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Intermittent exercise models may be
basic in research of creatine complex
effects in aerobic and anaerobic
performance of athletes and Cr
supplementation influence
Anna Szczęsna-Kaczmarek
Gdansk University of Physical Education and Sport, Poland

abstract
Background

		

The aim of this work was to use high intensity intermittent exercise (HIIE) to identify
par ticipation of creatine to cellular energy transduction in skeletal muscle and effect of
creatine supplementation.

Material/Methods	
Eleven additionally active physical education students performed two exercise tests: an

incremental cycloergometric test to determine of anaerobic threshold and VO2max; the HIIE
(30 s Wingate Test repeated 3-times interspersed with 7 minutes recovery) before and after
ingestion of 20 g creatine a day for 5 days.

Results

 r ingestion resulted in increased total work production during exercise bouts the first and
C
second and the cumulative increase in the phosphagenic work participation in the total
work done as well as in simultaneous cumulative decline in the glycolytic work participation. Cr supplemented participants stated inhibition of a decrease in peak power output
during consecutive bouts and changes in blood pH and buffers capacity. Increased creatinine elimination to 24-h urine after HIIE was inversely proportional to values of anaerobic
threshold and VO2max.

Conclusions 	
The used experimental interval model with HIIE allowed us to show that oral Cr supple-

mentation may yield benefits to enhance the aerobic and anaerobic athlete’s performance
during interval training due to Cr/CrP shuttle mechanism in the muscle function.
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introduction 

Each sport has specific properties in terms of motor skills that demand specific conditions of participants, both physiologic and metabolic for that particular sport. The most important aspect of the metabolic demands is the proper
contribution of the three energy systems (aerobic, anaerobic-alactic and anaerobic-lactic ones) in the adequate proportion to the total energy required by
an organism for this activity. Determination of the specific demands of acyclic sports (for example: football, judo, karate, hockey and others) is not easy.
In the case of metabolic requirements of these sport disciplines, we ought to
take into consideration the regulation processes which join aerobic and anaerobic metabolic reactions. According to known scientific publications, the
key roles of creatine-phosphocreatine system (Cr-PCr system) and creatine
kinase in cellular energy translocation from mitochondria to cytoplasm and
vice versa are established. Furthermore, it is known that the Cr-PCr system is
also called the Cr-PCr shuttle [1, 2, 3, 4]. ATP homeostasis in skeletal muscles
is maintained by PCr via the reverse reaction catalysed by creatine kinase.
It is known that the muscle store of PCr is decreased not only during high-intensity exercise but also during submaximal exercise. The decrease in muscle
PCr during submaximal exercise is in proportion to the work rate [5]. PCr determined after short-term exercise is rapidly restored in a reaction catalysed
by creatine kinase in which Cr and ATP are used as substrates.
Creatine is an endogenous compound produced at an amount of about 1g/24h
and also is available to the body through diet about 1g/24h. As many as 95%
of the body creatine is found in the skeletal muscle and the remaining 5% is
placed in the brain, the liver, the kidney, and testes [6]. The majority of creatine synthesis is located in the liver and the kidney [6, 7]. Creatine must be
transported from places of synthesis via blood to tissues of utilization and storage. Cr is transported from blood into tissues against a concentration gradient through a sodium- and chloride-dependent transporter [8, 9]. Catecholamines, insulin, insulin-like growth factor 1 and exercise can influence the net
uptake of Cr into skeletal muscle cells. The content of Cr is dependent on the
skeletal muscle fibre type. Type 2 (FT) fibres have higher levels of Cr and PCr
than fibre of type 1 (ST) [10].
Creatine is the most popular dietary supplement in sports nutrition, because
it determines the level of muscle phosphocreatine – high-energy phosphagen. Oral Cr supplementation can elevate human skeletal muscle creatine by
10–30% [11].
Knowledge about profitable effects of creatine on the body is gathered systematically. At present some results of research proved pleiotropic effects of
creatine for the cells function and the cells protection. Endogenous creatine
and Cr supplementation raised muscle cellular energy state (PCr/ATP) [3, 4,
12, 13, 14] and facilitated intracellular energy transport (PCr/ATP shuttle)
between cytoplasm and mitochondria, stimulated mitochondrial respiration
[13, 14] and improved the efficiency of energy utilization [15, 16]. Moreover,
some researchers showed its anti-oxidant effect of improving the neurological function in elderly and young people [17] and positive effects in muscular
dystrophies [18].
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However, there are also studies which reported that creatine supplementation
was ineffective either during repeated bouts of anaerobic exercise or during
aerobic activity, and they did not state that creatine supplementation improved performance of professional athletes [19, 20, 21].
Although our knowledge about the effects of Cr supplementation on exercise
performance is significant, as yet the mechanism by which creatine supplementation might improve performance is not entirely clear, even though it
seems clear that this effect is related to the increased muscle CP content. The
explanation of mechanisms that are principal, in particular by which creatine
can achieve the energetic effects during supramaximal intermittent exercise, is
still incomplete, because it does not justify the role of Cr in stimulation of mitochondrial respiration and in facilitation of intracellular energy transportation.
In the present study we aimed to assess the effects of short-term creatine supplementation on performance capacity and power output during supramaximal
intermittent exercise in athletes. It was important for us to apply the exercise test in which the three energy systems could supply muscles with energy.
We aimed to apply the exercise test (HIIE) consisting of three repetitions of
30s Wingate Test interspersed with 7-minute rest, on the assumption that it is
the exercise test creating conditions to assess the diverse contribution of the
three energy systems demanded for acyclic sports. We also assumed that the
applied exercise conditions were adequate to observe not only the Cr contribution in enhancing the phosphagen system that is involved in high-intensity
exercise performance but also in the creatine phosphate shuttle between mitochondria and cytosol that may enhance both anaerobic and aerobic capacity.
In our exercise test the rest between consecutive exercise bouts was suitably
long to enable the Cr/CrP-creatine kinase shuttle to develop.
In these conditions the physiological variables characterizing aerobic and anaerobic processes were measured in athletes and their significance was used
to suggest the importance of creatine supplementation in the interaction between aerobic/anaerobic muscle metabolism at rest and during exercise. The
following effects of short-term oral creatine supplementation were examined:
•
•
•
•
•

