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H-"(<4M) M) 41 RS0 ("HE&S2H) &#'(8le de cette étude a été réalisé selo
recommandations en recherche animale en vigueur et apres obtention des autoris
72('$>) >+ /") "H)%"7+"%7+")&#'(&4") ")AIF#'3"%-'$>) ")E$%&-<2/%=0)?"-)";*>%"#

réalisées sur des rats Wistar males adultes (Depré, France) pesant 400 g environ a I’

Apres deux semaines d'habituation des animaux, nous avons mis en place u
test triangulaire maximal, afin de déterminer la capacité maximale a l'exercice (voi
24). Pour ce faire, nous avons déterminé @ax chez 24 rats sur tapis de course, (
part en exercice concentrique (+15°; montée UH) et d'autre part en exercice exce

15°; descente DH). Le protocole du test d'effort maximal a été décrit précédemment (

al. 2001, Gonzalez et al., 1994). Apres la mesure de la température rectale, les ani

ete placés sur un tapis roulant avec le masque (comme décrit précédemment) afin dg
la consommation @, et la production de @. Au départ, la vitesse a été fixée a 10¢
(concentrique, UH) ou a 25cm/s (excentrique, DH) et maintenue pendant 2-3min. La

ensuite été augmentée de 5 cm/s toutes les 90 secondes pour le groupe UH et de 15

le groupe DH, jusqu'a épuisement des animaux. La température rectale a été
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immédiatement aprés I'épuisement. Des échantillons de sang a la queue ont été
immédiatement a la fin de I'exercice pour mesurer la lactatémie sanguine a l'aide d'u

lactate (Lactate Pro LT-1710, ARKRAY ®) et les especes réactives de l'oxyge

résonance paramagnétique électronique.
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It has been well described that oxygen consumption,) i© much lower in huma
exercising eccentricallys concentrically at the same mechanical power (Dufour et al.
Dufour et al. 2004, Isner-Horobeti et al. 2013, Perrey et al. 2001). Therefore, to reac
O; in both exercise modes mechanical power is about four to five times higher in e
VS. concentric exercise measured in a cycle ergometer (Dufour et al. 2007, Dufour et
Perrey et al. 2001). However, this observation might be exercise type dependent a
al. (2004) have reported that, at the same metabolic rate, the speed is only 10 %
downhill (-15% decline)vs flat running in humans. Although the literature is abunda
humans describing the difference in metabolic rate between eccentric and concentric
(Close et al. 2004, Dufour et al. 2007, Dufour et al. 2004, Perrey et al. 2001), few stud
been done in rats to directly compare the ré3ponses to eccentsis concentric increment
test (Armstrong et al. 1983). However, such knowledge is required to plan and opt

model of eccentric exercise training in rats.

Downhill exercise is often used as eccentric exercise in rats to focus on the skeleta
damage/regeneration processes following the eccentric-induced mechanical stress (
et al. 2012). Part of this skeletal muscle damage may result from an increase in
oxygen species (ROS) secondary to the inflammation process (Liao et al. 2010, Mar
al. 2007). It has been proposed that inflammation may induce ROS production e
stimulation of mitochondrial electron transport chain (Liao et al. 2010) or membrane
oxidase or infiltrating phagocytic cells (Best et al. 1999). It is also well known that

exercise, the electron transport through the respiratory chain increasesd ©nhances t
free oxygen radical production (Gomes et al. 2012, Halliwell B 2012, Halliwell B, Kyps
al. 2011, Pringle et al. 2002, Su et al. 2010). It appears that, if both exercise modaliti
in an increase in ROS production, its time course, origin and consequences may di
blood ROS production, at the same metabolic rate, remain unchanged immediately fq
either eccentric or concentric exercise while it specifically increases 72 hours after d
running (Close et al. 2004) in humans. These results suggest that the mechanism(

production might involve inflammatory or mechanical factors rather than metabolic rat

exercise is performed around 65% of maximal oxygen uptake. £, )@Close et al. 2004).

humans, it has also been reported that the combination of eccentric and concentric

did not result in a larger increase in bloodOx immediately after exercise, while it (




increase HO, in blood after 48 hours of recovery (Zembron-Lacny et al. 2010). |
Molnar et al. (2006) showed that oxidative stress status remains unchanged im
following acute eccentric exercise compared to the control group but they did not ref

O, measurement nor did the study includmacentric control group.

To our knowledge, the time course of blood ROS production following maximal incre
test performed either in concentric or eccentric modalities together witlme&surement
rats has never been established. Moreover, the respective role of metabolic rat
mechanical power on the observed ROS production time course is unknown. Then, t
is designed to provide new knowledge regarding the intensity at which eccentric ¢
,+:;/& B1& '28E1<& E+o&Hondrial function in order to subsequently plan and opti

eccentric training in rats.

The objective of the study was first to compare the, r€ponse during a maxi

incremental DH (-15°. -27%) or UH (+15°, +27%) exercise test as well as the ensui
course of post-exercise blood ROS production. The second part of our study was de
determine the relative contribution of metabolic rate and mechanical power on the re

of blood ROS and mitochondrial function observed after exercise. We therefore chd

the hypothesis that metabolies mechanical stress will affect differently blood

production and mitochondrial function following eccentric work.







