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ABSTRACT

Spanidis, Y, Stagos, D, Orfanou, M, Goutzourelas, N, Bar-or, D,

Spandidos, D, and Kouretas, D. Variations in oxidative stress

levels in 3 days follow-up in ultramarathon mountain race

athletes. J Strength Cond Res 31(3): 582–594, 2017—The

aim of the present study was the monitoring of the redox status

of runners participating in a mountain ultramarathon race of

103 km. Blood samples from 12 runners were collected pre-

race and 24, 48, and 72 hours postrace. The samples were

analyzed by using conventional oxidative stress markers, such

as protein carbonyls (CARB), thiobarbituric acid reactive sub-

stances (TBARS), total antioxidant capacity (TAC) in plasma,

as well as glutathione (GSH) levels and catalase (CAT) activity

in erythrocytes. In addition, 2 novel markers, the static

oxidation-reduction potential marker (sORP) and the capacity

oxidation-reduction potential (cORP), were measured in

plasma. The results showed significant increase in sORP levels

and significant decrease in cORP and GSH levels postrace

compared with prerace. The other markers did not exhibit sig-

nificant changes postrace compared with prerace. Further-

more, an interindividual analysis showed that in all athletes

but one sORP was increased, whereas cORP was decreased.

Moreover, GSH levels were decreased in all athletes at least at

2 time points postrace compared with prerace. The other

markers exhibited great variations between different athletes.

In conclusion, ORP and GSH markers suggested that oxidative

stress has existed even 3 days post ultramarathon race. The

practical applications from these results would be that the

most effective markers for short-term monitoring of ultramara-

thon mountain race–induced oxidative stress were sORP,

cORP, and GSH. Also, administration of supplements enhanc-

ing especially GSH is recommended during ultramarathon

mountain races to prevent manifestation of pathological

conditions.

KEY WORDS exercise, glutathione, oxidation-reduction

potential

INTRODUCTION

U
ltramarathon running races have gained a lot of
popularity over the last years owing to their
demanding and dynamic characteristics. Actu-
ally, the same interest has been observed in the

scientific field as shown by the increased number of pub-
lished studies and conferences about ultrarunning worldwide.
As ultramarathon is considered any sporting event involving
running and walking for more than the distance of a simple
marathon race (i.e., .42.195 km), these events challenge our
physiological systems and can lead to significant muscle in-
juries, cardiac risk, inflammation, DNA, and oxidative stress
damage (48,57). As a result, there is a research interest in
analyzing samples from athletes participating in these run-
ning events, since they can provide useful insight into the
body’s responses to extreme situations.

It has been widely established in the past that intense
exercise induces the production of reactive oxygen species
(ROS), which may lead to a pathophysiological condition
known as oxidative stress (49,76) that is associated with the
oxidative damage to macromolecules (e.g., lipids, proteins, and
DNA) (45), immune dysfunction (59), muscle damage (49),
and fatigue (42). Reactive oxygen species are products of nor-
mal metabolism and include reactive oxygen species such as
superoxide radical (o22 ), hydroxyl radical (OH), peroxyl radical
(RO2), and reactive nitrogen species (RNS) such as nitric oxide
(NO) and the peroxynitrite radical (ONOO) (24). Reactive
oxygen species may participate in several cell functions such
as regulation of signaling pathways and gene expression, and
apoptosis (20). Reactive oxygen species endogenous sources
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include components of the mitochondrial expression, inflam-
matory components, peroxisomes, and cytochrome P450
activity (75). Moreover, there are also exogenous sources of
ROS and RNS generation such as smoking, air pollution,
ultraviolet light, and ionizing radiation (51). However, the
main sources of ROS generation during strenuous exercise is
the leakage of electrons from mitochondrial electron transport
chain, activated neutrophils, alterations of prostanoid and cat-
echolamine metabolism, and changes in the activity of the
enzymes xanthine oxidase and nicotinamide adenine dinucle-
otide phosphate oxidase (14,62). These factors in combination
with extramitochondrial ROS production may lead to oxida-
tive stress (54). Several studies have reported that marathon
and ultramarathon running are associated with induction of
oxidative stress, since markers indicating lipid peroxidation,
oxidative DNA damage, sensitivity of low density lipoprotein
to oxidation and protein oxidation were increased, whereas
antioxidant enzymes (e.g., superoxide dismutase) and mole-
cules (e.g., GSH) were decreased (7,25,34,71).