on the relative contribution of the phosphagenic and glycolytic work during high-intensity intermittent exercise in athletes,
on anaerobic performance during subsequent high-intensity exercise
bouts,
on the blood acid-base equilibrium during high-intensity intermittent exercise,
on creatinine excretion to 24h-urine after high-intensity intermittent exercise,
on the relationship between the value of creatinine excreted to 24h-urine
after high-intensity intermittent exercise and aerobic capacity in athletes.
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materials and methods 
subjects 

Eleven active physical education students additionally competing in different
training (javelin – 2 persons, discus – 2 persons, shot put – 4 persons, weight
lifting – 1 person, tennis – 2 persons) volunteered in the study. Subjects’ age,
height, and weight were 23.01 ±2.16 yrs, 180.5 ±9.6 cm, 97.0 ±12.8 kg (means
±SE), respectively. This study had been approved by the local research ethic
committee and was conducted in accordance with the Declaration of Helsinki.
The results obtained in the group supplemented with placebo were the control
for those obtained in the group supplemented with creatine.

Table 1. Anthropometric and physiological characteristics of subjects measured before placebo or creatine supplementation ( n = 11), values are mean ±SD
Physiological characteristics

Anthropometric characteristics

Aerobic performance

22.6 ±2.1

V̊ O2 max (L · min-1)

4.53 ±0.36

Weight (kg)

97.5 ±12.9

V̊ O2 max (ml · min-1 · kg-1)

46.74 ±7.46

Height (cm)

185.9 ±4.80

AT (mLO2 · kg-1 · min-1)

35.55 ±6.42

BMI (kg·m )

22.8 ±2.46

AT (%VO2max)

75.50 ±8.35

Age (years)

2

the creatine supplementation program 

All participants were prescribed 5 days of dietary supplementation with creatine monohydrate (Cr) and after 48h, which were designed for laboratory
exercise test (HIIE) and recovery, they repeated next 5 days of dietary supplementation with maltodextrin – placebo (PL). The participants were blind
to the order of supplementations used. During all trials the participants were
not informed either about the sort of supplementation or the sequence of application.
supplementation procedure 

The Cr subjects (CrS) ingested 5.0 g creatine monohydrate (Olimp Sport Nutrition) 4 times a day for 5 days. The PL group consumed 5.0 g maltodextrin,
which was matched with the creatine powder for taste and colour, also 4 times
a day for 5 days. The participants mixed the powder in approximately 200 ml
of warm water of the creatine monohydrate or maltodextrin and consumed
this solution immediately after preparation together with breakfast, lunch,
dinner and before sleep.
experimental protocol 

