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Abstract: Exercise-induced muscle damage (EIMD) is accompanied by inflammatory and immune responses. However, due to the repeated bout effect, there

will probably be less EIMD. Hence, the purpose was to investigate inflammatory and immune responses over a three-day period of downhill running in active
females. Eleven moderately trained healthy females performed three 60-minute bouts of downhill running in -13.5% grade, separated by 24 hours, at a speed elicit-
ing 70-80% of their VO2pcak on level grade. Delayed onset muscle soreness (DOMS), range of motion (ROM) and maximum knee isotonic strength (1RM) were
measured pre- and two-hour post every bout. Blood variables, including CBC, serum lactate dehydrogenase (LDH), creatine kinase (CK), myoglobin (Mb), IL-10,
IL-6 and Monocyte chemoattractant protein-1 (MCP-1) were measured at 1 hour before the first bout and two hours after every bout. Data was analysed by repeated
measure ANOVA (P<0.05). Although CK, LDH, Mb, IL-10, IL-6, MCP-1, total leukocyte count, monocytes and neutrophils increased significantly following the
first bout, CK, LDH, Mb, IL-10, monocytes and neutrophils were only significantly higher following the third bout compared to the baseline (all P<0.05). Moreo-
ver, IL-10 and IL-6 decreased following the second and third bouts compared to the first bout (P<0.05). In comparison with the baseline, lymphocytes decreased
after the second bout, DOMS increased following the second and third bouts, IRM decreased following the first and second bouts (all P<0.05). ROM showed no

((ey words: Eccentric exercise; Cytokine; Muscle damage; Repeated bout effect; MCP-1; IL-10.

significant difference. The three-day period of downhill running did not exacerbate EIMD and inflammatory response was partly attenuated.

/

Introduction

Unaccustomed eccentric exercise induces a phe-
nomenon known as exercise-induced muscle damage
(EIMD), characterized by increased serum muscle pro-
teins (Mb, LDH, CK) activity, stiffness and muscle sore-
ness, swelling, decreased flexibility, loss of force pro-
duction (1), muscle ultra-structure disruption, increased
proteolytic enzyme activity and inflammation (2). Most
athletes take part in periodic training in their programs,
with phases of functional overreaching or short-term
intensified training to enhance performance (3). Also,
tournament participation may require athletes to per-
form eccentric muscle actions associated with the sport
several times on the same or subsequent days (4). These
acute and competitive training periods, especially in ac-
tivities by eccentrically biased contractions, may cause
EIMD.

However, there is another phenomenon known as
the repeated bout effect, whereby a previous eccentric
exercise bout can promote an adaption that restricts
muscle damage, inflammation and loss of function if a
similar bout of exercise is performed following a recov-
ery period (4). The repeated bout effect is a protective
mechanism (5). According to the cellular theory for this

mechanism, there is less inflammatory response follow-
ing the second bout of exercise, and this might be the
reason for the maintenance or return of muscle function
following the second bout compared to the first bout of
eccentric exercise (4).

Inflammation is an essential adaptive response re-
quired for muscular adaptation and repair (6). Leuko-
cyte infiltration into tissues during inflammation plays a
central role in innate immunity. Upon irritant infliction,
local macrophages and other cells sense the insult and
produce a panel of inflammatory mediators, such as cy-
tokines and chemokines, which stimulate the nearby mi-
crovasculature and attract large numbers of leukocytes
to migrate across the vascular wall and infiltrate into
tissues. At the inflammatory site, leukocytes perform
phagocytosis and also release powerful tissue-damag-
ing reagents to destroy anomalous cells (7). Acute skel-
etal muscle damage repair is a tightly-regulated process,
which mainly comprises muscle inflammation, regen-
eration, and angiogenesis (8). The transition from the
inflammatory to the muscle-repair phase depends on the
attenuation of pro-inflammatory signals (9). An excess
of macrophage pro-inflammatory cytokines may delay
repairs (10). Interleukin-10, as a cytokine synthesis in-
hibiting factor, is one of the most important immune-
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regulating cytokines. As an anti-inflammatory cytokine,
its major function is to suppress monocyte/macrophage
production of cytokines and chemokines (11). IL-10 can
inhibit the production of pro-inflammatory cytokines
and chemokines, such as IL-6, TNF-a (11), IL-1B (9),
MCP-1 (12, 13).

Many studies survey damaging, inflammatory and
immune responses during repeated bouts of eccentric
exercise, e.g., after a seven-day eccentric training pe-
riod on the elbow flexors, none of the muscle damage
indicators or inflammatory indicators demonstrate ex-
acerbation during Days 2 to 7 (14). Moreover, after two
bouts of eccentric cycling separated by 14 days, there
were no significant changes in maximal voluntary iso-
metric strength, DOMS and CK after the second bout
(15). Also, anti-inflammatory cytokines increased while
pro-inflammatory cytokines decreased after the second
run of two bouts of downhill running separated by 14
days (13).

However, there were limitations in previous studies,
including prolonged intervals between bouts (13, 16)
that are not feasible in real training (14), applying small
muscle groups such as elbow flexors or knee extensors
often as resistance exercise (4, 14, 17), and often using
male subjects (4, 13, 14). Therefore, the purpose of this
study was to investigate inflammatory and immune re-
sponses during a three-day period of downhill running
in active females. The main questions were as follows:
How would be change in the pro/anti-inflammatory res-
ponses during the time-course of the training? And how
would be the repeated bout effect on EIMD during a
three-day period of downhill running in active females?