As far as this study is concerned, blood samples from
runners participating in the mountain ultramarathon named
“Olympus Mythical Trail 2015” were used. Specifically, the
aforementioned event is a mountain marathon race of
103 km, taking place in the mountain of Olympus in Greece.
This race is a very demanding route that concludes with
a 7,200 m elevation gain with the highest altitude of the
route being at 2,906 m. Moreover, it is worth mentioning
that 40 km of the route takes place at an altitude higher than
2,000 m. In this respect, previous research has documented
an increase in muscle and oxidative stress levels after exercise
at altitude (4). In addition, during the race the contestants
must face continuous alterations between uphill and down-
hill routes. This is a key point as downhill running eccentri-
cally loads the quadriceps which consequently increases
myofibrillar damage that is characterized by decreased mus-
cle force, increased serum creatine kinase (CK) activity
(60,68), and inflammation response (16,36,53). During
eccentric exercise, an excess amount of ROS generation oc-
curs and has been attributed to endogenous mechanisms
such as xanthine and NADPH oxidase production, ischemia
reperfusion, prostanoid and catecholamine metabolism, dis-
ruption of iron-containing proteins, and excessive calcium
accumulation (41). Furthermore, at the injury point, neutro-
phils and macrophages are infiltrated and may induce ROS
production (5,10). However, an intriguing fact that has been
recently reported to be happened after eccentric exercise is
the variability between the individuals as many individuals
exhibited reductive or negligible stress (39,66).

In a previous study, we have assessed mountain marathon–
induced oxidative stress in athletes immediately postrace,
using among others some novel oxidation-reduction potential
(ORP) markers (65). A key finding that derived from the latter
study was the huge and significant differences that were
observed in almost all tested markers postrace (static ORP
(sORP), GSH, CAT, TBARS, CARB, and TAC) indicating

a very oxidative environment after the competition. As the
analysis of the previous study based only in one time point,
immediately after the competition, the aim of this study was
to expand the monitoring postexercise period of ultramara-
thon mountain–induced oxidative stress to beyond 3 days
after completion of the ultramarathon event (i.e., from 24 to
72 hours postrace). Thus, findings from this study will con-
tribute to a better understanding of the adaptive mechanisms
against oxidative stress induced by such athletic events and
consequently would help to improve immediate recovery pro-
cess, health status, and performance of the athletes (e.g., by
altering nutrition and/or administrating antioxidant supple-
ments). Moreover, ORP markers were again used to examine
whether they are effective for monitoring ultramarathon
mountain–induced oxidative stress in a short-term period.
Finally, we aimed at analyzing at an individual level, the
induction of oxidative stress, since as-mentioned great vari-
ability has been reported between different individuals.

METHODS

Experimental Approach to the Problem

Blood samples from 12 adult male runners participating in the
mountain ultramarathon named “Olympus Mythical Trail
2015” were drawn 8 hours prerace and 24, 48, and 72 hours
postrace. The determination of the athletes’ redox status was
based on conventional spectrophotometric oxidative stress
markers such as thiobarbituric acid reactive substances
(TBARS), protein carbonyl levels (CARB), total antioxidant
capacity (TAC) in plasma, and glutathione (GSH) levels, and
catalase (CAT) activity in red blood cells. In addition, a novel
method based on the measurement of ORP using the
RedoxSYS Diagnostic System (Luoxis Diagnostics, Inc., Eng-
lewood, CO, USA) was also assessed. Specifically, ORP is an
integrated measure of the balance between total oxidants (e.g.,
oxidized thiols, superoxide radical, hydroxyl radical, hydrogen
peroxide, nitric oxide, peroxynitrite, and transition metal ions)
and total reductants (e.g., free thiols, ascorbate, a-tocopherol,
b-carotene, and uric acid). In previous studies, we have shown
that the RedoxSYS Diagnostic System is an effective, fast, and
safe method for measuring ORPmarkers for the determination
of oxidative stress induced by mountain marathon race, eccen-
tric exercise, and after a strenuous basketball season (64–66).

Subjects

The participants were 12 adult male athletes (age 41.1 6 3.2
years; age range 26–55 years; height 1.78 6 0.02 m; weight
72.9 6 2.0 kg) who voluntarily participated in the study.
Written informed consent to participate in the study was
provided by all athletes after they had been informed of
the benefits and risks of the investigation. The procedures
were in accordance with the Declaration of Helsinki of 1975
as revised in 2000, and approval was received by the human
subjects committee of the University of Thessaly.

Furthermore, the subjects did not receive anti-inflammatory
medicines or nutritional supplement before the competition,
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as they were informed by our team to refrain from the
consumption of any kind of the aforementioned supplements.
During the competition, each athlete had the ability to
consume short meals including mainly carbohydrates but
none of them had any additional supplementation. They were
also all experienced and familiar with mountain running, as for
the participation it was required at least 3 mountain marathon
completed races in the last 3 calendar years before the current
year registration procedure.

The participants visited the Litohoro Health Center,
located close to the starting point of the race to complete
a health and activity questionnaire, and their anthropometric
parameters were taken. Body mass was measured to the
nearest 0.5 kg (Beam Balance 710; Seca, Birmingham, United
Kingdom) with the subjects lightly dressed and barefoot.
Standing height was measured to the nearest 0.5 cm
(Stadiometer 208; Seca).

