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Abstract
IL-6 was investigated in plasma during ultra endurance exercise in well-trained endurance
athletes (n= 26 men and 10 women). The intention was also to investigate if there were any
sex differences in the IL-6 response to exercise. The setups were one laboratory controlled
study, 24 h (setup 1) and two competitions of differing durations, 3 days (setup 2) and 6 days
(setup 3). The food intake in setup 1 was controlled, in setup 2 and 3 food intake was ad
libitum. The intensity was set to 60% of individual VO2 peak in setup 1 and in the other setups
the intensity was race pace. Blood samples were drawn before, during and after the exercises.
IL-6 in plasma was analyzed using a high-sensitive ELISA-method. In setup 1 the participants
had nearly identical IL-6 levels from 12 h (14 fold elevation from baseline), the levels
remained steady during the test. In setup 2 the IL-6 levels was elevated 15 fold from baseline
to the end. In setup 3 the levels were elevated 18 fold from baseline to end. Women had
significantly lower baseline and end values after setup 3 but not after setup 2. The conclusions
based on the present study are that intensity and not duration is the main determinant of the
IL-6 response in plasma in endurance exercise lasting >12 h, and that women display lower
IL-6 levels, both at baseline and post-exercise.

Introduction
Ultra endurance exercise is characterised by duration of more than 6 h where intensity is
moderate to high (e.g. triathlon, ultra marathon and adventure racing). Adventure racing (AR)
may last for several consecutive days and involves multiple disciplines, e.g. running,
kayaking, swimming, climbing and cycling, performed through a predetermined course. The
participants usually compete in mixed teams consisting of three men and one woman. The
teams decide how to allot the time between exercising, eating and sleeping. The competitors
usually sleep approximately 1-2 h/night. It is not unusal that participants fail to complete
competitions due to illness and fatigue. During the 2005 World Adventure Racing
Championships 28.8% of the participants reported illness during the race (1). Pathogenesis is
likely a major factor concerning uncompletion.
Endurance exercise has been shown to cause alterations of immune functions (2), one
mechanism suggested is an increased release of cytokines into the circulation resulting in
perturbation of the immune system. Cytokines are glycoproteins that are produced by and
mediate communication between and within immune- and non immune cells, organs and
organ systems. The cytokine production is modulated by various stimuli including trauma,
infection and physical activity. Interleukin-6 (IL-6) is a pleiotropic cytokine that is
ubiquitously expressed. It has diverse activities such as modulation of proliferation,
differentiation and regulation of immune responses. IL-6 inhibits T helper class 1 (TH1) cells,
thereby shifting the balance towards TH2 class cytokines (3). IL-6 also mediates fever and is
main inducer of the acute phase response to infection (4).
During conditions like sepsis and trauma, a vigorous IL-6 response can be detected (5).
Also strenuous, prolonged physical activity has been shown to increase concentrations of
several cytokines in the circulation and among those IL-6 is the most prominent (6). Athletes
suffering from underperformance syndrome, a state including various symptoms such as
fatigue and a decrement in performance capacity also often exhibit elevated levels of
cytokines (7). Exogenous administration of IL-6 has been shown to increase the sense of
fatigue at rest (8), and administration to male runners significantly decreased performance
during a 10-km time trial (9).

