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Abstract

The objectives of the present investigation was to analyze the effect of two different recovery modalities on classical
markers of exercise-induced muscle damage (EIMD) and inflammation obtained after a simulated trall running race.
Endurance tralned males (n=11] completed two experimental trials separated by 1 month in a randomized crossover
design; one trial involved passive recovery (PAS), the other a specific whole body cryatherapy (WBC) for 96 h post-exercise
{repeated each day). For each trial, subjects performed a 48 min running treadmill exercise followed by PAS or WBC, The
Intereukin (IL) <1 (IL-1) IL-6, IL-10, tumor necrosis factor alpha (TNF-a), protein C-reactive (CRP) and white blood celis count
were measured at rest, immediately post-exercise, and at 24, 48, 72, 96 h in post-exercise recovery. A significant time effect
was observed 10 characterize an inflammatory state (Pre ws, Post} following the exercise bout in &l conditions (p<0.05).
Indeed, IL-1§ (Post 1 h} and CRP (Post 24 h} levels decreased and IL-1ra (Post 1 h) increased following WEC when compared
1o PAS. In WBC condition (p=0.05), TNF-, IL-10 and IL-6 remain unchanged compared to PAS condition, Overall, the results
indicated that the WBC was effective In reducing the inflammatory process. These results may be explained by
vasoconstrictlon at muscular level, and both the decrease in cytokines activity pro-inflammatory, and increase in cytokines
anti-inflammatory.
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Introduction

Athletes paroopatng in competitive sports &re often exposed to
over-load training and competiton, which may inclode repeated,
high-intensity exercise sessions performed multiple omes per week
[1]: Intense training end competition particularly with upder-
recovery ome could ndiuce muyscle damage and subsequent
mflarmmation indicated by muscle soreness, swelling, prolopged
loss of muscle function and the leakage of muscle proteins, such as
C-Reactive Protein (CRFS in the circulaton [8,3], The essential
component of the physical stress theory @3 that high intensicy
phyzical exercise creates muscle damage and inflammation leading
to disurbance in cellular homeostasis and discomfort, a phenom-
enom that §s referred o-as defaved onset muscle soreness (DOMS)
[#7]). In this context, the scienfific inferest n sporis recovery
modahties has been increasing in the recent years [B]. However,
few sudies have focused on surrogiate oulcomes as markers af
inflammiation and  skeletal muacle recovery  (Le  leukocyics,
enzymes activity, CRF) related to recovery after cold treatment
followng a single bout of severe exercse [7,9,10],

High trammng volumes and/or msufficient recovery has beéen
assoctited with muscular fatigue, soff ossees njury, and/or
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immune compromise (6], The mechanical damage w the
contractife unit or plasma membrane occurs prmandy due
the ectentric component of musde movement, This insult may
initiate metabolic/chemical pathways in the following hoons or
days, creating further damage cavsing an alteratien in the flow,
guantity and function of the immune system [2,11,13], These
events lead w a generilized biphasic inflammarory cascade in
responss to muscle damage, which involves: briefly the release of
varipus cytolanes.

Strenuous exercise induces an increase in the pro-inflammatory
cytokines Tumor Necrosis Factor alpha [TNF-a) and interlewkin |
Beta (IL-1f) and 2 dramatic incresse in the inflammaton
responsive ovtokine inmedeukin 6 (IL-6), This iz balanced by the
release of cyokine mhibitors interlenkin | recepor alpha (- Lra)
and the anti-nilammatory cytokine interleukin 10 [IL-100 [L1].
The highest concentratgon of IL-6 has heen found immediateby
alter a muirsthon race, whereas [Lelra peaks | h post-exercise
(128-fold and 39-fold increases, vespoctively, compared oo the pre-
exercise valies). The plasma level of 1L-10 showed o 27-fold
ingreass immediacty posi-cxercise, The plasma level of TL-1 f and
TIE-t peak in the first howur after the exercise {2.1-, 2.3- fold,
respectively). The pro nflammutory cytokines including [L-1[
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facilitate an influx of hmphocytes, neatrophils, monocytes, which
participate in the healing of tissue [11,13], Morcover, the plasma
level of G-reactive protein (CRP) increases and peiks 24 b {3-fold)
after plyometric exercise or 2 marathon mace compared to the pre-
exercise value [3,11,15,14). However, inadequite or excessive
inflammatory response may lead o improper cellular repair, tssue
damage, and muscle dysfineton leading to loss in performance
[13].

