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1. INTRODUCTION
Worldwide, grappling sports have seen a large popularity rise in the last decade.
In no small part this can be attributed to growing popularity of Mixed Martial
Arts (MMA). Many of the Ultimate Fighting Championship (premier and most
prestigious organization to hold MMA events) current and former top fighters
have grappling backgrounds and bring a lot of attention to they're root sport:
Ronda Rousey (judo, Olympic bronze medal), Dan Henderson (Greco-Roman
wrestling), Randy Couture (Greco-Roman wrestling), Henry Cejudo (freestyle
wrestling Olympic champion), Demian Maia (Brazilian Jiu Jitsu; Bjj/submission wrestling; SW), Daniel Cormier (freestyle wrestling), Ronaldo Souza
(Bjj/SW, a multiple time world champion in both sports), Khabib Nurmagomedov
(Combat Sambo world champion and freestyle wrestler) and many others. The
accompanying popularity has also influenced academic research. Published
articles in respected academic journals on newer grappling sports such as Bjj &
SW are becoming more common (Andreato et al., 2017; Detanico et al., 2016;
Lima et al., 2017;Santos-Junior et al., 2016; Villar et al., 2016).
At the time this thesis and the accompanying research was being planned,
2010–2011, the amount of research available on Bjj & SW was virtually nonexistent. As such, we set out to elucidate sports physiology in Bjj & SW via 2
different facets:
1. Supplementation – in the 3 published research papers which current thesis is
based upon, each of the articles looks into effects of different supplement on
physical performance of grappling athletes (Bjj, SW and Olympic wrestling).
Supplements chosen were:
a) Caffeine – to the best of our knowledge there was no published research
regarding caffeine use and wrestling performance in scientific literature,
however, it was being used by wrestlers during competition. Furthermore,
at least in one text book (Kimpel, 2010) caffeine is a recommended
supplement for wrestlers without any conducted scientific research to
support it. Due to its well known ergogenic effect on endurance
performance (Beedie, 2010; Burke, 2008; Davis & Green, 2009; Graham,
2001; Goldstein et al., 2010; Tarnopolsky, 2008)we aimed to test if
caffeine aids wrestler better maintain physical performance throughout
and entire competition day, especially towards the end of the day were
athletes endurance can be a decisive factor.
b) Sodium citrate – due to its gruelling nature, wrestling induces a high
degree of acid-base balance disruption (Hickner, 1991), which at least to
some degree is detrimental to performance (Carr et al., 2011; Requena et
al., 2005). By enhancing extracellular buffering capacity, sodium citrate
is a potential ergogenic supplement in situations where physical
performance is highly anaerobic. By improving research methodology
from previous research with wrestlers and induced alkalosis (Timpmann
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et al., 2012) we set out to elucidate if sodium citrate supplementation is
ergogenic for wrestlers.
c) Creatine (Cr) – is one of the most popular supplements among atheltes of
various sports (Tarnopolsky, 2010). Research with Cr and wrestlers has
shown ergogenic potential in non wrestling specific performance tests
(Kocak & Karli, 2003; Ööpik et al., 1998; Ziegenfuss et al., 2002). By
improving research methodology, mainly via applying wrestling specific
performance test, we aimed to further elucidate the effects of Cr
supplementation on wrestling performance.
Based on literature, all three aforementioned supplements have potential to
improve wrestling specific performance (upper-body anaerobic power).
2. Simulated competition day – grappling tournaments, be it any of the specific
sports, last usually from few to several hours. During this time successful
athletes compete multiple times. However, these supplements possibly affect
physiology throughout the competition day yet much of the conducted
research on grappling sports has not taken competition simulation into study
design (Aschenbach et al., 2002; Diaz-Lara et al., 2016; Timpmann et al.,
2012; Ööpik et al., 2002).
Coherently the aim of current thesis was to investigate the effects of caffeine
(acute), sodium citrate (short term loading) and Cr (short term loading)
supplementation on physical performance of wrestlers (including athletes of Bjj
& SW) in simulated competition-day conditions.
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2. LITERATURE REVIEW
2.1. Physiological determinants of wrestling performance
Due to uncontrollable and unpredictable nature of wrestling, it is difficult to use
wrestling matches for assessment of supplementation effectiveness. More
controllable, conditioning tests with wrestling moves have been developed,
however they are more useful as practical conditioning tests for coaches rather
than scientific measures (Utter et al., 1997; Wright et al., 2015). Alternately, it is
possible to assess supplement effectiveness on wrestling performance indirectly
by their impact on physical characteristics crucial for wrestling (Garcia-Pallares
et al., 2011). Analysis of profiles of successful wrestlers enable to determine
which physical attributes are important for success (Garcia-Pallares et al., 2011;
Yoon, 2002) and apply appropriate tests for them. Physical attributes of
wrestlers have been a subject of extensive study with many published papers
describing physiological profile of a successful amateur wrestler (GarciaPallares et al., 2011; Horswill, 1992; Mirzaei et al., 2009; Yoon, 2002).
Comparison between successful and less successful wrestlers on the basis of
body composition, aerobic performance, maximal strength, strength endurance
and anaerobic power have led to important conclusions. It is well established
that wrestling is an intermittent physical event which produces great strength
and muscle power demands of both upper and lower body (Horswill 1992;
Horswill et al., 1989, 1992; Hübner-Wozniak et al., 2004; Kraemer et al., 2001;
Sharratt et al., 1986).
2.1.1. Body composition

As little as 2% increase in body fat can quite negatively affect athletic
performance (Inacio et al., 2011). Furthermore, in wrestling athletes are
matched by body-weight. This means that majority of wrestlers attempt to
maintain the amount of lean tissue while minimizing the amount of body fat and
subsequently reduce total body-weight (Garcia-Pallares et al., 2011; Horswill,
1992; Yoon, 2002). Body fat percentage of Olympic level wrestlers ranges from
3–13% (Garcia-Pallares et al., 2011). Yoon (2002) suggests that by employing
sound nutrition, prospective wrestlers should strive towards an ideal steadystate fat percentage of 7–10%. In general, lower weight classes tend to have
very lean athletes and in heavier weight classes athletes often have relatively
high body fat percentage (Garcia-Pallares et al., 2011; Yoon, 2002). While lean
body composition is highly important for optimal performance, midst elite
wrestlers it is not considered a critical component of success (Garcia-Pallares et
al., 2011; Yoon, 2002).
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2.1.2. Aerobic performance

Maximal oxygen uptake reflects aerobic physical fitness of an individual and is
considered an important determinant of endurance capacity during prolonged,
sub-maximal exercise. Among elite wrestlers, maximal oxygen uptake values
average between 50–60 mL/kg/min (Yoon, 2002). These numbers are not
exceptional for any well trained athlete (Wilmore & Costill, 2005). Currently,
wrestling match duration is 6 minutes. While such a time period indicates to a
mainly aerobic energy system powered sporting event, wrestling is an
intermittent physical event where relatively light periods of movement are
interspersed with maximal, anaerobic efforts and as such possibly reducing the
importance of high aerobic fitness. In comparison of successful and less
successful wrestlers, maximal oxygen uptake is not a critical component of
success (Horswill, 1992; Sharratt et al., 1986; Stine et al., 1979; Yoon, 2002).
2.1.3. Maximal strength

Maximal strength is the ability to generate force independent of time and
distance of movement. It depends upon the ability of the nervous system to
recruit motor units, the ability of the muscle to produce energy anaerobically
and the cross-sectional area of the muscle (Folland & Williams, 2007). In
wrestling, athletes have to overcome another, resisting body of approximately
same size for entire duration of the match. This places tremendous strength
demands for wrestlers. Furthermore, maximal strength is a critical component
for powerful, explosive movements (Stone et al., 2003a; Stone et al., 2003b),
such as take-downs and throws in wrestling. In comparison with judokas and
weightlifters, wrestlers are equal to the former but weaker than the latter in
major muscle groups strength – back, legs and also grip strength (Meenakshi &
Ankan, 2014). High emphasis is placed on proper strength development for
wrestlers, but maximal strength per se does not correlate to success among elite
senior wrestlers (Garcia-Pallares et al., 2011; Horswill, 1992;Yoon, 2002).
Among adolescent wrestlers, strength seems to differentiate between successful
and less successful wrestlers (Yoon, 2002). The speed of growing up and the
accompanying changes in the body, i.e. development of neuro-muscular system
and hormonal status, differ among individuals and chronologically same aged,
young wrestlers can have considerable difference in maximal strength (Yoon,
2002).
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2.1.4. Strength endurance

For muscles to execute repeated contractions against a moderate to high force
over a period of time with minimal decrease in performance, a high level of
strength endurance is required (Horswill, 1992; Yoon, 2002). Since wrestling
matches last for several minutes and stalling movements are penalized, the
contest is full of intermittent bursts of high strength movements. Often matches
are decided towards the end of the bout and wrestlers who are active at this
stage have advantage. Wrestling coaches often apply strength endurance type
exercises for strength development as this type of training, relatively high
resistance yet high enough volume, promotes both strength endurance and
somewhat maximal strength development (Schoenfeld et al., 2015). Common
exercises for strength endurance include callisthenic exercises for pulling and
pushing motions, partner lifts, various barbell and kettle bell exercises (Baic et
al., 2007). Based on common exercises performed by athletes of different sports,
strength endurance results of wrestlers show similarity with those of athletes in
anaerobic sports (Sharratt & Cipriano, 1987). Similarly to maximal strength,
strength endurance does not correlate to success among elite senior wrestlers
(Garcia-Pallares et al., 2011; Yoon, 2002).
2.1.5. Anaerobic power

When comparing athletes of various sports on the basis of the ability to perform
very high intensity, maximal effort movements, wrestlers show similarity with
power athletes rather than endurance athletes (Yoon, 2002). This is
comprehensible as scoring techniques like throws and take-downs in wrestling
have to be executed with high force and speed. Wingate Anaerobic Test
(WANT) has been universally accepted for assessment of anaerobic power and
capacity of athletes from various sports. Typically, this test is performed on a
cycle ergometer to measure anaerobic leg power conducted over 30 seconds of
maximal effort cycling (Green, 1995). However, the notion that upper-body
rather than lower body anaerobic performance could be more important for
wrestlers has been a subject of research and observation (Horswill et al., 1992).
Hickner et al. (1991) modified WANT specifically for wrestlers. Cycle
ergometer was mounted on a stable table with pedals replaced by hand grips
transforming it to an arm-cranking device which measures anaerobic power of
upper-body. Furthermore, instead of 30-s of all out cranking, protocol was
modified to a 6 minute variable intensity test which imitates wrestling-like
intermittent performance. This upper body intermittent sprint performance
(UBISP) test has been shown to produce similar blood lactate response as an
actual competitive wrestling match and the subjects tested have confirmed
receiving a wrestling-like fatigue feeling post-test (Hickner et al., 1991). Since
development, UBISP test has been employed in numerous studies with wrestlers
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(Aschenbach et al., 2000; Garcia-Pallares et al., 2011; Hübner-Wozniak et al.,
2006; Timpmann et al., 2012; Walberg-Rankin et al., 1996) and judo athletes
(Aritoli et al., 2007; Tobias et al., 2013). Garcia-Pallares et al. (2011) analysed
physical attributes of highest level Olympic wrestlers and compared them to
success in competition. They observed that anaerobic power, specifically
anaerobic power generated by upper body muscles and measured through
aforementioned UBISP test, showed difference between successful and less
successful elite wrestlers. Wrestlers with higher performance in UBISP test also
placed higher in competitions. Thus, when choosing a suitable testing procedure
to measure supplement effectiveness on wrestlers, UBISP test for upper-body
anaerobic power measurement seems for today’s standard most adequate.

2.2. Physiological and performance effects
of acute caffeine ingestion
2.2.1. Metabolism and mechanisms of action
on physical performance

Caffeine (1,3,7-trimethylxanthine) is the most commonly consumed psychoactive
substance in the world (Burke, 2008). In the human body it is quickly absorbed
through the gastrointestinal tract and elevated levels can appear in the
bloodstream within 15–45 min of consumption with peak concentrations being
evident one hour post ingestion (Magkos & Kavouras, 2004). Caffeine has a
similar structure to several endogenous metabolites, crosses the blood-brain
barrier and is distributed in intracellular fluid (Fredholm et al., 1999). These
properties allow caffeine to affect various human tissues, including cardiovascular
system, the central nervous system and smooth as well as skeletal muscle
(Fredholm et al., 1999). Therefore it is also exceedingly difficult to determine in
which system in particular (i.e. nervous system or skeletal muscle) caffeine has
the greatest effect (Graham, 2001). Multiple mechanisms have been proposed to
explain the effects of caffeine supplementation on physical performance
(Graham, 2001; Burke, 2008). However, several extensive reviews have stated
that the most significant mechanism of action is that caffeine competes with
adenosine at its receptor sites (Burke, 2008; Davis & Green, 2009; Goldstein,
2010; Graham, 2001). Caffeine's molecular structure is similar to adenosine and
can bind to cell membrane receptors for adenosine, thus disrupting adenosine
binding. Adenosine receptors are found in most tissues, including smooth
muscle, adipocytes, brain, hearth and skeletal muscle (Fredholm et al., 1999;
Graham, 2001). The pervasive nature and varied types of adenosine receptors
results in caffeine to simultaneously affect a variety of tissues with a multitude
of interacting responses (Graham, 2001). Such interacting responses make it
difficult to establish which tissues are affected first, and which are critical to the
ergogenic nature of caffeine. In addition, caffeine is known to stimulate the
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secretion of adrenaline (epinephrine). This response could produce a number of
secondary metabolic changes that could promote an ergogenic action (Graham,
2001). It also creates a situation in which it is difficult to attribute any one
response to an action of caffeine on a specific tissue. For example, an
apparently straightforward response, such as increasing adrenaline levels, could
be due to stimulation of various brain areas, direct stimulation of the adrenal
medulla, or a reaction to cardiovascular changes induced by caffeine. Proposed
explanations to caffeine’s ergogenic effect arising from adenosine receptor
antagonism include: influence on metabolism – increase in fat oxidation, muscle
glycogen sparing, release of catecholamine’s; effects on central nervous
system – lowered perception of fatigue and (or) pain, increased motor unit
activation, increased motor unit firing rates and (or) synchronization; peripheral
nervous system and muscle – enhancement of excitation-contraction coupling
mechanism via increase in calcium release from the sarcoplasmic reticulum;
reduction in somnolence per se in ultra-endurance athletes competing in very
long duration, even multi day events (Beedie, 2010; Davis & Green, 2009;
Fredholm et al., 1999; Graham, 2001; Tarnopolsky, 2008).
2.2.2. Impact on endurance