Steensberg et al. showed that it is not immune cells but the contracting muscle that is
the main origin of IL-6 during exercise (10), it was proposed that IL-6 was released in
response to muscle damage due to its role as an inflammatory responsive cytokine (11) but
further research showed that IL-6 is released independent of muscle damage (12). It is
suggested that IL-6 could have a metabolic role during exercise by acting as an energy sensor
to increase hepatic glucose output and induce lipolysis and fat oxidation (13).
Intensity (14), duration, and the muscle mass involved in the exercise are factors known
to influence the quantity of IL-6 found in plasma. Duration has been shown to account for
more than 50% of the measured variation in IL-6 levels after exercise (12). The exerciseinduced elevation of IL-6 is not linear, rather there is an accelerating enhancement in an
almost exponential manner, with levels peaking at the end of exercise or into recovery (6).
Several previous studies have described IL-6 kinetics during exercise, yet the majority
have focused on changes with exercise of shorter duration, e.g. marathons, where the levels of
IL-6 can rise up to 100 fold (15). Inflammatory response to triathlon competitions has also
been investigated (16), however triathlon and AR differ in intensity and duration.
Athletes participating in AR are potentially exposed to several stressors such as
strenuous exercise, hypothermia, endotoxaemia and sleep deprivation. These factors have all
been shown to affect the IL-6 response (16, 17-19).
To our knowledge, no study has investigated the cytokine response to multi-day ultra
endurance exercise. However, several studies have investigated the cytokine response to
intense military training (20-23). They all found elevations of IL-6 except Bøyum et al. (22)
who showed a decline of the levels after the training programme. Military practices share
many resemblances with AR. Common denominators are energy deficit and sleep deprivation,
yet intensity and energy expenditure are reportedly lower in military practices and often
include more rest (24).
Gender-based differences in the immune system are well recognized (25), yet a limited
number of studies have investigated a potential sex-dependent cytokine response to exercise.
A study by Edwards et al. (26) showed that the IL-6 response was greater in women than in
men at 60 min after maximal, but not after submaximal exercise. Steptoe et al. and Prather et
al. investigated IL-6 response to psychological stress and found higher IL-6 response in
women (27,28). It seems conceivable that the women would experience higher levels since
men and women compete together in AR hence the relative intensity will probably be higher
for the women.
We investigated the kinetics of IL-6 in men and women during ultra endurance exercise
of differing durations and intensities. Due to the earlier findings that IL-6 can rise 100 fold
after marathon and triathlon we hypothesized that the levels after a multi-day exercise would
be elevated to those seen in pathological conditions. We further hypothesized that women
would exhibit higher levels than men.

Materials and methods
Subjects
Subject characteristics are described in table 1.
Subjects were fully informed about the procedure, possible discomfort involved, and
their right to terminate the experiment at any point. All subjects were acquainted with the test
methods used.
Written informed consent was obtained from all subjects.

Experimental protocol
Setup 1
Nine male well-trained Swedish ultra endurance athletes with several years of experience
from endurance training and competition at international elite level took part in this laboratory
setting. The subjects had been practicing the last 3-9 years for ultra endurance competitions,
and had completed several Adventure Races with duration of at least 48 h.
Two to four weeks before the test the athletes VO2peaks for cycling (Monark Ergomedic
839E, Monark Exercise AB, Varberg, Sweden), kayaking (Dansprint aps, Hovide, Denmark)
and treadmill running (Rodby Electronics, Vansbro, Sweden) were measured by incremental
all-out tests with raised work rate every minute. The subjects also performed incremental
steady state tests (5 steps à 3 min) in each discipline in order to establish a relation between
HR and VO2. VO2 was measured with an online ergospirometry system (AMIS 2001,
Innovision A/S, Odense, Denmark) based on mixed expired method with an inspiratory
flowmeter. HR was continuously recorded with HR-monitor 610S (Polar Electro Oy,
Kempele, Finland).
The test included 24 h of nearly continuous mixed exercise under controlled conditions.
The athletes arrived in the laboratory after one night of fasting, following three days of
standardized food intake (4250 kcal, 52 % carbohydrates, 31 % fat and 18 % protein). The
subjects performed 12 blocks of exercise (4 x kayaking, 4 x running and 4 x cycling) in
groups of three. Each block included 110 min of exercise and 10 min for food intake and
change of equipment and clothes. The energy intake during the exercise was (59 %
carbohydrates, 29 % fat and 12 % protein) intended to give each person 50 % of their
estimated energy expenditure. Intake of water was ad libitum. Control of food intake ceased
after 24 h. All tests took place in-doors with a temperature ranging between 18 and 22 °C.
Running and cycling, except for the last 20 and 30 min of every exercise block, respectively,
were performed outdoor. The temperature outdoor ranged between 2 °C at night and 22 °C
during daytime. Work rate aimed at 60 % of the individual VO2peak in respective exercise
mode, using corresponding HR from characterization tests (five stage incremental steadystates) to control intensity.
Setup 2
Eight men and four women participated in the competition Explore Sweden, which lasted
three days and took place in the High Coast area, Sweden, in the autumn of 2008. The
subjects were all well-trained endurance athletes who had several years of experience from
ultra endurance competitions. In the morning the day before the race and immediately after
the end of the race height and weight were determined. The participants performed mixed
ultra endurance exercise (running, trekking, kayaking, cycling, climbing and swimming). The
race was held on a predetermined course of about 400 km, and the subjects competed in teams
consisting of three men and one woman. Intensity was not measured during the present
competition, but other ultra-endurance investigations have reported a mean intensity of about
40% of VO2max(29). The temperature was approximately 6 °C at night and ranged between 11
°C and 13 °C during daytime. Sleeping, resting, eating and drinking were ad libitum.
Setup 3
The participants were twelve men and six women who participated in the AR World
Championship (ARWC) in Hemavan, Sweden, 2006. The subjects were all highly trained
endurance elite athletes, with experience from international elite level competitions.
Anthropometric measurements; height, weight and total body fat (handheld bio-impedance;
Body Fat monitor BF 360, Omron Healthcare Co., Ltd., Kyoto, Japan) were measured the
morning the day before the race and immediately after finishing.