Snapshot of the Competition

This study was performed at one of the most extreme
mountain ultramarathons worldwide named “Olympus
Mythical Trail”, organized on July 4–5, 2015 in Olympus
Mountain in Greece. The route distance was 103 km,
whereas the total ascent (i.e., positive height difference)
reached 7,200 m (more than 2 times the altitude of Olympus
Mountain). It was a “loop” course type and consisted mostly
of paths (95%) and dirt (5%), starting and ending at Lito-
choro, a town in northern Greece.

Moreover, the route consisted of 18 checkpoints while
about 40 km of it passed above 2,000 m altitude. The
maximum time allowed for race completion was 28 hours.

Procedures

Blood Collection and Assays. The blood samples were collected
at 4 different time points: 8 hours prerace and 24, 48, and 72
hours postrace. The samples (10 ml) were drawn from
a forearm vein with subjects in seated position, stored in
EDTA or heparin tubes and centrifuged at 1,370g for 10 mi-
nutes at 48C to divide the erythrocytes from the plasma. The
packed erythrocytes were lysed with 1:1 (vol/vol) distilled
water, inverted vigorously, and centrifuged at 4,020g for
15 minutes at 48C. The plasma and erythrocyte lysates were
then stored at 2808C before biochemical analysis.

The samples stored in heparin tubes were used for the
determination of ORP markers by using the RedoxSYS
Diagnostic System (Luoxis Diagnostics, Inc.) as described
previously (64–66). The RedoxSYS system consists of a small
battery-powered reader and small sensors that require limited
sample manipulation, as it measures ORP within 4 minutes in
20 ml of heparinized mammalian plasma samples. Specifically,
the biological sample is applied to a RedoxSYS sensor in-
serted into a galvanostat-based reader. The test starts when
the sample fills the reference electrode, thereby completing
the electrochemical circuit. Then, sORP is recorded in mV
and displayed on the RedoxSYS display screen. Namely,
sORP is the standard potential between a working electrode

and a reference electrode with no driving current (or
extremely small current), which is proportional to the balance
of reductants and oxidants and is what is classically termed
ORP. Low sORP values (,150 mV) mean that the biological
sample is in the normal range of oxidative stress, whereas
higher than normal sORP values (.150 mV) means that

TABLE 1. Depiction of each athlete’s
performance.*

Individual Result Performance

1 Finished 19 h 37 min
2 Finished 27 h 26 min
3 Finished 22 h 30 min
4 Finished 20 h 19 min
5 Finished 20 h 27 min
6 Finished 23 h 39 min
7 DNF (70th km) 15 h 29 min
8 DNF (60th km) 15 h 01 min
9 Finished 27 h 58 min
10 DNF (70th km) 18 h 03 min
11 Finished 21 h 25 min
12 DNF (60th km) 14 h 57 min

*For athletes who did not finish (DNF), the kilometer at
which they quit is also displayed.

Figure 1. Changes (%) of static oxidation-reduction potential (sORP)
(A) and capacity oxidation-reduction potential (cORP) (B) markers,
measured in plasma at 24, 48 and 72 hours postrace compared with
prerace. All values are presented as the mean 6 SEM. *Significantly
different compared with prerace (p , 0.05).
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the biological sample is in a higher state of oxidative stress.
After sORP measurement, the reader applies a small current
sweep to the sample, resulting in the exhaustion of antioxidant
species. As a result, the capacity ORP (cORP) of the sample is
estimated in microcoulombs and reported on the RedoxSYS

display screen. That is, cORP reflects the amount of electrons
applied to the sample that causes the exhaustion of antioxi-
dants in the sample. Capacity ORP is the measure of antiox-
idant reserve available in the body’s system. High cORP
values mean that the biological sample has antioxidant re-
serves in the normal range, whereas lower than normal cORP
values means that the biological sample has below normal
antioxidant reserves.

For TBARS determination, the assay was based on Keles
et al. (32). TBARS is a widely and frequently used method to
determine lipid peroxidation. According to the method, 100
ml of plasma was mixed with 500 ml of 35% trichloroacetic
acid (TCA) (Merck, Darmstadt, Germany) and 500 ml of
Tris–HCl (Sigma-Aldrich, St. Louis, MO, USA) (200 mM,
pH 7.4) and incubated for 10 minutes at room temperature.
One milliliter of 2 M sodium sulfate (Na2SO4) and 55 mM
thiobarbituric acid (TBA) solution were added and the sam-
ples were incubated at 958C for 45 minutes. The samples
were cooled on ice for 5 minutes and vortexed after adding
1 ml of 70% TCA. The samples were centrifuged at 15,000g
for 3 minutes, and the absorbance of the supernatant was read
at 530 nm using a spectrophotometer (Hitachi U-1900; serial
no. 2023-029; Hitachi, Tokyo, Japan). A baseline absorbance

Figure 3. Changes (%) of oxidative stress markers (A) carbonyl levels
(CARB), (B) thiobarbituric acid reactive substances (TBARS), and (C)
total antioxidant capacity (TAC) measured in plasma at 24, 48, and 72
hours postrace compared with the prerace. All values are presented in
mean 6 SEM. *Significantly different compared with prerace (p # 0.05).

