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EFFECTS OF DOWNHILL AND UPHILL
EXERCISES OF EQUIVALENT SUBMAXIMAL
INTENSITIES ON SELECTED BLOOD CYTOKINE
LEVELS AND BLOOD CREATINE KINASE
ACTIVITY
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ABSTRACT: The study was aimed at comparing the effects of concentric (CONC) and eccentric (ECC) exercises
of equivalent (in terms of relative work load expressed as a percentage of VO,max) moderate intensity on selected
blood cytokine levels and blood creatine kinase (CK) activity. Twenty recreationally active healthy young male
volunteers were randomized between two groups that performed a single 1 h bout of CONC (uphill running) or
ECC (downhill running) exercise at 60% of the respective individual VO,max. Venous blood taken 1 h before, at
the end, and 24 h after the exercise was processed for plasma and analyzed for CK activity and IL-6, IL-1p and
TNFa levels. There was no between-group difference in these cytokines prior to or just after the exercise, and
in pre-exercise CK activity. The cytokines elevated significantly and similarly in both groups during the exercise,
with no significant change in CK activity. Twenty-four hours later, CK activity and IL-6 were at pre-exercise levels
in the CONC group, but showed further major increases in the ECC group, resulting in marked between-group
differences in these indices. Changes in IL-1p and TNFa levels during the recovery period showed only minor
differences between the study groups and produced no significant between-group difference in these cytokines.
However, IL-1p level normalized in the ECC but not in the CONC group. The study suggests that moderate
intensity ECC exercise compared to CONC exercise of equivalent relative work load results in considerably greater
muscle damage and its related elevation in circulating IL-6, but it does not cause a major systemic inflammatory
response.
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IIN'TRO D U C T 1O /N |5

Skeletal muscles are capable of performing two types of contrac-
tions distinguished by opposing changes in muscle fibre length:
lengthening (in eccentric exercise, ECC) and shortening (in con-
centric exercise, CONC) [26]. The two types of exercise exert dif-
ferent effects on the metabolism of the working muscles and induce
distinct systemic circulatory and endocrine responses [13].
At equivalent absolute work load (WL), ECC involves a smaller
demand for oxygen [30], while inflicting a larger damage on the
muscle fibres involved [6]. Leukocytes and macrophages that invade
the exercise-injured muscles for several hours post-injury [19,24]
and reside there for at least 24 h [23] and/or resident macro-
phages [11] can produce a number of proinflammatory cytokines,
including TNFo and IL-1p that promote the breakdown of the
damaged fibres [5].

Working muscle fibres being the main source of circulating IL-6
during exercise [4,29] may significantly contribute to the resulting