Endurance performance has been a subject of majority of caffeine research and
investigations have mostly examined endurance in situations where fatigue
occurs in 30–60 minutes. It is widely recognized that caffeine is ergogenic in
these situations (Beedie, 2010; Burke, 2008; Davis & Green, 2009; Goldstein et
al., 2010; Graham, 2001; Tarnopolsky, 2008). However, even in endurance
exercise where exhaustion occurs in less than 30 minutes, caffeine has shown to
be effective. A number of researchers commonly measure endurance capacity
because during endurance capacity test power is kept constant and exercise time
to exhaustion can be quantified. This is easier than protocols in which individuals
vary speed or power as they would during a race. The extent to which findings
of endurance capacity translate to performance is debatable.
The research is more varied regarding high-intensity maximal efforts
performed over prolonged periods, such as in many team events (soccer,
basketball, hockey etc). It seems that moderate caffeine supplementation can be
advantageous to either short term or intermittent/prolonged duration highintensity performance, but only in trained athletes (Astorino & Roberson, 2010;
Burke, 2008; Goldstein et al., 2010). The training and conditioning of these
athletes may result in specific physiologic adaptations which, in combination
with caffeine supplementation, may lead to performance enhancement.
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2.2.3. Impact on speed and power

The results of studies on the impact of caffeine on speed and power are more
inconsistent, likely because the potential improvement is small and difficult to
measure due to the brief, intense nature of the exercise (Astorino & Roberson,
2010; Burke, 2008; Goldstein et al., 2010; Graham, 2001). Some research suggest
that supplementation may help trained strength and power athletes, however, it
is difficult to draw conclusions based on the current research (Astorino &
Roberson, 2010; Burke, 2008;Goldstein et al., 2010; Graham, 2001).
2.2.4. Impact on performance in short-term
high intensity intermittent exercise

To the best of our knowledge, no studies have been conducted with wrestlers
and caffeine directly. However, several studies with caffeine have employed
physical performance protocols similar to wrestling, i.e. repeated measurement
of intermittent high-intensity exercise performance over a relatively long period
(Gant et al., 2010; Paton et al., 2010; Schneiker et al., 2006; Stuart et al., 2005).
The aforementioned studies showed that caffeine ingestion may reduce a
fatigue-induced decline in intermittent high-intensity exercise performance over
a prolonged period. However, Astorino & Roberson (2010) suggest that there
may occur even decreased performance with caffeine ingestion when repeated
bouts are completed. Furthermore, when considering adenosine receptor
antagonism as caffeine’s primary mechanism of action, then in skeletal muscle,
adenosine receptors exist primarily in type I fibers (Greer et al., 1997), which
may decrease the likelihood of performance gains in activities dependent on
type II fibers, such as high intensity performance. Currently, there are varied
results among research when repeated bouts are performed and it is difficult to
determine caffeine’s usefulness, or lack of it, for high intensity intermittent
performance.

2.3. Physiological and performance effects
of acute sodium citrate ingestion
2.3.1. Metabolism and mechanism of action
on physical performance

In sport and exercise science sodium citrate is considered a blood buffering
supplement with potential ergogenic properties on high intensity performance
(Carr et al., 2011; Requena et al., 2005). It is most commonly ingested
approximately 2 hours before exercise in a quantity of 0.5 g·kg‒1 of bodyweight
(Carr et al., 2011; McNaughton, 1990; Requena et al., 2005).
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Post-ingestion, sodium citrate rapidly dissociates into Na+ and citrate‒ ions.
Citrate anion is expelled from the plasma and subsequent increase of Na+ ions
modifies the sum of cations and anions, causing the electrical equilibrium to
become unbalanced (Kowalchuk et al., 1989). Proportional to the quantity of
citrate ingested, an increase of HCO3‒, blood pH and base excess (BE) follows
with electrical neutrality being re-established (Kowalchuk et al., 1989). This
sequence of actions gives rise to the alkalotic state observed when sodium
citrate is ingested (Requena et al., 2005).
Sodium-bicarbonate is an alkalizing agent that is closely related to sodium
citrate. Both agents cause blood alkalosis accompanied by an increase in blood
bicarbonate concentrations, however this is achieved through slightly different
mechanisms (Requena et al., 2005). Post ingestion, sodium bicarbonate
dissociates into a molecule of sodium and bicarbonate. Subsequent increase in
blood pH, BE and HCO3‒ help maintain blood homeostasis in same manner as
with sodium citrate ingestion. There is a parallel increase in the intracellular/
extracellular gradient of H+, enhancing the activity of the lactate/H+ cotransporters, ultimately leading to a greater efflux of H+ and lactate out of the
active muscles (Requena et al., 2005).
During high intensity exercise, energy demands are largely met by anaerobic
breakdown of glucose and glycogen. As a consequence of glycolytic adenosine
triphosphate (ATP) production process, accumulation of H+ ions occurs
(Robergs et al., 2004). It is widely held that this increased intramuscular acidity
can limit the capacity to perform high intensity exercise (Allen et al., 2008;
Robergs et al., 2004). During intense exercise the accumulating hydrogen ions
may inhibit muscle's excitation-contraction coupling mechanism via reducing
sarcoplasmatic Ca2+ release and disrupt the interaction of actin and myosin
during the formation of cross-bridges (Allen et al., 2008). Additionally, the
activity of pH sensitive glycolytic enzymes (phosphofructokinase and
phosphorylase) is reduced, inhibiting the energy production inside the muscle
cell (Requena et al., 2005) and thus limiting performance.
The bicarbonate buffering system counteracts the reduction of pH by
binding some of the accumulating hydrogen ions with bicarbonate, forming
carbonic acid, which results in a smaller net increase of acidity than otherwise
(Requena et al., 2005). Sodium citrate ingestion increases bicarbonate ion
concentration and elevates pH in extracellular space, which may facilitate efflux
of H+ and Lac‒ out of the working muscle, thereby reducing acidification of
intracellular media and favouring enhanced muscle performance during high
intensity exercise (Requena et al., 2005).
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2.3.2. Impact on performance in high intensity exercise

Due to proposed mechanism of action, sodium citrate induced metabolic alkalosis
would be most effective during activities which cause extensive perturbations in
acid-base balance. These activities are of very high intensity, short duration or
intermittent, recruit fast motor units, and involve large muscle groups (Van
Someren et al., 1998). Study protocols often include running, cycling or
swimming but many other exercise protocols have been used as well (Carr et al.,
2011; Requena et al., 2005). Few extensive reviews on the efficacy of sodium
citrate ingestion on exercise performance conclude that the effects are equivocal
and unclear (Carr et al., 2011; Requena et al., 2005) with the need for further
research. Practical guidelines advise athletes and coaches to conduct experimental
training sessions or competition simulations to determine whether to use sodium
citrate or not with the specific athlete.
In regards to wrestling, two studies have assessed the potential efficacy of
induced alkalosis in wrestlers. Aschenbach et al. (2000) studied college wrestlers
who performed a UBISP test beforehand ingesting sodium bicarbonate, sodium
chloride or placebo. Sodium bicarbonate successfully induced metabolic
alkalosis but no ergogenic effect was observed. Timpmann et al. (2012) studied
wrestlers who went through a rapid body mass reduction phase followed by
sodium citrate ingestion during a 16 hour recovery period. UBISP tests were
performed before and after body weight loss and following the 16 hour recovery
period. Sodium citrate supplementation compared to placebo increased blood
buffering capacity, plasma volume and simulated body mass regain, however,
no performance enhancement was observed following supplementation.
In judo athletes, Aritoli et al. (2007) reported improved performance in judo
specific test and in UBISP performance following sodium bicarbonate ingestion.
More recently, Tobias et al. (2013) observed improved performance in Judo and
Jiu Jitsu athletes undergoing consecutive UBISP tests following combined
ingestion of beta alanine and sodium bicarbonate. As such, the effect of induced
alkalosis on physical performance of wrestlers is inconclusive.

2.4. Physiological and performance effects
of short term creatine ingestion
2.4.1. Metabolism and mechanisms of action on performance

Cr is one of the most widely available and used compounds in sport with the
evidence suggesting ergogenic potential in certain sports and athletes
(Tarnopolsky, 2010). Cr is a guanidine compound synthesized from the amino
acids arginine, glycine and methionine in the liver and kidney at the
approximate rate of 1 g/d (Cooper et al., 2012). Another 1 g/d is obtained
exogenously from an omnivorous diet as Cr is present in certain foods,
predominately meats (Tarnopolsky, 2010).
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Approximately 95% of the bodies Cr stores are found in the skeletal muscle
and the remaining 5% is distributed in the brain, liver, kidney, and testes
(Terjung et al., 2000). The majority of Cr in the human body is in two forms,
either the phosphorylated form (phosphocreatine; PCr) making up 60% of the
stores or in the free form which makes up 40% of the stores (Tarnopolsky,
2010).
In skeletal muscle, PCr has a major role in energy metabolism via donation
of phosphate for energy production. The rapid rephosphorylation of adenosine
diphosphate from breakdown of PCr via the creatine phosphokinase (CPK)
reaction buffers changes in ATP during transitions between rest and exercise,
and contributes a substantial fraction of ATP synthesis during short-duration,
high-intensity exercise (Volek & Kraemer, 1996).
Furthermore, intracellular CPK isozymes are localized both at the sites of
ATP synthesis and use. PCr and Cr enhance the capacity for high-energy
phosphate diffusion between these sites within the cell (Volek & Kraemer,
1996). This process is termed the PCr energy shuttle and it includes 3 areas of
action: a) peripheral terminus located at the site of utilization (during muscle
contraction the head of myosin); b) an energy-generating terminus located at the
mitochondria; c) an intervening space between these two areas of production
and utilization. At the peripheral terminus lie specific isoenzymes of CPK
which act to rephosphorylate the adenosine diphosphate produced from
muscular activity from breakdown of PCr by the CPK reaction. The free Cr then
diffuses into the interveining space, moving in the opposite direction compared
to PCr, where it finally arrives at the energy-generating terminus in the
mitochondria. There the free Cr interacts with a mitochondrial isoenzyme of
CPK and PCr is formed from mitochondrial ATP. The PCr is then shuttled back
to the sites of utilization and the process continues (Volek & Kraemer, 1996).
PCr also acts to buffer H+ which are products of anaerobic glycolysis (Volek
& Kraemer, 1996). When ATP is regenerated by the CPK reaction, H+are
utilized. Net PCr hydrolysis consumes hydrogen ions and therefor may contribute
to buffering of intracellular acidosis during exercise (Volek & Kraemer,1996).
The products of PCr hydrolysis (Cr and inorganic phosphate) play a role in
activation of glycogenolysis (Volek & Kraemer, 1996). During sudden intense
muscular activity, the glycolytic flux may increase several hundredfold. During
this time the concentration of PCr is decreased due to the rapid rephosphorylation
of ATP in the active muscles via the Cr kinase reaction. It has been reported,
that glycolysis may be stimulated by the decline in PCr levels (Volek &
Kraemer, 1996). Specifically, a key glycolytic enzyme, phosphofructokinase, is
partially inhibited by physiological concentrations of PCr (Volek & Kraemer,
1996). During strenuous exercise, when PCr concentration falls,
phosphofructokinase is disinhibited and glycolysis increased.
Cr supplementation has been reported to increase muscle total and PCr
typically by 15–40% (Cooper et al., 2012; Kreider, 2003; Tarnopolsky, 2010).
Increasing the availability of PCr would potentially enhance cellular
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bioenergetics of the phosphagen system that is involved in high-intensity
exercise performance (Volek & Kraemer, 1996).
The only known side effect of Cr ingestion, in the normal supplementation
range noted in the literature, is increased body mass at the onset of
supplementation during the first few days (Volek & Kraemer, 1996). Typically,
weight gain of approximately 1–3 kg is attributed to an increase in total body
water content (Volek & Kraemer, 1996). As cell swelling has been show to
trigger an anabolic, proliferative pattern of metabolism (Häussinger, 1993), Cr
may indirectly stimulate muscle protein synthesis through this effect.
2.4.2. Impact on physical performance

