuromuscular
performance.
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Podsumowanie

Istota prawidiowego nawodnienia jest zagadnieniem poruszanym od dhuzszego czasu.
Szczegllnie wazne jest to w kontekscie sportu wyczynowego i wplywu na wynik sportowy.
Jak pokazuja liczne prace naukowe odpowiednia podaz ptynéw przed, w trakcie, po wysitku
oraz w okresie mi¢dzy treningowym prawie nigdy nie jest pokrywana w sposéb odpowiedni
i wystarczajgcy. Mimo powszechnej wiedzy w tym temacie i znajomosci korzysci oraz
powiklan mogacych wynika¢ z optymalnej hydratacji jest to temat bagatelizowany i czesto
pomijany przez zawodnikéw i treneréw. Odpowiednio nawodniony organizm jest w stanie
wykona¢ ci¢zszg, dtuzsza i bardziej efektywna prace, co bedzie niosto za sobg lepsze skutki
treningowe, a co za tym idzie poprawe wynikow w czasie rywalizacji sportowej. Natomiast
odwodnienie znaczaco pogarsza zdolnos¢ do wysitku, obniza wydolnoéé ukladu sercowo-
naczyniowego w skutek hipowoliemii, ogranicza mechanizmy termoregulacyjne oraz zaburza
prawidlowy przebieg proceséw metabolicznych. Odwodnienie jest jedng z przyczyn
pojawienia si¢ zmeczenia. Zyskujacym popularno$é alternatywnym rozwiazaniem dla
dotychczas wykorzystywanych napojow stosowanych u sportowcéw staje sie woda
o regulowanej zawartosci makroskltadnikéw i zwigkszonym pH (woda alkaliczna). Jak dotad
byla ona wykorzystywana gléwnie w profilaktyce choréb, ktérym towarzyszy kwasica
metaboliczna. Obecnie coraz czesciej porusza sie temat wody alkalicznej w kontekécie
poprawy zdolnosci wysitkowych i regeneracyjnych u sportowcow. Najnowsze i niezalezne
prace badawcze wskazuja, ze woda alkalizowana ma pozytywny wplyw na organizm
cztlowieka. W przeprowadzonych eksperymentach uzyskano progresj¢ wynikow w testach
wydolnosci beztlenowej, poprawe wiasciwosci buforujacych krwi, spadek cigzaru wiasciwego
moczu, wzrost pH krwi i moczu oraz skuteczniejsze wykorzystanie mleczanu. Fakt ten
w przysziosci moze zosta¢ wykorzystany do wspomagania restytucji powysitkowej
i zmniejszenia kwasicy metabolicznej u zawodnikow uprawiajagcych dyscypliny sportu

z przewaga metabolizmu beztlenowego.
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Streszczenie