Achisving an approprnate  balance between  tramng  and
compeiton stresscs and recovery 15 Imporiant nomaximzing
the performance of athletes [16]. In this context, the development
of methods 1 speed-up the recovery of elite athlews from intense
training and/or competition has been a major target of athletes
and their support stafl for many years [B]. Athletes, therefoce, nse
many different therapeutic interventions, sach as low intensity
exercise and cold therapy (Le ice pack, shower, fan, ice ingeaton,
wet towel, cold water immersion (CWI), in an effort 1o speed-up
recovery between intense bouts of exercise or competition stress

and maintain sport performance [7,17]. Cold therapy -

commonly used a8 a procedure to alleviate pain symptoms,
particularly in inflammatory diseases, mjunes and  overtse
symptoms and thersby auding recovery after sofi-tissue wrauma
[18-20]. Although CWI has a relative low cost, the time required
for therapists to prepare CWI s tme consuming. [n addition, the
water and tce used in CWI ean only be wsed ance, and it =
retavely difficult to control the emperamre during the reatment
(9]. A recent method designated the whole-body eryotherapy
(WEC) has been progressively used a3 an efficient tool in biological
regeneration of healthy and physically fis individisals [17,21].
WBC consists it a briel exposure in minimal clothing w very dry
cold alr (ranging from —110%C o = 1B0°C) wo the surface of the
body for 2-3 min to treat the symplorms of various diseases such as
arthritis, fbromyalpta and ankylosing spondylitis [18]. Tt already
las been already demonstrated that WBC stmulated physiological
reactions of an organsm which result in analgesic, ant-sweelling,
antalgic imrmune and circulatory syseem reactions and then could
improve recovery after muscle injury from museular rawma [22-
24]. The reporied general effect of WBCG suggeses that it may be
benefieial to sportsmen alo, A recent work has shown thar three
repeated WRO events by the day before cach training session,
benefits the time it takes for the kayaker to return 1o full fimess and
may avoid sergery [25], The authors demonsmated that after 6
days of elite maining kayakers with & mean of 4 h per day, at an
pxtremely low tempetature, was associated with o decreaze of
—534% in the activity of creatine kinase (CK) and a slight decrease
—5% in cortisal concentration compare to the week without
crvostimulaton exposure [25]. Maoreover, after 3 b per day of an
elite ragby trainmg program, | repeated WBC treatment each day
over 5 days has also been shown wo decrease [L-32, [L-4; CK,
prostaglandin. B2 (PGEZ} activity, and exhibited incressed
concentrations of antbmnflammatory oymokines (IL-10) in penph-
eral blood, suggesting a local and systemie ant-inflarmmaory effece
[14]. However, there was oo precision in this stuedy regarding
when the freatment was applied before (pre-cooling) or at the end
[poar-conling) of exercise. Furthermore, no ciase-control protocol
vias applied in this study and the interacton of exercise and cold
exposure of immune fanceion has not been well studied [26,27]
making it difficult to evaluate the real porential of this method of
rECEVEDY,

In this context, very limited specific sudies and data on
inflarmnmatory mediatars are available wsing WBC like methods of
recovery afier exercise. Therefore, the primary aim of this
frivestigation was to analyze the effect of o different recovery
modalities (WBC vs, PAS) afier exercise in the proposed markers
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for muscle damage, svatemic inflammarion (CREP, 116, IL-15, IL-
Ira, IL-10, TNF-o) and immune cell mobilization (wtal leuko-
cytes, neutrophils, monocytes and bymphocytes). We hypothesized
that WBC compared 1o PAS, accelerate the recovery in reducing
exercise-nduced muscle damage (EIMDY) by decreasing the acute
phase of inflammation in response to a single bout of exercise. A
complementary atm of this study was to determine whether WBC
had a positive eifect on recovery from exertional muscle damage
and immune function during 4 days following a single bout of

exercise i well-trained runners.