Materials and Methods

Subjects

The subjects were 11 healthy to moderately active
(at least 150 minutes of moderate to vigorous inten-
sity physical activity per week (18)) Iranian females
(students of Razi University, Kermanshah, Iran). They
were randomly recruited among eligible volunteers.
The sample size was chosen in accordance with similar
studies (4, 13). The selection criteria for subjects were
as follows: age 20-30 years, non-smoker (19); non-al-
coholic (20); no regular use of any hormonal therapy,
anti-inflammatory medications, anti-oxidants (19, 21)or
supplementations (20); free from any known metabolic,
cardiovascular, immune diseases (22, 23); no history of
leg injury (13); no regular record of downhill running or
eccentric exercise as part of their normal training (22);
regular menstruation (between 22 to 36 days) (24-26).
All subjects were informed about the risks, possible dis-
comforts and procedures of the study prior to signing a
written consent. The study was approved by the human
research ethics committee of Razi University.

Initial testing

Ten days prior to the first bout in a morning session,
every subject was sent to a sport lab for measurement
of the baseline anthropometric characteristics (weight,
height, BMI, %Body fat, ...) by bioelectric impedance
analysis technique (ZEUS 9.9 Plus, Jawon Medical Co.,
Korea), estimation of voz ., and maximum isotonic
strength.

VO2 .. and running speed

All subjects completed a 20-m shuttle run test to pre-
dict VO2  (27). Leger’s protocol and formula were
used (28). The test was administered in a sports hall
(temperature 19-21°C). It involved running between
two lines set 20 m apart at a pace dictated by recording
emitting tones at appropriate intervals. Velocity was 8.5
km.h! for the first minute, which increased by 0.5 km.h-
1 every minute thereafter. The test score achieved by
the subject was the number of 20 m shuttles completed
before the subject either withdrew voluntarily from the
test or failed to be within 3 m of the end lines on two
consecutive tones (29). During the test, each subject
wore a heart rate monitor (Beurer heart rate monitor,
pm90, Germany). Maximum heartbeat was recorded
and used to determine the appropriate running intensity
and, therefore, speed for the downhill run (27). The test
results were accepted as voz . if the score was >19
on the Borg scale and HRmax was within +20 beats of
Karvonen method (13, 19). Seventy-five percent of the
maximum speed level acquired in shuttle run test was
used as the subject speed on the treadmill during the
downhill run.

Maximum isotonic strength

The maximum isotonic muscle strength of knee ex-
tensors was assessed by 1RM test through a trial and er-
ror procedure (30). The test was administered on a knee
extensor chair with the range of motion adjusted 90°
to 0° for knee extension. First, the subjects performed
the general warm-up, including 10 minutes of cycling,
a specific warm-up set of 810 repetitions at approxi-
mately 75% of the predicted 1RM in isotonic leg exten-
sion exercise, followed by another set of 3—5 repetitions
at 85% of the predicted 1RM. Subsequent lifts were sin-
gle repetitions of progressively heavier weights until the
subject failed. The test continued until the concentric
IRM was determined (31). The number of sets ranged
from three to five. The rest of the intervals between sets
was two to five minutes (30).

Experimental protocol

Prior to training, subjects were told to train normally
(3), ingest a normal mixed diet, be well hydrated (19),
refrain from any strenuous exercise for 48 hours pri-
or to the period (23), refrain from caffeine at least 12
hours before the first bout of training and throughout
the three-day period (16, 32) and refrain from any addi-
tional methods to aid recovery (5). Subjects were asked
to eat a light breakfast at least two hours prior to each
bout (22, 33). Water was given ad libitum throughout
the bout, with no other beverage or food being allowed
3).

Every subject was allotted a lab for a three-day train-
ing session in the follicular phase of the menstrual cycle
(self-reported). This was to minimize the effects of dif-
ferent sex hormone concentrations. This phase has been
described as an appropriate time to evaluate the effects
of exercise in women (34, 35). The three bouts were
administered between 8 a.m. to 12 p.m.(33, 36). Each
subject should do the exercise at almost the same time
in each of the three days (33).

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 7

77



S. Jafariyan et al. Inflammatory responses to a 3-day downhill running period.

Table 1.The recorded heart rate during each downhill running bout.
Bout 1 Bout 2
Heart rate (beat.min™) 153£11.3 154+11.33

Bout 3 F
152.5+11.07 3.387

*P< 0.05 significant difference among bouts

Downhill running exercise

The training included three bouts of downbhill run-
ning on a treadmill (h/p/COSMOS, pulsar, Germany)
separated by 24-hour rest intervals. At the beginning of
each run, subjects warmed up for five minutes by run-
ning on a level grade by increasing the velocity to the
predetermined speed. The treadmill was then lowered
to -13.5% grade and subjects ran for 50 minutes at a
velocity equal to 70-80% VO2__ on level grade. In the
end, subjects cooled down for five minutes by decreas-
ing speed and levelling grade (19).