Cr is one of the most researched supplements in sport science with many
extensive reviews describing its efficacy on exercise performance (Tarnopolsky,
2010). Short term Cr use (5–7 days of loading) has generally a well-documented,
beneficial effect on variety of exercise tasks in both laboratory and on-field
settings in activities of short duration and high intensity (Cooper et al., 2012;
Kreider, 2003; Tarnopolsky, 2010). Myraid of studies have been conducted on
the subject with many reviews also available (Cooper et al., 2012; Kreider, 2003;
Mesa et al., 2002;Tarnopolsky, 2010; Terjung et al., 2000). Notably single effort
and/or repetitive sprint performance, particularly involving sprints lasting 6 to
30 s with 30 s to 5 min of recovery periods between sprints, seem to benefit the
most from short term Cr supplementation (Cooper et al., 2012). For example,
Dawson et al. (1995) found that Cr supplementation (20 grams per day for
5 days) significantly increased work performed during the first of 6 × 6 s cycle
ergometer sprints with 30 s recovery between sprints. Similarly, Schneider et al.
(1997) reported that Cr supplementation (25 grams per day for 7 days)
significantly improved 5 × 15 s cycle ergometer sprints with 60 s recovery
between sprints. This small improvement in high-intensity performance following
short term Cr loading is generally in the range of 1–2% based on numerous
studies evaluating a host of high intensity sporting activities (Kreider, 2003).
Chronic Cr supplementation is often shown to induce enhanced strength
training adaptations over a prolonged training period compared to placebo
(Cooper et al., 2012; Kreider, 2003). Cr supplementation, anywhere between 4–
12 weeks, combined with resistance training, amplifies performance enhancement
of maximum and endurance strength as well muscle hypertrophy (Cooper et al.,
2012; Kreider, 2003). When Cr is ingested during a longer period, the first week
supplementation protocol (5–7 days) is identical to short term loading (Cooper
et al., 2012; Kreider, 2003; Tarnopolsky, 2010). Thereafter a maintenance dose
is used, around 5 g per day (Kreider, 2003).
In endurance performance, conceptually one would not expect an increase
in performance from Cr supplementation and most studies exhibit no convincing
evidence for an ergogenic effect from Cr loading on this type of performance
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(Cooper et al., 2012). Branch (2003) concluded that the ergogenic potential for
Cr supplementation on predominantly aerobic exercise diminishes as the duration
of the activity increases over 150s because under such circumstances active
muscles rely on oxidative phosphorylation as primary energy supplier.
2.4.3. Impact on performance indices in wrestlers

A few studies on the potential impact of Cr supplementation on physical
performance have been conducted in wrestlers.
Kocak & Karli (2003) demonstrated significant increases in mean power
(12.3%) and peak power (17.0%) attained in a 30-s Wingate test after, compared
to before, five days of 20 g per day of Cr monohydrate supplementation in elite
male Turkish wrestlers.
Ööpik et al. (2002) found that Cr supplementation (30 g) with concomitant
glucose ingestion (320 g) compared to glucose only supplementation during 17-h
recovery from rapid body mass loss stimulated the regain of performance in
repeated maximal-intensity efforts in well-trained wrestlers.
Ziegenfuss et al. (2002) measured the effect of 3 day Cr loading (0.35 g per kg
of fat-free mass) on intermittent cycle sprint performance of division I wrestlers.
10 s of cycle sprint was interspersed with 60 s of recovery. Cr supplementation
increased peak sprinting power compared to placebo.
Ööpik et al. (1998) supplemented well-trained wrestlers with Cr during a
5 day rapid body mass loss period (subjects lost mean 3.0–4.3% of body mass).
Cr was administered in a dose of 20 g per day. Performance was tested via
isokinetic knee extension test before and after weight loss period. No difference
in peak torque or work at peak torque was observed, however, some contractile
properties of the knee extensor muscle were better maintained with Cr ingestion
following rapid body mass loss.
In a meta-analysis by Branch (2003) the author reported that effect size for
upper-body exercise following Cr supplementation (0.42 ± 0.07) was greater
(p <0.0001) than that for lower-body (0.22 ± 0.02) or total body exercise (0.13 ±
0.05). The reason for this observation is unclear. It is possible that preferential
uptake of supplemented Cr by upper-body muscles could be related to a report
of greater Cr uptake by fast-twitch fibers (Branch, 2003), but there has been no
comparison of Cr uptake between upper-body and lower-body. Due to the greater
relative importance of upper body performance over lower body performance in
wrestlers (Garcia-Pallares et al., 2011), Cr may exert ergogenic properties in
activities typical for wrestling.
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2.5. Summary of the review of literature
Wrestling is very unpredictable and dynamic in nature. It is characterized by
rapid and powerful offensive and defensive manoeuvres that are executed at a
high intensity and alternate with sub maximal efforts for an entire duration of
the match. Because of the nature of this activity, wrestling demands several
specific characteristics for competitive success. These characteristics include
maximal strength, aerobic endurance, and anaerobic capabilities (Garcia-Pallares
et al., 2011; Yoon, 2002). Specifically, anaerobic power of the upper body has
been suggested as a critical component to determine competitive success
(Garcia-Pallares et al., 2011) and can aid in differentiation between successful
and less successful wrestlers (Garcia-Pallares et al., 2011; Yoon, 2002). Certain
supplements have shown potential in improving anaerobic upper-body
performance and have not been researched in context of wrestling or limited
research has been conducted. These supplements include caffeine, sodium
citrate and sodium bicarbonate and Cr (Burke, 2008; Carr et al., 2011; Cooper et
al., 2012; Davis & Green, 2009; Requena et al., 2005; Tarnopolsky, 2010).
Studies show contradictory and ambiguous results regarding caffeine
impact on high intensity intermittent exercise performance. Furthermore, no
studies have been published on the potential ergogenic effect of caffeine in
wrestlers.
Aschenbach et al. (2000) and Timpmann et al. (2012) have previously
studied effects of induced alkalosis on wrestlers. Aschenbach et al. (2000)
speculated that absence of expansion of intravascular volume in their subjects
may had excluded any performance benefits of sodium bicarbonate ingestion
and Timpmann et al. (2012) considered the possibility that the degree of
alkalosis achieved with sodium citrate ingestion may had been physiologically
insufficient for enhancing glycolytic ATP production and UBISP. Additional
research with improved methods can further elucidate the effects of induced
alkalosis on wrestling performance.
The potential ergogenic effects of Cr consumption in wrestlers have been
studied, however all previous studies have applied non-wrestling-specific
performance tests (Kocak & Karli, 2003; Ööpik et al., 1998, 2002; Ziegenfuss
et al., 2002).
Furthermore, no studies have been published on the potential ergogenic
effect of these supplements in context of a complete competition day. In
wrestling tournament multiple grappling bouts occur with relatively short
resting periods. Whether caffeine, sodium citrate or Cr supplementation aids a
wrestler to better maintain the ability to perform powerful actions throughout a
tournament day is unknown.
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3. RESEARCH AIMS AND HYPOTHESES
Our main purpose was to determine the effects of acute caffeine ingestion as
well as that of short term loading of sodium citrate or creatine on upper body
anaerobic performance in trained wrestlers employing wrestling-specific test
protocol in simulated competition day conditions. To reach our goal, specific
aims were set:
1. Apply wrestling specific, upper body intermittent sprint performance
(UBISP) test.
2. Simulate a regular competition day where multiple matches take place with
short recovery periods. Therefore, our subjects completed 4 UBISP tests
with 30-min recovery periods between consecutive tests.
3. Assess metabolic, perceptual and heart rate responses to consecutive UBISP
tests after caffeine, sodium citrate, creatine and placebo administration.
We hypothesized that:
Peak power (PP) and mean power (MP) attained in UBISP test would be
better maintained across four consecutive tests with supplement ingestion
compared to placebo.
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4. METHODS
4.1. Participants
A total of 45 wrestlers volunteered to participate in three studies. All
participants were members of a local wrestling, Bjj and SW sports club in Tartu,
Estonia. The author is an active coach at that club for over 7 years. All
participants had a minimum of four years of regular wrestling training and
competition experience and their conventional training volume was 6–8 hours
per week at the time of the study they participated in. The protocol for each
study was approved by the Research Ethics Committee of the University of
Tartu, Estonia: protocol no. 199/T-14; date 20.12.2010 (caffeine); protocol no.
223/T-21; date 25.02.2013 (sodium citrate); protocol no. 229/T17; date
23.09.2013 (creatine). The participants were informed of the nature and possible
risks of the experimental procedures before providing written consent. The
number of participants in each study as well as their age and basic
anthropometric data are presented in Table 1.
Table 1. Anthropometric data of participants in three studies
Number of
participants

Age (years)

Body mass
(kg)

Height (cm)

Caffeine

14

25.3 ± 4.9

77.8 ± 6.1

178.9 ± 5.4

Sodium Citrate

11

25.9 ± 6.2

80.1 ± 8.9

180.0 ± 3.0

Creatine

20

25.6 ± 3.8

82.7 ± 8.6

185.1 ± 6.5

Study

Values are presented as mean ± SD.

4.2. Design of the three studies
4.2.1. Caffeine study

The participants visited the laboratory three times with 5–7 days between the
consecutive visits. During their first visit, the participants were familiarized
with all the testing devices and the experimental protocol. On the 2nd and 3rd
laboratory visits, the participants completed a series of UBISP tests in a manner
that simulated an ordinary competition day in Bjj and SW. Caffeine (CAF) or
placebo (glucose; PLC) treatments were administered in a double-blind,
counterbalanced, crossover manner before the first UBISP test of each
simulated competition day. Caffeine (anhydrous caffeine; Oriola OY, Espoo,
Finland) or placebo (glucose; Cerestar Deutchland GmbH, Krefeld, Germany)
was administered in a gelatine capsule as a single dose of 5 mg·kg–1 body mass
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30 min before T1. Moderate dose of caffeine was used considering that
supplementation in the range of 4–6 mg·kg–1 can be advantageous to
intermittent-prolonged duration high intensity performance in trained athletes
(Goldstein et al., 2010) and that caffeine doses exceeding 6 mg·kg–1 increase the
probability of occurrence of negative side effects (Burke, 2008). It was also
considered that plasma caffeine level reaches maximal value approximately
60 min after ingestion and high concentration is maintained for 3–4 hours
(Graham, 2001). By timing caffeine ingestion 30 min prior to T1 it was intended
to favour the occurrence of the potential ergogenic effect of caffeine mainly
during the second half of the simulated competition day when the wrestlers
likely feel more fatigued compared to the first half. The participants were
instructed to abstain from any training sessions and to keep food diary for 24 h
prior to both simulated competition-days.
4.2.2. Sodium citrate study

The participants visited the laboratory six times. During their first visit, the
participants were familiarized with the testing devices and procedures and they
performed a single UBISP test. On the second visit, 2–3 days later, subjects
performed another UBISP test at the same time of the day as on the first visit.
Such an arrangement was followed to ensure that participants were familiar
with the testing device and procedure. On the 3rd and 5th visits, at 17:00 in the
afternoon, prior to both simulated competition-days, baseline measurements of
body mass, blood gases, pH, HCO3− and BE were taken. After that, the
participants were provided with either sodium citrate (CIT trial) or placebo
(wheat flour) capsules (PLC trial) which were packed into four small plastic
bags, and instructions for ingesting the capsules over the following 17 h period.
Sodium citrate and placebo were administered in a randomized, double-blind,
crossover, counterbalanced manner with 7 days between the two treatments. On
the 4th and 6th visit the participants completed a series of UBISP tests in a
manner that simulated an ordinary competition-day in Bjj and SW. The
participants were instructed to abstain from any training sessions and to keep
food diary for 24 h prior to both simulated competition-days. Sodium citrate
loading regime was similar to that previously described (Timpmann et al., 2012),
but the total dose administered in four portions was bigger (900 vs 600 mg·kg−1).
Furthermore, participants in this study ingested the final portion of supplement
only 30 min prior to T1. Introducing these modifications (i.e. bigger total dose
and late timing of the final portion ingestion) we aimed to elicit strong alkalosis
which would last across all the four consecutive UBISP tests of a simulated
competition-day.
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4.2.3. Creatine study

The participants underwent two phases (preparatory and main) in this doubleblind, parallel group, placebo controlled study. In the preparatory phase, two
visits, 2–3 days apart were made to the laboratory. During these visits the
participants were familiarized with the testing devices and procedures and on
both occasions a single familiarization UBISP test was performed. In the main
phase of the study, the participants were divided into Cr (CRGRP; n = 10) and
placebo (PLCGRP; n = 10) groups by listing their initial body mass from the
lowest to the highest and then assigning them to alternate groups. There were no
statistically significant differences between the groups for age, height, body
mass or percentage of body fat. Both groups underwent two simulated
competition days with exactly seven days in-between. The first simulated
competition day was completed without any prior dietary supplementation. The
second simulated competition day was completed after 5-day Cr monohydrate
(CRGRP) or placebo (PLCGRP) supplementation period.
The supplementation was initiated on the second day after the first
simulated competition day and lasted for five days prior to second simulated
competition day. During the supplementation period the CRGRP ingested Cr
monohydrate (Creapure®, distributed by FAST Sports Nutrition, Func Food
Finland OY, Finland) and the PLCGRP consumed glucose (Trauben Zucker,
Müller’s Mühle GbmH, Germany). Both supplements were administered in
gelatine capsules in a quantity of 0.3 g·kg–1 of body mass per day. Daily dose of
both supplements was divided into four equal portions and participants were
instructed to consume these portions throughout a day, approximately four
hours apart. The Cr monohydrate supplementation protocol employed in the
current study has been shown to induce significant increases in muscle total Cr
content (Casey et al., 1996; Greenhaff et al., 1994; Greenhaff et al., 1996).
During the supplementation period the participants followed their routine
training regimen and kept detailed food diary. Later analysis of these diaries
revealed a 100% compliance with ingestion of the supplements.