Participants made three visits to the laboratory over a period of 2 weeks. During the first visit – during two consecutive days a participant performed two
tests: an incremental cycloergometric test (ICT) for the assessment of peak
oxygen uptake and the gas exchange threshold [22]. After 24 hours of recovery
participants performed three bouts of supramaximal intermittent exercise (3
x 30-s Wingate Test) (HIIE). Each bout of exercise lasted 30 s and was interspersed with 7-min recovery. 30-s Wingate Test was performed on a Monark
mechanically braked cycloergometer. After warming up, the subjects began
pedalling as rapidly as possible during 30 s against a heavy resistance of 74 N/
www.balticsportscience.com
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kg body mass. The load was applied before the subject started his work. This
trial was repeated after each applied supplementation. During each exercise
the following values were measured: total work (TW) values in kJ and kJ per
kg b.m., peak and mean power output in watts and watts per kg b.m. (RPP
and RPM, respectively), fatigue index (FI), time required to approach peak
power (TrPP), time during which subjects sustained the peak power output,
time during which subjects kept peak power output (TkPP).
Before and 4 min after each bout of exercise and after HIIE we drew arterialized blood samples to determine parameters of acid-base equilibrium, and
before HIIE and after HIIE 24‑h urine was collected to determine creatinine
content.
statistical analysis 

Statistical analyses were performed using Statistica StatSoft, version 9. Statistical significance was accepted at p < 0.05 level. Results are presented as
mean ± standard deviation. Differences in parameters estimated between the
placebo and creatine trials were analysed using Student’s paired t-test. Statistical evaluation of the comparisons between the CR and PL trials were made
using one-way ANOVA with repeated measures. When a significant F value
was achieved, Fisher’s LSD post hoc test was used to provide information on
which means were significantly different from one another.

results 
work capacity , power and fatigue index and effect of creatine 
supplementation 

Total work production during supramaximal intermittent exercise was higher
after creatine supplementation than after placebo by about 7% and 4.5% in
bout 1 and 2, respectively, but in bout 3 the total work done was about 2%
lower. Relative values of total work were only 2% higher in subjects after Cr-supplemented in relation to PL (differences not significant). Both total values and relative values of work during bouts 2 and 3 were significantly lower
than the values achieved during bout 1 both in the group after placebo and
after creatine supplementation (Fig. 1A). On average, the total work done for
subjects after placebo and creatine was reduced during bout 3 by about 10%
and 8%, respectively. In consecutive repetitions of the Wingate test we controlled the participation of phosphagenic and glycolytic components of total
work done (Fig. 1B, C). The measured shares of two components (phosphagenic work and glycolytic work) of total work during consecutive three exercise bouts as follows: 18.1% and 81.9%, 14.8% and 85.2%, 13.9% and 86.1%,
respectively in PL subjects, and 32.3% and 67.6%, 20.6% and 79.4%, 28%
and 72%, respectively in CrS subjects. Cr ingestion resulted in an increase in
the phosphagenic work participation in total work during exercise bouts 1, 2
and 3 by about 179%, 139%, 260%, respectively as well as simultaneous cumulative decline in the glycolytic work participation by about 35.9% (Fig. 1).
Absolute and relative values of peak power output during exercise bouts 1, 2
and 3 were greater in subjects after creatine supplementation than after placebo ingestion, but differences were not significant. Values of peak power during
exercise bouts 2 and 3 for both placebo and creatine subjects were significanwww.balticsportscience.com
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tly lower than the values achieved during bout 1 (Fig. 2 A, B). Accordingly,
the examined group after creatine supplementation reached greater power
peak in a shorter time (differences between Cr supplemented subjects and PL
were significant) and kept up the same level for a longer time (difference not
significant) (Fig. 2). On average, the time in which the creatine group reached
power peak during bouts 1, 2, 3 were reduced by about 19%, 11%, 6%, respectively. In contrast to the reductions in power measured in successive exercise
bouts, the fatigue index was unchanged (25–27%); furthermore, changes did
not show significant differences after creatine or placebo ingestion (Fig. 3C).
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Fig. 1. Changes in relative total work (A), and values of the relative phosphagenic component (B)
and the glycolytic component of total work,(C) during HIIE (3 bouts of 30-s Wingate Test, each bout
of exercise was separated by 7 min of passive recovery). Values are given in the placebo group
(circles) and the Cr supplemented for 5 days group (squares). Values represent means ± SE. Significant differences placebo- , and creatine-supplementation (Fig. 1B and 1C ) (p < 0.05)
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Fig. 2. Changes in Peak Power values (A – absolute values, B – relative values J x kg body mass-1
during HIIE (3 bouts of 30-s Wingate Test, each bout of exercise was separated by 7 min of passive recovery). Values are given in the placebo group (circles) and the Cr supplemented for 5 days
group (squares). Values represent means ± SE. Significant differences placebo-, and creatine-supplementation (Fig. 2A and 2B only in the first bout) (p < 0.05)
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Fig. 3. Time of Peak Power approach (TUZ) (A), Time of Peak Power maintenance (TUT) (B)
Fatigue index (IF) (C) during HIIE. Protocol and data analysis are as described in Fig 1.
Values represent means ± SE. Significant differences placebo-, and creatine-supplementation (Fig.
3A only in the first bout) (p < 0.05)