Blood sampling and analysis

In this study, each subject performed three down-
hill running exercise bouts every 24 hours and blood
samples were taken at the beginning (8 a.m.) and 2 hours
after each bout (basal, first, 24 h and 48 h) (13, 23).
Blood samples were to measure Total leukocyte count
(TLC), Differential leukocyte count (DLC) and serum
concentrations of CK, LDH, Mb, 1L-10, IL-6, MCP-1.
10 ml blood was drawn from an ante cubital vein. Then,
2 ml whole blood was collected in EDTA tubes. The
blood was transported quickly to the biochemical lab
(less than 30 minutes) and used to assess TLC and DLC.
In the same day, Complete blood count (CBC) test was
conducted by automated cell counter and DLC was con-
ducted by preparing blood smear for microscopic test
within two hours after collection. § ml whole blood was
collected in serum separator tubes (Z serum Sep Clot
Activator, 9ml), which remained at room temperature
for 30 minutes, and was then centrifuged for 10 minutes
at 5,000 rpm. The serum obtained was stored in multi-
ple aliquots at -21°C until it was analysed. ELISA kits
were used to assess cytokines (eBioscience Co, USA)
and myoglobin (DRG® Myoglobin). Serum activity of
CK and LDH was determined by enzymatic colorimet-
ric assay.

Practical tests and DOMS

Practical tests—including 1RM and ROM as well
as DOMS—were conducted one hour before and two
hours after every bout. Blood samples were obtained
before these tests to preclude any potential acute effects
of the test on blood parameters (37).

ROM of knee joint (in degrees) at flexion movement
was measured by a goniometer (4). The perception of
DOMS was assessed by a visual analogue scale (34) of
pain (3, 4). Subjects were asked to report the degree of
muscle soreness of gluteus (38), anterior thigh muscles
(5, 38) and posterior lower leg muscles (5) after coming
down a step as high as 30 cm. Each subject came down
for four times from the step alternatively changing the
leading leg between attempts. After each attempt, they
indicated their soreness on a 10-cm Visual analogue
scale (VAS). A score of 0 corresponded to a perception
of ‘no soreness’, whereas a score of 10 indicated a feel-
ing of ‘very very sore’. The mean of 4 soreness ratings
was calculated and used for comparative analysis (5).

Statistical analysis

It was a quasi-experimental study with one-group
pre-test-post-test design. Data is expressed as mean +
SD. All statistical analyses were performed with IBM
SPSS Statistics Version 23. The normal distribution was
assessed by the Shapiro Wilk test. All dependent vari-
ables were analysed using repeated measures ANOVA,
where significant main effects were found, a Bonferroni
post-hoc test was performed to evaluate mean differ-
ences. Statistical significance was set at P<0.05.

Results

Physical characteristics of subjects were as follows:
age = 24.80 £ 3.26 (y); height = 165.08 = 5.14 (cm);
mass = 56.88 £ 3.01 (kg); body mass index = 20.90 +
1.24 (kg.m?); percentage of body fat=24.35+3.98 (%);
VO, =41.48+2.01 (ml.kg'.min"); running speed at
70-80 % VO,  on level grade = 7.85 + 0.28 (km.h™").
The recorded heart rate during each bout is presented in

“Table 1”.
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Figure 1. Values of CK (a), LDH (b) and Mb (c) during the three-
day period of downhill running. * Significant difference form
baseline; § Significant difference from 2h-post Boutl; 1 Significant

difference from 2h post Bout2 (P<0.05).
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There was a significant increase in serum activity
of CK, LDH and Mb two hours after each bout when
compared with the baseline (P<0.05). CK and Mb were
significantly higher after the third bout compared to two
hours after the first bout (Figure 1; P<0.05).

TLC was significantly increased two hours after the
first and second bouts compared to the baseline, while
neutrophil and monocyte counts were significantly in-
creased two hours after all the bouts compared to base-
line and the peak increase for all was two hours after the
first bout (P<0.05). Lymphocyte count was significantly
reduced two hours after the second bout compared to
baseline (Table 2; P<0.05).

Serum concentrations of IL-10 were significantly
elevated two hours after each bout compared to the
baseline and were significantly higher two hours after
the first bout compared to the second and third bouts
(P<0.05). The serum concentrations of MCP-1 and IL-6
were significantly elevated two hours after the first bout
compared to the baseline. Furthermore, serum IL-6 was
significantly higher two hours after the first bout com-
pared to the second and third bouts (Figure 2; P<0.05).

The maximum isotonic strength in knee extensor
muscles was reduced during the three-day period of
training while this reduction was significant only two
hours after the first bout to two hours after the second
bout compared to the baseline (P<0.05). In addition, a
significant increase was displayed prior to the third bout
compared to two hours after the second bout (Table 3;
P<0.05).

There was no significant difference in the ROM val-
ues (P>0.05).

The delayed onset muscle soreness as a manifest
feature of EIMD was significantly increased in anterior
thigh muscles two hours after the second and third bouts
(P<0.05). Also, DOMS of gluteus and posterior lower
leg significantly increased two hours after the second
bout until two hours after the third bout compared to the
baseline (Table 3; P<0.05).

Discussion

In the present study, the main questions were as fol-
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Figure 2. Values of IL-10 (a), MCP-1 (b), IL-6 (c) during the
three-day period of downhill running. * Significant difference form
baseline; § Significant difference from 2h-post Boutl (P<0.05).

lows: How would be change in the pro/anti-inflamma-
tory responses during the time-course of the training?
And how would be the repeated bout effect on EIMD
during a three-day period of downhill running in active
females? The main findings were as follows: 1) Per-
forming a three-day downhill running induced muscle
damage due to rise in serum activity in CK, LDH, Mb,

Table 2. Values of total leukocyte count, neutrophil, monocyte and lymphocyte counts during the three-day period of downhill running.