During the competition the subjects performed mixed ultra endurance exercise
(trekking, kayaking, cycling and climbing). The teams, consisting of three men and one
woman, navigated through a course of more than 800 km. Sleeping, resting, eating and
drinking were ad libitum.
Blood sampling
In setup 1 a polyethylene catheter was introduced into an antecubital vein in order to facilitate
repeated blood sampling during exercise. (Due to technical problems, two subjects underwent
blood sampling without inserting of a catheter). Blood samples were drawn at rest before
exercise and during the periods of steady state cycling (0, 6, 12, 24 h).
Blood samples were drawn in the morning the day before the race and at the end of the
race in setup 2 and 3. Additional blood samples were collected after approximately 24 h and
after 72 h of competing in setup 3 (n = 7).
Samples were put on ice for one hour to allow for clotting. Plasma samples were stored
at –70 °C and later analysed for IL-6.
Analyses
Total IL-6 in plasma was determined using Quantikine®, ELISA, a high-sensitive enzymelinked immunosorbent assay (R&D Systems, Minneapolis, MN, USA).
Procedure
All samples and reagents are prepared in room temperature.
1.
100 µl of assay diluent is added to each well (A microplate precoated with a primary
antibody, monoclonal anti-IL-6).
2.
100 µl of sample is added to each well and incubated for 2 h at room temperature.
3.
Washing
a)
Liquid is removed from the wells by inverting the plate and decanting the
contents.
b)
Each well is filled with 400 µl of wash buffer with an autowasher.
c)
Liquid is removed from the wells with an autowasher.
d)
Washing procedure is repeated 6 times. Excess wash buffer is removed by paper
towel.
4.
200 µl of conjugate (an enzyme-linked polyclonal antibody) is added to each well and
incubated for 2 h at room temperature on the shaker.
5.
The wash procedure in step 4 is repeated 6 times.
6.
50 µl of substrate solution is added to each well and incubated for 60 min at room
temperature.
7.
50 µl of amplifier solution is added to each well an incubated at room temperature
(colour develops in proportion to the IL-6 bound in the initial step).
8.
50 µl of stop solution (sulphuric acid) is added to each well.
9.
Optical density of each well is determined by using a microplate reader set to 490 nm.
A standard curve was created by using standards provided by the manufacturer. The
reported sensitivity was 0.039 pg/mL with an intra-assay variation of 7.8% and an inter-assay
variation of 7.2%. All samples were determined within the same assay to avoid inter-assay
variation.
Statistical analysis
All values are presented as means ± SD. Student´s paired t-test was used for making statistical
validation. The level of significance was set at α=0.05 and trends considered at 0.05 < P < 0.1.

When multiple comparisons were made the p-value was adjusted with Bonferroni correction.
Accepted p-value= < 0.05/n (n=number of tests). Graphs were made using Microsoft Excel.

