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stimados comparieros: Vivimos tiempos convulsos, donde la velocidad y la inmediatez a menudo relegan la reflexion. En
este contexto, la ciencia debe reafirmarse como un faro de racionalidad, dialogo y progreso. Mas que nunca, nuestra labor
como fisidlogos implica no solo investigar y ensefiar, sino también preservar el valor de lo esencial: el conocimiento
riguroso, la mirada critica y la vocacion de servicio a la sociedad.
Antes del merecido descanso estival, os invito a leer el nuevo niimero de la revista Fisiologia. En este volumen contamos con dos
contribuciones muy estimulantes:

En primer lugar, un articulo coordinado por Barbara Bonacasa, que presenta un estudio pionero sobre la oxigenacion muscular
durante carreras a distintas intensidades, analizado en condiciones reales. Sus resultados ofrecen claves objetivas de gran valor para
entrenadores y deportistas, y abren nuevas vias para optimizar el rendimiento y la recuperacion en el entrenamiento de fondo.

El segundo articulo, firmado por Emilio Fernandez Espejo, propone una hipoétesis innovadora sobre el origen del Parkinson,
vinculando la enfermedad a microdafios vasculares y a la activacion leucocitaria como posibles desencadenantes primarios. Este
enfoque, todavia en desarrollo, puede abrir la puerta a nuevas estrategias terapéuticas para una patologia que sigue siendo incurable.

Desde la Sociedad Espafiola de Ciencias Fisioldgicas queremos seguir contando con vuestra colaboracion activa. Difundir los
trabajos publicados, enviarnos vuestras contribuciones y referenciar los articulos en vuestras investigaciones es clave para fortalecer
el impacto y prestigio de nuestra revista. Fisiologia representa un espacio excepcional para compartir conocimiento, visibilizar
avances y consolidar una comunidad cientifica viva, critica y comprometida.

En especial, animo a nuestros miembros mas jovenes a enviar sus trabajos. Esta revista puede ser una plataforma magnifica
para proyectar su investigacion y abrir nuevos horizontes académicos y profesionales.

Entre todos, podemos seguir construyendo un foro de excelencia para la fisiologia, en sus multiples vertientes. Aprovechemos

esta oportunidad.

Isaac Jardin Polo.
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La revista Fisiologia invita al envio de manuscritos en espafiol o inglés relacionados con todos los ambitos de la fisiologia celular, tisular, de 6rganos
y sistemas, tanto en humanos como en animales, incluyendo fisiologia comparada y fisiopatologia. Se aceptan articulos originales, revisiones, cartas
y resefias/comentarios de libros.

Los manuscritos deben enviarse por correo electrénico al Dr. Isaac Jardin Polo (ijp@unex.es), siguiendo las instrucciones para autores. Tras revision
editorial y posible evaluacion por expertos, los trabajos aceptados se publicaran en el siguiente volumen disponible.

El Comité Editorial anima a difundir esta convocatoria entre colegas y departamentos afines.
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stimados socios, amigos y comparfieros de la Socie spafiola de Ciencias Fisioldgicas,
Siempre es grato utilizar nuestra revista para dedicaros unas palabras que resuman estos meses de
trabajo y de proyectos.

Quiero comenzar de nuevo dando las gracias al Dr. Juan Antonio Rosado, que ha dedicado varios afios
ala edicion de esta revista y ha estado continuamente llamando a nuestra puerta para solicitar nuestra colaboracion.
El resultado lo hemos podido disfrutar en cada uno de sus nimeros con una seleccion de articulos de muy elevado
nivel cientifico. Sin duda siempre estaremos en deuda con su inestimable dedicacién. También es momento de
agradecer al nuevo editor, al Dr. Isaac Jardin Polo, sus desvelos por mantenerla y revitalizarla. Quiero aprovechar
esta oportunidad para solicitar vuestra colaboracion e inundemos al Dr. Jardin con numerosos articulos a publicar.

Este semestre ha supuesto un periodo de reflexién para la Junta Directiva ya que se avecinan interesantes
proyectos que iremos concretando en varias circulares.

Una de ellas es la incorporacion de nuestro socio el Dr. Fernando Mata Orddéfiez que, junto con la Dra. Belén
Gago, se encargaran a partir de septiembre de modificar y dar un salto cualitativo a nuestras redes sociales.

Ya hemos iniciado la fase de documentacién para la redaccion de un libro/documento que recoja la historia y
personajes claves de nuestra sociedad. Es importante que nuestros jovenes conozcan sus raices para fortalecer el
presente y futuro de nuestra sociedad. Al frente de esta coordinacion esta nuestra colega la Dra. Eva Serna de la
Universidad de Valencia. Si algtin socio tiene documentos o recuerdos de interés para esta memoria, rogamos se
ponga en contacto con ella y se los facilite (eva.serna@uv.es).

Pronto daremos mas informacion sobre nuestro proximo congreso, el niumero XLII, que serd organizado por
nuestros companeros de la Universidad de las Palmas de Gran Canaria. Sera un Congreso emblematico por
realizarse en la ciudad natal del Dr. Juan Negrin y por la incorporacion al mismo de sociedades de Fisiologia de
Latinoameérica, sin duda sera un Joint Meting diferente a los organizados previamente que siempre han mirado a
sociedades europeas.

Pronto comenzaremos con la divulgacion y convocatoria de los premios de la sociedad:
e Premio Antonio Gallego.
* Premio Juan Negrin.
e Premio a la innovacién en la docencia de la Fisiologia.
® Premio a la Mejor Tesis Doctoral.
Premio de Divulgacion Cientifica.

Para estos tres ultimos ya tenéis que ir preparando vuestras candidaturas.

Con muchas historias en el tintero quiero desearos un reparador descanso veraniego y que sea fisiologicamente
activo y saludable.