Bout 1 Bout 2 Bout 3 F
Baseline 2h post 2h post 2h post
TLC (10°/mm?) 6.25+1.15 10.50+£3.97* 7.90+1.57* 8.58+2.38 7.759
Neutrophil (10*/mm?) 4.10+1.03 6.30+1.30* 5.49+1.17* 5.72+1.39* 10.035
Monocyte (10°/mm?) 0.07+0.05 0.55+0.28* 0.46+0.19* 0.48+0.16* 14.258
Lymphocyte (10°/mm?) 2.20+0.59 1.80+0.65 1.3940.37* 1.73+0.47 5.527

*P< 0.05 significant difference from baseline

Table 3. Values of one-repetition maximum and DOMS of measured muscle groups during the three-day period of downhill running.

Bout 1 Bout 2 Bout 3 F
Pre 2h post Pre 2h post Pre 2h post
IRM (kg) 96.90+19.40  89.13+£21.50*  89.38+23.68*  78.50+25.07* 83.574+24.041 79.13+21.20  7.520
DOMS(cm):
Gluteus 0.18+0.19 1.16+£1.28 3.19+2.68 3.99+2.90* 4.02£2.87*%  4.304£3.14*  14.186
Anterior thigh 0.42+0.36 1.83+1.67 3.84+3.33 5.16+3.48* 4.64+3.32 5.10+3.44*  11.311
Posterior lower leg 0.30+0.30 1.07+0.97 2.834+2.90 3.78+3.05* 4.214+3.56*  4.55£3.65*% 11.705

*P < 0.05 significant difference from pre-bout 1; {P < 0.05 significant difference from 2h post-bout 1; P < 0.05 significant difference from 2h

post-bout 2.
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increase in DOMS and decrease in maximum isotonic
strength; 2) inflammatory and immune responses were
observed due to increasing in TLC, monocytes, neutro-
phils and decrease in lymphocytes as well as increase
in serum concentrations in IL-10, MCP-1 and IL-6; 3)
the highest rise in TLC, neutrophils, monocytes, and all
measured cytokines was after the first bout; 4) the high-
est rise in DOMS was after the second and third bouts;
5) the lowest isotonic strength was after the second
bout, while there was no significant difference after the
third bout compared to the baseline and even prior to the
third bout, there was a significant increase in strength
compared to post-second bout that might imply strength
recovery.

In this study, serum concentrations of intracellular
muscle proteins, including CK, LDH and Mb, as muscle
damage indicators (1)were significantly increased dur-
ing the training period. The peak levels of CK and Mb
were two hours after the third bout, nearly 48 hours fol-
lowing the first bout. The peak level for LDH was two
hours after the first bout. In similar studies, serum lev-
els of CK and LDH significantly increased during Days
3—6 by performing a seven-day eccentric training period
(14); also, serum levels of CK and Mb increased signifi-
cantly immediately one hour after a three-day period of
intensified running or cycling. Moreover, CK difference
remained significant at 14 hours after the period (3).

Indeed, performing a three-day eccentrically biased
endurance exercise as downhill running could induce
high stress on tissues due to the high force-to-activation
ratio (20). Muscle damage might be initiated by mechani-
cal stress occurring when the muscle lengthens and gen-
erates braking forces when the foot strikes the ground to
maintain balance against gravity (23). This stress may
cause disturbance of sarcomere structure from Z-line
to M-line (39), rupture both the sarcolemma and sarco-
plasmic reticulum membranes and activate stretch sen-
sitive Ca?’-channels that disturb calcium homeostasis
(40). The accumulation of Ca** within sarcoplasm can
activate the phospholipase-prostaglandin pathway and
the calpain proteolytic pathway (1). Calpains and phos-
pholipase A, induce intracellular proteolysis (40)and
sarcolemma breakdown (17)respectively, which lead to
intracellular muscle molecule release, such as CKk, to cir-
culation (17). The muscle damage persists or intensifies
for two to three days following initial damage due to
secondary damage and inflammatory response that ac-
companies the increased leukocyte recruitment to dam-
age muscles and increased cytokine activity. Recruited
neutrophils and monocytes/macrophages cause oxida-
tive stress by phagocytic activity and lead to more dam-
age (23).The difference between value and time course
of intracellular proteins in this study and previous stud-
ies using eccentric exercises could depend on gender
(41), age, physical activity level, intensity, duration and
type of exercise, clearance rate from lymph to circula-
tion (42)and blood sampling time (4).

DOMS had developed from the first to the third bout
while it was only significant two hours after the second
bout to two hours after the third bout, i.e., during 24-48
hours after the first bout. Previous studies using con-
secutive days of eccentric exercises, reported similar
results on DOMS with respect to developing a course
of time (3, 4, 14). The peak value for anterior thigh

muscles was at 24 hours following the first bout, and
for glutes and posterior lower leg muscles, it was at 48
hours after the first bout. The peak value for each group
muscles is presented in Table 3 in which, according to
the distribution of pain VAS scores (43), mild to moder-
ate pain was felt. Exercise-induced muscle pain results
from an inflammatory response when hyperalgesic me-
diators like TNF-a, IL-1f, prostaglandins and superox-
ide anion radicals are produced in large amounts and
stimulate peripheral endings of nociceptive fibers (9). It
results in swelling, infiltration of inflammatory cells and
breakdown of myocellular components (1).The gradual
increase of DOMS was concomitant with a gradual de-
crease in TLC and DLC. The recruited leukocytes were
probably redistributed to target tissues, which were a
reason for gradual fall in leukocytes from circulation
concomitant with the increase in DOMS.