Results
Setup 1
All nine men completed the exercise and provided blood samples at 0, 6, 12, 24, and 52 h (i.e.
after 28 h into recovery), except one subject which not provided blood at 6 h.
IL-6 increased from 0.76 ± 0.48 pg/mL at baseline to 7.16 ± 2.70 at 6 h (9.4 x). It
increased to 10.58 ± 1.04 pg/mL at 12 h (13.9 x from baseline), and to 10.89 ± 0.36 pg/mL at
24 h. All changes had p<0.001 compared to baseline. At 28 h into recovery IL-6 was 3.10
pg/mL (4.1 x from baseline). For individual IL-6 kinetics see fig. 1.
Setup 2
Mean race time was for the men 75.2 ± 8.1 h and for the women 77.2 ± 8.8 h. All participants
provided blood samples at baseline and at the end. IL-6 was elevated from 0.35 ± 0.22 pg/mL
to 5.16 ± 3,32 pg/mL at the end. The elevation was 14.7 x compared to baseline (p<0.001).
For women IL-6 was 0.18 ± 0.07 pg/mL at baseline and 5.53 ± 3.04 pg/mL at the end.
For men IL-6 was 0.43 ± 0.23 pg/mL at baseline and 4.97 ± 3.64 pg/mL at the end. Women
had significantly lower IL-6 concentration at baseline (p=<0.05), but there was no significant
difference between men and women at the end.
Five of the participants had 10 h of mandatory rest (due to prohibition to be on the water
at night time) approximately 4 h before the finish while the others did not. They are displayed
as “rest” respectively “no rest” in fig. 2. Their IL-6 levels at the end were 2.36 ± 0.67 and
7.16 ± 2.95 respectively.
Setup 3
Mean race time was for the men 145.9 ± 10.0 h and for the women 139.9 ± 23.4 h.
All fifteen participants provided blood samples at baseline and at the end. IL-6 was
elevated from 0.53 ± 0.47 pg/mL at baseline to 9.87 ± 5.91 pg/mL at the end (18.7 x).
IL-6 was 7.87 ±3.37 pg/mL at 24 h and 10.11 ± 4.78 pg/mL at 72 h. (Only seven
subjects were analyzed for IL-6 at 24 and 72 h). The elevation was significant from baseline
at all time points (p>0.001). There were no significant elevation from 24 h to 72 or 144 h.
For women IL-6 was 0.29 ± 0.06 pg/mL at baseline and 6.40 ± 2.64 pg/ml at the end.
For men IL-6 was 0.69 ± 0.56 pg/mL at baseline and 12.19 ± 6.45 pg/mL at the end. The end
value was significantly lower for women (p=<0.05), and the baseline value showed a trend
towards lover value for women (p=0.071).
One of the recruited teams dropped out after 24 h and are therefore not included in the
analyses with the other participants. They (n=3) are displayed separately and had IL-6
concentrations at baseline of 2.76 ± 2.85 pg/mL, and when they dropped out 26.54 ± 14.49
pg/mL. Both values were significantly higher than of the participants that completed the
setup.

Discussion
To our knowledge this is the first study to investigate IL-6 kinetics during multi-day ultra
endurance exercise. Our findings of an elevation of IL-6 levels after multi-day exercise are in

