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Summary. Objective. The effect of creatine supplementation upon plasma
levels of pro-inflammatory cytokines: Interleukin (IL) 1B and IL-6, Tumor
Necrosis Factor o (TNFa), and Interferon o (INFor) and Prostaglandin E,
(PGE,) after a half-ironman competition were investigated.

Methods. Eleven triathletes, each with at least three years experience of
participation in this sport were randomly divided between the control and
experimental groups. During 5 days prior to competition, the control group
(n=06) was supplemented with carbohydrate (20 g-d~') whereas the ex-
perimental group (n=>5) received creatine (20g-d~") in a double-blind
trial. Blood samples were collected 48h before and 24 and 48h after
competition and were used for the measurement of cytokines and PGE,.

Results. Forty-eight hours prior to competition there was no difference
between groups in the plasma concentrations (pg - ml~!, mean + SEM) of
IL-6 (7.08 &+ 0.63), TNFo (76.50 + 5.60), INFo (18.32 £ 1.20), IL-1B
(23.42 £+ 5.52), and PGE, (39.71 + 3.8). Twenty-four and 48 h after com-
petition plasma levels of TNFo, INFo, IL-1B and PGE, were significantly
increased (P < 0.05) in both groups. However, the increases in these were
markedly reduced following creatine supplementation. An increase in
plasma IL-6 was observed only after 24 h and, in this case, there was no
difference between the two groups.

Conclusion. Creatine supplementation before a long distance triathlon
competition may reduce the inflammatory response induced by this form
of strenuous of exercise.

Keywords: Long distance triathlon — Muscle inflammation — Muscle
damage — Eccentric contraction — Pro-inflammatory cytokines

Introduction

The growing interest in triathlon is based on the original
structure of the sport itself and in the wide variety of dis-
tances offered to participants, ranging from sprint to iron-
man distance, and lasting from 1 to 10h, respectively.
The triathlon comprises sequentially of swimming, cy-
cling, and running. The leading causes of trauma during
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and after endurance exercise are a) eccentric muscle con-
tractions, as in the long distance triathlon, b) the impact of
the extremities against the ground and c) the number of
repetitions of the same movement (Bansil et al., 1985).
Delayed onset muscle soreness (DOMS) develops 24—
48 h after as a consequence of prolonged eccentric muscle
contraction and the strenuous nature of events such as long
distance triathlon. (Bansil et al., 1985; Milles and Clarkson,
1994; Egermann, et al., 2003; Volek and Rawson, 2004).
The discomfort experienced by athletes is generally ac-
companied by prolonged muscle-strength loss, a reduced
range of motion, and high levels of creatine kinase acti-
vity in the blood (Milles and Clarkson, 1994). Muscle
swelling and the sensation of DOMS suggests that physi-
cal exercise causes muscle inflammation, especially if the
exercise is strenuous and/or involves eccentric contrac-
tions as in marathon or long distance triathlon (Malloch
and Taunton, 2000; Malm, 2001; Clarkson and Hubal,
2002). The passive elements (connective tissue and mus-
cle fibers) can absorb strain and this ability increases by
as much as 100% after muscle activation (Malloch and
Taunton, 2000). However, when muscle activation is com-
promised, as during fatigue caused by endurance exercise,
the ability to absorb strain is reduced, increasing muscle
vulnerability to trauma (Malloch and Taunton, 2000).
The plasma levels of IL-1f, IL-6, TNFa, INFa, and C
reactive protein are known to increase during strenuous
exercise (Malm, 2001; Clarkson and Hubal, 2002; Nosaka
and Newton, 2002). Exercise also induces an increase
in prostaglandin E, (PGE,) production, as part of the in-
flammatory response triggered by micro trauma occurring
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in the skeletal muscles (Bansil et al., 1985; Smith and
Miles, 2000). There is an increase of PGE, synthesis by
infiltrating macrophages in the inflamed muscle, and this
is a key mediator of pain 24—48 h after an exercise session
(Volek and Rawson, 2004).

Creatine improves performance during repeated bouts
of high intense exercise when supplemented for a short
period of time (Mujika and Padilla, 1997; Lawler et al.,
2002). The typical programme of creatine intake consists
of 20 g per day for 5-7 days followed by a maintenance
load of 3-5g per day (Harris et al., 1992; Milles and
Clarkson, 1994; Bemben and Lamont, 2005). The greatest
uptake of creatine by the muscle occurs during the initial
stages of the loading regime (Harris et al., 1992). Exercise
seems to enhance the uptake of creatine (Harris et al., 1992),
especially if ingested with a carbohydrate drink after ex-
ertion (Terjung et al., 2000). Oral intake of creatine is
known to increase glycogen concentrations in human skel-
etal muscle by up to 40% (Op T’Eijnde et al., 2001).
Creatine supplementation also causes weight gain by in-
creasing the retention of intracellular water, increasing
muscle cell volume (Demant and Rhodes, 1999; Terjung
et al., 2000). Moreover, creatine supplementation has been
reported to maintain muscle integrity, reducing muscle
damage and inflammatory responses and attenuating the
increase in plasma PGE, levels (Santos et al., 2004).

