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ABSTRACT

Havenetidis K. Assessment Of The Ergogenic Properties Of Creatine
Using An Intermittent Exercise Protocol. JEPonline. 2005;8(1):26-33.
This study assessed the effect of acute creatine monohydrate (CR)
loading on creatine phosphate (CrP), adenosine triphosphate (ATP),
lactate (La), mean power (MP), minimum power (MIP) and mean
pedal rate (MPR) during three 30 s Wingate tests (WinT). Seven male
active subjects had a muscle biopsy at rest and after the 3 WinT pre
and post 25g of Cr for 4 days. ATP and CrP concentrations after the
3" WinT were significantly (p<0.05) higher pre vs. post Cr (12.0 + 1.1
vs 16.0+ 3.2 and 10.3 + 1.4vs 13.2 + 5.1 mmol/kg of dry muscle
respectively). Performance was also improved significantly (p<0.05)
following Cr supplementation, where MP, MIP and MPR were 598 +
65 vs 649 + 62 Watts, 382 + 51 vs 424 + 46 Watts and 108 + 10 vs
115 + 9 rev/m, respectively. Performance improvement became
greater at the 3™ WinT with mean percentage improvement being
6.3%, 6.7% and 10.0% for the 1%, 2" and 3™ WinT respectively. In
conclusion, the present CR regimen significantly increased muscle
ATP and CrP, did not alter blood lactate, and led to significantly
improved performance especially towards the end of the exercise
protocol, possibly via an accelerated ATP and CrP re-synthesis during
the recovery period between bouts.

Key Words: ATP, Creatine Phosphate, Phosphagen system, Sprints,
Performance, Recovery, Rephosphorylation
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INTRODUCTION

Creatine (CR) ingestion has been widely used as a nutritional ergogenic aid. However, the
magnitude of performance improvement reported in the literature varies considerably (4 to 100%
improvement) (1,2), and such variability is probably explained by study differences for dietary,
exercise and recovery conditions, training differences in the protocols, and subjects.

It has been proposed that the main benefit of Cr loading is that it increases free muscle CR, thus
allowing for a greater rate of creatine phosphate (CrP) re-synthesis in the recovery from intense
exercise (3). As such, research protocols need to have multiple bouts of intense exercise,
separated by sufficient recovery to allow partial but incomplete CrP re-synthesis (~4 min) in order
to test the complete ergogenic potential of CR loading. For example, a greater rate of CrP re-
synthesis in the recovery bout would increase muscle CrP and ATP, lower muscle ADP, and as
such, improve the muscle phosphorylation potential. It has been suggested (9) that in a 3 x 30s
sprint separated by 4 min rest periods, the fraction of ATP supplied by CrP could be increased
from 25% to 50%. This translates into a 5-10% increase in energy supply, which would
dramatically improve intense exercise performance. Our prior research (10,11) also supports
these hypotheses.

The purpose of this study was to investigate whether acute creatine loading could delay the onset
of fatigue during repeated bouts of maximal cycling and to study any associated changes in
muscle metabolism.

METHODS

Subjects

Seven active subjects with mean age, height and mass of 24.4 + 2.4 yrs, 179 + 16 cm and 77.3 +
9 kg, volunteered to participate after signing an informed consent approved by the Ethics
Committee of the Local General Infirmary.

Experimental protocol

The research design involved a single group experimental design, where subjects completed both
control and experimental conditions. The experimental protocol involved two weeks of testing. In
the first week no supplements were given (Control condition, CON) while in the second week CR
was ingested (Experimental Condition, CR). Regarding the order of the treatment, as the kinetics
of creatine washout has not been firmly established, creatine supplements were provided in the
2" week in order to avoid a possible carry-over effect. Placebo supplementation was not used in
this study since no significant placebo or/and learning effects were shown in previous studies
where the same subjects were recruited, following the same exercise protocol (10,11).