4.3. Simulated Competition Day
In all three studies, all subjects underwent 2 simulated competition days with
exactly one week apart. On both simulated competition days, the participants
reported to the laboratory at the same time of the day. During the simulated
competition day, they accomplished four 6-min UBISP tests with 30-min
recovery periods between the consecutive tests. Such an arrangement of UBISP
tests and recovery periods was chosen to mimic an ordinary competition in Bjj
and SW. Prior to T1 (first UBISP test of the simulated competition day)
participants donated urine sample, their body mass was measured and they were
fixed in a sitting position behind the ergometer. Participants warmed up
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performing a 3-min unloaded arm-cranking exercise at a self-selected pace.
Then, after 2-min rest, the participants accomplished four 6-min UBISP tests
with 30-min recovery periods between the consecutive tests. The 30-min
recovery periods between were divided into 5 phases. For the initial 5 min the
participants remained seated on the chair behind the ergometer. The rating of
perceived exertion (RPE) was recorded immediately after each UBISP test. In
caffeine study, blood samples were drawn before and after each UBISP test. In
sodium citrate and Cr studies, blood samples were taken before and after first
and last UBISP test (T1 and T4). Early recovery heart rate (HRER) was recorded
at the end of the 4th min of recovery. During the following 10 min, the
participants could walk around in the laboratory, visit the toilet or rest in a selfselected position. Next 10 min the participants spent resting quietly in a supine
position on a couch. Late recovery heart rate (HRLR) was recorded during the
last 5 min of this phase. After recording HRLR the participants took a seat on the
chair behind the ergometer and performed a 3-min warm-up by unloaded armcranking at a self-selected pace. During the final 2 min of the recovery period
the participants remained seated and rested. Immediately before starting the
sequent UBISP test, rating of perceived fatigue (RPF) was recorded. Both RPF
and RPE were measured using Borg’s 10-point scale (Borg, 1998). After T2
(second UBISP test of the simulated competition day), during the 2nd recovery
phase, the participants drank 0.5 L of sports drink (Arctic Sport, A Le Coq,
Estonia). Additionally in caffeine study a banana was included in the small meal.
During all the recovery periods, participants could drink water ad libitum and
individual quantities were recorded. When visiting toilet, participants were
asked to collect all urine into a container. Figure 1 depicts simulated
competition-day.
30 min recovery
BM BL

BL

T1

USG

BL

T2

HRER

HRLR

T4

T3

HRER

HRLR

BL BM

HRER

HRLR

HRER USG

Figure 1. The sequence of procedures carried out during a simulated competition day.
T1–T4 – upper-body intermittent sprint performance tests; BM – body mass; BL –
blood sample; USG – urine specific gravity; HRER – early recovery heart rate; HRLR –
late recovery hear rate. In caffeine study additional blood samples were drawn before
and after T2 and T3.
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4.4. Upper-Body Intermittent Sprint Performance Test
The UBISP test protocol employed in all three studies was similar to that
developed specifically for assessing anaerobic performance in wrestlers
(Hickner et al., 1991). Cycle ergometer (Monark Ergomedic 894 E, Monark,
Sweden) was mounted on a stable table with pedals replaced by handgrips.
Participants were secured on an adjustable chair in a seated position with their
hips and legs strapped to the seat to isolate the use of arms during the test. The
resistance on the ergometer was individually adjusted to 4% of the initial body
mass in kilograms. The resistance remained constant for each participant
throughout the study. Participants warmed up before each UBISP test with light
unloaded cranking for 3 min. A single UBISP test was 6 minutes in its entirety.
The test began with 40 s of unloaded easy cranking at volitional pace. This light
effort was followed by 5 s of unloaded cranking to reach maximum cadence and
the participants were verbally stimulated to maintain maximal cadence
throughout the following 15-s period once the appropriate resistance was
applied. The 15-s maximal effort was followed by unloaded easy cranking at
volitional pace for 40 s again. This sequence was repeated 6 times during each
UBISP test. The ergometer was interfaced with a computer that was used to
record power output data. PP and MP for each 15-s interval of maximal effort
was calculated by the means of the standard software provided by the
manufacturer of the ergometer. Test-retest reliability data collected in our
laboratory showed intraclass correlation coefficients of 0.94 for PP and 0.95 for
MP (n = 16).
This UBISP test was employed in order to mimic a wrestling match.
Powerful high intensity upper-body work alternates with sub maximal efforts
for an entire duration of the test which is the duration of a normal wrestling
match. UBISP test induces similar levels of blood lactate concentration as an
actual wrestling match (Hickner et al., 1991). Wrestlers tested with UBISP have
confirmed receiving a wrestling-like fatigue feeling post-test (Hickner et al.,
1991). Figure 2depicts UBISP test procedure.
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Figure 2. UBISP test procedure.

4.5. Blood sampling and analyses
4.5.1. Caffeine study

In all three studies blood lactate concentration samples were drawn from a
fingertip and measured with Dr. Lange cuvette tests (LKM 140 and using
miniphotometer LP 20 Plus, Dr. Lange, Düsseldorf, Germany). Pre-exercise
(Pre-Ex) blood lactate sample was drawn after a light warm up of self-paced
cranking and 1 minute prior to onset of UBISP test. Post-exercise (Post-Ex) blood
lactate sample was drawn at the 4th recovery minute following UBISP test. In
caffeine study, blood lactate was measured before and after each UBISP test.
4.5.2. Sodium citrate study

Fingertip capillary blood samples were drawn on the evening prior to a simulated
competition-day and before and after T1 and T4. Before drawing haemoglobin
and haematocrit measurement sample, the participants spent 20 min in sitting
position with an electric heating pad wrapped around palm. Heating was applied
in order to stimulate capillary blood arterialization and this procedure was done
prior to T1 and T4. Blood lactate concentration was measured as in caffeine
study but only before and after T1 and T4. Blood gases and pH were measured
before and after T1 and T4 by means of ABL™77 series blood analyzer using
ABL77 SCi sensor cassette (Radiometer, Copenhagen, Denmark) immediately
after blood sampling. The blood analyzer used calculates HCO3− concentration
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and BE values on the basis of pH and pCO2 measurements. Haemoglobin
concentration and haematocritwere measured using blood analyser Celltac α
MEK- 6108 K (Nihon Kohden, Japan). The haemoglobin and haematocrit data
were used for calculation of relative changes in plasma volume (Dill and Costill,
1974).
4.5.3. Creatine study

Altogether six fingertip capillary blood samples were drawn from each participant
during both simulated competition days. To measure changes in plasma volume
across the four consecutive UBISP tests, one sample was drawn immediately
before T1 and another one after T4. Haemoglobin concentration and haematocrit
were measured using a Celltac α MEK-6108K (Nihon Kohden, Japan) blood
analyzer. The haemoglobin and haematocrit data were used for calculation of
relative changes in plasma volume (Dill and Costill, 1974). Blood lactate
concentration was measure before and after T1 and T4 in same manner as in
caffeine study.

4.6. Heart rate monitoring
Heart rate was monitored using standard Suunto HR belt (Suunto Oy, Finland)
and recorded in real time to a desktop computer using Suunto Monitor software
(version 1.1.2 Suunto Oy, Finland). HRPEAK was the highest HR value registered
during the UBISP test. Early recovery heart rate (HRER) was recorded at the end
of the 4th min of each recovery period. Late recovery heart rate (HRLR) was
measured as the last 5 min average of the resting phase during the recovery
periods.

4.7. Assessment of hydration status
Two urine samples for assessment of hydration status were collected from the
participants on simulated competition days: at their arrival in the laboratory and
after T4. Urine specific gravity and osmolality were measured using a digital
clinical refractometer PDX-CL (VEE GEE Scientific, Inc., Kirkland, WA) and a
freezing point depression osmometer Model 3250 (Advanced Instruments Inc.,
USA), respectively. After donating a urine sample, nude body mass of each
participant was recorded with 1g accuracy (Scale CH3G-150I Combics; Sartorius,
Germany). Additionally, the volume of urine passed throughout a simulated
competition day was measured. Water retention was calculated as difference
between the volumes of liquid consumed and urine passed.
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4.8. Gastrointestinal distress monitoring
in sodium citrate study
Participant’s gastrointestinal distress (GID) was monitored as described by
Cameron et al (2010). GID questionnaires were completed before going to sleep
on the evening prior to the simulated competition-day, 30 min before the
beginning of T1 and during the 30 min recovery period following T2.
Questionnaires consisted of nine 100-mm visual analogue scales (VASs). The
VASs were anchored at each end with no symptom on the left-hand side and
severe symptom on the right-hand side. Participants were asked to rate the
severity of their symptoms. If they were experiencing no symptoms, they made
no mark on the appropriate scale. If they were experiencing some symptoms,
they indicated their overall rating by placing a vertical mark on the line. The
VASs were used to measure symptoms of nausea, flatulence, stomach cramping,
belching, stomach ache, bowel urgency, diarrhoea, vomiting, and stomach
bloating. This monitoring was only done in sodium citrate study.

4.9. Statistical analysis
The Statistica software was used for performing statistical analysis. Data are
expressed as mean ± SD. Normality of all data sets was examined using the
Kolmogorov-Smirnov test. The effect of caffeine and sodium citrate ingestion
on performance, heart rate, RPE and RPF was assessed using repeated-measures
ANOVA (trial and test as factors with 2 and 4 levels, respectively). The blood
data were analysed with 3-way analysis of variance (trial, test, and pre- and
post-performance test as factors). In all analyses, a Tukey’s HSD post hoc was
used to identify specific differences within and between the trials. Significant
deviations from sphericity were tested with the Mauchly sphericity test. When a
violation of sphericity was observed, the Greenhouse-Geisser correction was
employed. Statistical significance was set at p < 0.05.
The effect of Cr ingestion on performance (PP, MP, fatigue index), heart rate
(HRPEAK, HRER, HRLR), RPE and RPF was assessed using 3-way mixed model
ANOVA (between-factor – group, within factors – trial and test). The blood
lactate data were analysed with 4-way mixed model ANOVA (between-factor –
group, within factors – trial, test, and pre- and post-performance test). Body
mass data were analysed using 3-way mixed model ANOVA (between-factor –
group, within factors – trial and time). Hydration data were analysed using
2-way mixed model ANOVA (between factor – group, within factor – trial). The
nutritional data were analysed using Student’s t-test for independent variables.
In all analyses, where a significant effect was observed, a Tukey’s HSD post-hoc
was used to identify specific differences. Statistical significance was set at
p < 0.05.
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5. RESULTS
5.1. Caffeine study
Upper body intermittent sprint performance

There was no statistically significant main effect of trial for either PP (F = 2.327,
p = 0.151) or MP (F = 0.579, p = 0.460). The main effect of test was significant
for both PP (F = 8.344, p = 0.0002) and MP (F = 22.95, p <0.0001). A
significant reduction in PP (7.2%; p = 0.001) was observed in T4 in the CAF
trial, whereas a much smaller (3.1%) and non-significant (p = 0.480) decline of
this performance parameter occurred across the four tests in the PLC trial
(Figure 3A). More detailed analysis of the data revealed that PP reduction in T4
compared with T1 was mainly due to significantly (p <0.001) lower PP in sprint
bouts 1 and 2 in the CAF trial (Figure 4). MP decreased significantly (10.1%;
p <0.0001) across the four tests in both trials (Figure 3B).
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Figure 3. Peak power (A) and mean power (B) achieved during upper body intermittent
sprint performance tests (T1–T4). Data are presented as mean ± SD, n = 14.
Significantly different (p < 0.05): a from T1.

400
300

T1
T2
T3
T4

Caffeine
500
Peak Power (W)

Peak Power (W)

T1
T2
T3
T4

Placebo

500

a

200

400
300

a
a

200
100

100
1

2
3
4
Sprint bout

5

1

6

2

3
4
Sprint bout

5

6

Figure 4. Peak power achieved during each 15 s maximal effort in upper body
intermittent sprint performance tests T1–T4 in placebo and caffeine trial. Data are
presented as mean ± SD, n = 14. Significantly different (p < 0.05): a from T1.
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Blood lactate concentration

There was a significant main effect of trial (F = 13.69, p = 0.003) and test
(F = 76.25, p <0.0001) on blood lactate concentration. Pre-test blood lactate
concentration in T2, T3, and T4 was higher than in T1 in both trials and in T3
and T4, it was higher in the CAF compared to the PLC trial (Figure 5).
Placebo
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a a
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Figure 5. Blood lactate concentration. Data are presented as mean ± SD, n = 14.
Significantly different (p < 0.05): a from Pre-test; b from Test 1; c from placebo.

Heart rate (HR)

There was a significant main effect of trial on HRPEAK (F = 13.67, p = 0.003),
HRER (F = 7.12, p = 0.019), and HRLR (F = 9.7, p = 0.008). The main effect of
test on these parameters was not significant: F = 1.44, p = 0.248 for HRPEAK,
F = 1.96, p = 0.136 for HRER, and F = 1.68, p = 0.206 for HRLR. HRPEAK in T2,
T3, and T4 was higher in the CAF compared to the PLC trial. HRLR in T1, T2,
and T3 was higher in the CAF compared to the PLC trial (Table 2).
Table 2.Heart rate (bpm) during UBISP and recovery period
Test
T1
T2
T3
T4

Placebo

Caffeine

HRPEAK

HRER

HRLR

HRPEAK

HRER

HRLR

170 ± 10
170 ± 8
169 ± 7
170 ± 8

101 ± 17
103 ± 16
103 ± 13
103 ± 12

89 ± 15
90 ± 14
90 ± 14
―

172 ± 8
174 ± 7 a
173 ± 7 a
174 ± 6 a

107 ± 18
111 ± 16 a
109 ± 13 a
107 ± 13

95 ± 17 a
98 ± 15 a
98 ± 15 a
―

Data are presented as mean ± SD, n = 14).HRPEAK– peak heart rate; HRER– early
recovery heart rate; HRLR– late recovery heart rate. Significantly different (p <0.05):
a
from placebo.
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Ratings of perceived fatigue and exertion

The main effect of trial on RPF (F = 0.047, p = 0.831) and RPE (F = 0.63, p =
0.441) was not statistically significant. However, there was a significant main
effect of test on both RPF (F = 35.37, p <0.001) and RPE (F = 13.68, p <0.001)
In both trials, RPF in T2, T3, and T4 was higher than in T1 and RPE in T3 and
T4 was higher than in T1.
Body mass and hydration status

Body mass and indices of hydration status did not differ between the two trials
and remained unchanged across the four UBISP tests.