blood acid - base status 

Cr supplementation caused changes in blood buffers capacity.
Blood pH decreased progressively during successive supramaximal exercise
bouts and reached 7.13 ±0.3 and 7.15 ±0.5 at the end of the third exercise
bout in the PL- and Cr-group, respectively (p < 0.001), but differences between
PL-subjects and Cr-subjects were not significant (Fig. 4A).
Plasma [HCO3-] decreased progressively from 23.69 ±0.98 mmol/l and 23.99
±0.69 mmol/l in PL and CrS subjects, respectively, to reach following the
three exercise bouts 11.08 ±0.86 mmol/l and 11.94 ±1.56 mmol/l in subjects
PL and Cr, respectively (p < 0.001) (Fig. 4B).
Blood BE decreased progressively during intermittent supramaximal exercise
from (-)1.26 ±0.98 mmol/l at rest to (–)19.01 ±1.9 (p < 0.001) during the third
exercise bout in subjects after placebo; however, in the same circumstances
the blood BE in subjects after Cr-supplementation decreased from (-)0.79
±1.05 to (-)18.13 ±2.67), but differences between PL- and CrS-subjects were
not significant (Fig. 4C). Somewhat larger acidification in PL subjects after
consecutive exercise bouts could be a result of weakened participation of work
phosphagenic component in total work done.
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Fig. 4. Changes in acid base balance values (A – blood pH), (B – [HCO3- ]), (C – [BE]) during HIIE.
Protocol and data analysis are as described in Fig. 1. Values represent means ± SE. Significant
differences placebo-, and creatine-supplementation in [HCO3- ] (Fig. 4B ) (p < 0.001).

creatinine excretion to urine
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Fig. 5. Creatinine secretion to 24-urine (A), correlation between [creatinine in 24-urine] and AT
values in creatine and placebo supplemented
groups (B) and (C), respectively. 
Values represent means ±SE. Significant differences placebo-, and creatine-supplementation
in creatine secretion to 24-h urine) (p < 0.005).
The increased creatinine concentration in 24h-urine in Cr-supplemented subjects after HIIE
was negatively correlated with anaerobic threshold (r =(-)0.6849, r2 = 0.4683) (Fig. 5B). Such
relationships between AT and creatinine value in
24-h urine did not appear in placebo supplementation (Fig. 5C).

As depicted in Fig. 5A, the amounts of creatinine excreted to 24h-urine at rest
and after intermittent exercise were greater after creatine than after placebo supplementation. Differences were significant at rest, 1h and 24h after
cessation of exercise (p < 0.05). The greatest creatinine excretion was deterwww.balticsportscience.com
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mined 1h after exercise cessation, both in CrS and PL. The increased creatinine concentration in 24h-urine in Cr-supplemented subjects after intermittent supramaximal exercise was negatively correlated with relative peak VO2
(r = (-)0.34686) and with anaerobic threshold (r = (-)0.6849, r2 = 0.4683)
(Fig. 5B, C). Such relationships between AT and creatinine value in 24-h urine
were not shown in subjects after placebo supplementation; however, a weaker
(r = (-)0.25038) negative correlation between VO2max and creatinine value in
24-h urine was affirmed. The result described above showed the relationship
between Cr absorption and subject’s physical efficiency. Higher Cr absorption
revealed in subjects was characterized by higher AT and VO2max.