Strength loss and recovery are commonly used as
one of the most valid and reliable indirect markers of
EIMD (1). In this study, isotonic strength in knee exten-
sor muscles significantly decreased two hours after the
first bout to two hours after the second bout compared
to the baseline. The lowest value was observed at two
hours after the second bout, i.e., about 24 hours after
the first bout. It showed 19% strength loss. There was
no significant difference on the third day compared to
the baseline. However, before the third bout, the value
showed significant rise compared with two hours after
the second bout, which may show strength recovery.
The previous studies reported consistent strength loss
of'about 17.5% (44) and 18% (5) respectively by using
downhill running protocols. Following eccentric exer-
cises, several factors lead to muscle force reduction, in-
cluding excitation-contraction coupling failure, distur-
bance in muscle force-bearing structures (5), immune
cell infiltration, such as neutrophils, for even 48 hours
after the initial injury to muscle damage sites, which re-
sult in oxidative stress (45).

After the training period, there was no significant
difference in ROM of knee joint (P>0.05). This finding
requires further discussion since numerous studies have
reported a significant decrease in this variable after ec-
centric exercises (1). However, it should be noted that
most studies which have reported ROM decrease used
high intensity, low-repetition resistance-like eccentrics
on certain group muscles such as elbow flexors (14, 46,
47). The protocol of this study was low-intensity high-
repetition aerobic-like eccentrics. However, few stud-
ies consistent with this study reported no significant
difference in ROM (4, 16). On the other hand, some
studies following downbhill running protocols reported
significant differences or strong trend to reduction in
ROM of knee and ankle joints by applying high-speed
video recording to analyse ROM of joints in the gait
cycle (48, 49). In the present study, a goniometer was
used to assess ROM of knee joint in flexion movement
lying in prone position. It is obvious that the method of
measurement is a key point in these findings.

According to data, systemic immune response to
exercise was clear. TLC, neutrophils and monocytes
increased significantly following exercise with the
peak values two hours after the first bout for all, while
lymphocytes displayed significant decrease only two
hours after the second bout compared to the baseline
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(P<0.05). Previous studies reported similar results. A
study reported a significant increase in TLC, neutrophils
and monocytes immediately and four hours after a bout
of downhill running whereas lymphocytes showed no
significant difference (10). In the other study, following
two bouts of downhill running separated by 14 days, a
significant increase was displayed for neutrophils and
monocytes during 2—4 hours and 412 hours respective-
ly following each bout. There was no significant differ-
ence between bouts (38).

The significant increase of TLC, neutrophils and
monocytes was concomitant with an acute systemic
cytokine response, which could recruit leukocytes. The
initial rapid increase in blood neutrophils and mono-
cytes following exercise is regulated by factors such as
catecholamines, cortisol and blood flow increase (50)
as well as IL-6 and MCP-1 as regulators of recruiting
neutrophils (50) and monocytes (51)respectively. Sub-
sequent to downhill running, macrophages and neutro-
phils are infiltrated to skeletal muscle tissue, which may
provide an important factor of oxidative stress and in-
flammatory reaction following EIMD (51). Towards the
end of the period, the gradual decrease of leukocytes,
neutrophils, monocytes might be due to redistribution
of leukocytes from blood to tissues as well as attenu-
ated immune response to inflammation and damage. On
the other hand, the decrease in lymphocytes following
the second bout was likely due to increase in other leu-
kocytes’ subsets or deficit of mature cells that can be
recruited, as well as the redistribution of lymphocytes
from circulation to organs (52).

The inflammatory response was expected following
muscle damage. IL-6, IL-10 and MCP-1 showed a sig-
nificant increase following the first bout. Similarly, it
has been reported an increase in IL-6, IL-10 and MCP-1
within 12 hours after the two bouts of downhill running
separated by 14 days (13).

IL-6 is the first cytokine present in circulation dur-
ing exercise, whose concentrations depend on exercise
intensity and duration, the mass of recruited muscles,
endurance capacity (53), muscle-glucose uptake and
plasma adrenalin (54). IL-6 is released from skeletal
muscle during exercise (53)whereas monocytes and
macrophages are suggested to be the main source of
IL-6 following exercise (10). Indeed, IL-6 is an inflam-
matory cytokine with pro- and anti-inflammatory effects
that exerts anti-inflammatory effects by inhibiting the
production of TNF-a and stimulating the production
of IL-1ra and IL-10 (53). IL-10 is a cytokine produced
during stress conditions that can limit the synthesis of
inflammatory mediators (55). IL-10 is up-regulated by
several factors, including arachidonic acid derivations,
TNF-a, IL-6, interleukine-12, type-I interferon’s, glu-
cocorticoids, adrenaline, prostaglandin E2, hydrogen
peroxide, in monocytes/macrophages or in T cells dur-
ing stress conditions (55). On the other hand, MCP-1 is
produced by numerous cells in damaged muscle tissue
such as myofibers, myogenic cells, infiltrating inflam-
matory cells, muscle resident macrophages, capillary
endothelial cells and fibroblasts as well as circulating
monocytes and bone marrow cells (8) affected by oxi-
dative stress, cytokines or growth factors (56). The key
role of MCP-1 is to recruit monocytes/macrophages to
the site of inflammation in damaged muscles (8).