Electron paramagnetic resonance (EPR).the end of exercise, blood sample was rem
from the tail immediately following exercise and after 4 hours, 6 hours and 24 hd
recovery to measure blood ROBhe experimental protocol for ROS detection in blood
adapted from (Mrakic-Sposta et al. 2012). 25ul of blood were collected on the tip of
and stored on ice at 4°C.After 30min, 20ul of blood were mixed with 20ul of spin
CMH (1-hydroxy-3-methoxycarbonyl-2, 2, 5, 5-tetramethylpyrrolidine HCI)/Hej
(400uM/100U per mL) solution and introduced in a capillary. Stock solution of CMH (

2.3 mg in 2ml buffer) in Krebs-HEPES buffer containing 25uM deferoxamine me

sulfonate salt (DF) chelating agent and 5mM sodium diethyldithio-carbamatetri
(DETC) at pH 7.4. Immediately after, 40ul of the obtained solution was put in the gla
capillary tube (Noxygen Science Transfer , Diagnostics, Germany), that was placed i
cavity of the e-scan spectrometer (Bruker, Germany) for data acquisition. Sample te

was firstly stabilized and then kept at 37°C by the Temperatit@&2& N+.*0+;;10&'0)+




unit, interfaced to the spectrometer. Detection of ROS production was conducte
BenchTop EPR spectrometer E-SCAN under the following EPR settings: center fi
2.011 ; field sweep 60G; microwave power 20mW; modulation amplitude 2G; con

time 10.24ms; time constant 40.96 ms, number of scans: 10 .The EPR signal is propo

the unpaired electron numbers and could, in turn, be transformed in absolute p

micromoles (umol/min).










Our measurement of Jhxusing a facemask is not usual as compared to the literature
use often an enclosed treadmill adapted for determination,ofipfake ( @) and CQ
production ( CQ) (Favret et al. 2003, Favret et al 2001, Gonzalez et al. 1994, Jorg
2011, Wisloff et al. 2001). Nevertheless we are able to reaghaxWith the mask althoug
our value is higher than those reported in literature (Favret et al. 2003, Favret et

Gonzalez et al. 1994, Jorge et al. 2011, Wisloff et al. 2001). It should be noted that 3
airflow is low, the change in Qs recorded with precision and then the, v@ue rather to I

correct.

For the first time in rats, an eccentric incremental test is used to reagh,. Althoug
numerous studies have been done using eccentric exercise in rats, the experimental
are rarely described in terms of metabolic rate/mechanical power. Since the t

contraction in a treadmill depend on the grade, we chose to use 15° incline and 15}

which have been shown to produce mainly concentric and eccentric contraction resy

Armstronf et al. 1983, Powers et al. 2008). Our study allows determining at whig
corresponds the mechanical power used in eccentric protocol in rats although specifi
activities are complex with the same muscle producing positive and mechanical wor

its shortening phase and having negative work performed on it during the lengthening




the difference in eccentrigs concentric exercise is more marked using a cycle ergo
(Dufour et al. 2007, Dufour et al. 2004).

This model of exercise (i.e. treadmill running) allow us to use the /r@ning spee
relationship in eccentric and concentric mode to determine the relative contributio
mechanical stimulus in the changes occurring in skeletal muscle, particularly in RC
data show that immediately after maximal exercise, both concentric and eccentric

induced a marked increase in blood ROS production. These data have been already
following concentric exercise which is characterized by an elevation or activation
electron transport through the respiratory chain increasing the free oxygen radical pr¢
(Gomes et al. 2012, Halliwell B 2012, Halliwell B 1994, Su et al. 2010). Since rats r
downhill reach the same . it is reasonable to think that the increase in

immediately after exercise is also due to the activation of the respiratory chain.

studies report an increase in blood ROS production 48 to 72 hours after eccentric

which was not maximal (Close et al. 2004), despite no change after 24 hours. We o
rise in blood ROS production 24 hours following maximal DH incremental exercise
result could suggest an inflammatory process presumably induced by the higher me
power (i.e. 70 cm/vs 35 cm/s). Indeed Closet al. (2004) describe that ROS product
implies inflammatory or mechanical factors rather than metabolic rate after eccentric g
Then following maximal DH exercise it seems reasonable to think that two procesq
place to induce an increase in blood ROS production, one due to the activatio
respiratory chain (i.e. muscle metabolic power/stimulation) and one, delayed,

inflammation (i.e. somehow linked to the consequences of muscle mec

power/stimulation) (Davis et al. 2007). Inflammatory processes may induce ROS ge

through stimulation of mitochondrial electron transport chain (Liao et al. 2010), me

bound oxidase and/or infiltrating phagocytic cells (Best et al. 1999).