discussion 

The present study investigated the effects of oral creatine supplementation
on both anaerobic and aerobic performance during repeated bouts of intense
exercise separated by passive recovery and verified the hypothesis that there
is a relationship between the physical efficiency of athletes supplemented with
creatine and the amount of creatinine excreted to urine after high-intensity
intermittent exercise. The experimental procedure was based on supramaximal intermittent exercise (3 bouts of 30-s Wingate Test separated by 7-min
rest) because this model of exercise more accurately reflected the activities
in some acyclic sports which are characterized by bursts of high intensity aerobic activity followed by periods of both anaerobic activity and short aerobic
rest. Under conditions of supramaximal intermittent exercise we investigated changes in parameters defining anaerobic power, total work done and its
phosphagenic and glycolytic components, and also fatigue factors in subjects
supplemented with both placebo and creatine. The obtained results reflected
not only the effects of elevated muscle Cr concentration on energy contribution from the ATP-PCr system and the anaerobic glycogenolytic energy system
yielding increase in [H+] and maintained physiological pH but also on a share
of aerobic processes. Due to long duration (30 seconds) of high intensity repeated exercise bouts and seven minutes rest between them, the used HIIE
determined the experimental conditions to develop both anaerobic processes
and ATP/PCr shuttle regulating the oxidative function of mitochondria [2, 3, 5].
The obtained results showed an increase in cumulative total anaerobic work
done on average by 3.5% in subjects supplemented with creatine compared
to the placebo group (differences not significant). The improvement in performance after Cr supplementation was probably caused by an increased ability
to resynthesize PCr during the recovery periods. The increasing availability
of PCr may better maintain the required rate of ATP demand during exercise.
But the revealed decline of total work done during consecutive exercise bouts
could indicate the growing share of aerobic processes and only about 3% increase of glycolysis in the energy yielding during repeated bouts of exercise
[23, 24]. Another result of this study demonstrated the contribution of both
components of total work done, i.e. phosphagenic and glycogenolytic work in
which the phosphagenic and glycogenolytic systems maintained the rate of
energy required during three bouts of supramaximal exercise (Fig. 1). This
result allowed us to evaluate more precisely the effect of Cr supplementation
on performance. Cr supplementation caused an increase in phosphagenic
work values, on average by 85%, and, simultaneously, a decrease in the contribution of glycogenolytic work, on average by 18%, during three successive
exercise bouts. The mechanism behind this performance effect probably lies
www.balticsportscience.com

15

Szczęsna-Kaczmarek A.
Intermittent exercise – energetic Cr/CrP shuttle
Balt J Health Phys Act 2016;8(3):7-19