systemic endocrine responses. IL-6 has been considered an inflam-
matory cytokine, but it can also exert a strong anti-inflammatory
response by enhancing production of IL-1 receptor antagonist and
anti-inflammatory cytokines and by inhibiting production of pro-
inflammatory cytokines [29,31] and may act as a mediator of
muscle healing [39]. Its response to exercise is not preceded by
an increase in TNFa and is not obligatorily related to muscle dam-
age. Hence, it was postulated that acute exercise-induced elevations
in IL-6 may be more important for metabolic rather than immuno-
logical responses, and its major role in working muscles is that of
an energy sensor (reviewed in [40]). This study was aimed at
verifying the hypothesis that the effects of CONC and ECC exer-
cises of moderate intensities and identical relative work load (ex-
pressed as a percentage of VO,max) on circulating levels of se-
lected cytokines of muscle (IL-6) and systemic origin (IL-1p and
TNFa) differ.
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MATERIALS AND METHODS I
Participants and experimental protocol. Twenty recreationally active
male students of the Jerzy Kukuczka Academy of Physical Education
in Katowice, all healthy and taking no medications, volunteered for
the study. They were fully informed of the study protocol and the
possible associated discomforts and risks, and have signed the re-
spective informed consent. The participants were not involved in any
strenuous ECC or CONC exercise for at least 4 weeks prior to the
study, and — to reduce the variability related to macronutrient influ-
ence on inflammatory responses — consumed a normal mixed diet
for 3 days before each test. They were also told to avoid exercise
and heavy food intake for at least 2 hours before the treadmill test.
All tests were performed between 8 a.m. and 12 p.m. Maximal
oxygen uptake (VO,max) was determined using a model Oxycon
Champion metabolic analyzer (Jaeger, Germany), two weeks before
the experiment, during an incremental ‘to-exhaustion’ exercise test
on a model HP Cosmos (Pulsar, Germany) treadmill as described
elsewhere [20], with two minor modifications; these modifications
consisted in maintaining treadmill inclination at +1% throughout
the procedure, and at the beginning running speed being only
4 km-h't. Heart rate (HR), oxygen consumption (VO,), carbon di-
oxide production, pulmonary ventilation and respiratory quotient
were recorded breath-by-breath every 30 s during all tests; HR was
measured using a model Sport Tester (Polar, Finland). After assess-
ment of their VO,max, the subjects were randomized between the
study groups (N=10 each). One group was subject to a single 1 h
bout of ECC exercise (treadmill downhill running at -10% gradient),
and the other group to a single 1 h bout of CONC exercise (treadmill
uphill running at +10% gradient). Each participant exercised at
absolute WL set to keep VO, at 60% of his individual VO,max. All
tests were performed in an air-conditioned environment, under ther-
moneutral conditions. The physiological strain index was calculated
as proposed by Moran et al. [25] except for using auditory canal
(instead of rectal) temperature measurements; the measurements
were taken using a model E Val-Flex thermometer (Ellab A/S, Den-
mark). The study protocol was designed in accordance with the tenets
of the Helsinki Declaration and has been approved by the Research
Ethics Committee of the Jerzy Kukuczka Academy of Physical Edu-
cation.

Blood sampling and analysis
Blood samples were obtained from the antecubital vein about 1 h
before exercise (resting samples), immediately post-exercise, and
after 24 h of recovery, using sodium heparin (18 IU-mL?) as an
anticoagulant, and were immediately processed for plasma that was
instantly aliquoted, frozen and stored at -70° until analyzed for IL-6,
IL-1b and TNFa concentrations, and for creatine kinase (E.C.2.3.7.2;
CK) activity; all the analyses were run in duplicate and the results
were averaged for data analysis.

Plasma CK activity was assayed using the Boehringer Mannheim/
Hitachi 747 analysis system and the CK-NAC kit (Randox Labora-
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tories, Crumlin, UK). IL-6 and TNFa were assessed with R&D
BioSource ELISA kits (Invitrogen) according to the manufacturer’s
instructions; the limit of detection for each of the assays was
5 pg-mlt. IL.-1p was determined using a commercial ELISA kit
(Bender MedSystems GmbH, Vienna, Austria) according to the
manufacturer’s instructions; the limit of detection for this assay was
0.3 pg-mlt. The results of all these analyses were corrected for
exercise-related changes in plasma volume.

Statistical analysis

All data were first tested for variance heterogeneity (by the Brown-
Forsythe test) and for distribution normality (by the Shapiro-Wilk
test). CK activity data showed major variance heterogeneity and
deviations from distribution normality that could not be corrected by
log transformation. Hence, they were analyzed for each study group
separately by the Friedman ANOVA; between-group differences and
within-group changes in CK activity were then tested for significance
by the Mann-Whitney U test and the Wilcoxon test, respectively.
Cytokine level data showed no sizeable variance heterogeneity or
deviations from normal distribution, and were analyzed by 2-way
ANOVA with group as the main factor and time as the repeated
measures factor, followed by Student’s t tests for independent and
dependent variables when appropriate. The Bonferroni-Holm correc-
tion was applied to the results of all post-hoc tests to keep the
family-wise probability of type | error below 0.05. Between-group
differences in anthropometric and running-related characteristics
were tested with Student’s t-test for independent variables. Correla-
tions between the various studied variables were tested by Spearman’s
rank correlation test. In all cases, P < 0.05 was considered signifi-
cant. All statistical analyses (excepting the Bonferroni-Holm correc-
tion that was done ‘manually’) were performed using the Statistica
7.1 (StatSoft Inc., Tulsa, OK, USA) software.