The lactate concentration is similar between both modalities of exercise which

surprising since rats reach in both cases similgin.,0O
Effect of rectangular exercise on ROS and lactate

Blood ROS production increases similarly in DH25, DH40 and UP immediately after e

independently of the metabolic rate and remains elevated 4 hours after exercise only




Blood ROS returned to basal value in all exercise groups 24 hours after exerci
literature described a rise in ROS 48 to 72 hours following eccentric exercise (Clos
2004). It has been also observed previously (and in our incremental protocol as well)

mechanical power is an important factor of the post exercise ROS production (Clos

2004). We did not evidence a specific rise in blood ROS production 24 hours af

exercise performed either at the same mechanical power or at the same metabolic
higher mechanical power) than concentric exercise. However, it cannot be exclug
blood ROS will increase later as previously described in the literature.dtialo(2010) hav
found an increase in J, in the vastus lateralismuscle in rats 24 hours after ecce
exercise. Kyparost al. (2011), using a similar protocol (-16° decline and 25 cm/s), ob
an inflammation process 48 hours post exercise.@ial. (2004) describe that prolong
exercise into a treadmill leads also to an increase in ROS production in the gastro
muscle 24 hours after exercise. From our results it seems that 30 min of uphill exercis

able to enhance blood ROS production.

Blood lactate is increased following exercise in UH and DH40 groups but re
unchanged in DH25. These results confirm the data of Dugbual. (2007) in huma
showing that at the same mechanical power the lactate is lower following eccentric

due to a lower metabolic rate.

Mitochondrial function in the vastus intermedius

fall in
D1). Our
b with
Antly

on the
ondrial

ow for




the first time that higher is the eccentric mechanical power greater is the depressio
respiration of several complex of the respiratory chain. Additionally, we observe a dec
mitochondrial coupling after DH40. Several causes are described in the literature

explaining mitochondrial dysfunction such as a rise in ROS, an inflammation ang
elevated intracellular calcium level (Rattray et al. 2011). Our data did not support a
ROS since blood ROS is similar in both UH and DH exercising rats but point to a like

of mechanical factors.

Taken together, our data show that downhill exercise can lead to mitochondrial dys
depending on the level of muscle mechanical stimulation. However, the ol

mitochondrial dysfunction after high level muscle mechanical stimulation do not see

linked to exacerbated blood ROS production. Further studies are necessary to

whether these deleterious effects of DH exercise will persist following chronic DH exe
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Changesn blood lactate (A) and blood reactive oxygen species (ROS) (B) pre and
post UH or DH maximal oxygen uptake. Figure 1A *, p<0.05 Post vs Pre. Figure 1B *,
p<0.05 vs DH at time ¢, p<0.05 vs UH at time 0.

Figure 3. Effect of mechanicals metabolic stimulation on blood lactate andlood ROS
after submaximal rectangular exercise. Figure 1A *, p<0.05 Post vs Pre. Figure 1B035 p<
DH40 vs UP at the same time.

Figure 4. Effect of mechanical's metabolic stimulation on mitochondrial respiratory chain
complex. *, p<0.05 DH40 vs CTL, UP and DH25. # p<0.05 DH40 vs CTL and UP.
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2,4-Dinitrophenol

Maximal
incremental
test

}

365

Sacrifice and
Organ sampling

.......... Habituation 30mg/kg/day _
T DNP n=8 J "
Start End
Water -
CTLn=8 g
Day -14 Day 0 Day 14 Day 21 Day 28
VO, Vo, Vo, Vo,

 Teament 3

Fig. 1. Study design. Oxygen uptak@c(é} evolution and maximal incremental

tests were studied in rats. Before beginning the study (day-14), the rats were
acclimated to the treadmill work and wore a facemask for respiratory mea-

surements. OStartO indicates the beginning of the 2,4-dinitrophenol (DNP)
treatment, and OEndO indicates the end of the protocol (28 days after the

beginning). Y46,, oxygen uptake at restodmax was measured during the

maximal incremental exercise and represents the maximal oxygen consump-

tion of the rats.
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Fig. 2. Rats treated for 4 wk with 2,4-dinitrophenol (DNP) demonstrate less efbcient energy conversion. Average water ingestion (ml/animah\pdoaay) (
ingestion (g/animal per dayBy, and rectal temperature (jCT) in the control and DNP groups. From D14 to D28, body m&yswas lower in the DNP than

the CTL group: P 0.05.E: efbciency of energy conversion was determined by calculating weight gain/ingestion over the Pnal 7 days of the experiment for
each animal. Weight gain/ingestion was lower in DNP-treated animals vs. the CTL grBup @.05). These results demonstrated the efbciency of DNP

treatment as a mild mitochondrial uncoupling agent. CTL, control group (empty bars/symbols); DNP, DNP-treated group (full bars/symbols). Data represe
means SE.
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Glycogen C) was higher in the DNP group, 200- 60
whereas the triglyceride contenb) of the
quadriceps muscles after 4 wk of treatment 1504 )
was not different. Control group, empty bars/ § = T ~ 40
-
symbols; DNP-treated group; full bars/sym- g" 5 8
bols. Data represent meansSE. O B 1001 >0
> 3 o £ 5.
0 ~ =~
50- L
0 r
0 T
(.}\/ (}V oxg

J Appl Physiokdoi:10.1152/japplphysiol.01177.20%£8ww.jappl.org
























































































































































































