in the elevated muscle CrP content, which increases the capacity for ATP rephosphorylation in a reaction catalysed by creatine kinase [2, 8, 15, 25, 26,
27]. Analysing the value of glycolytic work as part of total work done in which
contribution of the glycolytic system is crucial to ATP yielding, we observed
a significantly higher participation of this work in PL supplemented subjects
compared with Cr supplemented ones (p < 0.001).
Taking in consideration changes in the quantitative contribution of glycolytic
work and phosphagenic work in total work done during successive exercise
bouts, we observed interesting results. The contribution level of glycolytic
work remained almost constant during successive exercise bouts. Simultaneously, the contribution level of phosphagenic work in total work done decreased systematically down to 25% compared with first and third exercise bouts
in subjects supplemented with both placebo and creatine (Fig. 1). Almost
constant participation of glycolytic work in total work done can be explained
by the fact that the glycogenolysis activity in muscle cells was inhibited by
significantly increased [H+] after the first exercise bout, which was deepened
only insignificantly during successive exercise bouts.
The decrease in phosphagenic work was gradual, probably due to diminished
recovery resynthesis of PCr after successive high-intensity exercise bouts. It
is known that the tempo of ATP supply imposes the rate of PCr resynthesis.
The PCr resynthesis rate may reflect a contribution of both glycolytic and oxidative metabolism in ATP production [23]. Muscle cells acidification affected
the PCr resynthesis because it caused inhibition of glycogenolysis activity not
only during successive exercise bouts, but also during successive recovery
periods, when glycolysis provided ATP to the fast phase of CrP resynthesis
and also weakened the slow phase of PCr resynthesis [23, 24, 28]. Inhibition
of glycogenolysis by acidosis was mediated via H+ effects on activity of phosphorylase, hexokinase and phosphofructokinase – crucial enzymes to glycolysis [24, 29, 30].
The above mentioned trend in changes was observed not only in total external
work done but also in power output generated during the successive bouts of
supramaximal exercise. Five days of creatine supplementation resulted in a
significant increase in average peak power output. The mechanism of these
changes probably lay in elevated muscles PCr concentration, because the maximal power output was reached in the initial seconds of each exercise bouts
and completely depended on ATP derived from the PCr/ATP system [31]. Even
though values of peak power in Cr supplemented subjects was higher compared to the placebo supplemented ones, a decrease in peak power during the
second and the third exercise bout appeared in all subjects. The observed in
this work gradual decline in power output during successive supramaximal
exercise bouts was probably connected with muscle cells acidification and the
availability of PCr or with some other fatigue factors which impaired sarcoplasmic reticulum function and reduced [Ca++] and caused weakness of excitation–contraction coupling [32, 33]. The availability of PCr in contracting
muscle was determined by processes controlling the cell Cr level and kinetic
resynthesis of PCr in muscle cells [34]. It is known that 50% of PCr content
may be restored in about 25s, while the total restoration pre-exercise levels
take 5 to 8 min [34, 35]. Several studies have shown that the kinetics of PCr
resynthesis is enhanced with endurance training in athletes, and that the prowww.balticsportscience.com
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cess is dependent on O2 availability [25, 35, 36]. Earlier results of the same
authors showed that the greater O2 uptake during consecutive exercise bouts
resulted from the increased Cr uptake rate in the fast oxidative fibres type
recruited to muscle contraction [26, 37]. In oxidative fibres Cr is involved in
ATP production through the PCr system engaged in shuttling of ATP from the
mitochondria into the cytosol [3, 5, 35, 38]. In the light of the above mentioned
knowledge, our result concerning a negative relationship between the value
of creatinine excreted to urine during 24-h rest after intermittent supramaximal exercise and the value of anaerobic threshold (r =(-)0.6849; p < 0.05 )
in Cr–supplemented subjects was understandable.
The ergogenic effect of creatine applied in both anaerobic and aerobic activity
was probably connected with the muscle fibres structure. A number of distinct mechanisms of this phenomenon were activated during recovery after
cessation of exercise bouts. The earlier results of scientists have shown that
the total creatine content of skeletal muscle differs more than twofold from
other fibre types [26, 33]. Furthermore, individuals with higher intramuscular Cr and PCr levels and those with fewer type II muscle fibres were less
responsive to supplementation [37]. There is important evidence that the Cr
uptake rate during interval rest was significantly elevated by Cr depletion in
high-oxidative fast-twitch muscle fibres [33]. Our results could suggest that
humans with high content of oxidative slow and oxidative fast twitch muscle
fibres and higher anaerobic threshold connected with the type of muscle fibres could be more responsive to Cr uptake. Our explanation is supported by
previous achievements of some authors. Earlier research by Chwalbińska-Moneta [38] showed that creatine supplementation improves endurance in elite
rowers by an increase in the individual lactate threshold. Results of Volek et
al. [27] have shown an increase in muscle fibre diameter in type 1 and type 2
muscle fibres by 35% in Cr supplemented men after 12 weeks of resistance
training. A positive effect of creatine supplementation on aerobic exercise has
been shown in Branch’s paper [39]. Branch showed that oxidative phosphorylation was an energy supplier during exercise lasting longer than 2.5 min and
suggested that creatine supplementation may lead to a change in energetic
substrate utilization and an increase in endurance performance.

conclusion



The model of supramaximal intermittent exercise (HIIE) applied in this research, consisting of three repetitions of 30s Wingate Test with 7-minutes rest
periods between tests, enabled us to measure parameters characterizing
aerobic and anaerobic processes in which creatine/phosphocreatine shuttle
maintained muscle cells energetic homeostasis. Under these conditions the
influence of creatine supplementation on the interaction between aerobic and
anaerobic muscle metabolism was studied. In this experimental system we
revealed a relationship between the absorbed level of supplemented creatine
and athletes’ efficiency.
Author is aware that further research should be conducted on that issue.

www.balticsportscience.com

17

Szczęsna-Kaczmarek A.
Intermittent exercise – energetic Cr/CrP shuttle
Balt J Health Phys Act 2016;8(3):7-19

references 
[1]

Blei MI, Conley KE, Kushmerick MJ. Separate measures of ATP utilization and recovery in human
skeletal muscle. J Physiol. 1993;456:203-222.