In the present report we investigated the effects of cre-
atine supplementation upon plasma levels of pro-in-
flammatory cytokines (IL-1p, IL-6, TNFa and INFo) and
PGE, after a half-ironman competition consisting of 1.9 km
of swimming, 90 km of cycling and 21 km of running. In
summary, creatine supplementation for five days prior to
the competition was shown to reduce the plasma levels of
the most cytokines evaluated, except for IL-6, and PGE,
even after 48 h of the competition.

Materials and methods

Subjects and experimental

The experimental protocol was approved by the Ethics Committee of the
Institute of Biomedical Sciences, University of Sao Paulo, Sao Paulo,
Brazil. The subjects were selected from a group of non-smoking athletes
who were in training for a half-ironman triathlon (Long Distance Triathlon
Brazilian Championship). None of the athletes had a history of consuming
forbidden drugs or anti-inflammatory medications and did not take crea-
tine as a supplement. The athletes average age was 40.3 years, range 34—
56 years. The range in self-reported personal best performance in a half-
ironman competition was 266—311 min. In the present study the athletes
completed the half-ironman triathlon competition in the range of 280-
329 min (4h 40min—-5h 29 min — Table 1). All athletes had previously
participated in at least three half-ironman triathlon competitions.

After signing an informed consent form, eleven male athletes were ran-
domly divided into the control (Pl — n=6) and experimental (Cr — n=35)
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Table 1. Physical data and degree of training (triathletes, n=11)

Mean £+ SEM Range
Age (yrs) 40.3 +2.18 34-56
Weight (kg) 76.3 £2.29 63.6-85.0
Height (cm) 178.2 £2.04 170-190
Personal best (min) 290.5 + 5.05 266-311
Regular triathlon (yrs) 5.3 +0.80 3-10
Half-ironman time (min) 302.2 +4.52 280-329
Training (time/wk) 177.0 £ 12.8 120-240
VO, max. (ml/kg-min~") 523 +1.34 45.3-58.0

groups. During five days prior to the competition, athletes from the
experimental group received 20 g per day of creatine monohydrate divided
in two equal doses. These were ingested at 10 am and 4 pm. Athletes from
the control group similarly received 20 g per day of carbohydrate in place
of creatine. The creatine or carbohydrate supplementation was supplied to
athletes as a ready-to-consume powder mixture containing maltodextrin
50g. The athletes from both groups were instructed to dilute the powder
with the same volume of water just before the ingestion. The mixture
offered for both groups had similar volume, flavour and color to avoid
identification of the supplements. The athletes were allowed to drink and
eat normally during the five days that preceded the competition. All
experiments were conducted as a double-blind trial. The race started at
8:30am with 30°C and 90% relative-humidity. Conditions at the end of
the competition were 38 °C and 80% RH. All athletes finished the race
within 5% of their best personal time for that distance.

Physical data and the degree of training showed that the triathletes were
homogeneous in terms of running experience and performance in a half-
ironman competition (Table 1).

Blood sampling

Blood samples (20 ml) were collected from an antecubital vein 48 h before
the start, and 24 and 48h after the end of the competition, into sterile
heparinized glass tubes. Blood samples were centrifuged at 650 x g for
15min and plasma was kept at —70°C for one week until analysed for
cytokines (IL-1, IL-6, TNFo and INFo) and prostaglandin E, (PGE,).

Measurements of the cytokines and PGE,

Plasma IL-1pB, IL-6, TNFa, INFo and PGE, concentrations were deter-
mined using commercially available ELISA-kits (Biotrak — cellular com-
munication assays, Amersham Pharmacia biotech, Little Chalfont
Buckinghamshire, UK).

Statistical analysis

The results were compared using two-way ANOVA. Group means were
further compared using the post-hoc test of Bonferroni. A level of sig-
nificance of at least p <0.05 was chosen for all comparisons. All data
were analyzed using Graph Pad Prism program and graph package (V4.0,
Graph Pad Inc., San Diego, CA, USA). The results are presented as
mean + SEM.