accordance with Gundersen et al. and Gomez-Merino et al. (20-21,23) who found modest
elevations of IL-6 after military training. The higher IL-6 values obtained in our studies seem
not surprising since energy expenditure and exercise intensity is higher in AR (29) than in
military training and less time is spent on resting/sleeping (23).
We expected to see levels comparable to those in pathological conditions due to earlier
data which points out duration as an important factor for IL-6 release during exercise (12).
The levels are lower than we hypothesized.
Intensity
Intensity has earlier been reported to correlate with IL-6 levels (14). The intensity in setup 1
was predetermined and set to 60% of individual VO2peak. The levels of IL-6 in plasma reach
its peak already after 12 h and remain steady during the test (see fig 1). This is in contrast
with earlier studies that have shown that IL-6 levels in plasma peak at the end of exercise or
into recovery (6). Subjects exhibit striking similarities at all time-points except at 6 h. Of note
is that we have not measured time points between 6 and 12 h, hence it is possible that IL-6
values reach a peak earlier than at 12 h. The results from setup 1 shows evidence for that
individual differences in the IL-6 response when performing equal modes of ultra endurance
exercise of more than 12 h at the same relative intensity and are small. The differences in the
data from 6 h implies that the results are not due to methodological error.
In the competitions (setup 2 and 3) the intensity is self-selected, hence the participants
will compete with differing intensities (due to individual differences in training status, effort
during the race, etc.) The competitors display large individual differences in the IL-6
response. In setup 2, there were concrete differences among the participants. Five of the
participants had more rest close to the finish (they were prohibited to go out on the water at
night) and the other participants finished the race without the extra rest. By looking at the
individual level it is evident that the subjects which rested had lower levels than the others
(p<0.01, see fig 2).
The fact that individuals exercising at the same relative intensity display stunningly
similar levels, while subjects performing exercise at different relative intensities exhibit large
differences in IL-6 levels points out intensity and not duration as main determinant of IL-6 in
multi-day ultra endurance exercise. What further supports this is that the athletes do not show
significantly higher levels after 144 h of exercise than after 24 h.
Individual differences
Individual differences might contribute to the disparities in IL-6 levels seen among the
athletes during the competitions. The food intake was not controlled during setup 2 and 3, and
there is a possibility that individual differences in glycogen stores and energy intake could
reflect the IL-6 release. Low glycogen levels during exercise is associated with greater
increases in IL-6 (30) and carbohydrate ingestion has been shown to decrease IL-6 in plasma
during exercise (31). Since we have no food records for the competitors it is impossible to
establish an association between energy intake and IL-6 response during setup 2 and 3.
According to our own observations there are great differences in food intake among the
individuals. In setup 1 food intake was controlled three days prior to and during the test, yet
the subjects´ energy intake in proportion to energy requirements was not equal (data not
shown). Differences in food intake could not account for the individual disparities seen at 6 h
since there were no correlation between energy intake from 0 to 6 h in percent of energy
requirements and the IL-6 response (data not shown). The subjects display almost similar IL-6
levels at 12 and 24 h despite the differences in energy intake.
With the decrement in intensity that occur during AR (from 60 to 40% of VO2max from
24 h) (29) it seems conceivable that it is easier for the participants to ingest food and keep it.

Zimberg et al. (32) have investigated the nutritional intake during a simulated adventure race
lasting three days. This study showed the opposite; energy intake goes down during the race,
with the lowest energy and carbohydrate intakes seen on day 3. According to this it seems that
the stabile levels of IL-6 from 24 h to 144 h during setup 3 cannot be explained by an increase
in food intake during the later stages of the competition.
There are differences in fat mass among the participants (see table 1), and adipose tissue
may contribute to 35% of the IL-6 response in the circulation at rest, but Lyngsø et al. showed
with arteriovenous measurements that fat tissue does not contribute to the exercise-induced
IL-6 in the circulation until recovery (33). This indicates that differences in fat mass have no
impact on IL-6 levels during exercise, whether this is also valid for exercise of more
prolonged nature is not clear. However, there was no correlation between fat mass and IL-6
levels after setup 3.
Interestingly, the three persons who chose to terminate setup 3 (due to fatigue), showed
significantly higher levels of IL-6 at baseline and at 24 h (p>0.01 for both), see fig 2. They
were also the ones considered less trained (according to their lower VO2peak values, see table
1). This observation might be an indication of that it is detrimental to performance to start
exercising with already elevated IL-6 levels.
Sex differences
Several studies have shown gender differences in substrate utilization during exercise, with
women oxidizing proportionally more fat than men (34,35). A study attempting to investigate
potential sex differences in substrate utilization during military training showed that the
relative contribution of fat mass to total energy expenditure among the cadets was nearly 90%
in the women compared with 74% in the men (23). IL-6 have been shown to induce lipolysis
and fat oxidation in humans (13). Since women seems to better be able to use fat and spare
glycogen during exercise they might be less reliable on the effect of IL-6 on fat oxidation and
hence display smaller increase in IL-6 levels.
Disparities exist between men and women regarding inflammatory response after
trauma and burns. This has been attributed to estrogens ability to influence the immune
response after injury (36). It has been shown that physiological concentrations of estrogen
directly inhibits IL-6 production (37). Regarding sex differences in the cytokine response to
exercise, there is a lack of information. Studies have investigated a sex-dependent cytokine
response to psychological stress and found higher levels in women (27,28) Edwards et al (26)
showed no gender difference after 45 min of bicycle exercise, yet women had significantly
higher levels 60 min into recovery after a maximal but not after a submaximal exercise task.
In contrary to our hypothesis we found lower IL-6 levels in the women, this is in spite that
women probably compete at a higher relative intensity than the men. Whether our finding of a
smaller IL-6 response in women is due to estrogen or some other factor is not clear.