[2]

Cadella R, Mitochondrial and non-mitochondrial studies of ATP synthesis. In: Luzi LE, editor. Cellular
Physiology and Metabolism of Physical Exercise. Springer-Verlag Italia; 2012, 43-53.

[3]

Bessman SP, Geiger PJ. Transport of energy in muscle: the phosphocreatine shuttle. Science. 1981;211
448-452.

[4]

Kemp GJ. Interactions of mitochondrial ATP resynthesis and creatine kinase equilibrium in skeletal
muscle. J Theor Biol. 1994;170:239-246.

[5]

Smith SA, Montain SJ, Zientara GP, Fielding RA. Use of phosphocreatine kinetics to determine the
influence of creatine on muscle mitochondrial respiration: an in vivo 31P-MRS study of oral creatine
ingestion. J Appl Physiol. 2004;96:2288-2292.

[6]

Walker JB. Creatine biosynthesis regulation and function. Adv Enzymol. 1979;50:177-242.

[7]

Brosnan JT, da Silva RP, Brosnan ME: The metabolic burden of creatine synthesis. Amino Acids.
2011; 40: 1325-1331.

[8]

Walzel B, Speer O, Zanolla E, Erikson O, Bernardi P, Wallimann T. Novel mitochondrial creatine transport activity. Implication for intracellular creatine compartments and bioenergetics J Biol Chem.
2002; 40: 37503-375011

[9]

Sora I, Murphy RM, Creatine and the creatine transporter: a review. Mol Cell Biochem. 2001; 224:
169-181.

[10] Beltman JG, Sargeant AJ, Haan H, van Mechelen W de Haan A. Changes in PCr/Cr ratio in single
characterized muscle fiber fragments after only a few maximal voluntary contractions in humans.
Acta Physiol Scand. 1999;180:187-183.
[11] Altenburg TM, Degens H, van Mechelen W, Sargeant AJ, de Haan A, Recruitment of single muscle
fibres during submaximal cycling exercise. J Appl Physiol. 2007;103:1752-1756.
[12] Gabr RE, El-Sharkawy AMM, Schar M, Weiss RG, Bottomley PA, High-energy phosphate transfer
in human muscle: diffusion of phosphocreatine. Am J Physiol Cell Physiol. 2011;301:C234-C241.
[13] Rousel M, Bendahan D, Mattei P, Le Fur Y, Cozzone PJ. 31P magnetic resonance spectroscopy study
of phosphocreatine recovery kinetics in skeletal muscle: the issue of intersubject variability. Biochim
Biophys Acta. 2000;1457:18-26.
[14] Rico-Sanz J, Marco MTM. Creatine enhances oxygen uptake and performance during alternating
intensity exercise. Med Sci Sports Exerc. 2000;32:379-385.
[15] Jones AM, Carter H, Pringle JSM Campbell IT. Effect of creatine supplementation on oxygen uptake
kinetics during submaximal cycle exercise. J Appl Physiol. 2002;92:2571-2577.
[16] Lawler JM, Barnes WS, Wu G, Song W, Demaree S. Direct antioxidant properties of creatine. Biochem
Biophys Res Commun. 2002;290:47-52.
[17] Rawson ES, Venezia AC. Use of creatine in the elderly and evidence for effects on cognitive function
in young and old. Amino Acids 2011;40:1349-1362.
[18] Beal MF. Neuroprotective effects of creatine. Amino Acids. 2011;40:1305-1313.
[19] McKenna MJ, Morton J, Selig SE, Snow RJ. Creatine supplementation increases muscle total creatine
but not maximal intermittent exercise performance. J Appl Physiol. 1999;87:2244-2252.
[20] Forber SC, Raymer GH, Kowalchuk JM, Thompson RT, Marsh GD. Effects of recovery time on phosphocreatine kinetics during repeated bouts of heavy-intensity exercise. Eur J Appl Physiol. 2008;103:665675.
[21] Jacobi J, Rice C, Curtin S,Marsh G. Contractile properties, fatigue and recovery are not influenced
by short-term creatine supplementation in human muscle. Exper Physiol. 2000;85:451-460.
[22] Braver WL,Wasserman K, Whipp BJ. A new method for detecting anaerobic threshold by gas exchange. J Appl Physiol. 1986;60:2020-2027.
[23] Malucelli E, Lotti S, Manners DN, et al. The role of pH on the thermodynamics and kinetics of muscle
biochemistry: An in vivo study by 31P-MRS in patients with myo-phosphorylase deficiency. Biochim
Biophys Acta. 2011;1807:1244-1249.
[24] Crowther GJ, Kemper WF, Carey MF, Conley KE. Control of glycolysis in contracting skeletal muscle,
II. Turning it off. Am J Physiol Endocrinol Metab. 2002;282:E74-E79.
[25] Perry CGR, Kane DA, Herbst EAF, et al. Mitochondrial creatine kinase activity and phosphate shuttling are acutely regulated by exercise in human skeletal muscle. J Physiol. 2012;590:5475-5486.
[26] Casey A, Teodosiu DC, Howell S, Hultman E, Greenhaff PL. Metabolic response of type I and II muscle fibres during repeated bouts of maximal exercise in humans. Am J Physiol. 1996;271:E38-E43.
[27] Volek JS, Duncan ND, Mazzetti SA, et al. Performance and muscle fiber adaptation to creatine supplementation and heavy resistance training. Med Sci Sports Exerc. 1999;31:1147-1156.
[28] Walsh B, Tivel T, Tonkonogi M, Sahlin K, Increased concentration of P(i) and lactic acid reduce creatine-stimulated respiration in muscle fibres. J Appl Physiol. 2002;92:2273-2276.
[29] Beitner R. Control of glycolytic enzymes through binding to cell structures and by glucose-1,6-biphosphate under different conditions. The role of Ca(2+) and calmodulin. Int J Biochem. 1993;25:297-305.
[30] Baker JS, Mc Cormick MC, Roberges RA. Interaction among skeletal muscle metabolic energy system during intense exercise. J Nutrit Metab. 2010;2010:1-13.		