En nombre de la Junta Directiva, recibid un fuerte abrazo y nuestros mejores deseos.

Jestis Francisco Rodriguez Huertas
Presidente Ejecutivo, SECF
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MUSCLE OXYGENATION DYNAMICS DURING
RUNNING TIME-TO-EXHAUSTION TESTS AT 90, 100
AND 110% OF MAXIMAL AEROBIC SPEED.

Adrian Bayonas-Ruiz'?, Carlos Pérez-Caballero® & Barbara Bonacasa'**
1. Research Group of Physical Exercise & Human Performance. University of Murcia.

2. Department of Physiology. Faculty of Sport Sciences. University of Murcia.

3. Sports Medicine Center. University of Murcia.

*Autora para la correspondencia: Barbara Bonacasa Fernandez. Departamento de Fisiologia. Facultad de
Ciencias del Deporte. Universidad de Murcia. C. Argentina, 19, 30720 San Javier, Murcia, Espafia.

E-mail: bonacasa@um.es, phone: 868 88 5066.

Near-infrared spectroscopy (NIRS)-derived muscle oxygenation has previously been associated with
different exercise intensities, but its dynamics during constant-speed running have not yet been investigated.
This study aimed to analyze muscle oxygenation dynamics during time-to-exhaustion (TTE) tests at 90%,
100%, and 110% of maximal aerobic speed (MAS). MAS was determined in 9 concurrently trained athletes,
and NIRS data were obtained during three TTE trials following a standardized 7-minute rest. The percentage
of pre-exercise oxyhemoglobin (%oxy[Hb]) decreased from 0 to 90 seconds in all tests (p<0.05), while
deoxyhemoglobin (deoxy[Hb]) increased from 60 to 90 seconds (p<0.05). Subsequently, %oxy[Hb] stabilized
for a duration that decreased with increasing intensity (p<0.05), concurrently with a stabilization of
deoxy[Hb] near the 5 g-dL! threshold value associated with cyanosis. Significant differences between tests
were observed from 150 seconds until the end of exercise (p<0.05). During recovery, %oxy[Hb] returned to
pre-exercise values in all tests, while deoxy[Hb] remained significantly elevated after the 110% MAS test
(p<0.05). We conclude that muscle oxygenation dynamics vary with exercise time and intensity. These
findings provide physiologists and coaches with reference data for designing training sets and recovery

durations.

Keywords: running, NIRS, near-infrared spectroscopy, oxyhemoglobin, VO2max, deoxyhemoglobin.

Introduction

Time-to-exhaustion (TTE) tests emerged at the end of
the last century as an alternative to specific distance
tests (Billat y col, 1996) together with training
methodologies based on maximum oxygen
consumption (VO2max) and training intensities
derived from it. In these trials, a selected intensity of
cyclic exercise is maintained as long as possible. TTE
tests have been used mainly in maximal and
supramaximal intensities such as 100, 105, 110, 120 or
140% of VO2max in cycling and running (Billat y col.,
1995; Billat y col., 2000). The involvement of each
metabolic pathway for energy production in these
trials will vary as a function of absolute intensity, so
that anaerobic contribution will be higher for a certain
relative intensity as absolute intensity is higher
(Renoux y col, 1999). These intensities close to
maximal aerobic speed (MAS) are a matter of interest
for physiologists, coaches and athletes in training
prescription aiming to improve VO2max (lannetta y
col., 2017). To our knowledge, muscle oxygenation has
been assessed with near infrared spectroscopy devices
(NIRS) mainly in laboratory settings using ramp tests
in cycle ergometers (Hughson y col., 2000) while not
yet in TTE trials outdoor. These studies have proposed
four different phases on hemoglobin saturation in
muscle tissue (SmO,) starting with an initial stage of 15
seconds on which changes in SmO, occur due to

venous return. The second stage is the first phase of the
adaptative process to exercise and changes observed in
SmO, appear as a function of metabolic pathways
involved and oxygen extraction in muscle tissue. A
third stage is observed when intensity surpasses the
second ventilatory threshold, on which VO2 reaches its
maximum requirements and hemoglobin saturation
shows a marked desaturation slope simultaneously to
an increase in deoxyhemoglobin (deoxy[Hb]) known
as deoxy[Hb] breakpoint (Inglis y col, 2017). Later, a
fourth phase was elucidated when exercising at 100%
of VO2max or higher, on which SmO, shows a plateau
where exercise is maintained without changes in
oxygen extraction, SmO, or deoxy[Hb] (Rodrigo-
Carranza y col., 2021). These physiological milestones
have been shown to correlate with the second
ventilatory threshold in deoxy[Hb] breakpoint
(Fontana y col., 2015) and VO2max in SmO,/deoxy[HDb]
plateau. In TTE trials, maximum exercise time has been
investigated in a wide range of intensities (Billat y col.,
2000; Billat y col., 1995). However, evaluating the
timing of the aforementioned stages in muscle
oxygenation during running at a constant speed and its
recovery will allow physiologists, coaches and athletes
to individualize training. Therefore, the objective of
this study was to analyze the evolution of muscle
oxygenation during time-to-exhaustion trials at 90, 100
and 110% of VO2max and their subsequent recovery.



We hypothesized that the wearable NIRS device would
show differences in muscle oxygenation as a function
of relative intensity and time of exercise with
application in exercise programming.