Methods

Subjects

Eleven well-trained  nmnems. participated in the study {see
Table 1 for characteristics), all with similar training levels and
statures. The selected runners régularly engaged in long distance
running events (e.g. marathon, trails) and presented no conmrain-
dications 1o cryotherapy, such ss cliustropbiobia and  eold
hypersensitivity. All subjectd were volunteers and were informed
about the smdy protocol, the risks of rests and investigations, and
their fghts according to the Declaration of Helsinkt, All subjects
accepted to partcipase and completed the written informed
consent and a health hismory questionnaire. The study was
approved by the local Ethics Committee (fie-de-France XI,
France; Ref 200678) before i initation,

Study Design

An overview aof the experimental protocol is prescnted in
Figure |. All participants used bath recovery medalifies. Between
traals, & mimdmurn of theoe weeks of low intensity training was
ensurcd. Once & month, subjects completed a simulated trail run
on & treadmill followed by one of the two recovery modalities
presented in & random order (WBC or PAS), Before (Pre), afier the
simulatinn (Post), after the first recovery session (Post 1 hi, and
befisre the following recovery zessions (Post 24 b, Post 48 h, Post
72 h, Post 96 h), blood samples, were collected 1o analyzed several
markers of inflammation, muscle damage (TL-1ra, TL-1 3, TL-6, TL-
10, TNF-a, CRP! and the haematological profie. One week
before the experiment, subjects were familiarized with the st
scheme and Iocation and preliminary wsting was performesd, From
that week onwards until the end of the experimentation period, the
training loads of all subjects were imposed and under control. The
subijects refrained {rom consumprion ofany anti-inflammatary pilks
and did mot use any additional methods to aid recovery (e
siretching, massage or active recovery). Participants completed
food and activity diaries w0 standardise hydration and nutriton

Table 1. Characteristics of the study group.

Subject characteristics Means + SEM
Age (years) 1A + TS
Height jem} 173 &= TR
Wiaght (k) S & 106
VO3 Il min™" kg ™"} 2 =138
MAS fkenh ™) 187 + 3%
16 km-run [min] 3448 =

WiOgran: Maximal oupgen uptake; MAS, Maximal Aprable Speed. Valued are
expressed 25 means & SEM of the means
e 101371 purnal pone 0022 7480001
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Figure 1. Study design - Recovery: PAS or WBC.
doi10.1371/journalpone 0023748001

ducing the week prior to cach session and no cafleine was ingested
before and throughout the duration of the wests

Preliminary Testing

One week before the experiment started, subjects came to the
laboratory for a preliminary testing procedure. Maximal oxygen
uptake [[V0g,,) was determined in running using a motonzed
treadmill (H/P/Cosmos™ Saturm, Traunstein, Germuny). The weat
consisted of a 6 min warm-up at 12 kmh™' and an incremental
perind inwhich the minmng speed was increased by | lon h™ " every
2 min until volidonal exhavston. Cxygen uptake [ FOg), minute
ventilation  (, FE}, and respiratory exchange ratio (RER) and
respivatory rate (RR) were continuously recorded with a- breath
by breath gas exchange analyzer (Quark CPET, Cosmed, Roma,
Tealy), Heart rate {HR) was recorded using & chest belt (Cosmed
wireless HRE monitor, Roma, lisly). The eriters used for the
determination af , ¥ Oy, were threefpld: & platean in |, KOy despite
an increase in power output, & RER above 1.1, and a heart rate
(HE,) above %% of the predicted maximal HR [28], V.00, was
determined as the average ol the Tour highest , KO, values recorded
(mean ,ViOgmax: 62,0239 mLmin~ ' kg™l The firt and the
second ventilamry thresholds (VT'1 and V12 were determined a5
previowsly: described [29]. The maximal aerobic speed (MAS] was
the highest running velosity completed i 3 min (mean MAS:
18,72 1.1 kemoh ™Y, Thereafter, individuals were expased individu-
ally to & one-time session of sxtremely low wemperature [~ 110°C) in
a cryogenic chamber i(Teelah®, Zimmer MedizinSynieme, New-Uhn,
Crermany) next to the laboratory, The session lasted | min, Thie
previous familiarization yession was done o check the tolerance of
extremely low temperature by subjects before w s of the
experiment and to accustom themselves 1o the cryochambers after