Creatine supplementation

During creatine supplementation subjects ingested 25 g of creatine monohydrate/day in 5g doses
every two hours, for a period of four days. All beverages were prepared at University Campus, by
mixing creatine, in powder form (CHEMIE-LINZ), with 300 mL of hot-warm water. Subjects
ingested the CR supplementation with morning, mid-day and evening meals. Each beverage was
prepared by the supplement administrator immediately prior to the ingestion, and in the absence
of the subjects. Following beverage consumption all empty packets were returned and 100%
compliance for supplementing was reported by all subjects. The author has chosen not to use
carbohydrates mixed with creatine, in order to investigate firstly the muscle metabolism response
to pure creatine ingestion and then to proceed to the addition of carbohydrates on future studies.
Subjects’ normal patterns of eating or training were not altered during the supplementation period.
Exercise

All subjects, prior to the commencement of the exercise protocol and within a three-day period,
performed a series (4-8) of 6 s cycle sprints to familiarize subjects to research methodologies. On
the day of testing subjects were asked to attend the laboratory after a predetermined breakfast
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(toast with margarine and orange juice) and not to participate in any kind of intense exercise for
the prior 48 hours.

The exercise protocol involved three 30 s WinT with 6 min unloaded active recovery (60 rev/min)
between each. This protocol was completed twice; under CON and CR conditions (the day
following the last creatine dose) during the first and second week respectively. Before starting the
test a belt, which was attached to the wall at one end, was passed around subject’s waist in order
to prevent the subject rising out of the saddle. The saddle height was adjusted so that when the
foot was resting and the pedal was at its lowest point, there was a flexion of 15° at the knee. A
standardised warm-up was performed which involved 5 min cycling at 60 Watts immediately
followed by one 2 s sprint. The warm up was followed by a 5 min rest period where the subjects
remained seated. The subjects were then asked to reach a rolling start (80 rev/min), and following
a countdown, to cycle maximally for the specified time period and avoid pacing. All subjects
received strong verbal encouragement throughout the testing protocol.

The ergometer used was a MONARK 814e, which was calibrated before and after each series of
tests and bolted to the floor in order to provide greater stability during maximal cycling. The
resistance used in the WinT was 0.075 kg/kg body mass and all WinT indices were measured
using a computer package (15). The indices measured during the Anaerobic Wingate Test were:
Mean power, Minimum Power (MIP) and Mean pedal rate (MPR). Mean power was calculated as
the average mechanical power output during the whole 30 s (MP 30 s) and each 10 s interval (MP
10 s). MIP was the lowest power output during any 1 s period, and MPR was the average rate of
flywheel revolutions (expressed as rev/min) during the whole 30 s WinT.

Measurements

Muscle Sample Collection and Preparation

Firstly, local anaesthesia (2 mL, 1% lidocaine) was given and a preliminary incision of the skin at 2
biopsy sites (2 inches apart) was made. When repeated muscle biopsies are taken with a
minimum distance 3-5 cm apart, no significant differences were shown for various metabolites
(16). During both CON and CR conditions the first and second muscle sample was taken at rest
and at the end of the exercise protocol (3™ WinT).

All muscle biopsy samples were obtained by a percutaneous needle biopsy technique with suction.
Muscle samples were obtained from the lateral portion of the quadriceps femoris muscle (vastus
lateralis). The muscle samples were immediately frozen in liquid nitrogen (3-5 s from the insertion
of the needle) removed from the needle (Bergstrom and Allendale Types), weighed, freeze dried
over a period of 24 hr (RGR Scientific Equipment Limited) frozen at -30° and the stored in a
freezer (Cliffco 857) and subsequently analysed. The muscle samples were freeze dried again
twice (1hr) and weighed twice to obtain stability by completely drying the samples. Fat was
removed with petroleum ether. Samples were placed twice in glass tubes containing 5 mL
petroleum ether for two consecutive periods of 15 minutes. The tubes were stirred every 3 min.
The muscle samples were then freeze dried twice (30 min) and weighed twice. ATP, CrP, CR,
Lactate (La) were analysed in perchloric acid extracts of freeze dried muscle with the enzymatic
methods described by Harris et al. (16).

The spectrophotometer used was a Beckman (DUG650). All metabolite concentrations are expressed
as mmol/kg dry wt. All ATP, CP and CrP values were corrected for total creatine (TCR) both during
the CON and CR condition according to the method of Harris et al. (16).