Materials and methods

Participants

9 male subjects experienced in concurrent training
(30.5 £ 5.4 years) volunteered to participate in this
study. All participants trained aiming to improve their
running times in 1000, 1500 and 2000m trials. Inclusion
criteria were a training background of at least one year
performing 3 resistance and 3 running sessions per
week, prior familiarization with the testing
procedures, absence of ergogenic aids consumption
one month prior to and during the study, absence of
injuries and medical aptitude for exercise
performance. Exclusion criteria were a MAS lower
than 13 km-h-1 and the presence of chronic
pathologies. Prior to the study, all participants were
informed about the testing protocols and possible risks
involved and were invited to provide written informed
consent. The study was approved by the local Bioethics
Committee and was performed in accordance with the
principles of the Declaration of Helsinki (Finland,
1964) revised by the World Medical Association
(October 2008, Seoul, Corea).

Experimental design

The study was carried out for five weeks, during which
the athletes maintained their usual training but rested
48 hours before and 24 hours after each trial. On the
first week, participants visited the laboratory at 9:00
AM after an overnight fast to measure their body
composition using a Tanita BC-418 device. The same
visit was used to collect their written consent to
participate. The second week was employed to assess
MAS in a running track outdoor. The testing procedure
started with a standardized warm-up consisting of
800m running at a self-selected pace followed by a
ramp incremental test which started at a speed of 8
km/h and increased by 1 km/h each two minutes
(Léger y Boucher, 1980). Pacing was controlled with a
software created ad hoc plugged to the speakers in the
stadium, which emitted auditive signals that helped
athletes to match the required pace according to 16
cones placed each 25 meters on the track. Participants
were encouraged to give their maximal effort during
the trials. The end of the test was determined by
volitional fatigue or when pacing could not match the

auditive signals in two consecutive cones. MAS was
calculated as the average speed of the last minute. On
the three following weeks, TTE tests were performed
once a week with random selection of the intensity for
each participant (Figure 1).

The speed and the end of the tests were controlled with
the same software and criteria described previously.
The speed was calculated as: MAS - 0.9 (TTE 90%),
MAS - 1.0 (TTE 100%) and MAS x 1.1 (TTE 110%). In
TTE tests, the warm-up consisted of running 1200m at
a self-selected pace followed by two 25m sprints. After
the warm-up, a NIRS device (Humon HEX) was placed
at the midpoint of the thigh of the dominant leg,
between the anterior-superior iliac spine and the upper
edge of the patella, as previously described elsewhere
(Borg, 1982). The same study proved the reliability of
the Humon-Hex device on the cited location. A mobile
phone was placed on the arm of the same side using a
bracelet to serve as data collector. Previous outdoor
trials from our laboratory evidenced connection
failures when the phone was placed in the contralateral
arm.

After finishing, athletes remained seated during a
standardized rest of 7 minutes, and blood lactate
concentration was then measured at 3 (L3) and 7 (L7)
minutes post-exercise using a Lactate PRO-2 analyzer
(Arkray, Kyoto, Japan). Hemoglobin concentration
[Hb] and SmO, values were obtained from Humon
HEX and oxy[Hb] was calculated as: [Hb] (g-dL-1) -
SmO,; (%). Deoxy[Hb] was calculated as [Hb] (g-dL-1) -
oxy[Hb] (g-dL-1).

Statistical analysis

The Shapiro-Wilk test was used to assess the
homogeneity of each variable (p>0.05). Firstly, mean
and standard deviation of anthropometric variables
and running parameters were calculated. Therefore,
muscle oxygenation data was analyzed in lapses of 30
seconds, on which the SmO, of each lapse was
considered as the value of the last second. Oxy[Hb]
was analyzed as a percentage of its pre-exercise value
and deoxy[Hb] in absolute values (g-dL-1) because
there is a threshold value of 5 g-dL-1 in capillary blood
above which cyanosis occurs (Blondel y col., 2001). For
the analysis of the differences in oxy[Hb] between the
three TTE tests, a repeated-measures ANOVA with
Bonferroni’s adjustment was used in parametrical
variables, while Friedman’s test with post hoc
Wilcoxon's paired tests in non-parametrical. Changes
in oxy[Hb] and deoxy[Hb] between lapses in a TTE test
(for example, oxy[Hb] at 30s vs oxy[Hb] at 60s) were

A R, A 3
0 b ‘ LY 0
A=\ =7\ A=\ A=
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Week 3
Body comp. MAS test TTE1 TTE 2 TTE 3

Figure 1. Study protocol. MAS: Maximal Aerobic Speed, TTE: Time to Exhaustion test.



Table 1. Characteristics of participants and Time To Exhaustion tests.

Anthropometric & body comp. TTE 90% TTE 100% TTE 110%
Height Weight Body fat Speed Time Speed Time Speed Time
(cm) (kg) (%) (km-h) (s) (km-h") (s) (km-h") (s)
Mean 180 78.8 12.4 14.00 781 15.56 368 17.11 242
Std. Dev. 8 11 3.3 1.12 189 1.25 36 1.37 25
Maximum 189 90 17.9 15.3 1066 17.0 436 18.7 284
Minimum 168 59.9 7.2 12.2 585 13.5 314 14.9 213

TTE: time-to-exhaustion test; the number indicates the percentage of maximal aerobic speed at which TTE were performed.

calculated with paired T tests and Wilcoxon’s test.
Lastly, Pearson’s correlation coefficient and Kendall’s
Tau B were calculated in parametric and non-
parametric variables respectively to assess correlations
between anthropometric variables and the results of
the TTE tests. The level of statistical significance was
set at p<0.05 and all tests were performed using SPSS
v25 (IBM Corp., Armonk, NY, USA) with anonymized
data.

Results

Participants anthropometric, body composition and
exercise performance characteristics were: 180 + 8 cm,
78.8 + 11.0 kg, 12.4 + 3.3% body fat and 15.56 + 1,25
km-h-1 of MAS. Further details are presented in Table
1.