TABLE 2. GSH values (mmol$g21 Hb) of the
participants at all time points (pre-race, 24 hours,
48 hours, 72 hours postrace).

Individual

GSH (mmol$g21 Hb)

Pre-
race 24 hours 48 hours 72 hours

1 4.49 3.11 3.76 3.48
2 6.41 4.27 4.62 7.21
3 6.29 5.27 4.31 4.22
4 7.53 6.45 6.46 7.61
5 2.63 2.57 2.57 2.60
6 6.27 4.57 3.83 4.39
7 3.99 2.42 1.82 2.06
8 3.16 2.05 1.52 1.86
9 3.99 3.21 2.83 2.74
10 9.05 5.46 7.43 7.44
11 4.49 2.88 3.62 2.34
12 2.89 2.31 2.37 2.99

Figure 2. Changes (%) of oxidative stress markers (A) glutathione levels
(GSH) and (B) catalase activity (CAT) measured in erythrocytes at 24,
48, and 72 hours postrace compared with prerace. All values are
presented in mean 6 SEM. *Significantly different compared with
prerace (p # 0.05).
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was taken into account by running a blank (containing water
instead of plasma) along with all samples during the measure-
ment. Calculation of TBARS concentration was based on the
molar extinction coefficient of malondialdehyde.

Protein carbonyls were determined based on the method of
Patsoukis et al. (52). In this assay, 50 ml of 20% TCAwas added
to 50 ml of plasma, and this mixture was incubated in an ice
bath for 15 minutes and centrifuged at 15,000g for 5 minutes at

Figure 4. Changes (%) of oxidative stress biomarkers in each individual examined in plasma at 24, 48, and 72 hours postrace compared with prerace. Each bar
represents the percentage difference in the level of each biomarker at postrace compared with prerace. (A) Protein carbonyls levels (CARB), (B) thiobarbituric
acid reactive substances (TBARS), and (C) total antioxidant capacity (TAC).

Oxidative Stress After an Ultramarathon Mountain Race
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48C. The supernatant was discarded and 500 ml of 10 mM 2,4-
dinitrophenylhydrazine (in 2.5 N HCl) for the sample, or 500 ml
of 2.5 N HCl for the blank, was added in the pellet. The samples
were incubated in the dark at room temperature for 1 hour with
intermittent vortexing every 15 minutes and were centrifuged at
15,000g for 5 minutes at 48C. The supernatant was discarded
and 1 ml of 10% TCA was added, vortexed, and centrifuged at
15,000g for 5 minutes at 48C. The supernatant was discarded
and 1 ml of ethanol-ethyl acetate (1:1 vol/vol) was added, vor-
texed, and centrifuged at 15,000g for 5 minutes at 48C. This
washing step was repeated twice. The supernatant was dis-
carded and 1 ml of 5 M urea (pH 2.3) was added, vortexed,
and incubated at 378C for 15 minutes. The samples were centri-
fuged at 15,000g for 3 minutes at 48C, and the absorbance was

read at 375 nm. Calculation of protein carbonyls concentration
was based on the molar extinction coefficient of DNPH. Total
plasma protein was assayed using Bradford reagent.

Moreover, the determination of TAC was based on the
method of Janaszewska and Bartosz (26). In this assay, 20 ml
of plasma were added to 480 ml of 10 mM sodium potassium
phosphate (pH 7.4) and 500 ml of 0.1 mM 2,2-diphenyl-1-
picrylhydrazyl (DPPH) free radical. Then, the samples were
incubated in the dark for 30 minutes at room temperature
and then centrifuged for 3 minutes at 20,000g. The absor-
bance was read at 520 nm using a spectrophotometer
(Hitachi U-1900; serial no. 2023-029). TAC is presented as
mmol of DPPH reduced to 2,2-diphenyl-1-picrylhydrazine
by the antioxidants of plasma.

Figure 5. Changes (%) of oxidative stress biomarkers in each individual examined in erythrocytes at 24, 48, and 72 hours at postrace compared with prerace.
Each bar represents the percentage difference in the level of each biomarker at postrace compared with prerace. (A) Glutathione levels (GSH) and (B) catalase
activity (CAT).
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In addition, GSH levels were measured in red blood cells
by using an assay based on the study by Reddy et al. (55). In
this assay, 20 ml of erythrocyte lysate treated with 5% TCA,
mixed with 660 ml of 67 mM sodium potassium phosphate
(pH 8) and 330 ml of 1 mM 5, 5-dithiobis-2 nitrobenzoate
(DTNB). The samples were incubated in the dark at room
temperature for 45 minutes and the absorbance was read at
412 nm using a spectrophotometer (Hitachi U-1900; serial
no. 2023-029). GSH concentration was calculated relative to
a calibration curve made using commercial standards.