Results

Forty-eight hours before the half-ironman competition
plasma concentrations (mean + SEM) of IL-6 (7.08 &+
0.63pg-ml~"), TNFa (76.50+5.60pg-ml~!), INFa
(1832+1.20pg-ml™!), IL-1B (23.42+3.52pg-ml™}),
and PGE, (39.71 & 3.8 pg-ml~') were within the normal
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Fig. 1. Interleukin-6 (IL-6) plasma concentration. IL-6 levels was determined 48 h before, and 24 and 48 h after the end of the competition in plasma
collected from triathletes that received either placebo (P1, n = 6) or creatine supplementation (Cr, n =5). The results are expressed as mean. Standard
errors of the means were always lower of the 20% of the mean value. * p < 0.05 for comparison with the creatine supplemented group. # p < 0.05 for
comparison with the data before the competition in both groups. $p<0.05 for comparison between 48 and 24 h in both groups

(5.90 £0.71; p<0.05) and 82.2% (4.78 £ 0.89; p <0.05)
of the pre-competition concentration in the control and
experimental groups, respectively. There was no effect of

expected range (Santos et al., 2004). There were no sig-
nificant differences between the control and experimental

groups.

Following competition plasma IL-6 at 24h was in-
creased 3.5-fold (7.25 £ 0.35 vs. 25.15 + 0.88; p<0.05)
and 3.9-fold (6.90 +0.91 vs. 29.90 +2.80; p<0.05) in

creatine supplementation on the response of plasma IL-6
to exercise under the conditions of this study.
Plasma TNFa was increased in the control group 3.5-

fold at 24 h to 287.48 + 8.50 (p < 0.05) and 4-fold at 48 h

the control and experimental groups, respectively (Fig. 1).
to 324.40 £ 9.94 (p <0.05) compared to the concentration

However, by 48h IL-6 had fallen back to 76.5%
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Fig. 2. Tumor Necrosis Factor oo (TNFo) plasma concentration. TNFo levels was determined 48 h before, and 24 and 48 h after the end of the competition
in plasma collected from triathletes that received either placebo (Pl, n = 6) or creatine supplementation (Cr, n=>5). The results are expressed as mean.
Standard errors of the means were always lower of the 10% of the mean value. * p < 0.05 for comparison with the creatine supplemented group. #p<0.05
for comparison with the data before the competition in both groups. $p < 0.05 for comparison between 48 and 24 h in both groups
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before competition (81.37 £4.15) (Fig. 2). The further
increase from 24 to 48 h was significant. Creatine supple-
mentation significantly reduced the increases in TNFo at
24 and 48 h by 42 and 64%. Concentrations at these times
(166.64 £ 9.54 and 117.22 £ 5.55) were significantly low-
er (p<0.05) than those in the control group (Fig. 2). The
decrease from 24 to 48 h was significant.

Plasma INFa was increased in the control group 16.5-
fold at 24 h to 296.93 £8.29 (p <0.05) and 16.3-fold at
48 h to 293.33 +5.39 (p <0.05) compared to the concen-
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tration before competition (18.05 + 1.30) (Fig. 3). The
change from 24 to 48h was not significant. Creatine
supplementation significantly reduced (p <0.05) the in-
crease in INFo at 24 and 48 h by 50.5 and 80.1%. Concen-
trations at these times (147.08 ==2.46 and 58.24 + 6.10)
were significantly lower than the corresponding concentra-
tions in the control group (Fig. 3). The decrease from 24 to
48 h was significant (P <0.05) by 60.4%.

Plasma IL1-B was increased in the control group 6.9-
fold at 24h to 157.50+7.74 (p<0.05) and 6.9-fold at
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Fig. 3. Interferono (INFa) plasma concentration. INFo. levels was determined 48 h before, and 24 and 48 h after the end of the competition in plasma
collected from triathletes that received either placebo (A, Pl, n=6) or creatine supplementation (B, Cr, n=>5). The results are expressed as mean.
Standard errors of the means were always lower of the 15% of the mean value. * p <0.05 for comparison with the creatine supplemented group.
#p <0.05 for comparison with the data before the competition in both groups. $ p <0.05 for comparison between 48 and 24 h in both groups
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Fig.4. Interleukin-1  (IL-1PB) plasma concentration. IL-1p levels was determined 48 h before, and 24 and 48 h after the end of the competition in
plasma collected from triathletes that received either placebo (A, Pl, n =06) or creatine supplementation (B, Cr, n=5). The results are expressed as
mean. Standard errors of the means were always lower of the 20% of the mean value. * p < 0.05 for comparison with the creatine supplemented group.
# p <0.05 for comparison with the data before the competition in both groups. $ p <0.05 for comparison between 48 and 24 h in both groups
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Fig.5. Prostaglandin E, (PGE,) plasma concentration. PGE, levels was determined 48 h before, and 24 and 48 h after the end of the competition in
plasma collected from triathletes that received either placebo (A, Pl, n = 6) or creatine supplementation (B, Cr, n=15). The results are expressed as
mean. Standard errors of the means were always lower of the 15% of the mean value. * p < 0.05 for comparison with the creatine supplemented group.
# p <0.05 for comparison with the data before the competition in both groups. § p<0.05 for comparison between 48 and 24 h in both groups