Regarding hemoglobin and oxyhemoglobin
concentration, no differences were found in [Hb] (12.67
g-dL-1, 12.97 g-dL-1 and 12.85 g-dL-1 in TTE 90%, TTE
100% and TTE 110%, respectively, p>.05) nor oxy[Hb]
(8.84 g-dL-1, 8.6 g-dL-1 and 8.04 g-dL-1, respectively,
p>0.05) before the beginning of the tests (pre-exercise
condition). Significant differences were observed in the
percentage of pre-exercise oxy[Hb] (%oxy[Hb]) at the
end of TTE between TTE 90% and TTE 110% (59.9% vs

72.6%, p<0.01). Oxy[Hb] was significantly reduced at
the end when compared to the initial concentration
(p<0.01) in all three trials, while [Hb] showed no
differences. Finally, neither oxy[Hb] nor %oxy[Hb]
were related to TTE tests duration.

SmO, increased from the end to minute 3 of
recovery in all three tests (Table 2; p<0.005 all) and from
minute 3 to 7 only after TTE 110%. No differences were
found in SmO, at the end of the tests between trials, but
SmO, was lower in the recovery after TTE 110%
compared to TTE 90% in minutes 3 and 7. In the last
minute of recovery, SmO, after TTE 110% was also
lower than after TTE 100%. Blood lactate concentration
was higher after TTE 110% than after TTE 90% at L3
without differences with TTE 100%. In L7, lactate
concentration was reduced from L3 only in TTE 90%,
and significant differences remained present compared
to TTE 110% (p<0.05). No significant differences were
observed in TTE 100% nor TTE 110% between L3 and
L7, but lactate concentration was significantly higher in
TTE 110% vs TTE 100% in the second measure (p<0.05).
No significant correlation was found between lactate
concentration at any time with TTE speed in any of the
tests, but so was observed with their duration in TTE

Table 2. SmO,, deoxyhemoglobin and lactate concentrations during recovery.

SmO. end SmO, 3 SmO., 7’
(%) (%) (%)
TTE 90% 53.1+159 68.8+9.1* 70.5+6.9
TTE 100% 52.0+16.8 63.9 +14.8* 68.4+7.8
TTE 110% 47.0+ 185 56.3+20.3* 60.6+13.4*
Significance b a,b

Deo[Hb] Deo[Hb] 3 Deo[Hb] 7’ Lactate 3’ Lactate 7’

end (g-dL") (g-dL") (g-dL) (mmol-L") (mmol-L)

6.9+25 45+1.4" 417 1.1 14627 121 £ 2.97

70+25 54+21" 433+1.1* 14.8 +2.1 14.0 £ 2.1

71+26 6.2+ 3.3 5.58 + 2.2* 17.7 21 175+2.9
c,b a,b b a,b

SmO,: muscle oxygen saturation; Deo[Hb]: deoxyhemoglobin;

end: end of TTE test; 3’ and 7’: recovery time. ‘a’: differences in TTE

100% vs. TTE 110%; ‘b’: differences in TTE 90% vs. TTE 110%; ‘c’: differences in TTE 90% vs TTE 100%. *: p<0.05 vs. the previous

measure of the same variable.
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Figure 2. Percentage of pre-exercise oxy-hemoglobin (%) and absolute deoxyhemoglobin content (g/dL) during time to exhaustion tests at

90% of maximal aerobic speed and following 7 min of recovery. *: significantly different (p<0.05) from previous measure.

90% (L3: R= 0.85, p<0.01; L7: R=0.84, p<0.01) and TTE
110% (L3: R=0.77, p<0.05).

A significant and sustained reduction in
%oxy[Hb] was observed in the three tests from 0 to 90s
(p<0.05 all lapses; Figure 2). In TTE 90%, %oxy[Hb]
values showed no differences from 90 to 690 seconds,
and the fell significantly from that moment onwards
until the end (p<0.05 all lapses). In TTE 100%, a shorter
stabilization was observed after the first decrease (0-
90s) and until 150-180s, when %oxy[Hb] fell again
(p<0.05; Figure 3). After, no differences were found
until 270 seconds, when it decreased again in all the
lapses until exercise cessation (p<0.05 all). In TTE
110%, a new 60 second stabilization took place after the
first 0-90s fall, and thereafter %oxy[Hb] fell in 150-180s
and 180-210s (p<0.01 both), with no significant
differences in 210-240s (Figure 4).

Similarly to that observed in %oxy[Hb],
deoxy[Hb] increased in 60-90s in TTE 90% (p<0.01).
Since then, values remained unchanged around 5 g-dL-
1 until 10 minutes of running, when they increased

again in 570-600s (p<0.05), reaching 5.43 g-dL-1 (Figure
2). From that moment on, deoxy[Hb] augmented
significantly in all lapses until the end (p<0.05 all),
reaching an average of 7.04 g-dL-1. In TTE 100%,
deoxy[Hb] incremented from 0 to 90s (p<0.05 all
lapses) and remained constant in 5 g-dL-1 for one
minute, to augment again from 150 to 180s (p<0.05). No
further differences were found until 270s, when values
increased until the end of the trial (p<0.05 all; Figure
3). In TTE 110%, deoxy[Hb] also augmented from 0 to
90s (p<0.05 all) and thereafter from 150 to 210s (p<0.05
both), with no changes in the last lapse. Since 150s of
running, deoxy[Hb] was higher than in the other tests
at the same time point (p<0.05 all; Figure 4).

During  recovery,  %oxy[Hb]  increased
significantly in each lapse compared to the previous
until 3 minutes of rest in TTE 90% (p<0.01 all), when
the initial oxy[Hb] was exceeded (Figure 2). Since that
moment onwards, %oxy[Hb] remained unchanged
over 100%. The same was found in TTE 100%, after
which values augmented significantly until the third
minute of rest (p<0.05 all lapses), when %oxy[Hb]
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values stabilized with no significant changes until the
end (Figure 3). This stabilization occurred slightly
below 100%, although values reached their initial
concentration at minute six. After TTE 110%, the
increase was significant until 90s (p<0.05 all), and since
then %oxy[Hb] kept going up without significant
differences in consecutive lapses (Figure 4).