an high mtensey exercise,

Simulated Trail Running Race

Once a month, subjects completed & simulated wail running
race designed to generate fatigue, on the same teeadmill used for
preliminary resting. The traill run was designed 1o replicate as
eompletely as possible the race constraimes eneountered inoa trdl
run [30]. The rice lasted 48 min and was divided in 5 blocks. The
first block incloded & min-on the Hae (0% gradient), followed by
4 min ophil (+10% gradient]: and 3 min downhill (=15%

gradient}, Velocity was continuously adjusted as a function af

gradient in order to obtain a vadery of intersites and elicit a
similar metabalic demand to mail races in the feld Figore 1)
Therelore, velocity ar the 0% gadimt was between VT | and VT2
imean Vilat: 15,5209 km.h ™), while velocity at a +10% gradient
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corresponded to =80% (mean Vuphill: 11,1209 km.h ™) of the

' maximal acrobic velocity at the 10% gradient [31], and veloeity m

—15% corresponded o welociy at V1 (mean Vidownhill:
14.240.7 kmh™", Blocks 2-3 consisted of 3 min-at 0, Blawed
by 4 min uphill and 3 min downhill at the gradients and velocities
prevously deseribed,

Recovery Madalities (WBC vs. PAS)

Subjects were randomly assigned 1o one recuperation madaliny
WBC or PAS) to be used after the simulated trail running rae
Post, Post 24 h, Post 48 h, Post 72 h and Post 96 h. All subjects
wsed each of the recovery modalities in the course of the
experiment. WBO sessions were adminisiered in a specially built,
temperature-controlled unn Fimmer MedizinSysteme GmbH,
Ulm,, Germuany), which consisted of three rooms (— 10, —60 and
—=10°C), The temperature of all rooms remained constant
throughout the experiment. During each WBC seasion, subjects
traversed the warmer rooms and remained in the therapy room for
3 midn. In the familiarizaton session, exposure was reduced o
| min. Subjects were instructed 1o dey eventual sweat, wore a
bathing suit, sungical mask, carband, triple layer gloves, dry socks
and sshotz. During the 5 min, subjecs avoided tension by slightly
moving their arms and kegs by walking, Afier the WBC session,
subjects spent [0 min scated comfortably in a temperate room
1945 wearing a bath robe, The second recovery modaliny was &
passive recovery (control modality) during which each subject was
seate) comforiably o an amochaie for 30 midi, i which they were
not Allowed m speak o anyone.

Biochemical Analyses

To avoid inter-assay vartation, all blaed samples were apalyzed
in n single harch st the end of the study, with the exception of
harmatological measures, which were performed on the day of
collection. Blood samples were collected from a superficial forear
vein using standard venipuncture techniques;, For each blood
sarripling, 35 ml was directly colleceed into EDTA fubes {5 tubes
EDTA =fmL and 1/ twbe EDTA =1 ml) (Greiner Bin-one;
Frickenhansen, Germany),

ENZYMATIC ANALYSES — -The 5 twbes of & mL was
centrifisped at 3000 revamin™' for 10 min, +#°C 1w separate
plasma, The obrained plasma sample was then stored in muldple
aliguens (Eppendort type, 1500 pL. per samples) at —807C unol
analysis. From these ssmples, TNF-a, IL-6, IE-10, IE-1rs, T1-13
and CRP were determined in plasma by cnayme-tinked immuno-
sorbent assay with commercially available high sensivity ELTSA
kits (R&D Systerns, Minneapolis, MN, T'SA). Al binod samples
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Figure 2. Changes in CAP (A], IL-1f (B] and IL-1ra (€] from post-running exercise to recovary, #, significant difference betwean groups

Ip=<0.05), WBC, whole body cryctherapy; PAS, passive rest recovery.
del10.137 1 journal.pone 00227489002

were analyzed in duplicate at respective wavelength on a
spectrophotormeter Dynex MEXe hagellan Biosciences, Chelms-
ford, MA, USA). The sensitivity limit of CRE, TNF-4, TL-1ra, IL-
14, TL-6, 1L~ 1{) assay were respectively 0.010, 0106, 6.26, 0.057,
0.016-0.110 {range!, 0.5 pgml.”".
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HEMATOTOGIC PROFILE - Blood [rom the 5 mL tube
were apalyied for feukocyte and erythrocyte count using an
autnmated cell counter lfl'.'r[l—DTn“ Rubg'n', Abhott, IL, UTSA] by
standard  laboruory  procedures (low cyomerry]  previously
deseribed in derall [33]
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Statistical Analyses