Finally, the measurement of catalase (CAT) enzyme
activity was based on the method of Aebi et al. (1). Specif-
ically, 4 ml of erythrocyte lysate (diluted 1:10) was added to

2,991 ml of 67 mM sodium potassium phosphate (pH = 7.4),
and the samples were incubated at 378C for 10 minutes. Five
microliters of 30% hydrogen peroxide (H2O2) were added to
the samples and the change in absorbance was immediately
read at 240 nm using a spectrophotometer (Hitachi U-1900;
serial no. 2023-029) for 130 seconds. Calculation of CATwas
based on the molar extinction coefficient of H2O2.

Statistical Analyses

The statistical analysis was based on one-way analysis of
variance followed by Dunnett’s test for multiple pairwise
comparisons. The statistical significance level was set at
p# 0.05. For all statistical analyses, SPSS version 13.0 (SPSS,

Figure 6. Changes (%) of oxidation-reduction potential (ORP) biomarkers in each individual examined in plasma at 24, 48, and 72 hours at postrace compared
with prerace. Each bar represents the percentage difference in the level of each biomarker at postrace compared with prerace. (A) Static oxidation-reduction
potential (sORP) and (B) capacity oxidation-reduction potential (cORP).
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Inc., Chicago, IL, USA) was used. Data are presented as
mean 6 SD.

RESULTS

Subject Completion

After the completion of the race, 8 of 12 participants achieved
to finish the race, whereas 2 of them terminated their
participation at the 70th km point and another 2 terminated
their participation at the 60th km point (Table 1). The mean
running time of the athletes was 19.57 6 1.09 hours.

Results

The results showed that the sORP marker representing the
current redox status increased significantly (p # 0.05) by

14.29% at 72 hours postrace compared with prerace samples,
indicating an induction of oxidative stress (Figure 1A).
Moreover, the cORP marker exhibited a significant decrease
(p # 0.05) at 24 and 72 hours postrace by 22.26 and 23.29%,
respectively, compared with prerace samples, suggesting
decreased reserves of antioxidants (Figure 1B).

Regarding the “conventional” oxidative stress markers,
GSH levels in erythrocytes exhibited a significant decrease
(p # 0.05) both at 24, 48, and 72 hours postrace by 26.78,
29.04, and 23.19%, respectively, compared with prerace
(Figure 2A). Since GSH is one of the most important anti-
oxidant molecules of the organism, the absolute values of
GSH are presented in Table 2 at prerace to be examined if
high GSH values prerace provided more protection from
oxidative damage than low GSH values prerace.

However, none of the other oxidative stress markers (i.e.,
CARB, TBARS, TAC, and CAT) exhibited a significant
change (p # 0.05) at any time point postrace compared with
prerace (Figures 2B and 3A–C).

We also examined the changes occurring in oxidative
stress markers at all time points for each individual (Figures
4–6). It was shown that in all runners, apart from one (sub-
ject 1), the sORP values increased at least at one time point
postrace compared with prerace (Figure 6A) Similarly,
cORP values in all runners apart from one (subject 1) ex-
hibited a decrease at least at one time point postrace com-
pared with prerace (Figure 6B).

Regarding the other oxidative stress markers assessed in
plasma, CARB, TBARS, and TAC exhibited great variations
between the ultramarathon runners (Figure 4). Similarly, CAT
values measured in erythrocytes exhibited great variation
among different individuals (Figure 5B). The changes in
GSH levels in erythrocytes exhibited a similar pattern
between different athletes, that is, they were decreased in all
runners at 24 and 48 hours postrace, and in 9 runners of 12 at
72 hours postrace compared with prerace (Figure 5A).

It is worth mentioning that the division of the athletes
between finishers and nonfinishers and the respective analysis

TABLE 3. Comparison (p values) of the levels of
oxidative stress markers between finishers (F)
and nonfinishers (NF) of the ultramarathon
mountain race at 24, 48, and 72 hours postrace.*

Oxidative
stress markers

p

F-NF
(24 hours)

F-NF
(48 hours)

F-NF
(72 hours)

CARB 0.172 0.517 0.713
TBARS 0.171 0.361 0.163
TAC 0.248 0.920 0.314
GSH 0.125 0.326 0.689
CAT 0.120 0.025† 0.097
sORP 0.890 0.909 0.286
cORP 0.806 0.615 0.671

*CARB = carbonyls; TBARS = thiobarbituric acid;
TAC = total antioxidant capacity; GSH = glutathione;
CAT = catalase activity; sORP = Static oxidation-
reduction potential; cORP = capacity oxidation-reduction
potential.

†Significantly different between F and NF (p # 0.05).