Istota prawidlowego nawodnienia jest zagadnieniem poruszanym od dtuzszego czasu.
Szczeg6lnie wazne jest to w kontekscie sportu wyczynowego i wptywu na wynik sportowy. Jak
pokazujg liczne prace naukowe odpowiednia podaz ptynéw przed, w trakcie, po wysitku oraz
w okresie miedzy treningowym prawie nigdy nie jest pokrywana w sposéb odpowiedni
i wystarczajgcy. Mimo powszechnej wiedzy w tym temacie i znajomosci korzysci oraz
powiklan mogacych wynika¢ z optymalnej hydratacji jest to temat bagatelizowany i czesto
pomijany przez zawodnikéw i treneréw. Odpowiednio nawodniony organizm jest w stanie
wykonac cigzszg, dluzsza i bardziej efektywna prace, co bedzie niosto za soba lepsze skutki
treningowe, a co za tym idzie poprawg wynikow w czasie rywalizacji sportowej. Zyskujacym
popularnos¢ alternatywnym rozwigzaniem dla dotychczas wykorzystywanych napojow
stosowanych u sportowcéw staje sie woda o regulowanej zawartosci makrosktadnikéw
i zwigkszonym pH (woda alkaliczna). Dotychczas byla ona wykorzystywana glownie
w profilaktyce chordb, ktérym towarzyszy kwasica metaboliczna. Obecnie coraz czesciej
porusza si¢ temat wody alkalicznej w kontekscie poprawy zdolnosci wysitkowych
i regeneracyjnych u sportowcow. Istnieja badania eksperymentalne traktujgce o jej
pozytywnym wplywie na gospodarke kwasowo-zasadowa organizmu, zaro6wno w spoczynku
jak i po wysitku o charakterze beztlenowym. Celem pracy byla szczegdtowa analiza wplywu
wody alkalicznej na organizm poddany rezimowi treningowemu. Przedmiotem rozprawy
doktorskiej jest osiggniecie naukowe w postaci 5 prac traktujagcych o wplywie wody
o zwiekszonej alkalizacji na stan nawodnienia i beztlenowe mozliwosci wysitkowe
zawodnikow uprawiajacych gry zespolowe i sporty walki. W zaprezentowanych pracach
przedstawiono wyniki eksperymentéw przeprowadzonych na wysokiej klasy zawodnikach
czynnie trenujgcych koszykowke, pitke nozng i sporty walki (judo, MMA). Badania
obejmowatly pomiary antropometryczne (BIA), wywiad zywieniowy, okres hydratacji woda o
réznym stopniu alkalizacji i w roznej ilosci, testy fizyczne (test Wingate, testy na
cykloergometrze rowerowym, testy biegowe) i testy laboratoryjne (pH, osad i cigzar wlasciwy
moczu, pH krwi, stezenie LA, pCO2, pO2, HCO3-act, HCO3-std, BE(ecf), BE(B), O2SAT,
ctCO2, K+, Nat). Uzyskane wyniki wykazaly, ze woda alkalizowana ma pozytywny wplyw na
organizm czlowieka. W przeprowadzonych eksperymentach uzyskano progresje wynikow
w testach wydolnosci beztlenowej, poprawe wlasciwosci buforujacych krwi, spadek cigzaru
wiasciwego moczu, wzrost pH krwi i moczu oraz skuteczniejsze wykorzystanie mleczanu. Fakt

ten w przysztosci moze zostaé wykorzystany do wspomagania restytucji powysitkowej
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i zmniejszenia kwasicy metabolicznej u zawodnikéw uprawiajacych dyscypliny sportu

z przewagg metabolizmu beztlenowego.

53



Summary

The essence of proper hydration has been brought up since a long time. It is especially
important in the context of competitive sport and peak performance. As has been shown in
several studies, proper fluid supply before, during and after exercise, as well as between
training sessions is hardly ever met sufficient. In spite of the common knowledge on this
topic, understanding both benefits and complications that may result from optimal hydration,
this topic is often underestimated by combat sport athletes and coaches. A properly hydrated
body is able to perform harder, longer and more efficient physical work, what is followed by
better training effects and consequently improved sports performance. Alkaline water has
become an alternative solution for drinks that have so far been used by athletes. It has mainly
been used to prevent diseases with metabolic acidosis. Currently, the topic of alkaline water is
often tackled in the meaning of improving athletes post exercise recovery. There are
experimental studies about its positive influence on acid-base balance both at rest and after
anaerobic exercise. The objective of the thesis was a detailed analysis of the influence of
alkaline water on hydration and physical work capacity. The topic of the doctoral dissertation
includes 5 papers related to the influence of alkaline water on hydration and anaerobic
exercise capacity of team sport and combat sport athletes. The presented studies include
results of experiments conducted on competitive basketball, soccer players as well as combat
sport athletes (judo, MMA). The study consisted of anthropometric measurements, eating
habits interview, hydration with water of different alkalization, fitness tests (Wingate test,
cycle ergometer test, running test) and laboratory tests (pH, urine sediment and specific
gravity, blood pH, LA concentration, pCO2, pO2, HCO3-act, HCO3-std, BE(ecf), BE(B),
O2SAT, ctCO2, K+, Na+t). The results indicated a positive influence of alkaline water on the
human body. The experiments showed improved results in anaerobic capacity tests,
improvement of blood buffering capacity, decreased urine specific gravity, blood and
increased urine pH and more efficient use of lactate. In the future, this knowledge can be used
to support post workout recovery and decrease metabolic acidosis in athletes subjected to

intense exercise with a predominance of anaerobic metabolism.
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