Statistical analysis was performed using the SPSS 19 package
{IBM corporation, Inc, NY, USA). We assessed the diseribution of
the analyzed vadables using a Shapiro-Wilk tese The regults
showed that the distributions deviated from normal distribution, so
a detailed smatistical analysss wsing nonparamerric tests was
necessary: a Wilcoxon matched-pairs test was completed to asscss
significantly difference between groups and a Friedman rank test
was undertaken to evaluate the swrisdeal differences in time for
each recovery modality. When a significant F-value in Friedmars'
analysis was found, a post-hoc test with & Bonferroni correction
was used to determine the between-means differences. For the
parameters with normal distribution the results are expressed as
the mean value with standard error of the mean (= SEM), in other
cazses the results are expresed as median, the value of the lower
dquartile {Qyy} and the value of the upper quartile (.. The level
of significance was set at p<0.03.

There were no statistically significant differences in the initial
levels of any of the studied cylokines beteeen the exatfined
groups. These values were low and rypical for healthy persons,
The results obtained in subsequent samples were refarred 1w the
initial level for the group, treated as the control level,

Enzymatic Analyses

Tumor Necrosis Fuctor-z. For both recovery mosdalities,
there was no time effect on TNF-2 and no differences between
groups at anytime point (Table 51

Interlenkin -6 and Interlenkin -10. The Wilcoxon
matched-pairs test indicated no sgnificant difference on [1-6
and 1L-10 |evels from poseesercise between PAS and WBC
conditions, For both groups, a significant time effece [P<20.05) was
pbserved with very similar inflammatory response regardless of
recovery mode. Both [L-6 and [L-10 level increase immediately
after exercise.

Interleukin -1} and Interlenkin -1 ra. The Wilkoxon
matched-pairs test revealed (Figure 2B and 2C, sespectively]
significant differences between recovery modalities at Poat | b
(p=<0.05). At Post | b, AIL-1f} and AlL-lra showed significant
higher and lower values in the PAS condition compared o the
WBC, respectively. There was alio & significant [p<0,053) difference
in All-lra with lower values for the WBC condition compared 1o
the PAS condition ai Post 24 b, On tew Juis, the Friedman tesc
revealed A significant difference between time measorementy far
both groups for each of these cytokines (P<<{1.03) (Table 51). Post-
hoc analyses revealed that the decreass of [L-lra occurs carlier after
cryotherapy trestment than after the PAS modalicy (WBLC: Post
34 hovs. PAS: Post 72 h). Post-hoc analvsts on IL-1f revealed tha
plasma concentrations at Post | h were significantly  higher
({P<0.05) than Pre only for the PAS condition [Table 81),

Plasma C-reactive protein (CRP). CRP level & steady
whatever the condition at Post and Post | h compared to basal
value. Analyses of Deltn CRP (ACRP) from Post measurement
showed  significant  (p="f.05) differenice  between recovery
moddalities st Post 1 h, 24 h, 48 b, 72 h and 96 h from exercies
with significant higher values in the PAS condiion compared 1o
the WBC [Fig. 2A) A significant tme #ffect was recorded for both
groups, ORP increased (p<0.05) and peaked 24 h posi-exercise in
both groups (WBC=-+123% vi. PAS= 4515%) In the PAS
group, 48 b afier exposure the increased CRP level persists {at
T2 h, P=0.032 with Bonferroni™s correction’ while the levels of
WBOC group retum to the initial stare
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Leukocytes Counts

Leukocytes counts showed no significant differenees (p<0.03)
between modalities. The Friedman test revealed a trend towirds
significance  berween thme measurements. Post-hoc  anahses
showed a significant mcrease (p<(.03) at Post | h of 52% and
refurns to the initial stare by Post P4 b in both groups,
Additomally, the inerease concerned the mumber of neutrophils,
There were ne seatistcalty significant changes in manocytes and

lymphocytes [Table 52)