RESULT S |

There was no significant difference between the study groups in mean
age, body mass index and VO,max. During exercise, O, uptake sta-
bilized at similar levels in both groups after 30 min of running.
The two groups showed no significant difference in HR, VO,/VO,max
ratio, and physiological strain index during the steady state phase of
the exercise (31-60 min), while average absolute WL and running
speed were markedly lower in the ECC group (Table 1).

There was no significant difference in resting plasma CK activity
and IL-6, TNFa and IL-1p levels between the study groups. Fried-
man’s ANOVA yielded no significant change in CK activity in the
CONC group during the observation period, while a significant change
was found in the ECC group. In the latter, post-hoc analysis showed
a tendency for elevation in CK activity at the end of the exercise
(+31%, P = 0.037 by uncorrected Wilcoxon test) and a major in-
crease (to 307% of the respective pre-exercise value) 24 h later; this
effect translated into significant differences between the study groups
at both these time points (Fig. 1).
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TABLE 1. BASIC ANTHROPOMETRIC DATA AND RUNNING PERFORMANCE CHARACTERISTICS OF THE STUDY GROUPS DURING

THE STEADY-STATE PHASE OF THE ECCENTRIC (ECC) AND CONCENTRIC (CONC) EXERCISE

ECC group (N =10)

CONC group (N =10)

Variable P
Mean (S.D.) Min-Max Mean (S.D.) Min-Max
Age, years 21.2+1.3 20-24 214 +1.3 20-24 0.47
Body mass index [kg-m?] 225+1.9 19.2-25.7 219+1.6 20.2-25.7 0.63
VO,max [I- min™] 3.66 +0.20 3.38-4.09 3.66 +0.23 3.29-3.96 0.99
Absolute work load [W] 306 + 35 241-364 122 + 17 106-151 <10-6
Speed at 60% VO,max [km-h™] 158+ 1.5 14.0-18.0 6.4+0.7 59-7.9 <10-6
Steady-state VO,/VO,max [%] 60.3+2.8 55.3-64.2 60.5+4.9 53.5-67.2 0.89
VO, at 60% VO,max [I-min™"] 2.20 £ 0.05 2.10-2.26 2.21+£0.06 2.10-2.28 0.87
HR at 60% VO,max [bpm] 156 + 6 149-165 151+ 8 139-160 0.18
Physiological strain index 6.03 £ 0.84 4.39-7.43 6.32 £ 0.57 5.68-7.47 0.38
Two-way ANOVA yielded significant effects of time, exercise type | —sa— ECC — -0 — CONC |

and exercise type x time interaction on plasma IL-6 level. In the
CONC group, IL-6 level showed a minor but significant increase
(+17%) at the end of exercise, while 24 h later it was only insigni-
ficantly higher (+11%) than the respective resting value. In the ECC
group, the relative increase in IL-6 at the end of the exercise was
larger (+46%), but there was no significant difference between the
IL-6 levels in the study groups at this time point. Twenty-four hours
later plasma IL-6 level in the ECC group was markedly higher than
immediately after the exercise (205% of the respective resting value)
and significantly higher than that in the CONC group (Fig. 2a).
Two-way ANOVA showed a significant effect solely of time on
plasma IL-1B and TNFa. This effect translated into a significant but
moderate and transient elevation of plasma IL-1p in the ECC group
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FIG. I. EFFECT OF A SINGLE BOUT OF ECC EXERCISE OR CONC EXERCISE
ON BLOOD CK ACTIVITY IN HEALTHY ADULT RECREATIONALLY ACTIVE
MALES