Conclusion
This investigation shows that intensity and not duration is the main determinant of IL-6 in
plasma during ultra endurance exercise of more than 12 h. Women have a smaller IL-6
response than men, both at rest and during exercise.
Further studies are required to evaluate a broader spectrum of immune alterations during
AR and elucidate how parts of this multifactorial stress situation affects components of
immune system. By examining dietary components´ impact on immune responses and illness,
perhaps there is a greater possibility to avoid pathogenesis and fatigue during the races.

Acknowledegements
The author gratefully acknowledges the participants and the helpful and supportive colleagues
at Åstrand Laboratory of Work Physiology.

References
1. Newsham-West RJ, Marley J, Schnieders AG, Gray AJ. Pre-race health status and
medical events during the 2005 World Adventure Racing Championships. J Sci Med
Sport 2008; Sep 30. (Epub)
2. Gleeson M. Immune function in sport and exercise. J Appl Physiol 2007;103(2):693-9.
3. Diehl S. Rincón. The two faces of IL-6 on Th1/Th2 differentiation. Mol Immunol
2002;39:531-6.
4. Streetz KL. Wȕstefeld T. Klein C. Manns MP. Trautwein C. Mediators of
inflammation and acute phase response in the liver. Cell Mol Biol (Noisy-le-grand)
2001;47:661-73.
5. Lenz A, Franklin GA, Cheadle WG. Systemic inflammation after trauma. Injury 2007;
38:1336-45.
6. Ostrowski K, Hermann C, Bangash A, Schjerling P, Nielsen JN, Pedersen BK. A
trauma-like elevation of plasma cytokines in humans in response to treadmill running.
J Physiol; 1998;513:889-94.
7. Robson P. Elucidating the unexplained underperfomance syndrome in endurance
athletes: the interleukin-6 hypothesis. Sports Med 2003;33:771-81
8. Späth-Schwalbe E, Hansen K, Schmidt F, Schrezenmeier H, Marshall L, Burger K,
Fehm HL, Born J. Acute effects of recombinant interleukin-6 on endocrine and central
nervous sleep functions in healthy men. J Clin Endocrinol Metab 1998;83:1573-9.
9. Robson-Ansley PJ, de Milander L, Collins M, Noakes TD. Acute interleukin-6
administration impairs athletic performance in healthy, trained male runners. Can J
Appl Physiol 2004;29:411-8.
10. Steensberg A, van Hall G, Osada T, Sacchetti M, Saltin B, Klarlund Pedersen B.
Production of interleukin-6 in contracting human skeletal muscles can account for the
exercise-induced increase in plasma interleukin-6. J Physiol 2000;15;529:237-42.
11. Bruunsgaard H, Galbo H, Halkjaer-Kristensen J, Johansen TL, MacLean DA,
Pedersen BK. Exercise-induced increase in serum interleukin-6 in humans is related to
muscle damage. J Physiol 1997;15:833-41.
12. Fischer CP. Interleukin-6 in acute exercise and training: what is the biological
relevance? Exerc Immunol Rev 2006;12:6-33.
13. van Hall G, Steensberg A, Sacchetti M, Fischer CP, Keller C, Schjerling P, Hiscock N,
Møller K, Saltin B, Febbraio MA, Pedersen BK. Interleukin-6 stimulates lipolysis and
fat oxidation in humans. J Clin Endocrinol Metab 2003;88:3005-10.
14. Ostrowski K, Schjerling P, Pedersen BK. Physical activity and plasma interleukin-6 in
humans-effect of intensity of exercise. Eur J Appl Physiol 2000;83:512-5.
15. Suzuki K, Yamada M, Kurakake S, Okamura N, Yamaya K, Liu Q, Kudoh S,
Kowatari K, Nakaji S, Sugawara K. Circulating cytokines and hormones with
immunosuppressive but neutrophil-priming potentials rise after endurance exercise in
humans. Eur J Appl Physiol 2000;81:281-7.