On the other hand, deoxy[Hb] decreased after
TTE 90% in all lapses until minute 4 (p<0.05 all), when
values matched their initial concentration (4.1 g-dL-1)
and remained unchanged until minute 7. After TTE
100%, deoxy[Hb] lowered in all lapses from 60 seconds
of rest until the end (p<0.05 all), when the
concentration was lower than 5 g-dL-1. After TTE
110%, deoxy[Hb] lowered significantly from 6.9 g-dL-1
to 5.5 g-dL-1 (p<0.05), but no significant differences
were observed in consecutive 30s lapses.

Discussion

The purpose of this study was to analyze muscle
oxygenation in three TTE tests at running intensities
close-to or above MAS to describe its dynamics as a
function of running intensity and exercise time to
provide physiologists and coaches with data to know
at what time point exercise at widely used training
intensities produces increasing fatigue. To our
knowledge, this is the first study to measure muscle
oxygenation in TTE tests and one of the few that have
used portable NIRS devices outdoors.

TTE tests duration at 90% and 100% of MAS
observed in this study is consistent with those found
previously (Billat y col., 1996; Billat y col., 2000;
Rossato y col., 2019). In TTE 110%, our results are ~30
seconds above the values reported before in
recreational subjects with a similar MAS to that of the
subjects of our study (McNarry y col., 2015; Pepper y
col., 1992). Nevertheless, differences may have
occurred because our subjects followed a specific
training for 1000, 1500 and 2000m trials, which could
have led to specific adaptations in running times

similar to those observed in TTE 110% (Tanji y col.,
2017).

When assessing the oxygenation profile, the fall
in %oxy[Hb] at 60 seconds of exercise was more
marked in TTE 100% and TTE 110%, which indicates
that a short and significant decrease occurs at the
beginning of exercise, especially when running at
100% VO2max or over. The stabilization observed for 9
minutes thereafter in TTE 90% may indicate a greater
aerobic contribution and could be influenced by each
participant’s second ventilatory threshold, which
should be considered in further investigations. The
progressive and less marked fall in TTE 100% vs TTE
110% could be associated with a progressive
recruitment of IIA muscle fibers due to their
intermediate characteristics regarding aerobic and
anaerobic metabolism. This may have occurred
similarly in TTE 110%, since differences appeared only
in the last 30s of TTE 110%, likely characterized by
predominant anaerobic energy contribution and IIX
fibers involvement. Lastly, the stabilization
%oxy[Hb] in the last 30s lapse is in line with previous
results [19], showing the plateau that characterizes the
last moments of exercise at supramaximal intensities
with no further increase in oxygen consumption
(Marwood y col, 2011). Certifying this trend, the
plateau was not found in TTE 90% nor TTE 100%,
which supports the methodology used to determine
MAS.

in

The increase in muscle oxygenation found in the
first lapses after the end of the three tests is
representative of the well-known fall in intramuscular
pressure occurring simultaneously with a still
increased blood flow and heart rate (Bersheim y Bahr,
2003). According to our data, this happens similarly
after cessation of exercise at the three intensities tested.
These mechanisms are sufficient to recover pre-
exercise oxygenation in a short period of rest, allowing
an oxygen restoration in blood and muscle tissues
(Behnke y col., 2009). However, when exercising at
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maximal or supramaximal intensities, differences in
oxygen restoration arise and it takes longer than after
exercise at intensities with a greater aerobic
contribution. According to Stocker and collaborators
(Stocker y col., 2015), this occurs as a result of an
increase in microvascular perfusion mediated by an
increase in vasodilation that could be subsequent to
increasing acidosis in higher intensities, although a
lower pH also promotes the dissociation of oxygen
from hemoglobin in tissues. Supporting this, the fastest
recovery of basal values in %oxy[Hb] observed after
TTE 90% was accompanied by a significant decrease in
lactate concentration from L3 to L7, what did not
happen after TTE 100% and 110%.

Previous investigations have reported a sigmoid
profile in deoxy[Hb] evolution during exercise ending
in a plateau when intensity surpasses 100% VO2max
due to changes in oxygen partial pressure, vasodilation
caused by acidosis and a decrease in the oxidative
capacity of muscle tissue, among other reasons (Turnes
y col., 2019). In TTE 90%, the initial increment was
followed by a stabilization close to a concentration of 5
g-dL-1, that is considered a threshold value over which
the body reaches a hardly sustainable state
characterized by alterations in pH and electrochemical
balance (Ceyran y col., 2015). In TTE 100%, the shorter
stabilization observed happened in the same values
before the breakpoint. Finally, in TTE 110%, this
stabilization in 5 g-dL-1 was not observed. Lactate
production in TTE 110% together with its maintenance
between L3 and L7 may explain why %oxy[Hb] did not
return to initial values and deoxy[Hb] remained over
the 5 g-dL-1 threshold after the fixed recovery period
only after this test.

Limitations

We recognize that the results presented in this study
are limited to the specific participants and the low
number of runners and intensities tested; future
studies with larger cohorts of different training status
should be undertaken to confirm and expand the
results obtained here. Another possible limitation in
TTE 90% was that we were not able to determine the
second ventilatory threshold to elucidate if this relative
intensity was above or below it for each participant,
what would have helped understanding the results
regarding oxygenation and lactate production.
Furthermore, %oxy[Hb] at the beginning of TTE 110%
was lower compared to TTE 90% and TTE 100% due to
one subject’s values, although not significantly
different. Lastly, there are some physiological variables
known to affect hemoglobin dissociation that could not
be measured, such as 23-biphospoglicerate,
temperature or carbaminohemoglobin, and that
should be considered in future investigations.