TABLE 4. Mean values (6SD) of each oxidative stress marker at all time points (prerace and 24 hours, 48 hours, 72
hours postrace).*

Prerace 24 hours 48 hours 72 hours

sORP (mV) 131.10 6 8.50 138.90 6 14.80 138.20 6 13.50 146.90 6 20.70
cORP (mC) 0.63 6 0.06 0.52 6 0.08 0.54 6 0.07 0.49 6 0.06
GSH (mΜol$g21 Hb) 4.93 6 0.67 3.54 6 0.49 3.56 6 0.57 3.91 6 0.68
CAT (U$mg21 Hb) 278.30 6 20.90 271.50 6 16.90 271.50 6 18.90 280.30 6 19.10
CARB (nMol$mg21 protein) 0.52 6 0.09 0.49 6 0.12 0.49 6 0.11 0.49 6 0.12
TBARS (mMol$L21) 5.89 6 1.46 6.77 6 2.38 6.34 6 2.62 5.20 6 0.73
TAC (mmol DPPH$L21) 0.93 6 0.08 0.89 6 0.11 0.89 6 0.08 0.91 6 0.11

*sORP = Static oxidation-reduction potential; cORP = capacity oxidation-reduction potential; GSH = glutathione; CAT = catalase
activity; CARB = carbonyls; TBARS = thiobarbituric acid; TAC = total antioxidant capacity.
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has not exhibited any significant changes in any marker, apart
from CAT levels at 48 hours postrace (Table 3). Moreover, the
changes in the tested markers have indicated induction of
oxidative stress at postrace compared with prerace in nonfin-
ishers (Figures 4–6). Thus, the results were analyzed as a whole
group and not separately as finishers and nonfinishers.

DISCUSSION

In recent years, ultramarathons and especially mountain
marathons have gained a lot of popularity because of their
demanding and strenuous characteristics. Since the first ultra-
endurance race in the late 1970s, around 1,000 races are now
held worldwide each year. The participation in such compe-
tition requires an extremely good physical condition and
enough experience for every participant, as he is exposed to
a huge muscle and respiratory distress. The organism’s
response to these strenuous situations is considered very inter-
esting, as the human body gets pushed to its limits. Thus, there
is a recent growing research interest in analyzing biological
parameters from athletes participated in this kind of race
(15,44,65,79). In a previous study, we have shown that moun-
tain marathon runners exhibited significant changes in their
redox status immediately postrace, especially in the novel ORP
markers (65). The aim of this work was to assess the changes
in the athletes’ redox status the next days after the race, so as
to examine the development of possible adaptive mechanisms
as a response to oxidative stress. Moreover, we analyzed the
interindividual variability of the response to oxidative stress.

The ultramarathon route was 103 km, with 40 km over
2,000 m altitudes. As mentioned above, the type of exercise
endured by the athletes was mainly aerobic including many
eccentric parts due to the downhill paths. As a result of the
obvious excessive amounts of exercise and the extremely
difficult effort made by every athlete, there was severe
oxidative stress postrace. Specifically, the GSH levels in
erythrocytes were significantly reduced at 24, 48, and 72
hours postrace compared with prerace (Table 4). This find-
ing was in agreement with our previous study in mountain
marathon runners, showing decreased GSH immediately
postrace (65), as well as with other studies (17,19,72). How-
ever, Skenderi et al. (62) has reported no significant changes
in GSH levels postrace compared with prerace in athletes
who took part in the Spartathlon ultramarathon in Greece.
However, it should be mentioned that Spartathlon race is
a flat surface race in low altitude and so it does not include as
much eccentric exercise. Generally, it has been proposed
that the exercise-induced increase in ROS activates adaptive
responses through signaling pathways regulated by the thiol
status (i.e., mainly reduced and oxidized GSH levels)
(27,43,80,81). Moreover, the expression of nuclear factor-
kB and activator protein-1 are induced by changes in the
thiol redox status and thus increasing cytokines IL-6 and
TNF-a levels (27,33). It is believed that both IL-6 and
TNF-a affect muscle regeneration and the development of
tolerance after ROS-induced muscle damage (67).

Furthermore, significant changes were displayed both in
sORP and cORP, the 2 novel markers measured by the
RedoxSYS Diagnostic System. Specifically, sORP was
increased at 72 hours after the competition indicating
induction of oxidative stress. In previous studies, we have
also shown that this marker was increased and associated
with oxidative stress induction after endurance and strenu-
ous exercise (55,65,66). Regarding cORP, a statistical signif-
icant decrease was observed at 24 and 72 hours postrace
compared with prerace. As mentioned, cORP is an inte-
grated measure of the antioxidant reserve available in the
body’s system. Therefore, after such a demanding exercise
antioxidant reserves were decreased, as the participants were
not able to cope with oxidative stress and/or to replace their
antioxidant reserves after exercise. However, in one of our
previous studies conducted in a mountain marathon race, no
significant changes were observed in cORP immediately
postrace compared with prerace (65). This contradiction
between the 2 studies may be explained by the fact that
blood samples were taken at different time points, that is,
24, 48, and 72 hours postrace in the present study and imme-
diately postrace in the other study. The present finding that
there may exist time dependent differences in cORP marker
is quite significant and may be correlated with muscle dam-
age caused by eccentric exercise. In particular, it is widely
known that macrophages, eosinophils, and neutrophils can
induce ROS production (37). These cells also present signifi-
cant activation during eccentric exercise as a result of the
lengthening muscle contractions (37). When oxidative stress
exists, antioxidant molecules are depleted because of the cells’
effort to counteract the oxidant effects and restore the redox
balance by activation or silencing of genes encoding defensive
enzymes, transcription factors, and structural proteins (63).
This decrease in antioxidants may explain the decreased
cORP levels observed several days postrace. However, since
these physiological processes need several days to develop,
antioxidant depletion and a subsequent decrease in cORP
may take a few days to develop thus explaining the lack of
change seen immediately postexercise in our previous work.