5.2. Sodium Citrate study
Upper body intermittent sprint performance

There was no main effect of trial for either PP (F = 1.44, p = 0.257) or MP
(F = 1.82, p = 0.207; Figure 6). Significant main effect of test was evident for
PP (F = 5.29, p = 0.005) but not for MP (F = 2.52, p = 0.077). PP was higher
overall in T2 (320.9 W) compared to T1 (308.3 W, p = 0.004).
Placebo
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300
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Mean Power (W)

Peak Power (W)

A

0

0
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Test
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Figure 6.Peak power (A) and mean power (B) achieved during upper-body intermittent
sprint performance tests T1–T4. Data are presented as mean ± SD, n = 11.
Acid-base balance and blood lactate concentration

All the baseline values of acid-base balance indices were similar in the two
trials (p ˃ 0.05) and within the normal range for capillary blood. Sodium citrate
ingestion induced metabolic alkalosis which was manifested in elevated blood
HCO3– concentration (main effect of trial F = 181.35, p < 0.0001), pH (F = 73.47,
p < 0.0001) and BE (F = 131.76, p < 0.0001). Post-Ex HCO3– concentration, pH
and BE compared to corresponding Pre-Ex values were reduced in both T1 and
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T4 (effect of time F = 84–100, p < 0.0001 for all parameters). Furthermore,
Post-Ex values in PLC were lower compared to CIT trial in T1 as well in T4
(trial by time interaction F = 21–24, p < 0.0001 for all parameters; Figure 7).
There was a significant main effect of trial (F = 5.87, p = 0.036), test
(F = 47.11, p < 0.0001) and time (F = 342.8, p < 0.0001) on blood lactate
concentration(Figure 8). In T1, Post-Ex blood lactate concentration was higher
(p = 0.037) in CIT (16.08 ± 3.85 mmol·L–1) compared to PLC (13.67 ±
2.26 mmol·L–1). In T4, Pre-Ex lactate concentration was significantly higher
compared to T1, but no between trial difference occurred.
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Figure 7. Blood [HCO3–] (A), pH (B) and BE (C) in upper-body intermittent sprint
performance (UBISP) tests T1 and T4. Data are presented as mean ± SD, n = 11. Baseline –
before treatment; Pre-Ex – immediately before UBISP test; Post-Ex – 4 min after UBISP test.
Significantly different (p < 0.05): a fromBaseline; b from Pre-Ex; cfrom placebo.
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Figure 8. Blood lactate in upper-body intermittent sprint performance (UBISP) tests T1
and T4. Data are presented as mean ± SD, n = 11.Pre-Ex– immediately before UBISP
test; Post-Ex – 4 min after UBISP test. Significantly different (p < 0.05): a from Pre-Ex;
b
from T1; c from placebo.
Heart rate

There was no main effect of trial on HRPEAK (F = 3.53, p = 0.09), HRER
(F = 0.02, p = 0.886) or HRLR (F = 2.57, p = 0.140). A significant main effect of
test was observed on HRPEAK = 8.87, p = 0.0002) and HRLR (F = 3.82,
p = 0.039), but not on HRER (F = 2.05, p = 0.127). HRPEAK was higher in T4
compared to T1 in both trials, but no between-trial difference occurred.
Ratings of perceived fatigue and exertion

A main effect of trial was evident on RPE (F = 6.63, p < 0.028), but not on RPF
(F = 0.0008, p = 0.978). There was a main effect of test on both RPF (F = 15.19,
p < 0.0001) and RPE (F = 15.52, p < 0.0001). In PLC trial, RPF was
significantly higher in T2, T3 and T4 than in T1. In CIT trial no changes in RPF
occurred during the simulated competition day. RPE values exceeded the level
observed in T1 in T3 and T4 in PLC trial, but only in T4 in CIT trial.
Energy intake, hydration status and body mass

During the 15 h period since the preceding evening till the beginning of T1,
average energy intake of the participants was 2137 ± 498 kcal in PLC and
2110 ± 527 kcal in CIT trial (p ˃ 0.05).
Urine volume, USG and urine osmolality were similar in the two trials.
However, water intake and water retention in CIT exceeded that observed in
PLC trial on average 25% (p = 0.001) and 48% (p = 0.003), respectively.
Relative decrease in plasma volume during the time interval since the preceding
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evening till the end of simulated competition day was 4.6 times (p = 0.030)
greater in PLC compared to CIT trial.
There was a main effect of trial (F = 5.55, p = 0.04), time (F = 23.83,
p < 0.0001) and trial by time interaction (F = 11.99, p = 0.0004) on body mass.
Baseline body mass was similar in the two trials. Body mass increased during
the time interval between baseline measurement and the end of the simulated
competition day in both trials, but average gain in body mass in CIT trial was
markedly (2.5 times, p = 0.002) greater than in PLC trial. Changes in body mass
correlated with water retention in both PLC (r = 0.752) and CIT (r = 0.889) trial.
Gastrointestinal distress

Two participants reported mild nausea and moderate flatulence in the evening
preceding the simulated competition day, before T1 and after T2 in both trials,
and one mentioned very mild stomach cramping and stomach ache only in the
evening in PLC trial. One participant reported moderate nausea, belching,
severe flatulence, bowel urgency and diarrhoea before T1 and after T2 only in
CIT trial.

5.3. Creatine study
Energy, macronutrients and water consumption

During the 5-day supplementation period the self-reported daily energy intake
of the participants was 2703 ± 780 kcal in PLC group and 2362 ± 454 kcal in
CR group. In PLC group, the total daily energy intake was made up of
carbohydrates, proteins and fats in proportions of 38.7 ± 13.5%, 19.9 ± 6.4%,
and 41.5 ± 11.3%, respectively. In CR group carbohydrates, proteins and fats
contributed to the total energy intake by 35.6 ± 7.4%, 18.1 ± 3.1% and
45.6 ± 7.0%, respectively. The self-reported daily water consumption was
2481 ± 906 ml in PLC group and 2250 ± 1003 mL in CR group. There were no
statistically significant between-group differences in any of the nutritional
parameters assessed (p > 0.05). Mean daily CR consumption of the participants
in the CR group was 24.8 ± 2.5 g.
Body mass and hydration status

There was no main effect of group on body mass (F = 0.0002, p = 0.990), water
intake (F = 0.032, p = 0.860), water retention (F = 0.045, p = 0.835) or urine
volume (F = 1.26, p = 0.276). Likewise, no main effect of trial was observed on
any of these parameters (p >0.05). All hydration indices USG, urine volume,
water intake and water retention display similar responses to body mass. That is,
there were no significant (p > 0.05) differences in hydration indices between the
supplementation groups, within the two trials, or in relation to tests (i.e. USG
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before T1 and after T4). Finally, calculated plasma volume shifts did not differ
significantly (p > 0.05) between supplement groups or across trials.
Upper body intermittent sprint performance and fatigue index

Figure 9 depicts the changes in PP and MP for each group in both trials and
across all tests (T1–T4). The only significant finding in this data was that for
both PP and MP there was a significant reduction (p = 0.001 and p < 0.001,
respectively) due to exercise (main effect) from T1 to T4. No effects due to
supplement group or trial were detected. In both CR and PLC groups, six
participants attained greater and four participants smaller PP (average for four
tests) after being compared to before supplementation period. The ranges of
individual improvements in average PP in CR and PLC groups were 3.3–
20.9 W and 6.2–20.6 W, respectively. The ranges of individual decrements in
average PP in CR and PLC groups were 2.2–10.7 W and 2.8–10.5 W,
respectively.
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Figure 9. Peak power (A,B) and mean power (C,D) attained during upper-body
intermittent sprint performance tests T1–T4 before (Trial 1) and after (Trial 2) 5-day
supplementation period. Data are presented as mean ± SD, n = 10in both placebo and Cr
groups.
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Regarding MP (average for four tests), five participants in CR group and six
participants in PLC group revealed improvements after compared to before
supplementation period in the ranges of 1.0–26.4 W and 1.2–23.1 W,
respectively. Average MP decreased in five participants in CR group (range 1.7–
24.0 W) and in four participants in PLC group (range 1.5–15.1 W). Fatigue
index responses displayed no significant (p > 0.05) changes (data not reported).
Blood lactate concentration

Lactate responses are displayed in Figure 10. Post exercise significant increases
in lactate occurred in T1 and T4 for both the PLC and CR groups (i.e., main
effect). Additionally, the Pre-Ex lactate concentrations at T4 for trial 1 and trial
2 were significantly greater than in T1 (p values range: 0.0002–0.003).
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Figure 10. Blood lactate in upper-body intermittent sprint performance (UBISP) tests
T1 and T4 before (A) and after (B) 5-day supplementation period. Data are presented as
means ± SD, for 10 subjects in both placebo and Cr groups. Pre-Ex – immediately
before UBISP test; Post-Ex – 4 min after UBISP test. Significantly different (p < 0.05):
a
from Pre-Ex; b from T1.
Heart rate

All forms of HR response measurements are reported in Table 3. The CR group
had significantly greater overall HRPEAK (p = 0.017) and HRER (p = 0.043)
response compared to PLC group. Furthermore, for tests the HRER and HRLR
significantly decreased overall (p values 0.00002 and 0.03, respectively).
Ratings of perceived fatigue and exertion

The RPF and RPE results are reported in Table 4. For RPF, in the PLC group a
significant (p < 0.001) increase fatigue occurred in trial 1 and 2. In trial 1 T2,
T3 and T4 were significantly greater than T1; and, in trial 2 T3 and T4 were
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significantly greater than T1. In the CR group the only significant change in
RPF was in trial 2 where T4 was greater than T1. The only significant (p < 0.05)
change in RPE occurred in trial 1 for both the PLC and CR groups. The T4
responses in both of these situations were greater than T1 showing an increase
in effort.
Table 3. Heart rate (bpm)
Test

Placebo (n = 10)
HRPEAK

Creatine (n = 10)

HRER

HRLR

HRPEAK

HRER

HRLR

Trial 1
T1
T2
T3
T4

165 ± 9
164 ± 7
165 ± 7
165 ± 6

105 ± 11
104 ± 11
101 ± 9
98 ± 9a

80 ± 10
80 ± 8
76 ± 9
―

172 ± 11
172 ± 8
172 ± 6
174 ± 7

115 ± 15
114 ± 15
110 ± 15
106 ± 15a

87 ± 13
86 ± 13
85 ± 12
―

Trial 2
T1
T2
T3
T4

163 ± 8
164 ± 5
162 ± 5
165 ± 6

101 ± 8
102 ± 9
100 ± 8
100 ± 8

78 ± 10
77 ± 7
74 ± 8
―

171 ± 9
172 ± 9
171 ± 8
173 ± 8

115 ± 15
115 ± 14
111 ± 13
112 ± 12

85 ± 14
85 ± 15
84 ± 14
―

Data are presented as mean ± SD. HRPEAK– peak heart rate; HRER– early recovery heart
rate; HRLR– late recovery heart rate; T1–T4 – upper-body intermittent sprint
performance tests. Significantly different (p < 0.05):a from T1.
Table 4. Ratings of perceived fatigue (RPF) and perceived exertion (RPE)
Test

Placebo (n = 10)

Creatine (n = 10)

Trial 1

Trial 2

Trial 1

Trial 2

RPF:

T1
T2
T3
T4

1.1 ± 0.8
1.9 ± 1.1a
2.0 ± 1.3a
2.0 ± 1.0a

0.9 ± 0.7
1.9 ± 1.2
1.9 ± 1.0a
2.3 ± 0.9a

1.8 ± 0.9
2.2 ± 0.8
2.3 ± 0.8
2.5 ± 1.2

1.3 ± 1.1
1.8 ± 1.1
1.9 ± 1.1
2.3 ± 1.4a

RPE:

T1
T2
T3
T4

6.8 ± 2.1
7.2 ± 1.7
7.6 ± 1.7
8.1 ± 1.3a

6.9 ± 1.7
7.6 ± 1.6
7.5 ± 1.5
7.8 ± 1.2

5.9 ± 1.7
6.3 ± 1.4
6.5 ± 1.4
7.1 ± 1.5a

5.8 ± 1.7
6.2 ± 1.5
6.3 ± 1.6
6.6 ± 1.7

Data are presented as mean ± SD. T1 – T4 – upper-body intermittent sprint performance
tests. Significantly different (p < 0.05): a from T1.
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6. DISCUSSION
6.1. Caffeine study
The main finding of this study was that ingestion of a moderate dose of caffeine
did not improve UBISP performance of well-trained wrestlers during simulated
competition day consisting of four consecutive UBISP tests with 30 min
recovery periods between the tests. Furthermore, caffeine ingestion resulted in
partially adverse effect on UBISP performance, as 7.2% reduction in PP across
four tests was observed in the CAF trial but not in PLC trial. Additionally, in T4,
PP achieved in CAF trial was notably smaller (5.6%) than in the PLC trial.
This study is unique among others that have investigated the effect of acute
caffeine ingestion on physical working ability because of the wrestling-specific
methodology applied. No studies have been published on the potential
ergogenic effect of caffeine in wrestlers before and UBISP test protocol was
employed in a manner that mimicked an ordinary competition day in BJJ and
SW.
However, repeated measurement of intermittent high-intensity exercise
performance during a comparatively prolonged time interval is an apparent
common feature of many previous studies (Hackett, 2006; Gant et al., 2010;
Paton et al., 2010; Schneiker, et al., 2006; Stuart et al., 2005). These studies
revealed that caffeine ingestion may reduce a fatigue-induced decline in
intermittent high-intensity exercise performance occurring over a prolonged
activity period of 50–100 min. Therefore, we hypothesized that PP and MP
would be better maintained across four consecutive UBISP tests with caffeine
ingestion compared with placebo, but our results did not confirm this hypothesis.
The impact of acute caffeine ingestion on intermittent sprint performance
may differ depending on the muscle groups predominantly activated during
exercise. Caffeine improved intermittent sprint performance in team sport
athletes and cyclists during activities which loaded lower limbs (Gant et al.,
2010; Paton et al., 2010; Schneiker et al., 2006; Stuart et al., 2005), but not in
our wrestlers who performed an upper-body arm-cranking exercise. These
findings agree with the conclusion of Warren et al. (2010) that caffeine
exclusively improves maximal voluntary contraction strength in knee extensors
but not in other muscle groups. The authors considered plausible that caffeineinduced gains in knee extensor strength may also translate into performance
improvements in short term high-intensity exercise. Thus, the lack of strength
gain in upper body muscles may explain the absence of any positive impact of
caffeine on UBISP in our wrestlers.
Another factor that could have prevented us from observing any ergogenic
effect of caffeine ingestion may be the active recovery to high intensity work
ratio 3:1 during each UBISP test. Davis and Green (2009) suggest that the rest
to work ratios lower than 4.5:1 may be inappropriate for the appearance of any
positive effect of caffeine on intermittent sprint performance. Recently Lee et al.
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(2012) found that with caffeine ingestion, repeated sprint cycling performance
is likely enhanced if the rest to work ratio is at least 5.5: 1. Nevertheless, it is
important to note that all previous studies which revealed the significance of
rest to work ratio in respect of performance improvements employed lower
body exercise protocols.
An average 7.2% decline in PP across the four consecutive tests in the CAF
trial was statistically significant and 2.3 times greater than that observed in the
PLC trial. Considering the randomized crossover design of the study and high
reliability of the test protocol, we consider it unlikely that the decline observed
in PP in CAF trial was just a random event. However, caffeine’s detrimental
effect on physical performance is a very rare finding in the literature. To the best
of our knowledge, this has only been observed in high-intensity intermittent
cycle exercise (Crowe et al., 2006; Greer et al., 1998; Lee et al., 2012) and the
exact mechanism of caffeine’s partially negative impact on performance has
remained obscure.
In our subjects, a significant decline in PP across the four UBISP tests in the
CAF trial may be associated with impaired recovery between the consecutive
tests. This notion is supported by higher HRLR recorded in T1, T2, and T3 as
well as by higher pre-test blood lactate concentrations in the CAF trial than in
the PLC trial observed in T3 and T4.
Regarding HR, the results showed not only higher HRLR but also elevated
HRPEAK and HRER in CAF trial. The between trial difference in HRPEAK was
2–4 bpm, whereas HRLR in CAF trial exceeded that observed in PLC trial by
4–8 bpm, suggesting that elevated HRLR in CAF trial was not merely a
consequence of higher HRPEAK achieved during the UBISP test but a reflection
of impaired recovery.
According to the current understanding, a post test decrease in HR is
initially caused by a rise in parasympathetic activity, which is later followed by
sympathetic withdrawal (Javorka et al., 2002). To the best of our knowledge, the
impact of caffeine ingestion on HR during post-test recovery has previously
only been assessed by Yeragani et al. (2005). Considering their findings, the
occurrence of higher recovery HR in our wrestlers in CAF trial may be
associated with exaggerated vagal withdrawal.
Overall, elevated blood lactate values observed in CAF trial are in
agreement with the findings of other studies (Duncan & Oxford, 2011; Glaister
et al., 2008; Schneiker et al. 2006), which have employed anaerobic exercise
protocols. In previous studies, blood lactate measures were taken before, during
and shortly after exercise, but not during extended recovery periods following
several consecutive bouts of high-intensity intermittent exercise. Nevertheless,
Graham et al. (2000) found that caffeine inhibited blood lactate clearance during
exercise. In light of these data, similar post-test blood lactate concentrations in
T3 in both trials and an elevated pre-test lactate level in T4 in CAF compared
with PLC trial suggest that caffeine inhibited blood lactate clearance during
recovery after T3.
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Improved blood lactate clearance during recovery after a high-intensity
exercise was associated with greater anaerobic power output during the
following high-intensity exercise bout (Ahmaidi et al., 1996). Furthermore,
Hübner-Woźniak et al. (2006) found that elite Polish wrestlers (national team
members), who surpassed their less experienced counterparts in peak and mean
power attained in intermittent high-intensity arm-cranking exercise, also
exhibited significantly faster blood lactate clearance. Hence, less efficient blood
lactate clearance after T3 might contribute to decreased PP observed in T4 in
CAF trial.
According to traditional understanding, a high lactate level is concomitant
with increased concentration of H+ ions (low pH) and especially the latter may
depress muscle function through multiple mechanisms, including suppression of
energy supply by glycolysis/glycogenolysis (Gladden, 2008). On the other hand,
the results of experiments on isolated muscles suggest that H+ ions and lactate
are merely of limited importance in the development of fatigue (Allen et al.,
2008). Nevertheless, the fact that ingestion of substances which increase the
capacity of extracellular (Requena et al., 2005) or intracellular (Van Thienen et
al., 2009) H+ buffers also has potential to improve physical performance in
high-intensity exercise suggests that in conditions where large acid-base
disturbances occur, proton accumulation may still play an important role in
fatigue development.
Cairns (2006) proposed a hypothesis according to which a severe plasma
acidosis in humans may impair exercise performance by causing a reduced
central nervous system drive to muscle. Our previous study (Timpmann et al.,
2012) revealed that exceptionally high blood lactate levels induced by the
UBISP test protocol occurred in conjunction with extensive reduction in blood
pH. According to Robergs et al. (2004) lactate production retards, not causes
acidosis, but muscle or blood lactate accumulation are still good indirect
indicators of increased proton release and potential for decreased cellular and
blood pH. Therefore, in the current study higher lactate levels found in CAF
trial compared with PLC trial may be considered to indirectly indicate more
severe acidosis.
Although HR and blood lactate data suggest impaired recovery between the
consecutive UBISP tests in CAF trial, similar RPF values recorded before the
beginning of each test reveal that subjectively our wrestlers felt equally
recovered from the preceding effort in both trials. Similar RPE values observed
in the two trials are in accordance with the findings of other researchers who
have employed intermittent high-intensity exercise protocols (Gant et al., 2010;
Glaister et al., 2008; Schneiker et al., 2006). Considering RPE was registered
immediately after each UBISP test, our results support the suggestion of
Doherty and Smith (2005) that effort sense experienced following all-out exercise
is essentially the same regardless of preceding caffeine or placebo ingestion.
Thus, subjective feelings of fatigue and perception of effort is apparently not
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associated with a partially detrimental effect of caffeine on UBISP in our
wrestlers.
Body mass, water intake, sweat loss and urine data all confirm that caffeine
had no impact on hydration status in our wrestlers. Acute caffeine ingestion
generally does not stimulate diuresis or sweat loss during exercise (Armstrong,
2002; Goldstein et al., 2010). However, the diuretic effect of caffeine may occur
in resting conditions (Wemple, Lamb, & McKeever, 1997), and dehydration has
been shown to be associated with decreased UBISP in trained wrestlers
(Timpmann et al., 2012). As the design of this study was unique (the wrestlers
mostly rested and only exercised episodically during 144 min of a simulated
competition day), we considered it important to assess their hydration status.
The results clearly indicate that a partially detrimental effect of caffeine on
UBISP was not induced by changes in body hydration status.
This study has two important limitations. First, our performance data cannot
be directly generalized to tournament wrestling performance. Although PP
attained in high-intensity arm-cranking exercise is considered an important
success factor in wrestling (Garcia-Pallarés et al., 2011; Hübner-Woźniak et al.,
2006), it is not known whether a 7.2% decrease in PP translates into impaired
performance in a real wrestling match.
Second, elevated HR and blood lactate levels observed in CAF trial suggest
impaired recovery between consecutive high-intensity arm-cranking exercise
bouts, but these data alone remain too scarce to elucidate the exact mechanism
through which caffeine may have a partially detrimental effect on performance
in this type of exercise. Future studies would certainly benefit from collecting
additional data (muscle and blood metabolic parameters, heart rate variability)
for developing a more comprehensive understanding of recovery processes
between consecutive high-intensity upper body exercise bouts completed with
and without acute caffeine ingestion.
Results of this study indicate that in trained wrestlers under simulated
competition day conditions mimicking four consecutive wrestling matches,
acute caffeine ingestion reduces the ability of upper body musculature to
generate PP. Elevated HR and blood lactate levels concomitant with caffeine
ingestion suggest that caffeine may impair Post-Ex recovery processes.

6.2. Sodium Citrate study
Contrary to our hypothesis, sodium citrate ingestion did not improve PP or MP
attained by trained wrestlers during four consecutive UBISP tests which were
arranged with intention to mimic an ordinary competition-day in Bjj and SW.
To the best of our knowledge, the potential impact of alkalizing agents on
upper body anaerobic performance in such a specific situation has not been
investigated previously. Therefore, direct comparison of our findings with the
data of other relevant studies is complicated. Nevertheless, two previous studies
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have assessed the influence of induced alkalosis on UBISP and both have
concluded that there is no ergogenic effect of NaHCO3 (Aschenbach et al., 2000)
or sodium citrate (Timpmann et al., 2012) ingestion on PP or MP attained
during a single UBISP test.
These researchers speculated that absence of expansion of intravascular
volume (Aschenbach et al., 2000) or physiologically insufficient degree of
alkalosis (Timpmann et al., 2012) may have eliminated any performanceenhancing effect of the supplements ingested. Therefore, in the current study,
we intended to achieve physiologically significant degree of alkalosis together
with an increase in plasma volume by administering unusually big total dose
(900 mg·kg−1) of sodium citrate to our participants. As a result of this, prior to
T1 and T4 blood HCO3−concentration in CIT trial exceeded that observed in
PLC trial by 25.6% and 39.1%, respectively. Similar (21.8–27.1%) differences
in blood HCO3−concentration between NaHCO3 supplemented and placebo
conditions have been reported in association with improvements in repeated
cycle sprint (Bishop et al., 2004), high-intensity arm-cranking exercise
(Robertson et al., 1987) and progressive forearm exercise (Raymer et al., 2004)
performance. Furthermore, although plasma volume generally tended to
decrease across the simulated competition day, the extent of the decrease in CIT
trial was 4.6 times smaller than that observed in PLC trial. Nevertheless, wellexpressed alkalosis combined with improved maintenance of plasma volume
had no impact on performance in our participants.
It may be suggested that trained status of our participants minimized the
ergogenic effect of sodium citrate. The data of previous cross-sectional (Edge et
al., 2006a; Parkhouse et al., 1983) and longitudinal (Edge et al., 2006b) studies
suggest that skeletal muscles of athletes involved in sports with a marked
anaerobic demand are characterized by relatively high intracellular buffer
capacity. Therefore, it has been speculated that in trained wrestlers, who may
already possess high intracellular buffer capacity, enhanced extracellular
buffering may lack any additional positive effect on high-intensity upper-body
exercise performance (Aschenbach et al., 2000). Generally consistent with this
speculation are the recent findings of Flueck et al. (2014) who reported absence
of any ergogenic effect of sodium citrate on 1,500-m time-trial performance in
elite wheelchair-racing athletes, and Zabala et al. (2011) who observed no
impact of NaHCO3 ingestion on performance in three consecutive Wingate tests
separated by 15-min recovery in elite BMX cyclists. However, Bellinger et al.
(2012) reported that in highly trained cyclists 28 days of β-alanine
supplementation did not improve 4-min cycling performance, whereas acute
NaHCO3 supplementation had significant ergogenic effect. These findings
suggest that the already highly developed intracellular buffering capacity may
indeed reduce the efficacy of supplements influencing intracellular buffers, but
the ergogenic effect of substances inducing extracellular alkalosis is still
maintained.
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The data of two recent studies are consistent with this suggestion. Artioli et
al. (2007) and Tobias et al. (2013) studied well-trained judo and Jiu Jitsu
athletes and demonstrated significant positive effect of acute (Artioli et al., 2007)
and chronic (Tobias et al., 2013) NaHCO3 supplementation protocols on PP and
MP attained during four bouts of 30-s upper-body Wingate test performed with
3-min recovery periods between the bouts. Thus, although some data imply that
trained status could be a factor which may diminish the potential ergogenic
effect of induced alkalosis, the findings of Artioli et al. (2007) and Tobias et al
(2013) suggest that the impact of this factor could not be considered strong
enough for total elimination of any performance-enhancing influence of sodium
citrate in our wrestlers.
In addition to the characteristics of the participants, the specificity of the
procedure of performance testing and mechanism of action of induced alkalosis
should be considered as important factors influencing the performance
outcomes observed in the current study. Robertson et al. (1987) concluded that
the greater the level of metabolic acidosis during exercise, the more effective is
induced alkalosis in improving performance. Low average Post-Ex blood pH
values in T1 (7.20) and T4 (7.22) compared to baseline level of 7.39 in PLC
trial reveal marked acidification effect of UBISP tests in our participants.
Furthermore, average Pre-Ex blood pH value of 7.33 in T4 suggests that acid–
base balance did not normalize completely during the 30-min recovery periods
between consecutive UBISP tests. Thus, the procedure of performance testing
clearly provoked perturbations in acid-base balance, which should have favored
occurrence of the potential ergogenic effect of induced alkalosis in our
participants.
Nevertheless, the exact mechanism of action of induced alkalosis on
performance has not been completely elucidated. According to common
explanation, induced alkalosis facilitates the efflux of H+and lactate from
intensively contracting muscle cells and thereby leads to an enhanced glycolytic
ATP generation and improved performance in high-intensity exercise (Requena
et al., 2005).
An increased Post-Ex blood lactate concentration concomitant with
improved performance observed after induced alkalosis compared to placebo
ingestion (Bishop et al., 2004; Russell et al., 2014; Tobias et al., 2013; Zajac et
al., 2009; Zinner et al., 2011) can be interpreted as indirect evidence supporting
the proposed mechanism of action of alkalosis, and Hollidge-Horvat et al. (2000)
have provided even more relevant data by demonstrating increased muscle
glycogen utilization and PCr breakdown due to alkalosis.
Aschenbach et al. (2000) speculated that during UBISP test there may be a
shortage of time for allowing adequate translocation of metabolites from muscle
to occur, which may minimize the impact of induced alkalosis on performance.
However, in the current study, a version of the UBISP test was employed where
repeated 15-s maximal-intensity arm-cranking exercise interspersed with 40-s
active recovery, whereas only 20-s recovery periods were allowed by
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Aschenbach et al. (2000). Furthermore, in our participants, higher Post-Ex
blood lactate concentration in CIT than in PLC trial in T1 is consistent with the
conception of facilitated efflux of metabolites from active muscle due to
induced alkalosis. Considering that Bishop et al. (2004) demonstrated alkalosisinduced improvement in performance concomitant with increased Post-Ex
blood lactate level in repeated-sprint ability test consisting of 5 all-out cycle
sprints separated by 30-s resting intervals, it seems unlikely that the 40-s
recovery periods between maximal efforts were too short and abolished the
potential ergogenic effect of induced alkalosis in our participants.
GID concomitant with ingestion of alkalizing substances is considered an
important factor reducing potential performance-enhancing effect of these
substances, but sodium citrate seems to be less likely to cause GID than
NaHCO3 (Requena et al., 2005). In the current study, altogether four participants
reported various signs of GID, but only in one occasion there was clear
association between the reported complaints and sodium citrate ingestion. In the
rest of occasions, ingesting a rather big number of gelatine capsules, not the
content of the capsules, seemed to be the main reason for occurrence of very
mild to moderate GID. Thus, there is no evidence that low tolerance of sodium
citrate was an important factor abolishing potential ergogenic effect of this
substance in our participants.
In our participants, alkalosis induced by ingestion of sodium citrate reduced
RPE. The data of Robertson et al. (1987) suggest that the ergogenic effect of
induced alkalosis in high-intensity upper-body exercise may be at least partly
explained by reduced RPE, but others (Artioli et al., 2007; Tobias et al., 2013)
have reported improved upper-body performance without any change in RPE.
Thus, there seems to be no firm relation between the changes in RPE and upperbody performance due to alkalosis. Swank and Robertson (2002) registered
RPE during 10-min rest periods between repeated bouts of 5-min high-intensity
cycling exercise and reported improved recovery due to NaHCO3-induced
alkalosis.
In our participants, sodium citrate compared to placebo did not alleviate
subjective feeling of fatigue which was registered at the end of each 30-min
recovery interval. Similarly, alkalosis had no impact on HR in early or in late
phase of recovery after each UBISP test. These findings suggest that sodium
citrate did not influence recovery processes in our wrestlers.
Aschenbach et al. (2000) and Timpmann et al. (2012) found no ergogenic
effect of NaHCO3 or sodium citrate in a single UBISP test. The results of the
current study confirm these findings as there was no change in PP or MP in T1
in our participants, and also extend the existing literature, showing that sodium
citrate had no ergogenic effect on UBISP across four consecutive tests separated
with 30-min recovery periods. On the other hand, clear performance- enhancing
effect of NaHCO3 ingestion has been demonstrated by Artioli et al. (2007) and
Tobias et al. (2013) in athletes who performed four bouts of 30-s upper-body
Wingate test with 3-min recovery periods between the bouts. Furthermore,
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Robertson et al. (1987) employing high-intensity arm and leg ergometry
performed until the point of fatigue found that the increase in work capacity due
to NaHCO3 induced alkalosis was markedly greater for the arm than for the leg
exercise mode. The data of these studies as a whole (Artioli et al., 2007;
Aschenbach et al., 2000; Robertson et al., 1987; Timpmann et al., 2012; Tobias
et al., 2013; current study) imply that NaHCO3 may possess greater potential for
improving upper-body anaerobic performance than sodium citrate.
We are not aware about any study which has directly compared the
influence of NaHCO3 and sodium citrate ingestion on upper-body performance.
However, Van Montfoort et al. (2004) observed improvement in sprint run time
to exhaustion after NaHCO3 ingestion but not following sodium citrate
administration, although the latter produced higher blood pH and
HCO3−concentration. Van Montfoort et al. (2004) speculated that an increase in
intracellular citrate concentration which occurs due to sodium citrate, but not
NaHCO3 ingestion, may inhibit the activity of phosphofructokinase and thereby
abolish any stimulating effect of induced alkalosis on glycolytic ATP production
in contracting muscle cells and avoid improvement in performance in highintensity exercise. An increased Post-Ex blood lactate concentration observed
after sodium citrate loading (Russell et al., 2014; Ööpik et al., 2003; current
study) is hardly compatible with this scenario, but the finding of Garnier et al.
(1996) that induced alkalosis decreases the rate of lactate uptake by inactive
musculature during exercise may explain this controversy.
As our data are not sufficient for concluding that the peculiarity of
metabolism of sodium citrate explains the absence of any ergogenic effect of
induced alkalosis on UBISP, this possibility deserves assessment in future
studies. Such studies may improve our understanding about the potential role of
metabolic acidosis in developing fatigue in high-intensity upper body exercise.
Furthermore, as alkalizing substances are currently considered doping in dog
and horse racing (Burke et al., 2006) while not being banned for human
performances, subsequent research in this area may provide evidence for
evaluating the appropriate use of these substances by human athletes.
The results of this study indicate that in trained wrestlers under simulated
competition-day conditions mimicking four consecutive wrestling matches,
acute CIT ingestion induces metabolic alkalosis, counteracts reduction in
plasma volume, increases Post-Ex blood lactate concentration and reduces RPE,
but does not improve PP or MP attained in four consecutive UBISP tests.