Statistical Analyses

A two-way ANOVA with repeated measures on test (1%, 2" and 3™ WinT) and condition (CON,
CR) was used to evaluate significance levels for all performance indices (across all WinT and for
each exercise bout separately). A paired t-test was used to detect differences in body mass and
muscle metabolites pre- and post-creatine supplementation. Data are presented as mean + SD.
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RESULTS

The statistical analysis showed that CR supplementation produced a significant increase (p<0.05)
in TCR concentration at rest (133.9 + 14.3 mmol/kg dry muscle) compared to the values pre CR
supplementation (115.9 £ 15.7 mmol/kg dry muscle).

As a consequence of CR supplementation, all subjects also showed a small but significant gain in
body mass with mean values rising from 77.3 + 9 to 78.1 + 9 kg, p<0.01). In terms of performance
during both the BAS and CR condition, highest values were achieved for MP, MIP and MPR in the
1% WinT, followed by a progressive decline for each until the end of the exercise protocol (Table
1). However, for the CR trial, these variables were significantly higher (Table 2).

Over all three WinTs, average MIP, MPR, MP 30 s and MP for the 1st 10 s improved significantly
on CR by 11.5%, 7%, 7.5% and 8.5% respectively, compared to the respective values on BAS
condition. MPR values pre- and post-creatine supplementation were 108 £ 12 and 115.2+ 9
respectively. Power output data for all WinT indices (except MPR) pre and post CR are shown in
Figure 1.
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Figure 1. Power output for various performance indices pre and post CR supplementation.
*Significantly different from baseline value (p<0.05).

Across all performance indices a more pronounced performance enhancement was observed as
the exercise protocol progressed (from the 1% WinT to the 3™ WinT) and differences for most of
the WinT indices became significant at the 3 WinT.

Muscle metabolites

Data for all muscle metabolites are presented in Table 2. As expected repeated WinT produced a
marked decrease (p<0.01) in both ATP and CrP concentrations during both the CON and CR
conditions, while CR increased significantly (p<0.01). Furthermore, CR supplementation produced
significantly (p<0.05) higher ATP, CrP and CR concentrations compared to the respective CON
values at the 3 WinT (33 %, 29 % and 14 % respectively; p<0.05). By comparing the values at rest
and following the 3" WinT, ATP and CrP concentrations decreased by 50 % (p<0.01) and 85 %
respectively in the CON condition (p < 0.01), while the respective values following CR were 24% and
85%, respectively. Muscle CR concentration showed a significant (p<0.01) but similar (between the
CON and CR condition) increase from rest to the 3 WinT (158 % and 148 %, respectively).
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Table 1. Mean + SD values for various performance indices during repeated WinT pre and post
CR supplementation

BAS CONDITION CR CONDITION
INDICES | 1'WinT  2™WinT | 3“WinT  18WinT 2™ WinT

MP (Watts) 651+112 624+140 536+114 701+114 654+104 586+ 103
-1st 10's 868+170 814+161 758+ 149 900+123 879+121 858+ 119
-2nd 10's 588+ 111 560+110 534+104 610+108 588+104 570+99
-3rd 10 s 457 +85 436+84 415+ 84 485+ 83 466+86  445+84

MIP (Watts) 423+86 398 + 81 325+73 464+102° 433+96 374162
MPR (rev/min) 116 +9 111 + 16 97 +15 124 + 6 117 + 11 105 + 12

Significantly different (p<0.05) from the values at baseline condition.

Table 2. Mean + SD values for various metabolites at rest and following
the 3 WinT pre- and post-CR supplementation.

39WinT
ATP  243+3.0 12.0+1.17 211+11 16.0+3.2"
CrP 752+10.1 10.3+14" 853+6.2 13.2+51""
CR 412+82 106.3+16.27 49.0+82 121.3+17.1"

La 41+12 128.1+195"7 58+21 1227 +255"

TSignificantly different (p<0.01) from the values at rest. Significantly different
(p<0.05) from the values at baseline condition.