In this study, although there was significant increase
two hours after the first bout in all measured cytokines,
serum IL-10 was only significantly higher compared to
baseline following the second and third bouts. How-
ever, IL-10 showed significant decrease following the
second and third bouts compared to two hours after the
first bout. Serum IL-6 and MCP-1 showed no significant
increase following the second and third bouts, although
IL-6 showed significant decrease following the second
and third bouts compared to two hours after the first
bout. Interestingly, it has been reported an increase in
IL-10 (95%) versus a decrease in IL-6 (50%) and MCP-
1 (10%) during 12 hours after the second bout compared
to the first bout of downhill running (13).

Indeed, it seems that pro-inflammatory signaling was
moderated. Anti-inflammatory IL-10 inhibits produc-
tion of pro-inflammatory cytokines such as IL-6 in mac-
rophages (11). In addition, IL-10 could interfere with
MCP-1 by inhibiting the production of MCP-1 as well
as by generating functional decoy receptors for MCP-1
on monocytes, which act as molecular sinks and scaven-
gers for MCP-1 chemokine (12). Furthermore, anti-in-
flammatory IL-10 has antioxidant and anti-hyperalgesic
effects, which act by diminishing leukocyte recruiting,
hyperalgesic cytokines production (such as TNF-a and
IL-1B), as well as suppressing superoxidase anion, NA-
DPH oxidase, prostaglandins and neuronal nociceptive
sensitization (9).

In conclusion, inflammatory response to tissue dam-
age is crucial. The transition from the inflammatory
to the repair phase depends on the attenuation of pro-
inflammatory signals concurrent with enhancement of
anti-inflammatory signals. Indeed, what is known as
repeated-bout effect and its related adaptations partly
return to attenuation of inflammatory responses. Then,
this study results confirmed this notion; pro- and anti-
inflammatory cytokines responses, as well as changes in
leukocyte counts following the second and third bouts
(compared to the first bout), tended to moderate inflam-
matory responses and return to baseline levels. In ad-
dition, there was moderate soreness in muscles follow-
ing the three-day downbhill running concomitant with
strength recovery on the third day. Moreover, continu-
ous increase in serum levels of intramuscular proteins
implied the clearance rate increased from tissue to cir-
culation. Finally, early adaptation to exercise could be
seen due to the repeated bout effect.

References

1.McKune AJ, Semple SJ, Peters-Futre EM. Acute exercise-induced
muscle injury. Biol. Sport 2012; 29 (1): 3-10.

2.Stupka N, Tarnopolsky MA, Yardley NJ, Phillips SM. Cellular
adaptation to repeated eccentric exercise-induced muscle damage. J
Appl Physiol 2001; 91 (4): 1669-78.

3.Nieman DC, Luo B, Dreau D, Henson DA, Shanely RA, Dew D,
et al. Immune and inflammation responses to a 3-day period of inten-
sified running versus cycling. Brain Behav Immun 2014;39: 180-85.
4.Cornish SM, Johnson ST. Systemic cytokine response to three
bouts of eccentric exercise. Results Immunol 2014; 24 (4): 23-29.
5.Baumann CW, Green MS, Doyle JA, Rupp JC, Ingalls CP, Corona
BT. Muscle injury after low-intensity downhill running reduces run-
ning econonmy. J Strength Cond Res 2014; 28 (5): 1212-8.
6.Caldow MK, Cameron-Smith D, Levinger P, Levinger I, McKenna

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 7

81



S. Jafariyan et al.

Inflammatory responses to a 3-day downhill running period.

MJ. Inflammatory markers in skeletal muscle of older adults. Eur J
Appl Physiol 2013; 113 (2): 509-17.

7.Bian Z, Guo Y, Ha B, Zen K, Liu Y. Regulation of the inflam-
matory response: enhancing neutrophil infiltration under chronic
inflammatory conditions. J Immunol 2012; 188 (2): 844-53.

8.Lu H, Huang D, Ransohoff RM, Zhou L. Acute skeletal muscle
injury: CCL2 expression by both monocytes and injured muscle is
required for repair. FASEB J 2011; 25 (10): 3344-55.

9.Borghi SM, Pinho-Ribeiro FA, Zarpelon AC, Cunha TM, Alves-
Filho JC, Ferreira SH, et al. Interleukin-10 limits intense acute
swimming-induced muscle mechanical hyperalgesia in mice. Exp
Physiol 2015; 100 (5): 531-44.

10.Van de Vyver M, Engelbrecht L, Smith C, Myburgh KH. Neu-
trophil and monocyte responses to downhill running: Intracellular
contents of MPO, IL-6, IL-10, pstat3, and SOCS3. Scand J Med Sci
Sports 2016; 26 (6): 638-47.

11.Conti P, Kempuraj D, Kandere K, Gioacchino MD, Barbacane
RC, Castellani ML, et al. IL-10, an inflammatory/inhibitory cyto-
kine, but not always. Immunology Letters. 2003; 86: 123-29.
12.D’Amico G, Frascaroli G, Vecchi A, Sozzani S, Bianchi G, Alla-
vena P, et al. Uncoupling of inflammatory chemokine receptors by
IL-10: generation of functional decoys. Nature Immunology 2000;
1(5): 387-91.