48h to 157.15 +5.44 (p<0.05) compared to the concen-
tration before competition (22.82 +4.47) (Fig. 4). The
change from 24 to 48 h was not significant. Creatine sup-
plementation significantly (p <0.05) reduced the increases
in IL1-P at 24 and 48 h by 72 and 71%. Concentrations at
these times (43.86 £ 5.67 and 45.82 4 3.23) were signifi-
cantly lower than the corresponding concentrations in the
control group (p <0.05) (Fig. 4).

Plasma PGE, was increased in the control group 11-
fold at 24 h to 454.37 £ 11.96 (p<0.05) and 14.4-fold at
48h to 594.7+7.3 (p<0.05) compared to the concen-
tration before competition (41.22 £4.79) (Fig. 5). The
change from 24 to 48 h was significant. Creatine supple-
mentation significantly reduced (p <0.05) the increase in
PGE, at 24 and 48 h by 85.5 and 91%. Concentrations at
these times (65.70 £ 5.85 and 52.56 4 7.10) were signifi-
cantly lower than the corresponding concentrations in the
control group (p<0.05) (Fig. 5).

Discussion

The major finding of the present report is that athletes
receiving creatine supplementation during the five day peri-
od that precedes the half-ironman shows significantly lower
levels of pro-inflammatory mediators, such as TNFo, INFao,
IL1-B and PGE,, at 24 and 48 h after the competition.

In response to an infectious agent or a nonspecific form
of tissue injury, the host shows an acute inflammatory
reaction in the affected tissue. Polymorphonuclear neutro-
phils (PMNs), mast cells, and macrophages are important

cellular components of this inflammatory process. Pro-
inflammatory mediators such as prostaglandins are re-
leased from PMNs and/or macrophages and various cyto-
kines are released from macrophages and/or lympho-
cytes. The pro-inflammatory cytokines (IL-1pB, IL-6, and
TNFo) evaluated herein are derived mainly from macro-
phages and have many systemic and metabolic effects. Of
the major importance is the impact of these cytokines on
the liver, leading to production of a number of proteins
generally named acute phase proteins (APP). These events
are collectively called as the acute phase response and are
characterized by fever, leukocytosis, decreased appetite,
altered sleep patterns, and malaise, also referred to as
sickness behavior. The early or alarm cytokines are IL-
1B and TNFq, which act locally on fibroblasts and endo-
thelial cells to induce the production of other cytokines
such as IL-6 acting centrally through the induction of
prostaglandins to cause fever and the sickness behavior
(Baumann and Glaudie, 1994). Both primary and second-
ary cytokines initiate other cytokine cascades that make
up the acute phase response. For instance, the APP pro-
duced by the liver have a wide range of activities, such as
neutralizing inflammatory agents to minimize the extent
of the damage or participating in the repair of tissues that
contribute to the host defense (Steel and Witehead, 1994).

The production of pro-inflammatory cytokines, such as
IL1B, IL-6, TNFq, and INFo, is increased during intense
and prolonged exercise (Mackinnon, 1999). These type of
exercise may cause damage to and inflammation within
skeletal muscle (Malm, 2001). The increase in IL-1f, and
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TNFao levels may be a result of high plasma levels of
stress hormones such as catecholamines and corticoste-
roids (Cupps and Fauci, 1982; Nieman and Nehlsen-
Cannarella, 1991); the plasma levels of these hormones
rise dramatically during physical exercise (Farrel et al.,
1983; Mackinnon, 1999). The overall damage in tissues is
characterized by movement of fluid and plasma proteins.
Neutrophils represent the first wave of infiltrating cells,
followed by monocytes (Smith and Miles, 2000). In addi-
tion, the overt signs and symptoms of the inflamed tissue
include swelling, redness, hest, pain, and loss of or re-
duced function (Smith and Miles, 2000). Skeletal muscle
injury manifests within few hours, increasing as exercise
progresses, and it is still apparent after completion of the
exercise session (Farber et al., 1991). Thus, considering
that delay onset muscle soreness (DOMS) develops 24—
48 h after strenuous exercise as a consequence of eccentric
muscle contraction or strenuous endurance events, blood
samples collected within this period should reflect the
plasma levels of pro-inflammatory mediators (Thompson
et al., 1997; Egermann et al., 2003).