Discussion

This study was conduetod in order (o analvze the effect of two
different recovery modalities on clessical markers of exercige-
induced mugcle damage (EIMD) and inflammaton cbained after a
simulated trail running race. We chose to compare changes in
mmmune cell mobilisation and CRP level because they are reliable
ingicators of acute performeance deterioration, musde damage and/
or inflammation routinely evaluated in the general population and
in uthletes [3,10]. The major finding was that a single exposure to
WRC significantdy alleviated inflammation afier a strenuous exercise
rurt, §) Delea IL-18 was significantly suppressed | b after exercise
following WHC, compared to the PAS ¢ondition i) Dela [L-1ra
inereased | hand 24 h aftor exercise Iollowing WBC compared to
PAS §ii) CRP increase was strongly limited in the WBC group
compared to the PAS group at 24 h and uniil 48 h afier exercise,

Principally, trail exercise wall mvobee subsantial aphill and
downhill elements. The aphill tends o resalt in a greater exercise
intensity and hence an increased metahalic cost [33] Conversely,
downhill results in & lower metabolic cost than level and uphill
walking ar the same shsolute speed [34], but it imposes greater
forces on the lower limbs [35], remilting In greater ercentric
loading. These eccentric muscle actions during dewnhill can result
in wmporary EIMI}, which is manifested as reduced muscle
foncton, muscle sorencss (DOMS), eflux of intramuscular
enzymes, and limb swelling that may last for several days after
the exercise bout [36],

Within the injured muscle tssae there 15 leukocyte infiltration
and local production of varous pro- and ant-nflammaney
eytokines which are crucial for initiating the breakdows and the
subsequent removel of damaged muscle fragments [37]. As
expected, the present stody demonstrates that trail exercise
induces a significant release and peak of IL-A (16 fold) and 1L-
L0 {7 fold) levels early after trail exerclse compared to rest [means
uf Lesth groupy), followed by a rapid decrease toward pre-exercise,
as demonstrated in previous studies [6,11,13]. However there was
no significant change in the plasma concentration of the pro-
mftammarory cytokine TNF-a. This lack of change was consistent
with & 42 km marathon [38] and iron man race, suggesang thar
our population i well trained to this ope of exercise [35].
Moreover, the facy that the plasma bevel of TNF<2 was novaffeered
immediately, after the mail exercise, might explain why the
monocytes were alo notactivated by the exercise [14]. It ko
well established that high intensity exercise (>75% Fhmax) is
nssociated with significant ircreases in circulating leukocytes (fe
increases of neutrophils and falls n lymphocvies) during recovery
(7] In the present study, leukoeytes increase an average of 34%
above resting level. This is mainly due 0 an increase of the
neatrophils number by 64% whereas mphoovies felt to an
average of 10% Post (mean of both groups) Furthermore, as
previouslty described [11], high plasma concentration of IL<G
induces a peak expression of IL-1ra and TL-18 | b after exercise,
345% and 138%, respectively (PAS group values compared to Pre
vahaes),
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Consistent with previous stadies, we find similarly thar increased
cytokines levels were related to a significant increase and peak in
CRP 24 h alter exercise [3,40]. In the present study, the CRP leviel
of the PAS group increased -fold 24 b after the simulated rurining
race compare to Pre value vs. 8 fold or 31 fold 1o previous studies
[3.39]. However, these diffierences compared to the first study
might be explained by the greater muscle mass mobilized by lower
limb v, albow or the used of eccentric activation v concentric
autions in the previous stody [3]. Secondly, unlike resolis with the
second study cited [39] may be explained by the difference in the
type and duration of exercise leading 1o greater acote phase
response than following trail exercise. Indeed the iron man
trathlon race consisted of about 10 b of exerdize (swin, bike, run)
ve, only 48min trail run exercise in the present sudy.,

The amalgamation of these damaging effects can be problem-
atic for activity on subsequent days, and there may be a greater
risk of injury due to residual soreness and perturbations in muscle
function [41]. This study measured the selected cytokines TN,
IL-6, [L-10, [L~1ra; IL-1p and CRP in well-rained athlewes for ip
to 96 h following a mail exercise. [L-6 and IL-10 levels are not
influenced by one sesion of WBC repeated on four eonsefutive
days. However, conteiry (o previous seports suggesting that WBC
exposure increased the and-inflammatory cytokine [L-10 produc:
tion [10], our results present no significant changes after 4
exposures to WBC, compared w PAS modality, Nevertheless, the
different type of exervise, 3 h by day of Elite training rugby during
4 days #i. 48 min running exercise m the first day might explain
this difference of result berween studies. However this previouns
atudly dic not uriliee @ control passive group as i the present smdy,
in order to stare that the increase in IL-10 i due 1o crvotherapy
and not o the repetifion of excrcise dtsell Moveowver, they
conducted the study on-a more acute tme line; 7 days vs. 5 days in
the present study, which might lead for the difftrence of IL-10
resporise,