6.3. Creatine study
The main finding of this study was that short-term Cr supplementation had no
impact on PP or MP attained by trained wrestlers during four consecutive
anaerobic tests intended to mimic a typical competition-day in wrestling.
Furthermore, Cr did not influence fatigue development substantially relative to
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the placebo. To the best of our knowledge, this is the first study assessing the
potential efficacy of Cr loading in improving upper-body anaerobic performance
in combative-type sports under a simulated competition setting. Previous
studies focusing on wrestling scenarios have demonstrated ergogenic effects of
Cr supplementation in participants, but as noted earlier these studies have
limitations (Kocak & Karli, 2003; Ziegenfuss et al., 2002; Ööpik et al., 2002).
Our hypothesis that Cr loading would increase upper-body anaerobic power
was based on the outcomes of meta-analytic and systematic literature reviews.
These reviews revealed that Cr supplementation has the most pronounced
positive effect on performance in multiple bouts of high-intensity, shortduration exercise (Bemben and Lamont, 2005;Bird, 2003; Branch 2003; Cooper
et al., 2012; Kreider, 2003) and that generally the effect of Cr on performance is
greater in upper-body exercise than in lower-body exercise (Branch, 2003).
Regarding intermittent sprint performance in exercise tasks loading lower-body
musculature, marked improvement following short-term Cr supplementation
has been reported by numerous research groups in untrained and moderately
trained subjects (Balson et al., 1993; Birch et al., 1994; Dawson et al., 1995;
Shomart et al., 2000; Wiroth et al., 2001; Wrigth et al., 2007; Zuniga et al 2012)
as well as in highly trained athletes (Cottrell et al., 2002; Cox et al., 2002;
Izquierdo et al., 2002; Romer et al 2001; Mujika et al., 2000; Skare et al., 2001;
Ziegenfuss et al., 2002). Not all of the relevant studies, however, have
confirmed the ergogenic effect of Cr loading (Barnett et al., 1996; Camic et al.,
2010; Delecluse et al., 2003; Hoffman et al., 2005; Ledford and Branch, 1999).
Furthermore, to the best of our knowledge, only two research groups (Grindstaff
et al., 1997; Green et al., 2001) have assessed the potential impact of short-term
Cr supplementation on repeated high-intensity arm-cranking exercise
performance in athletes and the findings of these studies were conflicting.
Grindstaff et al. (1997) reported 7.5% greater peak power output during the
first of three consecutive 20-s arm ergometer maximal-effort sprint tests after
compared to before nine days of Cr monohydrate (21 g·d–1) ingestion in trained
swimmers. Green et al. (2001), however, found that six days of Cr
supplementation (20 g·d–1) did not enhance peak power or mean power during
three consecutive 30-s arm Wingate tests in recreational athletes. In addition,
Jacobs et al. (2002), employing incremental peak arm ergometry test consisting
of 2-minute work stages and 1-minute recovery periods, observed a significant
increase in peak power output (6.7%) following seven days of Cr
supplementation (20 g·day–1) in men with complete cervical-level spinal cord
injury.
Taken together, the limited and inconsistent literature and the current
findings are clearly insufficient to draw any definitive conclusions regarding the
influence of short-term Cr supplementation on anaerobic performance in armcranking exercise. Therefore, further studies are warranted in order to better
elucidate the potential impact of Cr on performance in this particular mode of
physical activity.
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In our participants, Cr loading had no influence on body mass. According to
Branch et al. (2003), approximately 64% of studies which have measured body
mass and/or body composition have reported statistically significant increases
in body mass or lean body mass due to Cr supplementation. Regarding shortterm Cr monohydrate loading in particular, a review conducted by Volek and
Kraemer (1996) revealed that ingestion of 20–30 g of this substance per day for
five to seven days usually induces an increase in body mass in the range of 0.9–
1.8 kg. Kilduff et al. (2004) reported positive correlation between change in
body mass and whole-body Cr uptake. Saab et al. (2002) suggested that an
increase in intracellular muscle water may occur due to osmotic properties of Cr
and this may be responsible for the rapid change in body mass accompanying
Cr use. Therefore, some authors (Mujika et al., 2000; Wright et al., 2007) have
interpreted increase in body mass as an indirect evidence of successful muscle
Cr loading.
The absence of any change in body mass or hydration in our subjects during
the supplementation period does not necessarily, however, indicate that Cr
ingestion failed to increase muscle Cr content. Some reports indicate body mass
actually does not correlate with increases in muscle Cr content (Greenhaff et al.,
1994) or in the muscle PCr/ATP ratio (Saab et al., 2002). Furthermore, shortterm Cr supplementation has been shown to improve performance in highintensity arm-cranking exercise (Grindstaff et al., 1997), cycling sprints
(Dawson et al., 1995; Wiroth et al., 2001; Zuniga et al., 2012), maximal
unilateral knee extension and maximal deadlift strength (Rossouw et al., 2000)
and to increase anaerobic running capacity (Fukuda et al., 2010) without
concomitant changes in body mass.
Cr ingestion did not influence blood lactate response to the anaerobic tests
in our participants. The potential effect of Cr on blood lactate levels in repeated
high-intensity arm-cranking exercise has not been reported, but blood lactate
response to repeated running or cycling sprints have been shown to be
unchanged (Dawson et al., 1995; Mujika et al., 2000), increased (Shomrat et al.,
2000; Skare et al., 2001) or decreased (Balsom et al., 1993; Cox et al., 2002)
when compared to before Cr loading.
HRPEAK and HRER were consistently higher in CR than PLC group. The
reason for this finding is unclear, but the data clearly reveal that supplements
ingested (Cr and placebo) had no impact on HR during the UBISP tests or
during recovery periods between the consecutive UBISP tests in our
participants. Regarding HRPEAK, our findings are consistent with that reported
by Jacobs et al. (2002), who observed similar peak HR values before and after
Cr loading in cervical cord injury patients performing incremental peak arm
ergometry test. Others have reported no effect of Cr on exercise heart rate in
repeated running (Izquierdo et al., 2002; Romer et al., 2001) or cycling (Wiroth
et al., 2001) sprints or lower average heart rate during repeated running sprints
after compared to before Cr loading (Cox et al., 2002), or during recovery
(Wiroth et al., 2001).
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There was no substantial and consistent effect of Cr or placebo
supplementation on the RPF or RPE responses to the UBISP tests. This finding
suggests that Cr loading did not strongly influence perception of effort during
the tests or subjective feeling of recovery between the consecutive tests. Jacobs
et al. examined RPE during arm-cranking exercise and reported similar RPE
values in Cr and placebo exercise trials (Jacobs et al., 2002). However, as
significantly greater peak power output was attained after Cr loading compared
to placebo, the RPE data (Jacobs et al., 2002) suggest that Cr actually
attenuated the perception of effort in their subjects.
An acknowledged methodological limitation of this study is the absence of
direct evidence confirming that Cr loading was physiologically efficient and
increased muscle Cr content in our subjects. Considering that the extent of Cr
uptake during supplementation period appears to be critical to subsequent
performance in repeated bouts of high-intensity exercise (Casey et al., 1996;
Greenhaff et al., 1996), failure to increase muscle Cr content would explain the
lack of any change in upper body anaerobic power. But, we are confident in the
high quality of the Cr product and our subjects complied with supplement use
based upon food diary reviews and in direct questioning of them individually.
We cannot completely exclude the possibility that a longer supplementation
period might have been needed for occurrence of an ergogenic effect.
Vandenberghe et al. (1997) and Francaux et al. (2000) administered similar
daily dosages of Cr (20 g and 21 g) to their subjects for 4 or 14 days, respectively.
While both groups reported significant increases in muscle PCr content
following supplementation period, the extent of the increase was much smaller
(approximately 5%) after 4 days Vandenberghe et al. (1997) compared to that
observed after 14 days (approximately 20%) Francaux et al. (2000).
The exercise protocol employed was developed to be in line with a “real
world” situation for mimicking wrestling matches during a competition-day and
hence practical. On the other hand, the specificity of the exercise protocol may
have diminished the potential ergogenic effect of increased muscle Cr content
in our subjects. Improved performance in repeated bouts of high-intensity
exercise following Cr loading is likely due to an increased Pre-Ex Cr phosphate
availability and enhanced resynthesis of PCr during recovery periods (Balsom
et al., 1993; Birch et al., 1994; Casey et al., 1996). However, it has been
demonstrated that the rate of resynthesis of PCr is practically identical in Cr loaded and non-loaded muscle during the initial 40 s after intense exercise,
whereas the accelerated resynthesis mainly occurs during the 2nd minute of
recovery (Greenhaff et al., 1994). While PCr resynthesis depends on muscle
oxygen supply and removal of lactate and protons (Tesch et al., 1989;
Vandenberghe et al., 1997), i.e. processes which largely are based on diffusion
(Francaux et al., 2000; Gladden 2008), the 40-s unloaded easy cranking periods
(active recovery intervals) between consecutive 15-s maximal exercise bouts
may be too short to elicit enhanced PCr resynthesis in Cr -loaded state. Further,
high-intensity upper-body exercise relies much more on the anaerobic lactic
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energy system than lower-body exercise (Beneke et al., 2002; Gladden et al.,
2008; Lovell et al., 2013; Tesch et al., 1989), but the diffusional area is smaller
and the diffusional distance longer in the arm than in the leg muscles (Beneke et
al., 2002; Calbet et al., 2005). Therefore, occurrence of the potential ergogenic
effect of Cr loading in repeated bouts of high-intensity arm-cranking exercise
may require longer between-bout recovery intervals than those used in the
current study or in the other relevant studies (Green et al., 2001; Grindstaff et
al., 1997).
In conclusion, five days of Cr monohydrate supplementation failed to
increase upper-body anaerobic power in four anaerobic tests mimicking
wrestling matches in trained wrestlers. However, our data are not sufficient for
concluding that Cr has no ergogenic potential for wrestling performance in
general and specifically in upper-body anaerobic sprint performance. Further
research is warranted with possible modifications to supplementation protocol
length and UBISP test rest to work ratio.