As observed herein, in the half-ironman triathlon com-
petition, the plasma levels of pro-inflammatory cytokines
markedly increased after the competition. Another aspect
related to the muscle inflammation process is the increase
in plasma levels of PGE, observed 48 h after 30 km race
in marathon runners (Santos et al., 2004). PGE, is actively
synthesized by macrophages upon exposure to an inflam-
matory environment and it has been implicated in the pain
following exertion (Thompson et al., 1997). This fact is in
agreement with the increase in PGE, plasma concentra-
tions observed in the present study.

Data from muscle biopsies indicate that IL-1p and IL-6
are produced within skeletal muscle during and after exer-
cise being associated with muscle damage (Canonn et al.,
1989; Rohde et al., 1997). Inflammatory activity within
skeletal muscle can also be driven by the local endothelial
cells. IL-1P has been implicated in muscle proteolysis and
repair following injury/inflammation (Mackinnon, 1999).
However, muscle contraction, even in the absence of mar-
kers of muscle damage, rapidly increases IL-6 mRNA ex-
pression as observed in skeletal muscle biopsy samples
(Smith and Miles, 2000; Pedersen et al., 2003; Bemben
and Lamont, 2005). IL-6 production by skeletal muscle
varies with exercise intensity, duration, the mass of muscle
recruited, and endurance capacity (Pedersen et al., 2003,
2004; Febbraio et al., 2004). The release of this cytokine
by skeletal muscle may play a role to mobilize substrates
for energy production (O’Toole et al., 1989; Op T Eijnde
et al., 2001). Recent study has shown that IL-6 is released
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from skeletal muscle during exercise and that carbohydrate
ingestion attenuates the increase in the production of this
cytokine during both running and cycling (Pedersen and
Febbraio, 2005).

Skeletal muscle contraction is a powerful stimulus for
glucose disposal and uptake leading to hypoglycemia if
the endogenous glucose production and output from the
liver are not stimulated at the same extent during exercise
(Pedersen and Febbraio, 2005). IL-6 influences glucose
homeostasis during exercise and provides potential new
insights into factors that mediate glucose production and
disposal. There is strong evidence that IL-6 may also
affect lipid metabolism in humans resulting in lypolysis
and fatty acid oxidation (Pedersen and Febbraio, 2005).

The increase in IL-6 after 24h may be important to
maintain blood glucose levels, to inhibit TNFo production
and to increase insulin sensitivity protecting against certain
disorders, such as type 2 diabetes (Pedersen and Hoffman-
Goetz, 2000). Usually IL-6 is referred as an “‘inflamma-
tion-responsive” cytokine rather than a pro-inflammatory
cytokine as IL-6 directly do not induce inflammation. Ad-
ditionally, proinflammatory cytokines such as IL-1f and
TNFa have been shown to induce PGE, synthesis in endo-
thelial cells, smooth muscle cells, and skeletal muscle. IL-6
production and release plasma seems to precede neutrophil
and macrophage accumulation in the muscle, as a high lev-
el of IL-6 is found immediately after an exhaustive exercise
bout (Pedersen and Hoffman-Goetz, 2000).

The plasma levels of TNF-a is also elevated in the in-
flammation process, however, chronic muscular activity
down regulates this cytokine expression in contracting
skeletal muscle of elderly humans (Pedersen et al., 2004;
Pedersen and Febbraio, 2005).

The creatine supplementation tested in the present study
was able to reduce the increase in plasma levels of the pro-
inflammatory cytokines (IL1B3, TNFo, and INFa) in addi-
tion to PGE,, when compared with the placebo group, in
both situations (24 and 48 h after competition). In spite of
this, however, the mechanism involved remains to be deter-
mined. There is possible that creatine supplementation may
reduce muscle cell death and as consequence the inflamma-
tory process as whole. The absence of effect of creatine
supplementation on IL-6 plasma may reflect on adjustment
of the changes induced in the remaining cytokines.

In conclusion, the results presented herein suggest that
creatine supplementation during a short period of five
days before the half-ironman triathlon may attenuate the
increase in plasma levels of pro-inflammatory cytokines
and PGE,. Further experiments are now required to inves-
tigate if this anti-inflammatory response is due to systemic
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and/or local effect of creatine on leukocytes (macro-
phages) and/or the exercised muscle.
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