Moreover, the interindividual analysis of ORP markers
showed an unexpected fact in one athlete (No. 1) who
exhibited a different response to the strain of the competi-
tion than the other athletes, as his sORP values were
decreased and cORP values were increased at all time points
postrace compared with prerace. We have also previously
shown a wide range of responses regarding cORP between
different individuals after exhaustive eccentric exercise (66).
Also, this athlete exhibited decreased TBARS and CARB
levels postrace compared with prerace. Moreover, other
studies have reported induction of reductive stress and not
oxidative stress after eccentric exercise (39). A possible
explanation for this observation is that this particular athlete
could confront the exercise-induced oxidative stress by
increasing his antioxidant reserves, leading therefore to
increased cORP and decreased sORP levels.
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Unlike ORP markers, TBARS levels indicating lipid perox-
idation did not exhibit significant changes the days post-
exercise compared with pre-exercise. Previous studies on
ultraendurance exercise have shown that TBARS was consis-
tently higher immediately after ultramarathons and remained
elevated for 24–48 hours (30,46,62,65,73). However, a previous
study of our research group on eccentric exercise has shown
no significant changes in TBARS postexercise compared with
pre-exercise (66), similarly to many other studies on acute and
aerobic exercises (2,6,47). This lack of significance regarding
the changes of the lipid peroxidation after exercise can be
explained by the great interindividual variation observed
between participants. In particular, 6 of 12 participants ex-
hibited an increase in TBARS levels postrace compared with
prerace at least at one time point while the rest exhibited
a decrease at all time points. So, it is obvious that concerning
the influence of exercise on the process of lipid peroxidation,
there are different results among different studies and between
different individuals of the same study as well (39,40,66).

Moreover, on average, CARB levels, indicating protein
oxidation, were not changed significantly postrace compared
with prerace. This was in contrary with our previous study
(65) and with other studies reporting increase in CARB after
strenuous exercise in human and in animals (35,58). However,
Bloomer et al. (6) has shown that there were no significant
changes in protein oxidation levels in cyclists, 24 hours post
exhaustive aerobic exercise, a type of exercise that is similar to
our study. Similarly, a study on ultramarathon swimming, an
exhaustive form of oxidative stress, showed no change in
either CARB levels postexercise compared with pre-exercise
(28). We believe that these differences between studies regard-
ing changes in CARB levels exist because of individual varia-
tion of protein oxidation in response to oxidative stress.
Specifically, 9 participants exhibited an increase postrace (at
least at one time point) compared with prerace while the rest
3 participants demonstrated a decrease at all time points.

Regarding TAC, it did not differ on average significantly
postrace compared with prerace. This marker also exhibited
great variation between different individuals. Specifically, 5
athletes exhibited an increase especially at the 48- and 72-
hour time points. Other studies have also reported increase in
TAC postexercise (18,65,77). However, 7 athletes exhibited
a decrease in TAC postrace compared with prerace at all time
points. The decrease in TAC postrace at all time points com-
pared with prerace may be explained by the inability of some
individuals to effectively activate adaptive responses to oxida-
tive stress induced by such a demanding exercise. Changes in
TAC expected to correspond with changes seen in cORP,
since both markers assess the total antioxidant capacity. How-
ever, only 4 athletes exhibited a similar pattern of changes
between these 2 markers. The differences between these 2
markers may be explained by the different methodologies
used in each case. TAC is based on the reduction of a free
radical (i.e., DPPH) by the antioxidant molecules in plasma,
whereas cORP is based on the amount of electrons needed for

the exhaustion of antioxidants in the sample. The significant
decrease in cORP postrace indicated induction of oxidative
stress, like sORP changes. However, TAC did not change
significantly postrace, indicating the absence of oxidative
stress. Thus, cORP may be a more efficient marker than
TAC for assessing exercise-induced antioxidant capacity par-
ticularly when one considers the other changes observed in
this study.

Finally, CAT activity in erythrocytes also displayed
variation, and for this reason, on average, there was not
a significant change in this marker postrace compared with
prerace. Although the mechanisms through which exercise
(especially eccentric and aerobic exercise) affects CAT
activity still remain unknown, many studies have indicated
that CAT activity did not change after exercise (38,50,78),
which is in agreement with the finding of our study.