6.4. General discussion
At the centre of this thesis was the concept of simulated competition day. An
approach that has not been employed thus far in research related to wrestling
performance. Most of the supplements, including the ones used for this thesis,
have longer half-lives than a single wrestling match and if consumed for
competition day, possibly affect physiology and performance through-out
multiple matches. Thus, we sought to assess supplement effectiveness in
conditions mimicking an ordinary wrestling tournament day, where multiple
matches alternate with short recovery periods.
Another central aspect was to employ UBISP test. Out of all the physical
characteristics a high level wrestler needs to develop, upper-body anaerobic
performance has been noted to be of critical importance. UBISP test has been
developed specifically for testing this critical component in wrestlers.
In line with previous notion, supplements chosen for this thesis showed
potential for improving upper-body anaerobic performance. Based on previous
research we hypothesized that by ingesting either caffeine, sodium citrate or Cr,
an ergogenic effect would manifest in UBISP of well-trained wrestlers under
simulated competition-day conditions.
Our results showed that none of the supplements improved UBISP and in
case of caffeine, a detrimental effect was observed. Based on results we cannot
recommend these supplements for improving wrestlers’ physical performance.
However, it is important to point out limitations in our studies and further
research is warranted for more conclusive result.
For caffeine, further research should elucidate whether caffeine induces
abnormalities in parasympathetic and sympathetic activities during limited
recovery periods between consecutive maximal anaerobic efforts and whether
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these potential abnormalities are related to decreased performance. Also, highintensity upper body exercise bouts completed with and without acute caffeine
ingestion would develop a more comprehensive understanding of recovery
processes between consecutive bouts.
In sodium citrate study, further research is warranted to elucidate whether
lack of ergogenic effect of induced alkalosis in this particular situation is due to
the specificity of the UBISP test (rest to work ratio) or whether enhanced
performance could still be achieved by ingesting NaHCO3 instead of sodium
citrate.
Further research related to Cr supplementation should consider modification
to supplementation protocol length to maximize muscle Cr accumulation. A
modification in UBISP test rest to work ratio could elicit enhanced PCr
resynthesis and produce ergogenic effect. Furthermore, Cr supplementation is
generally accompanied by body mass increase so its use should be carefully
considered in sports with weight classes. If a Cr supplementation protocol could
be developed which results in performance increase without body mass increase
it would be especially useful. Cr also has been show to enhance cognitive
performance which may be of interest to combat sports athletes in general.
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7. CONCLUSIONS
1. In trained wrestlers, under simulated competition day conditions mimicking
four consecutive wrestling matches, acute caffeine has partially detrimental
impact on upper-body anaerobic power, which is revealed in a significant
reduction in peak power across the four “matches” with preceding caffeine but
not placebo ingestion. Caffeine does not influence perceptual responses to
exercise, but elevated heart rate and blood lactate levels occurring between the
“matches” after caffeine ingestion suggest that caffeine impairs recovery
between consecutive high-intensity upper-body exercise bouts.
2. Under the same conditions, 17 h sodium citrate administration or 5 day
creatine monohydrate supplementation prior to the simulated competition day
do not influence upper body anaerobic power.
3. Prior sodium citrate administration induces metabolic alkalosis, counteracts
reduction in plasma volume, increases post-“match” blood lactate concentration
and reduces perceived exertion, but does not influence heart rate during
simulated competition day.
4. Prior creatine monohydrate supplementation does not influence blood lactate
or perceptual responses to consecutive “matches”, but induces higher exercise
and early recovery heart rates during simulated competition day.
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SUMMARY IN ESTONIAN
Toidulisandite mõju hindamine maadlejate ülakeha
lihaste anaeroobsele võimsusele simuleeritud
võistluspäeva tingimustes
Sissejuhatus

Toidulisandite tarvitamine on tänapäeval spordi lahutamatu osa. Samas teaduslik informatsioon väga paljude toidulisandite toime kohta inimese organismile kas puudub üldse või siis on napp ja vastuoluline. Puudulike teadmiste
tõttu on toidulisandite tõenduspõhiste kasutusjuhendite väljatöötamine sageli
raskendatud või isegi võimatu. Kontroll toidulisandite tootmise ja turustamise
üle on väga nõrk. Kuid ka teaduslike meetoditega kontrollimata toimega toidulisandite müük on legaalne tegevus ning toidulisandite globaalne turg üha
kasvab. Märkimisväärse osa selle turu käibest annavad sportlased ja kehaliselt
aktiivse eluviisiga inimesed. Käesoleva uurimistöö tulemused lisavad eeldatavasti olulist teavet kolme toidulisandi (kofeiini, naatriumtsitraadi ja kreatiini)
toime kohta maadlejate kehalisele töövõimele. Nende ainete mõjust kahevõitluse alade sportlastele, sealhulgas konkreetselt maadlejate töövõimele, on väga
vähe andmeid (naatriumtsitraat ja kreatiin) või puuduvad need sootuks (kofeiin).
Neist ühegi kasutamise efektiivsust ei ole seni uuritud võistluspäevale sarnastes
tingimustes ehk siis olukorras, kus sportlasel tuleb korduvalt maksimaalselt
pingutada vaheldumisi võrdlemisi lühikeste taastumisperioodidega pingutuste
vahel.
Uurimistöö eesmärk

Käesoleva uurimistöö peamiseks eesmärgiks oli välja selgitada kolme toidulisandina kasutatava aine – kofeiini, naatirumtsitraadi ja kreatiini – mõju treenitud maadlejate kehalisele töövõimele võistluspäevale sarnastes tingimustes.
Lisaks kontrolliti nimetatud toidulisandite mõju mõnedele ainevahetuse parameetritele, südame löögisagedusele ja kognitsioonile (subjektiivselt tajutav
pingutuse raskusaste ja väsimuse tase).
Uuritavad ja metoodika

Uuritavateks olid Tartu maadlusklubide sportlased, kelle iganädalane treeningmaht ületas 6 tundi ja kes olid vähemalt Eesti meistrivõistluste tasemel saavutanud poodiumikohti. Uuritavate arv, vanus, kehamass ja -pikkus olid vastavalt:
kofeiini uuringus 14, 25.3 ± 4.9 a, 77.8 ± 6.1 kg ja 178.9 ± 5.4 cm; naatriumtsirtaadi uuringus 11, 25.9 ± 6.2 a, 80.1 ± 8.9 kg ja 180 ± 3.0 cm; kreatiini
uuringus 20, 25.6 ± 3.8 a, 82.7 ± 8.6 kg ja 185.1 ± 6.5 cm.
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Uuritavate töövõimet hinnati kätega pedaalitaval veloergomeetril. Töövõime test koosnes kuuest 15 s maksimaalsest pingutusest vaheldumisi 40 s
kerge, vabalt valitud tempos pedaalimise perioodidega ja 5 s kiirendusintervallidega. Maksimaalsete pingutuste aegu rakendati ergomeetri hoorattale koormust, mis oli igale uuritavale individuaalselt doseeritud ning mille suurus oli
0.04 kg kilogrammi kehamassi kohta. Igas töövõime testis registreeriti 15 s
maksimaalsete pingutuse ajal ergomeetril arendatud tippvõimsus ja keskmine
võimsus. Ühe töövõime testi kestus oli 6 minutit. Kirjeldatud test võimaldab
hinnata maadleja ülakeha lihaste anaeroobset võimsust. See võimekuse aspekt
on maadluses edu saavutamiseks keskse tähtsusega. Nelja testi sooritamine,
millest igaüks simuleerib üht maadlusmatši, simuleerib võistluspäeva.
Kofeiini ja naatriumtsitraadi uuringud teostati topeltpimeda, randomiseeritud, ristuva uuringukavandi kohaselt, kreatiini uuringus aga järgiti topelpimeda, randomiseeritud paralleelsete gruppide uuringu kavandit. Kofeiini
manustati uuritavatele simuleeritud võistluspäeva hommikul 30 minutit enne
esimest töövõime testi koguses 5 mg·kg‒1. Naatirumtsitraati manustati 17 tunnise
perioodi vältel enne simuleeritud võistluspäeva esimest töövõime testi kokku
900 mg·kg‒1. Kreatiini monohüdraati manustati 5 päeva vältel enne simuleeritud
võistluspäeva, iga päev 0.3 g·kg‒1.
Tulemused

Kofeiini uuringus sportlaste ülakeha lihaste arendatav keskmine võimsus simuleeritud võistluspäeva vältel langes, kusjuures languse ulatus oli kofeiini ja platseebo manustamise korral ühesugune (10,1%; p < 0,05). Tippvõimsuse oluline
langus (7,2%; p < 0,05) seevastu ilmnes ainult kofeiini manustamise puhul.
Kolmanda ja neljanda töövõime testi eel mõõdetud laktaadi kontsentratsioon
veres ja südame löögisagedus olid kõrgemad kofeiini manustamise korral
võrreldes platseeboga (p < 0,05). Uuritavate poolt subjektiivselt tajutud pingutuse raskusaste ja väsimuse tase olid kofeiini ja platseebo manustamise korral
sarnased ((p >0,05).
Naatriumtsitraadi manustamine kutsus simuleeritud võistluspäeva alguseks
esile selgesti väljendunud metaboolse alkaloosi, mis avaldus vere bikarbonaatioonide kontsentratsiooni, pH taseme ja leelisreservi olulises tõusus võrreldes
nii lähtetasemega kui ka platseebo manustamise järgselt mõõdetud väärtustega
(kõigil juhtudel p < 0,05). Kõigi kolme parameetri osas säilis naatriumtsitraadi
ja platseebo manustamise metaboolse mõju erinevus simuleeritud võistluspäeva
lõpuni. Vere laktaadi kontsentratsioon oli esimese töövõime testi järel kõrgem
naatriumtsitraadi manustamise korral võrreldes platseeboga (p < 0,05).
Naatriumtsitraadi manustamine võrreldes platseeboga vähendas vereplasma
mahu languse ulatust ja subjektiivselt tajutud pingutuse raskusastet võistluspäeva jooksul (mõlemal juhul p < 0,05). Ülakeha lihaste arendatav keskmine ja
tippvõimsus kogu simuleeritud võistluspäeva jooksul osutus naatriumtsitraadi ja
platseebo manustamise korral ühesuguseks (p > 0,05).
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Kreatiini manustamine ülakeha lihaste arendatavat keskmist ega tippvõimsust
ei mõjutanud: need olid kogu simuleeritud võistluspäeva jooksul kreatiini- ja
platseebogrupis ühesugused (p > 0,05). Laktaadi kontsentratsioon veres suurenes
töövõime testi mõjul kreatiini- ja platseebogrupis ühevõrra (p > 0,05), kuid
südame maksimaalne löögisagedus töövõime testi ajal ning samuti südame
löögisagedus testijärgse taastumise varases faasis olid kõrgemad kreatiinigrupis
võrreldes platseebot manustanud uuritavatega (p < 0,05).
Järeldused

1. Kofeiini manustamisel on osaline töövõimet pärssiv efekt treenitud maadlejate kehalisele töövõimele simuleeritud võistluspäeva tingimustes. See efekt
avaldub nelja maadlusmatši imiteeriva testi sooritamisel ülakeha anaeroobsel
tööl arendatava tippvõimsuse languses. „Matšide“ vahel täheldatud südame
löögisageduse ja vere laktaadi kontsentratsiooni tõus võrreldes platseeboga
viitab kofeiini negatiivsele mõjule taastumisprotsessidele järjestikuste kõrge
intensiivsusega pingutuste vahel.
2. Samades tingimustes, simuleeritud võistluspäevale eelnev 17 tunnine
naatriumtsitraadi või 5 päevane kreatiini manustamine ei avalda mõju ülakeha anaeroobsele töövõimele.
3. Eelnev naatriumtsitraadi manustamine tekitab simuleeritud võistluspäeva
tingimustes tugeva metaboolse alkaloosi, tõkestab vereplasma mahu vähenemist, suurendab „maadlusmatši“ järgset laktaadi kontsentratsiooni veres
ja alandab subjektiivselt tajutud pingutuse raskusastet kuid ei avalda mõju
südame löögisagedusele.
4. Eelnev kreatiini monohüdraadi manustamine ei mõjuta simuleeritud võistluspäeva tingimustes vere laktaadi kontsentratsiooni ega neljal „maadlusmatšil“ subjektiivselt tajutud pingutuse raskusastet kuid, suurendab südame
maksimaalset löögisagedust „matši“ ajal ja sellele järgneva taastumisperioodi varajases faasis.
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