16. Suzuki K, Peake J, Nosaka K, Okutsu M, Abbiss CR, Surriano R, Bishop D, Quod
MJ, Lee H, Martin DT, Laursen PB. Changes in markers of muscle damage,
inflammation and HSP70 after an Ironman Triathlon race. Eur J Appl Physiol
2006;98:525-34.
17. Diestel A, Roessler J, Berger F, Schmitt KR. Hypothermia downregulates
inflammation but enhances IL-6 secretion by stimulated endothelial cells. Cryobiology
2008;57:216-22.
18. Pritts T, Hungness E, Wang Q, Robb B, Hershko D, Hasselgren PO. Mucosal and
enterocyte IL-6 production during sepsis and endotoxemia-role of transcription factors
and regulation by the stress response. Am J Surg 2002;183:372-83.
19. Frey DJ, Fleshner M, Wright KP Jr. The effects of 40 hours of total sleep deprivation
on inflammatory markers in healthy young adults. Brain Behav Immun 2007;21:10507.
20. Gundersen Y, Opstad PK, Reistad T, Thrane I, Vaagenes P. Seven days' around the
clock exhaustive physical exertion combined with energy depletion and sleep
deprivation primes circulating leukocytes. Eur J Appl Physiol 2006;97:151-7.
21. Gomez-Merino D, Drogou C, Chennaoui M, Tiollier E, Mathieu J, Guezennec CY.
Effects of combined stress during intense training on cellular immunity, hormones and
respiratory infections. Neuroimmunomodulation 2005;12:164-72.
22. Bøyum A, Wiik P, Gustavsson E, Veiby OP, Reseland J, Haugen AH, Opstad PK. The
effect of strenuous exercise, calorie deficiency and sleep deprivation on white blood
cells, plasma immunoglobulins and cytokines. Scand J Immunol 1996;43:228-35.
23. Gomez-Merino D, Chennaoui M, Burnat P, Drogou C, Guezennec CY. Immune and
hormonal changes following intense military training. Mil Med 2003;168:1034-8.
24. Hoyt RW, Opstad PK, Haugen AH, DeLany JP, Cymerman A, Friedl KE. Negative
energy balance in male and female rangers: effects of 7 d of sustained exercise and
food deprivation. Am J Clin Nutr 2006;83:1068-75.
25. Cannon JG, St Pierre BA. Gender differences in host defense mechanisms. J Psychiatr
Res 1997;31:99-113.
26. Edwards KM, Burns VE, Ring C, Carroll D. Individual differences in the interleukin-6
response to maximal and submaximal exercise tasks. J Sports Sci 2006;24:855-62.
27. Steptoe A, Owen N, Kunz-Ebrecht S, Mohamed-Ali V. Inflammatory cytokines,
socioeconomic status, and acute stress responsivity. Brain Behav Immun 2002;16:77484.
28. Prather AA, Carroll JE, Fury JM, McDade KK, Ross D, Marsland AL. Gender
differences in stimulated cytokine production following acute psychological stress.
Brain Behav Immun 2008, Dec 6 (Epub).
29. Lucas SJ, Anglem N, Roberts WS, Anson JG, Palmer CD, Walker RJ, Cook CJ,
Cotter JD. Intensity and physiological strain of competitive ultra-endurance exercise in
humans. J Sports Sci 2008;26:477-89.
30. Keller C, Steensberg A, Pilegaard H, Osada T, Saltin B, Pedersen BK, Neufer PD.
Transcriptional activation of the IL-6 gene in human contracting skeletal muscle:
influence of muscle glycogen content. FASEB J 2001;15:2748-50.
31. Nehlsen-Cannarella SL, Fagoaga OR, Nieman DC, Henson DA, Butterworth DE,
Schmitt RL, Bailey EM, Warren BJ, Utter A, Davis JM. Carbohydrate and the
cytokine response to 2.5 h of running. J Appl Physiol 1997;82:1662-7.
32. Zimberg IZ, Crispim CA, Juzwiak CR, Antunes HK, Edwards B, Waterhouse J, Tufik
S, de Mello MT. Nutritional intake during a simulated adventure race. Int J Sport Nutr
Exerc Metab 2008;18:152-68.