www.balticsportscience.com

18

Baltic Journal of Health and Physical Activity 2016;8(3):7-19
Journal of Gdansk University of Physical Education and Sport in Gdansk
e-ISSN 2080-9999

[31] Dzeja PP, Terzic A. Review Phosphotransfer networks and cellular energetics. J Exp Biol.
2003;206:2039-2047.
[32] McMahon S, Jenkins D. Factors affecting the rate of phosphocreatine resynthesis following intense
exercise. Sports Medicine. 2002;32:761-784.
[33] Forbes FS, Paganini A T, Slade JM, Towse TF, Meyer RA. Phosphocreatine recovery kinetics following low- and high-intensity exercise in human triceps surae and rat posterior hindlimb muscles,
Am J Physiol. 2009;296:R161-R170.
[34] Meur YL, Hausswirth C. Active recovery In: Hausswirth C, Mujika I, eds. Recovery for performance
in sport. INSEP, Human Kinetics; 2013, 29-39.
[35] Hasseler LJ, Kinding CA, Richardson RS, Hogan MC. The role of oxygen in determining phosphocreatine onset kinetics in exercising humans. J Physiol. 2004;558:985-992.
[36] [36] Burgomaster KA, Hughes SC, Heigenhauser GJF, Brodwell SN, Gibala MJ. Six sessions of sprint
interval training increases muscle oxidative potential and cycle resistance capacity in humans. J
Appl Physiol. 2005;98:1985-1990.
[37] Syrotuik D, Bell G. Acute creatine monohydrate supplementation: A descriptive physiological profile
of responders vs. nonresponders. J Strength Cond Res. 2004;18:610-617.
[38] Chwalbińska-Moneta J. Effect of creatine supplementation on aerobic performance and anaerobic capacity in elite rowers in the course of endurance training. Int J Sport Nutr Exerc Metab.
2003;13:173-183.
[39] Branch J. Effect of creatine supplementation on body composition and performance a meta-analysis.
Int J Sport Nutr Exerc Metab. 2003;13:198-226.

Cite this article as: 
Szczęsna-Kaczmarek A. Intermittent exercise models may be basic in research of creatine complex effects in aerobic and anaerobic performance of athletes and Cr supplementation influence. Balt J Health Phys Act. 2016;8(3):7-19.

www.balticsportscience.com

19