There & accumulating evidence in the Hteramre that IL-1[ i
halanced by the release of cytokine inhibitoes such as 11~ 1ra which
restrict the magnitude and duration of the inflammatory response
to exercise [11]. At Post 1 b, AlL-lra and AIL-1 from Post are
vp-regulated and down-regulated after & single WBC - session,
respectively, and AIL-1P remam significantly different (p=<0.05) at
Tost 24 h when compared to valued mken during control passive
rest recovery (Figure 2). Excepted the smdy of Lubkowska ot al.
[21] that showed changes of the IL-6 and [L-] level, after multiple
WBC exposure, bterature on the cviokines cascade after exercise
and the influence of WBC i very sparse and do not provide
related results to both IL-1 and IT-6

WBC is not effective in modulation of leukocytes population
after 4 sessions of WBC following trail exercise. This result s in
accordance with a previous study, which showed no sgnificant
chunges in leakocytes count after 10 scssions of WBG, applied 2
dlays following progressive ergocycle test until volitonal exhaustion
[49]. In paraliel 1o IL-| modulation, nedtrophils numbers were
recovered 24 b afier exercise in both groups. However to the beat
of our knowledge, there i no previous study related 1o neutrophils
following exercise and WRC seasions. Published data suggest that
WHC bas no dewrimental effect on immunological parameters,
although the olservation perind in the present study may be tog
short to evaluate changes m monocytes, lmphocyie mabement
and function [101],

A previous study presented a negligible effect of WBC on CRP
[10]. Howevey, we find that a single WBC exposure suppiresses the
ptak increase m CRFP 24 h after exgrcise and the difference
(p=0.05) of ACRP with PAS groop initiate at | b unnl 96 h after
excrcise [Figure 2 Al However, the differences in exercise type
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between studies as previously described mighe alse explain the
differences in resuls. Moreover, the lower body mass dex {BMT)
in the stady, 21,15 1.1 kg.m ™" herein ve, 27.2+2.3 kg.m ™ for the
population study in Banfi cf al. (2008) [10] might Jead o -a
different impact of cold ar both skin and core levels, Indeed, some
studies indicate reduced cold-induced thermogenests, due toa high
level of insulation in obesity under severe cold condinons [43], &nd
decreased autnnomic responsiveness [44], Indeed, a simulating
effect af eold exposure was found to depend on the relationship
between the decrease in core temperature, and the durstion of
exponure [45],

In the present study, using a sngle exposure in WBC &
associated Post | b with & mignificant deceease (p<0.03} of the pro-
inflarmmatory mediator IL-1f (Figure 2 B) and an increase of the
ant-inflammatory eyinking [L-1ra {Fipure 2 C) compared 1o PAS,
In accordance with the present resulis, it was shown that
profonged cold-wet (3°C) exposure following strenuous exercise
alen differentally modulated eytoléne production, up regulating
11225 3%) Tl-1vs production and down regulating {1.120.05%)
TL=1f secredon [46]. Moreover consistent with a previous repaort
using cold-pack application, WBC exposure immediately afler
exerciee had no effect on TL-6 levels and was associated with a
significant decrease of IL-1f [B). In contrast, previous smady
associated exercise with ice application recovery showed a
significant decrease (29%) n the antbinflammatory marker 11-
lra compare: o the pré-exercise value [B). The discrepancy for the
différenices in cytokine responses between studies 8 likely due o
the namre of exercise and the aim of the method of cold exposure
(ne decrease skin temperamre or core body  temperatore)
[B,10,46]. Cryotherapy exposure causes a drive (0 mantain. corme
body temperature, resulting in bocal vasoconstriction [47], In this
case, the skin wemperature would be a determining factor in the
shoriening or relaxing rate of smooth muscle in the vessel wall
[#48]. It has been suggested that the vascconstriction resulting from
cold exposure may resull in a redistribution of blocd fow away
from the skin mowards the muscle and core. However, duta ol a
recent study showed that more blood was distributed to the skin in
cold water [#9]. This sugzests that colder emperamres may be
associated with reduced muscle blood Bow, which could prl:mdl:

an explanation for the benefits of cold in allevisong exencise-

mduced muscle damage n sports and athletdc contests [49], In
addition, during a severe cold exposure, such s WBC, skin
temperature decreases uickly due o vasoconstriction and direct
skin cooling, most markedly mn the exoemities [30], Indeed, this
previous study showed that skin tempemtore recorded in the calf
was 9.04=3.78°C mmediately afier WBC [51], Thus WBC
— 110°C might induce a greater fluid shift than other method,
which accelerates turn-over process,

In general, we ohsereed an exercise induced neutrophilia i all
trials [Table 52 During recovery after WBC, circulating
neatrophil counts increazed by an average of 114% above baseline
vitlue, with the largest merease | h after exercise. In conreast, the
average increase In newtrophil counts was lower durimg PAS
(101%). In accard with the resule of & previous study, scute cald
atress increased significantly circidating neatrophd] counts [7,59).
In the literature, neatrophils depletion significantly impaired their
angiogenic funcion (via the vascular endothelial prowth factor
(VEGF)) [53], This adaptive change (angiogenesis) i one of the
physiolomeal adaptations. for the improvement of perfusion,
phivical performance and other health benefits [54], Thus,
WBC might contribute to angiogenesy, and decrease DOBMS
and time of meovery:

Limired evidence suggests that vold exposure may also initiate
changes in cytokine expression associated with a nonspecific acute
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phase reaction [27]. Downstream of the chiinge in cvtokine levels,
especially IL-1, we observed in this study a concomitant down-
regulation of CRP when athletes used the WBC treatments,
Ineleed; in a previous scudy, the correlation between IL-{ and CRP
release was stronger than that IL-6 and ORFP sugpesting that [L-1§
is probably the more powerful somulant of CRFP release [55]
Clontrary to previous studies; we observe a significant deerease in
CRP after WBC compared o PAS, while others have indicared
neghigihle changes after WBC or CWI [10,56], Nevértheless, in
bith studies there is no asscssment 24 h post-exercise attesting &
significant increase or control group 1o observe any significant
difference. Second, for Halson et al, (2008) [56], | min of exposure
repeated 3 times w cold mmperatre of 11 5°C during the ©W1
method seems o be limited to mduee sufficient physiological
changes-[57].

The mechanism underlying the abovementioned differences in
evtokine generation is not clear, but it can be argued that cold-
gsmociared modulation of cvtokine production may be provoked by
alterations in central hemodynamics assoctated with enhanced
thermoregulatory demands and thevefore may influsnee immune
hormeostasis in cold covironments [27 46]. Since recently tie
diregt effect of cywokines on newrocndocrine axes has bheen
demonstrated [58]. Inflammation and immunity are under the
control of many dilferent systems, including the nervous, the
endocrine ‘and the vascular systerns. Nerve endingy release
norepinephring in the tssues [38]. Cold-induced vasoconstriction
should be related to the reflex sympathetdc actvity and it
gitendant increase in the affinity of s-adrenocepeirs in the
vascidar wall for norepinephrine (not measured in the preésent
study) [59). It binds & and f-adrenergic receptors expressed on
immune celli. Mereover, a provious study demonstrated  that
norepinephrine was the only hormone that responded positvely to
WEHC treatment (i.e. three time exposure, over one week) and that
the swstained norcpinephrine could have a role in pain alleviation
(DOMS) [AD]. Thus, another hypothesis has been formulated m
explain the eytokines modulation. The findings of the present
siudy (Table 81) are consistent with investigations indicating that
adrenergic/nomdrenergic mechanisme are intimately imvolved in
the regulation of eyiokines production with physical stress- [B1].
The stimolation of f-adrenocepton during stress  attenuanes
excessive symithesis of pro-inflammatory  cyiokines [TL-18 and
THNF-a), and elevates anti-inflammatory cprokines (IL-6, IL-1ra
and 11-10) [62]. In this context, the current observations showing
that cold expesure suppressed [T-1f but somulated IL-Ira
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