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NSE & S100B protein blood level assessment
during a long-distance trail race

Evaluation du taux plasmatique de la NSE et de la S100B
au cours d’une épreuve de course a pieds d’ultra endurance
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Abstract. The acute and chronic consequences of long-distance running on
brain function have received little attention. The impact of such a hard-physical
burden associated with sleep privation during such events such has never been
explored in terms of neuropsychological function and brain damage. Methods.
Blood samples were collected from 4 athletes before, during and at the end of
one of two races: Grand Raid de la Réunion 2017 (GRR: 165 km, elevation
gain: 9529 m, 2 runners) and Trail de la Bourbon 2017 (TB: 111 km, elevation
gain: 6433 m, 2 runners). Serum S100B and NSE levels were measured for each
runner before, during and after the race. Results. Serum S100B levels (normal
range: < 0.15 pg/L) increased early during the race and remained high up to
the end of the race in all 4 runners (range: 0.17-0.59 pg/L). NSE level (normal
range: < 15 pg/L) increased in 3 of the 4 runners (range: 16.8-39.2 pg/L).
Conclusions. This preliminary study shows the potential interest of S100B and
NSE serum assessment during long-distance races. Further studies are needed
to confirm these results and to investigate the origins and significance of this
increase in brain injury markers.
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Résumé. Les conséquences a court et long terme de la course a pieds d’ultra
endurance sur la fonction cérébrale sont peu connues. L’impact neuropsy-
chologique et fonctionnel cérébral de telles épreuves nécessitant la privation
de sommeil n’a jamais été exploré. Méthodes. En 2107, des prélevements san-
guins ont été effectués afin de mesurer les taux plasmatiques de S100B et de
NSE chez 4 coureurs avant, pendant et a la fin de leur participation au Grand
Raid de La Réunion (GRR : 165 kilometres avec 9 529 metres de dénivelé
positif, 2 coureurs) ou au Trail de la Bourbon (TB : 111 kilometres avec 6 433
metres de dénivelé positif, 2 coureurs). Résultats. Le taux plasmatique de S100B
(valeur normale < 0,15 pg/L) augmente au cours de I’épreuve et reste élevé
a la fin de la course chez les 4 coureurs (0,17-0,59 wg/L) alors que celui de
la NSE (valeur normale < 0,15 pg/L) augmente uniquement chez 3 coureurs
(16,8-39,2 pg/L). Conclusion. Cette étude préliminaire met en évidence la fais-
abilité de la mesure des taux plasmatiques de NSE et SI00B au cours d’une
épreuve de course a pieds d’ultra endurance. Des études complémentaires sont
nécessaires pour confirmer ces résultats préliminaires, préciser les origines ainsi
que la signification de cette élévation de marqueurs de souffrance cérébrale.

Mots clés : course a pieds, endurance, SIO0B, NSE, souffrance cérébrale
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Long-distance races, “ultra-trails”, are gaining in popular-
ity and have become widespread all over the world [1].
While beneficial effects of regular physical exercise are
well known [2], the physiological and/or pathological con-
sequences of long-distance races (> 100 km) have been
poorly studied. Moreover, most of these long races require
at least one night without any sleep. To our knowledge, the
impact of such a hard-physical burden associated with sleep
deprivation during ultra-trail races has never been explored
in terms of neuropsychological function (attention, concen-
tration and vigilance) and brain damage. While the effects
of sleep deprivation and prolonged physical activity on vigi-
lance and attention are well known [3], the biological impact
of such situations on the brain has not yet been studied. The
location of this type of race (mountains, wild) makes it dif-
ficult to directly evaluate brain function using conventional
approaches (neuropsychological tests) and, moreover, run-
ners do not have enough time during a race to devote to
conventional tests. Given these constraints, neurological
biomarkers appear to be a potential means of assessing brain
function. Among these markers, protein S100B (S100B)
and neuron-specific enolase (NSE) have been used as
biomarkers of brain damage in various traumatic and non-
traumatic neurological disorders both in adults and children
[4-7]. SI00B and NSE release may also result from brain
blood circulation changes [8, 9]. Increases in SI00B have
been reported after various types of exercise [10-14] while
the relation between NSE variations and exercise are less
clear [15]. Most of these observations were established in
“before and after” designed studies. It has been shown that
these biomarkers increased at the end of exercise, but this
kind of design did not allow investigators to determine
whether the increases occurred early or late [8, 9].

To our knowledge, NSE and S100B levels had never been
studied during long-distance race challenges. This prelimi-
nary study aimed to investigate the interest of measuring
serum levels of NSE and S100B during an acute long-
distance trail race as biomarkers of brain impairment and/or
adaptation.

Methods

Participants

Six Caucasian subjects were initially involved in this
prospective observational study; two subjects withdrew
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from the study due to injury and no serum samples except
for the one taken before the race were available for them.
These two subjects were excluded from the analysis.

Of the four remaining subjects (all physicians), two par-
ticipated in the 164 km Grand Raid de La Réunion 2017
(GRR), with a total ascent of 9,917 m, and two participated
in the Trail de la Bourbon 2017 (TB) (111 km, total ascent
6,433 m). During the two races, all participants were free to
take in food and water when required. The race organizing
committee approved the study protocol.

All participants gave their written informed consent for par-
ticipation before the start of the race. As the participants
were the researchers, no ethical committee approval was
required.

Sample processing

Venous blood samples (2 mL) were collected by a nurse
before the race (start), during the race at intermediate check-
points (73 km for the TB, and 65 km and 127 km for the
GRR) and at the end of the race (111 km for the TB and 165
km for the GRR). Blood withdrawal involved a 2 min-stop
at each intermediate checkpoint.