13.Smith LL, McKune AJ, Semple SJ, Sibanda E, Steel H, Anderson
R. Changes in serum cytokines after repeated bouts of downhill run-
ning. Appl Physiol Nutr Metab 2007; 32 (2): 233-40.

14.Chen TC, Hsieh SS. Effects of 7-days eccentric training period
on muscle damage and inflammation. Med Sci Sports Exerc 2001;
33 (10): 1732-38.

15.Penailillo L, Blazevich A, Numazawa H, Nosaka K. Metabolic
and muscle damage profiles of concentric versus repeated eccentric
cycling. Med Sci Sports Exerc 2013; 45 (9): 1773-81.

16.Doma K, Schumann M, Sinclair WH, Leicht AS, Deakin GB,
Hikkinen K. The repeated bout effect of typical lower body strength
training sessions on sub-maximal running performance and hormo-
nal response. Eur J Appl Physiol 2015; 115 (8): 1789-99.

17.Nosaka K, Clarkson PM, McGuiggin ME, Byrne JM. Time
course of muscle adaptation after high force eccentric exercise. Eur
J Appl Physiol 1991; 63 (1): 70-76.

18.Risk factor assessments. In: ACSM’S Health-Related Physical
Fitness Assessment Manual. Kaminsky LA (ed), 4th edn: American
College of Sport Medicine; 2014. p. 44-46.

19.McKune AJ, Starzak D, Semple SJ. Repeated bouts of eccen-
trically biased endurance exercise stimulate salivary IgA secretion
rate. Biol Sport 2015; 32 (1): 21-25.

20.Jamurtas AZ, Garyfallopoulou A, Theodorou AA, Zalavras A,
Paschalis V, Deli CK, et al. A single bout of downhill running tran-
siently increases HOMA-IR without altering adipokine response in
healthy adult women. Eur J Appl Physiol 2013; 113 (12): 2925-32.
21.Moradpourian MR, Ashkavand Z, Venkatesh C, Vishwanath BS.
Effect of different doses of green tea on oxidative stress and muscle
soreness in downhill treadmill running. AJPCR 2014; 7 (2): 192-93.
22 .Burr JF, Boulter M, Beck K. Arterial stiffness results from eccen-
trically biased downhill running exercise. J Sci Med Sport 2015; 18
(2): 230-35.

23.Park KS, Navalta JW, Kim SH, Sedlock DA, Lee MG. Leukocyte
apoptosis and pro-/anti-apoptotic proteins following downhill run-
ning. Eur J Appl Physiol 2011; 111 (9): 2349-57.

24 Redman LM, Scroop GC, Norman RJ. Impact of menstrual cycle
phase on the exercise status of young, sedentary women. Eur J Appl
Physiol 2003; 90 (5-6): 505-13.

25 Northoftf H, Symons S, Zieker D, Schaible EV, Schifer K, Tho-
ma S, et al. Gender-and menstrual phase dependent regulation of
inflammatory gene expression in response to aerobic exercise. Exerc

Immunol Rev. 2008; 14: 103-86.

26.Burrows M. Testing the female athlete. In: Sport and Exercise
Physiology Testing Guidelines: The British Association of Sport and
Exercise Sciences Guide: Exercise and Clinical Testing. Winter EM,
Jones AM, Davison RCR, Brom;ey PD, Mercer TH (eds), vol. 2.
Routledge, USA & Canada, 2007,pp. 237-288.

27.Pumpa KL, Fallon KE, Bensoussan A, Papalia S. The effects of
Lyprinol ((R)) on delayed onset muscle soreness and muscle damage
in well trained athletes: a double-blind randomised controlled trial.
Complemen Ther Med 2011; 19 (6): 311-18.

28.Mayorga-Vega D, Aguilar-Soto P, Viciana J. Criterion-related
validity of the 20-M shuttle run test for estimating cardio-respiratory
fitness: a meta-analysis. J Sports Sci Med 2015; 14 (3): 536-47.
29.Paradisis GP, Zacharogiannis E, Argeitaki P, Mandila D, Cooke
CB, Smirtiotou A. Multi-stage 20-m shuttle run fitness test, maximal
oxygen uptake and velocity at maximal oxygen uptake. ] Hum Kinet
2014; 41: 81-87.

30.Brown LE, Weir JP. ASEP procedures recommendation I: accu-
rate assessment of muscular strength and power. JEPonline. 2001;
4 (3): 1-21.

31.Vardiman JP, Moodie N, Siedlik JA, Kudrna RA, Graham Z,
Gallagher P. Short-wave diathermy pretreatment and inflammatory
myokine response after high-intensity eccentric exercise. J. Athl
Train 2015; 50 (6): 612-20.

32.Pournot H, Bieuzen F, Louis J, Fillard JR, Barbiche E, Hausswirth
C. Time-course of changes in inflammatory response after whole-
body cryotherapy multi exposures following severe exercise. PLOS
ONE 2011; 6 (11): 1-8.

33.Chen TC, Nosaka K, Wu CC. Effects of a 30-min running per-
formed daily after downhill running on recovery of muscle function
and running economy. J Sci Med Sport 2008; 11 (3): 271-79.

34 Fernandez-Gonzalo R, De Paz JA, Rodriguez-Miguelez P, Cue-
vas MJ, Gonzalez-Gallego J. TLR4-mediated blunting of inflamma-
tory responses to eccentric exercise in young women. Mediators of
inflammation. 2014; 2014 (479395): 1-11.