Another important question worth considering is the
protective role of GSH against the oxidation of lipids and
proteins. The study’s hypothesis tested whether high GSH
levels prerace prevent the oxidation of cellular proteins and
lipids in athletes who underwent such a demanding compe-
tition. This is a crucial issue as a large majority of the athletes
who partake in competitions and especially exhaustive run-
ning events could potentially use this information to reform
their diet and supplementation regimens. However, in re-
viewing the individual responses, it seems that high GSH
levels were not enough to achieve a protection from the
oxidation of lipids and proteins after an exhaustive race.
Namely, athletes with low GSH values prerace had reduced
CARB and TBARS values postrace and vice versa. For
example, individual No. 6 with GSH value prerace of 6.275
mmol$g21 Hb exhibited increased TBARS and CARB levels
postrace in contrast to No. 12 for whom the GSH value was
2.894 mmol$g21 Hb prerace and exhibited a decrease in
TBARS and CARB levels postrace. Therefore, it appears
that the protection from oxidation of lipids and proteins
has to do with multiple mechanisms in each organism and
not only with GSH levels prerace. Of course, since the sam-
ple size was small, it should be taken caution regarding the
above inference.

In conclusion, this is the first study in which the redox
status of athletes who underwent an ultramarathon mountain
race were tested beyond the immediate postrace time period
and up to 3 days after the completion of the event on
adaptations made by the body to protect against oxidative
stress. A portion of our results suggest that oxidative stress
was increased and present for up to 72 hours postrace
compared with their respective prerace values. In addition,
in all athletes, GSH levels postrace were considerably lower
than prerace, apart from a slight increase in 3 samples at 72
hours (percentage change width was from 239.66 to 29.6%
at 24 hours, from254.39 to29.5% and from248.38 to 12.3%
at 72 hours, respectively), suggesting that this antioxidant
molecule was primarily consumed for counteracting ultramar-
athon mountain race–induced oxidative stress. However, the
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results from the individual analysis showed that protection
from oxidation of lipids and proteins did not depend only
on the GSH levels prerace. Moreover, there were great var-
iations in oxidative stress levels between different individuals.
Importantly, there was even one individual (i.e., no. 1) in
whom there was reductive stress instead of oxidative stress
postrace. Other studies have also shown that eccentric exer-
cise cannot only induce oxidative stress but also negligible
stress or even reductive stress in a considerable number of
people (39,66).

A possible explanation for this great variation is the high
complexity of the regulation of redox homeostasis in human,
since many genetic, physiological, biochemical, or dietary
factors may affect the final outcome of oxidant stimuli
(29,56,61). For example, among the genes whose variability
seems to affect the response to oxidative stress are those
encoding for superoxide dismutase, glutathione S-transferase,
glutathione peroxidase, thioredoxin reductase, xanthine dehy-
drogenase, and genes involved in mitochondrial activity (13).
In addition, the observed variations could be attributed to the
altered integration of redox systems because of the conducted
exercise. Integration refers to the characteristic of many
biochemical systems, which display a correlation and inter-
dependency in many levels (e.g., functional, structural, devel-
opmental, or evolutionary) (11,12). Moreover, another
important consideration is that redox biomarkers are chem-
ical substances, whose biological effects, multiple functional
roles, actions, and metabolic pathways are still obscure
(8,9,31). According to the literature, their levels may greatly
vary in the general population and most of them exhibit
a complex interdependency (3,12,69,74).

PRACTICAL APPLICATIONS

The findings of this study could be useful for the under-
standing of oxidative stress induced by a demanding exercise
such as an ultramarathon mountain race. This understanding
of the oxidative stress induction would help the endeavor to
improve immediate recovery process and consequently
health status and performance of the athletes participating
in such athletic events, by altering nutrition and/or certain
antioxidant supplements. Thus, the present results suggested
that ultramarathon mountain race–induced oxidative stress
was sustained for up to 3 days postrace. The most effective
markers for short-term monitoring of ultramarathon moun-
tain race–induced oxidative stress were the novel ORP
markers, sORP and cORP, as well as GSH levels, since they
exhibited higher consistency between different athletes than
the other tested markers, which showed great variability.
Moreover, the great variability in some oxidative stress
markers between different athletes suggested that general
recommendations based on these markers for recovering
from ultramarathon mountain race–induced oxidative stress
is not the appropriate approach. It would be preferable that
each marker to be examined individually to make the appro-
priate interventions. Furthermore, the results showed that

GSH was mainly used for counteracting ultramarathon
mountain race–induced oxidative stress, since all athletes
exhibited a considerable reduction in GSH levels postrace
that was also independent from the GSH levels prerace. How-
ever, low GSH levels have been associated with increased risk
for several pathological conditions (70). Thus, it is suggested
the administration of supplements during ultramarathon
mountain races for enhancing especially GSH levels. Interest-
ingly, in our previous studies, we have found a grape extract
that increased antioxidant capacity in human cells by enhanc-
ing especially the GSH system (21–23).
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