33. Lyngsø D, Simonsen L, Bülow J. Interleukin-6 production in human subcutaneous
abdominal adipose tissue: the effect of exercise. J Physiol 2002;543:373-8.
34. Venables MC, Achten J, Jeukendrup AE. Determinants of fat oxidation during
exercise in healthy men and women: a cross-sectional study. J Appl Physiol
2005;98:160-7.
35. Tarnopolsky LJ, MacDougall JD, Atkinson SA, Tarnopolsky MA, Sutton JR. Gender
differences in substrate for endurance exercise. J Appl Physiol 1990;68:302-8.
36. Bird MD, Karavitis J, Kovacs EJ. Sex differences and estrogen modulation of the
cellular immune response after injury. Cell Immunol 2008;252:57-67.
37. Pikasole G, Jilka RL, Passeri G, Boswell S, Boder G, Williams DC, Manolagas SC.
17 β-estradiol inhibits interleukin-6 production by bone marrow-derived stromal cells
and osteoblasts in vitro: a potential mechanism for the antiosteoporotic effect of
estrogens. J Clin Invest 1992;89:883-91.

Table 1. Subject characteristics of the participants.
Setup
1
2
3
2
3

Sex n Age(years) Height(cm) Weight(kg) VO2peak run
(l/kg/min)
M
9 27.1±0.9
182.0±1
80.4±2.4
62.5±5,3
‡
M
8 33.9±4.8
185.5±7
80.9±9.6
M
9 30.3±3.5
179.9±5
79.3±2.6
61.5±2.5, n=8
‡
166.0±6
57.3±4.0
F
4 31.4±2.6
F
6 32.2±6.6
166.2±8
60.7±7.9
55.8±1.8, n=3

Bodyfat(%) VO2peak run
(l/min)
17.1±4
5.01±0.43
‡

16.8±3.7

‡

4.85±0.20, n=8

‡

‡

22.4±2.7

3.11±0.59,
n=3

3(fail)† M

3 33.0±3.6

176.2±1

77.3±6.8

51.8±2.2, n=2

18.0±5,6

4.18±0.47,
n=2

Values are given as mean±SD. †=Represents the participants that dropped out after 24 h.
‡= Not measured in the present study. Subjects are considered equal to the participants in setup 1
and 3.

Fig 1. Individual IL-6 kinetics for setup 1.

――― = mean value

Fig 2. IL-6 in plasma before, during and after setup 2 and 3.

Values are presented as mean±SD.
Range= 0h, setup 2: 0.10-0.85, setup 3: 0.08-1.73, setup 3 fail: 0.89-6.04. 24h, setup 3(n=7): 2.2112.04, setup 3 fail: 12.12-41.11. 72h, setup 2 “no rest”: 3.61-11.85, setup 2 “rest”: 1.41-3.24, setup
3(n=7): 3.53-16.17. 144h, setup 3: 4.28-22.30.
* Significantly different (p<0.05 )from pre-exercise.
# Significantly different (p<0.05) from the rest of the participants in setup 3.
† Significantly different from (p<0.05) “ rest” in setup 2.

Fig 3. IL-6 in plasma in men and women before and after setup 2 and after setup 3.

Values are presented as mean±SD. * Significantly different from the men.