Blood samples were immediately centrifuged and the serum
was frozen on dry ice. Frozen samples were sent to the
Clinical chemistry lab of Necker-Enfants malades hospital
and stored at -80 °C. Serum S100B and NSE levels were
measured immediately using a DiaSorin Liaison XL anal-
yser and DiaSorin reagents according to the manufacturer’s
instructions. No marked hemolysis was pointed out in any
sample. Hematocrit level were measured immediately using
Stat Profile Prime - Nova Biomedical®.

Results

Parameters and performance

The characteristics of the study participants and their per-
formance during the race are summarized in fable 1.

S100B and NSE kinetics, blood glucose level and hema-
tocrit are summarized in table 2. For all runners, S100B
levels was below the threshold value (< 0.15 pg/L) at
the start of the race and increased above this value at the
intermediate checkpoints and at the end of the race. In
contrast, serum levels of NSE remained normal throughout
the race for runner 1. Surprisingly, runner 2 began with an
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Table 1. Characteristics of the study participants and performances during the race.

Runner 1 Runner 2 Runner 3 Runner 4
Age (years) 43 37 35
Body weight (kg) 80 72 56
Height (cm) 180 172 165
GRR Runner 1 Runner 2 TB Runner 3 Runner 4
Distance Lap time Lap time Distance Lap time Lap time
First stop 65 km 15.5h 15.7h 73 km 15.5h 18.5h
Second stop 127 km 39.7h 36.7h Not applicable
End 165 km 57.9h 50.9 h 111 km 27.9h 39.2h
GRR: Grand Raid de la Réunion 2017; TB: Trail de la Bourbon 2017.
Table 2. Individual serum values of S100B (n.g/L), NSE (ng/L) and hematocrit (%).
GRR Runner 1 Runner 2 TB Runner 3 Runner 4
S100B concentration
Start 0.06 0.14 Start 0.04 0.05
First stop 0.27 0.22 First stop 0.38 0.55
Second stop 0.29 IBS End 0.56 0.59
End 0.28 0.17
NSE concentration
Start 11.3 19.1 Start 11.9 12.8
First stop 7.2 25.7 First stop 26.1 14.9
Second stop 11.9 20.0 End 39.2 16.8
End 13.4 13.0
Hematocrit
Start 42 45 Start 47 45
First stop 47 49 First stop 43 36
Second stop 41 40 End 43 34
End 43 43

GRR: Grand Raid de la Réunion 2017; TB: Trail de la Bourbon 2017; IBS: insufficient blood sample. Results in bold are above the normal threshold

(> 0.15 pg/L (S100B) and > 15 pg/L (NSE)).

abnormal level of NSE that remained high during the race
but was below the threshold value of < 15 pg/L at the end
of the race. The initial level at 19.1 pg/L of runner 2 could
be explained at least in part by sleep deprivation in the
plane the night before the start of the race [16]. Hematocrit
is reported as marker of the runner’s hydratation state.

Discussion

In this preliminary study, we observed an early and marked
increase in serum S100B levels in all four runners taking
part in a long-distance running race. In contrast, NSE levels
were above normal in only three of the four runners. To our
knowledge, this study provides the first “per effort” values
of serum S100B and NSE levels during an ultra-trail race.
Extreme exercise may induce neurological disorders by var-
ious mechanisms including: race duration (with at least
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one night without sleeping) [13], repetition of brain trauma
secondary to intensive and prolonged running [10], modifi-
cation of brain blood circulation [17], alteration of systemic
inflammation [13] and oxygen delivery [18]. The difference
between S100B and NSE concentration profiles during the
race could be explained by the fact that these two markers
are known to reflect different types of cerebral impairment.
As S100B concentration in cerebrospinal fluid is 10-times
greater than in blood, an increase in serum concentrations
of S100B is considered to be a result of blood-brain barrier
alterations [15, 19] and could depend on exercise intensity
[10]. However, the early increase in S100B serum levels
observed in our study may have resulted from multiple ori-
gins including sleep deprivation [20] and/or from cerebral
trauma [21] and/or digestive tract inflammation [22]. On
the other hand, NSE is considered to be a marker of neuron
damage, neuron destruction, ischemic damage and struc-
tural impairment of neuronal cells [10, 13, 18], rather than
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blood barrier alterations. However, NSE is also involved
in the regulation of inflammation following any neuronal
injury [23] and increases in NSE serum levels may also
result from haemolysis related to exercise [6] and/or muscle
damage [3].

In our study, while both brain damage biomarkers were
increased, we were not able to determine whether the
increases in S100B and NSE were the result of specific
cerebral damage rather than non-cerebral damage.

This study has several limitations. First, the sample size was
very small and included only male subjects. Second, there
was no control group in the study design. Third, contrary to
NSE, S100B is not selective to cerebral injury; thus, herein
results may be affected by muscular damages related to pro-
longed exercise. Finally, it was not possible to determine the
correlation between biomarker levels and performance due
to the lack of power related to the small sample size. Fur-
ther studies are therefore required to confirm these results
and to identify the mechanism of origin of the increase in
S100B and NSE serum levels.

Conclusion

Our preliminary study shows the interest of investigating
S100B and NSE serum concentrations during long-distance
races. These biomarkers could allow a better understanding
of the potential impact of extreme races on body physiol-
ogy. However, due to the small sample size, these results
must be confirmed in a larger population of runners. Further
studies should integrate designs to evaluate the impact of
sleep deprivation on S100B and NSE levels and whether
the increase in brain biomarkers is due specifically to
brain injury or to non-specific damage due to other organ
injury.
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