Conclusion
This study presents data of muscle oxygenation during
running at continuous speed at three intensities widely

used in training aiming to improve VO2max, MAS and
running performance. Physiologists, coaches and
athletes are provided with data about the timing when
increasing fatigue occurs and the time needed to
restore the initial values of muscle oxygenation, which
is helpful for the prescription of exercise time and rest
between sets.
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Se propone una hipoétesis sobre el origen de la enfermedad de Parkinson idiopatica (EP), que se fundamenta
en la presencia de dafio microvascular en algin “punto gatillo” del sistema nervioso, que activaria la
infiltracién de leucocitos sanguineos hiperactivos en el tejido. En el laboratorio se ha detectado que la
hiperactividad leucocitaria se refleja en una enzima mieloperoxidasa (MPO) elevada en su concentracion y
actividad, lo que se correlaciona estrechamente con el estatus y la clinica de la EP. La MPO hiperactiva se
acompanaria de la formacién de hipoclorito y otros reactivos oxidantes, que originan dafio mitocondrial y
neuronal, asi como el mal plegamiento y agregacion de alfa-sinucleina, hecho fundamental en la enfermedad.
La hipotesis se fundamenta ademas en datos de otros autores relacionados con: a) la distribucion de alfa-
sinucleina anormal en el sistema nervioso, b) el incremento en la sangre de los pacientes de marcadores de
dafo vascular y activacién/atracciéon/adhesion de monocitos y granulocitos, c) el perfil genético de la
enfermedad y d) la naturaleza de la respuesta inmune innata sanguinea y cerebral. La hipédtesis, que requiere

demostracion experimental, abre nuevas vias terapéuticas.

Introduccion

La enfermedad de Parkinson (EP) se caracteriza por su
heterogeneidad, tanto en sintomas como en zonas
afectadas del sistema nervioso. No se conoce su causa
y por tanto la progresiéon de la enfermedad es
actualmente imparable. Se acepta que es un sindrome
complejo caracterizado por la presencia de inclusiones
anormales intraneuronales de la proteina alfa-
sinucleina (aSyn) mal plegada, tanto en el sistema
nervioso central como periférico. Estas inclusiones son
cuerpos redondeados de Lewy (CL), neuritas
engrosadas de Lewy (NL), o agregados amorfos. Hoy
se esta imponiendo el término “enfermedad asociada a
alfa-sinucleina anormal”.

La sintomatologia motora que caracteriza a la
clinica de la EP, o sea la triada rigidez, bradicinesia y
temblor, se relaciona con el dafio degenerativo
sustancial de la sustancia negra del mesencéfalo y, por
extension, de los ganglios basales. La fisiopatogenia de
la enfermedad es multifactorial. Se involucran
principalmente a la inflamacion, el estrés oxidativo, la
disfuncion mitocondrial, la disfuncion lisosomal,
predisposicion genética, factores ambientales, y el
envejecimiento (Halliday y col., 2011). Hay que decir
que una causa genética claramente discernible solo
representa el 10% de la EP en la poblacion afecta.

Hipétesis actuales sobre el origen de la EP
En los ultimos afios varias hipdtesis han sido
esgrimidas para explicar el origen de la EP: los

modelos “Sistema Nervioso Periférico primero” (Body-
first en inglés), “Sistema Nervioso Central primero”
(Brain-first), o el modelo multicéntrico por mediacion
sanguinea (Blood-borne mechanism hypothesis). En el
primer modelo, el origen se localiza en el tracto
olfatorio (bulbo olfatorio, nticleo olfatorio anterior) y
sistema nervioso periférico (SNP) con posterior
difusién “centripeta” de la proteina aSyn anormal
hacia el cerebro (Braak y col., 2002; Del Tredici y col.,
2002). Este modelo se asocia a lesion troncoencefalica
temprana del complejo nuclear dorsal motor de los
pares glosofaringeo y vago (CMD), y de los ntcleos
reticulares del bulbo y el nucleo subcertileo. La
afectacion del CMD se acompana de agregados de
aSyn en las fibras visceromotoras vagales y en diversos
organos periféricos inervados por el par X, hecho que
se considera anterior en el tiempo al dafo central. La
afectacion de los nucleos reticulares y subcertileo
ocasiona la aparicién del “trastorno de conducta de
sueio REM” (Borghammer y Van Der Berge, 2019). En
el segundo modelo, el origen se localiza en el sistema
nervioso central (SNC) a nivel del circuito
nigroestriado o zonas cercanas como la amigdala, con
propagacion “centrifuga” de la aSyn anormal hacia la
corteza cerebral, el tronco del encéfalo, la médula
espinal y el SNP (Parkkinen y col., 2005; Jellinger y col.,
2008; Kalaitzakis y col., 2008; Zaccai y col., 2008). Este
modelo se asocia con rapido deterioro cognitivo y no se
acompana en fase premotora del trastorno de conducta
de sueno REM porque no estan dafiados los nucleos
correspondientes del tronco del encéfalo. Finalmente,
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la hipétesis del “blood-borne mechanism” se basa en la
vulnerabilidad  selectiva ~ de las  neuronas
catecolaminérgicas a un factor toxico sanguineo, con
dafio multifocal (Surmeier y col., 2017). El proceso se
acompana de respuesta inmunoldgica y dafo
mitocondrial, que induce agregados anormales de
aSyn. Existiria un umbral diferente de degeneracién
para cada tipo neuronal, lo que podria explicar la
agregacion multifocal de aSyn en areas centrales y
periféricas catecolaminérgicas, y el dafio mas acusado
de neuronas periféricas (responsables de la
sintomatologia premotora) respecto a las neuronas de
dopamina (responsables de la sintomatologia motora).