DISCUSSION

The present study examined the effects of 25 g of CR/day for four days on WinT performance indices
and various muscle metabolites during an exercise protocol designed to maximally stress the CrP
pathway. Evidently, CrP concentration at the end of the 3™ WinT represented only 14% of the values
measured at rest. This value coincided with the results of another study (8) where CrP values
represented 12% and 4% of the 3™ and the 4™ bout of maximal 30 s cycling. Power output from the
present study showed that the MP and MIP values at the 2" WinT represented 94% of the value
produced at the 1% WinT, whilst at the 3 WinT, MP and MIP were equivalent to the 81% and 77% of
the output measured at the 1% WinT. These data suggest that subjects were unable to reproduce their
previous maximal effort throughout the present exercise protocol.

Following CR supplementation subjects were able to reduce the power decline, by presenting an
average 7% increase in performance. These data agree with two studies (1,17) where a similar
exercise protocol was used (3 x 30 s WinT) and performance increased by 4% and 19% respectively.
The use of active subjects in this study extends our previous work (11) with recreational athletes and
with multiple-sprint trained athletes (18), providing ample evidence that the present CR regime can be
beneficial in intermittent sprint cycling.

It is noteworthy that performance improvement pre and post CR became greater at the end the
exercise protocol. Differences pre and post CR for each WinT separately reached significance only
in the 3™ WinT (except MIP where significant differerences existed in each WinT); a finding which
indicates that CR supplementation was more beneficial towards the end of the exercise protocol.
This is supported by the significant (p<0.05) condition (CON and CR) by test (1%, 2" and 3 WinT)
interaction. Percentage improvement across all performance indices was 6.3%, 6.7% and 10% for
the 1%, 2" and 3 WinT respectively. This improvement was especially noticeable for MIP, where
the percentage improvement was 15% for the 3 WinT. This finding, during conditions where the
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aerobic contribution to total energy production is expected to be 35-42% (19) is in conflict with the
suggestion that CR supplementaton does not augment performance under aerobic conditions.

Regarding the mechanisms related to performance enhancement, an elevated pre-exercise CrP
concentration was an initial “boost” to performance enhancement, followed by a more efficient
replenishment of CrP stores during the 6 min intervals. Evidently, if CR supplementation had
facilitated exercise performance only via elevating CP levels prior to exercise, then no further
improvement would be expected beyond the 1% WinT or the greatest improvement would have
occurred in the beginning of exercise. The selection of an active recovery mode in this study
possibly facilitated the above mechanism since blood stagnation, as can occur with passive
recovery, prevents CrP replenishment during repeated cycle sprints (20). Previous studies (8,24)
on intermittent exercise have demonstrated that intramuscular triacyglycerol stores may be a
potential fuel source for CrP regeneration for this type of exercise. Considering also that repeated
cycle sprints with incomplete recovery also coincides with appreciable metabolic acidosis (4), a
condition which favours the activity of pyruvate dehydrogenase (21), there is a possibility that
aerobic metabolism (at recovery) was enhanced with the use of the present exercise protocol.
Furthermore, biochemical data suggests that via metabolic compartmentalization of creatine
kinase the CrP-CR pathway has “access” to both aerobic and anaerobic metabolism (22).
Therefore, CR supplementation would be expected to affect both anaerobic and aerobic energy
production resulting a more efficient phosphate transfer potential (6).

The fact that more work was performed following CR supplementation does not necessarily mean
that the glycolytic pathway provided the “extra” ATP required to fuel muscle contraction. Firstly,
higher concentrations of CrP (following CR supplementation) may inhibit phosphofructokinase
activity, thereby reducing the rate of glycolysis (23). Secondly, during repeated 30 s cycle sprints it
becomes increasingly difficult to re-stimulate the glycogenolytic/glycolytic pathway for ATP
provision (24). Finally, following CR ingestion an increased CrP re-synthesis occurs which
possibly delays the activity of glycolytic metabolism, thereby sparing muscle glycogen stores and
the proton release from glycolysis (25).

CONCLUSIONS

The present study showed that CR supplementation can improve exercise performance during
exhaustive all-out intermittent cycling. Such improvement was accompanied by increases in
muscle ATP and CrP. The present data also showed that the effect of CR supplementation on
exercise performance was consistent and more pronounced towards the end of the exercise protocol
where the aerobic contribution to ATP production increases significantly. The main mechanisms
responsible for performance improvement have been suggested to be adaptations in muscle
buffering capacity and an accelerated ATP and CrP re-synthesis during the recovery period.
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