35.Garcia JJ, Bote E, Hinchado MD, Ortega E. A single session of
intense exercise improves the inflammatory response in healthy se-
dentary women. J Physiol Biochem. 2011; 67 (1): 87-94.

36.Pokora I, Kempa K, Chrapusta SJ, Langfort J. Effects of downhill
and uphill exercises of equivalent submaximal intensities on selec-
ted blood cytokine levels and blood creatine kinase activity. Biol
Sport 2014; 31 (3): 173-78.

37.Pournot H, Bieuzen F, Duffield R, Lepretre PM, Cozzolino C,
Hausswirth C. Short term effects of various water immersions on
recovery from exhaustive intermittent exercise. Eur J Appl Physiol
2011; 111 (7): 1287-95.

38.Smith LL, Semple SJ, McKune AJ, Neveling N, Caldeira M,
Swanepoel JM, et al. Changes in neutrophil count, creatine kinase
and muscle soreness after repeated bouts of downhill running. SA-
JSM. 2007; 19 (3): 86-93.

39.Brancaccio P, Maffulli N, Limongelli FM. Creatine kinase moni-
toring in sport medicine. Br Med Bull 2007; 81-82 (1): 209-30.
40.Raastad T, Owe SG, Paulsen G, Enn D, Overgaard K, Crameri
R, et al. Changes in calpain activity, muscle structure, and function
after eccentric exercise. Med Sci Sports Exerc 2010; 42 (1): 86-95.
41.Sorichter S, Mair J, Koller A, Calzolari C, Huonker M, Pau B,
et al. Release of muscle proteins after downhill running in male and
female subjects. Scand J Med Sci Sports 2001; 11 (1): 28-32.
42.Mougios V. Reference intervals for serum creatine kinase in ath-
letes. Br J Sports Med 2007; 41 (10): 674-78.

43 .Hawker GA, Mian S, Kendzerska T, French M. Measures of
adult pain: Visual Analog Scale for Pain (VAS Pain), Numeric Ra-
ting Scale for Pain (NRS Pain), McGill Pain Questionnaire (MPQ),
Short-Form McGill Pain Questionnaire (SF-MPQ), Chronic Pain

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 7

82



S. Jafariyan et al.

Inflammatory responses to a 3-day downhill running period.

Grade Scale (CPGS), Short Form-36 Bodily Pain Scale (SF-36
BPS), and Measure of Intermittent and Constant Osteoarthritis Pain
(ICOAP). Arthritis Care Res (Hoboken) 2011; 63 (S11): S240-S252.
44.Cook MD, Myers SD, Kelly JSM, Willems MET. Effect of level
and downhill running on breathing efficiency. Sports 2015; 3 (1):
12-20.

45 Haramizu S, Ota N, Hase T, Murase T. Catechins suppress muscle
inflammation and hasten performance recovery after exercise. Med
Sci Sports Exerc 2013; 45 (9): 1694-702.

46.Tanabe Y, Maeda S, Akazawa N, Zempo-Miyaki A, Choi Y, Ra
SG, et al. Attenuation of indirect markers of eccentric exercise-in-
duced muscle damage by curcumin. Eur J Appl Physiol 2015; 115
(9): 1949-57.

47.Howatson G, Van Someren K, Hortobagyi T. Repeated bout ef-
fect after maximal eccentric exercise. Int J Sports Med 2007; 28 (7):
557-63.

48.Dutto DJ, Braun WA. DOMS-associated changes in ankle and
knee joint dynamics during running. Med Sci Sports Exerc 2004;
36 (4): 560-66.

49.Chen TC, Nosaka K, Tu JH. Changes in running economy fol-
lowing downhill running. J Sports Sci 2007; 25 (1): 55-63.
50.Gomes EC, Florida-James G. Exercise and the immune system.
In: Environmental Influences on the Immune System. Esser C (ed),

first edn, Springer, Vienna 2016, pp. 127-52.

51.Kawanishi N, Kato K, Takahashi M, Mizokami T, Otsuka Y,
Imaizumi A, et al. Curcumin attenuates oxidative stress following
downhill running-induced muscle damage. Biochem Biophys Res
Commun 2013; 441 (3): 573-78.

52.Pedersen BK, Hoffman-Goetz L. Exercise and the immune sys-
tem: regulation, integration, and adaptation. Physiological Reviews.
2000; 80 (3): 1055-81.

53.Petersen AMW, Pedersen BK. The role of IL-6 in mediating the
anti-inflammatory effects of exercise. J Physiol Pharmacol 2006; 57
(10): 43-51.

54.Isanejad A, Saraf ZH, Mahdavi M, Gharakhanlou R, Molanouri
Shamsi M, Paulsen G. The effect of endurance training and down-
hill running on the expression of IL-1beta, IL-6, and TNF-alpha and
HSP72 in rat skeletal muscle. Cytokine 2015; 73 (2): 302-08.
55.Stordeur P, Goldman M. Interleukine-10 as a key regulator of
inflammation and stress responses. In: Cytokines and Cytokie Re-
ceptors: Physiology and Pathological Disorders. Bona CA, Revillrd
Jp (eds). first edn, Harwood Academic Publishers, Singapore, 2005,
pp- 329-39.

56.Deshmane SL, Kremlev S, Amini S, Sawaya BE. Monocyte che-
moattractant protein-1 (MCP-1): an overview. J Interferon Cytokine
Res 2009; 29 (6): 313-26.

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 7

83