Nueva hipétesis sobre el locus de origen

El autor propone una hipédtesis sobre el lugar de origen
de la EP basada en los modelos descritos anteriormente
y en la existencia de “puntos gatillo”. En primer lugar,
se ha de asumir que el SNP y el tracto olfatorio pueden
afectarse de forma aislada en la fase premotora de la
enfermedad. Hay muchos informes que identifican
LBs/LNs en la llamada “Presencia incidental de
cuerpos de Lewy” (en autopsias), que se considera una
fase prodromica de la EP (ver la revisién de Del Tredici
y Braak, 2012). Por lo tanto, no se puede descartar que
el proceso patoldgico pueda comenzar en 6rganos de la
periferia, en multiples sitios en el sistema auténomo
y/o en el tracto olfatorio. Entre los sitios periféricos
destacan los plexos mientéricos del intestino o los
nervios simpaticos cardiacos. En segundo lugar, si
analizamos detenidamente los estudios de Braak y col.
(2002, 2003), Del Tredici y col. (2002, 2010, 2012),
Parkkinen y col. (2005), Zaccai y col. (2008) y
Kalaitzakis y col. (2008), la sustancia negra, la amigdala
y el cerebro basal anterior son las regiones que siempre
se ven afectadas, y un porcentaje del 20-30% de veces
(segtin los autores) no se afecta el CMD inicialmente. El
cerebro basal anterior incluye la sustancia innominada,
el nucleo intersticial de la banda diagonal y el nticleo
basal de Meynert. La amigdala muestra patologia

predominante en ~30% de los casos de EP (Zaccai y
col., 2008). Es interesante que la sustancia negra y el
cerebro basal anterior muestran la mayor densidad de
inclusiones de aSyn segtn la descripcién de Braak y
colegas en uno de sus articulos seminales (2003).

En resumen, se propone que la EP esporadica
puede comenzar en varios “puntos gatillo” que
contienen neuronas catecolaminérgicas, y que se
localizarian principalmente en el tracto olfatorio, el
SNP, el circuito nigroestriado, la amigadla y el cerebro
anterior basal. El “evento gatillo” podria ser un dafio
microvascular con activacion de leucocitos en alguno
de dichos puntos. La propagaciéon patoldgica de la
aSyn en el sistema nervioso se produciria con el
tiempo, debido a la transmision pseudoprionica de la
proteina de neurona a neurona (Freundt y col.. 2012).

Datos que apoyan la presencia de dafio vascular
y activacion de leucocitos

Diversos biomarcadores y datos genéticos e
inmunoldgicos en pacientes con EP son indicativos de
la aparicion de disfunciéon vaso-endotelial y dafio
vascular. El dafo vascular seria inicial y se
acompanaria de neuroinflamacion, deterioro de la
barrera hemato-encefdlica (BHE) y angiogénesis, asi
como reclutamiento y activacion de leucocitos
sanguineos, preferentemente monocitos y
granulocitos. Los factores que se relacionan con estos
fenéomenos y fundamentan la hipdtesis se describen a
continuacion.

La mieloperoxidasa

Los niveles de la enzima inflamatoria mieloperoxidasa
(MPO) leucocitaria aumentan en suero sanguineo
desde fases iniciales de la enfermedad (Figura 1). El
incremento de MPO sérica se correlaciona con el dafno
dopaminérgico de los nticleos del estriado (cambios en
putamen en figura 2; Fernandez-Espejo, 2022), asi
como con las escalas clinicas que sirven para medir los
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Figura 1. La enzima mieloperoxidasa se incrementa progresivamente en suero sanguineo en los pacientes con enfermedad de Parkinson. La

EP temprana se corresponde con los grados 1y 2 de Hoehn-Yahr, y la EP tardia con los grados 3 y 4 de Hoehn-Yahr. Los cambios son semejantes

en hombres que mujeres. # P = 0,014 respecto a estadio temprano, ** P < 0,0001 respecto a estadio temprano y tardio (media + desviacion

estandar, test de student). Abrev.: EP, enfermedad de Parkinson; LCR, liquido cefalorraquideo.
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Figura 2. La mieloperoxidasa sérica se correlaciona con el dafio del putamen, medido mediante SBR en DAT-SPECT de Iodo123-

ioflupano. Existe una correlacion significativa entre el dano putaminal y los niveles de mieloperoxidasa en suero (putamen derecho, o =0,658;

putamen izquierdo, o = 0,606, P <0,001; test de Pearson; modificado de Fernandez-Espejo, 2022). Abrev.: MPO, mieloperoxidasa; SBR, specific

binding ratio.

grados de afectacion de la enfermedad y el deterioro
motor, respectivamente (Fernandez-Espejo y col,
2025a). Se sabe que los niveles y actividad de MPO
sanguinea de origen leucocitario se elevan en
enfermedades vasculares inflamatorias relacionadas
con el envejecimiento, como son el ictus, la enfermedad
coronaria o la arterioesclerosis diabética. En estas
enfermedades, la concentracién/actividad de MPO se
relaciona directamente con la gravedad del proceso
(Davies y Hawkins, 2020). Segun los datos del autor, lo
mismo sucede en la EP, otra enfermedad donde el
envejecimiento y la inflamacién juegan un importante
papel (Fernandez-Espejo y col., 2025a, b).

Respecto a la MPO cerebral de origen glial, la
concentracion y actividad de MPO no se modifica en
liquido cefalorraquideo de pacientes respecto a los
controles hasta fases avanzadas de la enfermedad (mas
de doce afios de evolucion y en varones; figura 3;
Fernandez-Espejo y col., 2022). Este hecho seria reflejo
de la progresiva extension intracerebral de la aSyn
anomala y la respuesta glial consiguiente (Tansey y
Romero-Ramos, 2019). Por tanto, todo indica que los
cambios en la EP temprana afectan a la MPO
sanguinea, mientras que los cambios de la MPO
cerebral son mas tardios.

Soluble Vascular Cell Adhesion protein-1, trombina y
microARNs

Los niveles de sVCAM-1 (soluble Vascular Cell Adhesion
protein-1) se elevan en la sangre y se correlacionan con
la gravedad de la EP (Perner y col., 2019). La sVCAM-1
es un marcador de emigraciéon de leucocitos,
disfuncion cerebrovascular, integridad de la BHE, y

angiogénesis (Yu y col., 2020). Ademads, la expresion de
trombina aumenta en astrocitos y capilares de la
sustancia negra en cerebros de pacientes de EP (Ishida
y col., 2006). La trombina es un marcador de isquemia
vascular, promueve la migracion de leucocitos,
incrementa la permeabilidad endotelial vascular y de
la BHE, y exacerba la inflamacién. Finalmente, la
expresion de microARNs, concretamente miRNA-29a
y miRNA-22, se modifica en la sangre y saliva de los
pacientes (Yu y col., 2020). Cambios en la expresiéon de
ambos microARNs son indicativos de respuesta
angiogénica ante un dafio vascular.

Perfil genético

La genética moderna mediante estudios de asociaciéon
de genoma completo (GWAS) apunta a una
participacion de la respuesta inmune de monocitos y
granulocitos en la patogénesis de la EP (Nalls y col.,
2019). De los mas de 100 genes identificados hasta la
fecha por la técnica GWAS, aparte de los genes de
alteracién mitocondrial (POLG, FYN, FAM49B, CRLS],
etc), los numerosos de respuesta neuronal a estrés y de
inflamaciéon intestinal (VPS13s, LCORL, Cborf24,
TRIM40, RPS12, GBF1, FBRSL1, NOD1, NOD?2), hay un
10% de wvariantes relacionadas con activacién/
migracion/adhesion de leucocitos (FCGR2A, MED12L,
CLCN3, FYN, RPS12, FAM49B, GBF1, NOD2,
FAM171A2). Ademas, el gen LRRK2, propio de EP
monogénica, se ha relacionado con la fagocitosis y la
actividad de monocitos (Hakimi y col, 2011) y
mutaciones de PINKI, otro gen involucrado en la EP
hereditaria, se asocian a mayor actividad y adhesion
vascular de monocitos (Yunfu y col., 2014).
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Figura 3. La enzima mieloperoxidasa se incrementa en liquido cefalorraquideo en pacientes varones en enfermedad con duracion superior

a 12 afios, sin cambios significativos en mujeres. * P < 0,01 respecto a EP > 12 afios en hombres, ** P < 0,001 respecto a EP > 12 afios en hombres

(media + desviacion estandar, test de student). Abrev.: EP, enfermedad de Parkinson; LCR, liquido cefalorraquideo (modificado de Fernandez-

Espejo y col., 2022).

Respuesta inmunitaria innata

Varios estudios indican que en la EP esporadica existe,
a nivel sanguineo, una respuesta inmunitaria innata
temprana que se basa en la activacion de leucocitos
sanguineos, sobre todo monocitos. Por ejemplo, la
poblacién periférica de monocitos en la EP es anomala
e hiperinflamada, se infiltra en el cerebro y contribuye
ala progresion de la enfermedad (Reale y col., 2009). Se
ha detectado, como se ha comentado, que dicha
hiperinflamacién se refleja en la hiperactividad de la
MPO sérica (Fernandez Espejo y col., 2025b).

Desarrollo de la hipotesis

Debido a que todos los hechos comentados tienen un
nexo comun, que es el dano vascular con hipoxia-
isquemia, angiogénesis y activacion/migracion/
adhesion de leucocitos sanguineos que expresan MPO,
se propone que la enfermedad de Parkinson idiopatica
podria tener su origen en eventos de dano
microvascular que afecten a alguno o varios de los
“puntos gatillo” del sistema nervioso ya comentados.
Los eventos de dafio microvascular serian previos al
dano neurodegenerativo y podrian ser microictus
esporddicos (microhemorragias o microinfartos),
microtraumas, o dos trastornos frecuentes en el
Parkinson, la dilatacion del espacio perivascular por
disfuncion glinfatica o la enfermedad cerebral de
pequenos vasos. Los principales factores de riesgo de
la EP, o sea, envejecimiento, diabetes tipo 2,
hipertension e hipertiroidismo, facilitarian el proceso
patologico (Halliday y col., 2011).

El dafio microvascular generaria una respuesta
inflamatoria con trafico de leucocitos que penetran en
el sistema nervioso, con produccion elevada de MPO
hiperactiva y sus derivados (hipoclorito y especies
reactivas de oxigeno y nitrégeno). El hipoclorito y
productos clorados son moléculas oxidantes y

proagregantes de aSyn y causan dafo mitocondrial y
oxidativo (Jeitner y col., 2016). Las especies reactivas
también causan neuroinflamacion y dafio en proteinas
y lipidos (Davies y Hawkins, 2020). Se induciria un
mecanismo “retroalimentado” de oxidacion,
inflamacién y agregacién con posterior propagacion
pseudopridnica de la aSyn anormal, que explicaria en
su conjunto la patogénesis de la enfermedad de
Parkinson. Si la hipdtesis se confirma, una posible
aproximacion terapéutica del mal de Parkinson, hasta
ahora no ensayada, seria la inhibicion de la penetracién
leucocitaria en el tejido nervioso.
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