Note: Friedman’s ANOVA results: ECC group: xzdfzzy n—10 = 16.80,
P = 0.0002; CONC group: y%-2, n=10 = 2.60, P = 0.27. * P < 0.05 vs. the
respective pre-exercise value, by the Wilcoxon test, ## P < 0.01 vs. the other
group, by the Mann-Whitney U test (with the Bonferroni-Holm correction).
Data are presented as the mean = S.D.
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FIG. 2. EFFECTS OF A SINGLE BOUT OF ECC EXERCISE OR CONC
EXERCISE ON BLOOD IL-6 (A), IL-1p (B) AND TNFa (C) LEVELS IN HEALTHY
ADULT RECREATIONALLY ACTIVE MALES

Note: Two-way ANOVA results: (a): exercise type effect: F; ;53 = 12.2,
P = 0.0026; time effect: F, 35 = 41.5, P < 10 6; exercise type x time
interaction effect: F, 35 = 28.2, P = < 10 6; (b): exercise type effect:
F118 = 1.30, P = 0.27; time effect: F, 556 = 5.31, P = 0.0096; exercise type
x time interaction effect: F, 35 = 0.59, P = 0.56; (c) exercise type effect:
Fi18 = 0.26, P = 0.61; time effect: F, 556 = 9.94, P = 0.0004; exercise type
x time interaction effect: F, 35 = 0.98, P = 0.38. * P < 0.05, ** P < 0.01,
*** P < 0.001 vs. the respective pre-exercise value; ### P < 0.001 vs.
the other group. Data are presented as the mean + S.D.
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at the end of the exercise (+32%). In the CONC group, the level of
IL-1B showed only a non-significant increase (+30%) immediately
after the exercise, whereas 24 h later this effect reached significance
at +21% above the respective resting value. There was no difference
in absolute IL-1 levels between the study groups at any time point
studied (Fig. 2b). Post-hoc tests showed that plasma TNFo was
significantly elevated in both groups both at the end of the exercise
and 24 h later. However, while plasma TNFa. level continued to rise
between the end of exercise and the end of the observation period
in the ECC group, no such effect was found in the CONC group
(Fig. 2c).

CK activity did not correlate significantly with absolute WL at the
end of the exercise in either the ECC or CONC group (R = 0.02,
P = 0.97, and R = 0.31, P = 0.38, respectively), whereas
CK activity 24 h post-exercise correlated positively with absolute WL
only in the former (R = 0.70, P = 0.025, vs. R = -0.15, P = 0.68).
Excepting the positive correlation of IL-6 level in the ECC group
24 h post-exercise (R = 0.64, P = 0.048), none of the studied
circulating cytokine levels correlated significantly with absolute WL
at the end of the exercise or 24 h later.

DISCUSSION I
This study used ECC exercise and CONC exercise to evaluate
the contribution of metabolic and mechanical stress on muscle dam-
age and systemic inflammatory responses to a single moderate in-
tensity bout of exercise. As evidenced by VO, data, the two exer-
cises were performed at identical energy expenditure/metabolic stress.
Hence, the observed differences in exercise-induced changes in CK
activity and cytokine levels resulted from differences in absolute WL
and the related mechanical stress/muscle damage. Other contribut-
ing factors might be the relative inefficiency of the muscle pump
during ECC exercise as compared to that during CONC exercise [7],
and ECC exercise-associated temporary impairment of local micro-
vascular [18] and macrovascular function, in particular arterial stiff-
ness [21, as well as reduced vasodilator response [15]. Hence, it is
possible that, despite identical relative VO, values, oxygen delivery
to the working muscles differed between the two types of exercise,
which might have affected the extent of muscle damage and re-
sponses to the latter.

The primary and most common determinant of muscle damage
is mechanical stress [9,19], which may cause a transient increase
in myocyte membrane permeability and permanent cell damage.
Few studies have examined the relationship between the extent of
exercise-induced injury and the duration and intensity of the exer-
cise. Delayed onset post-exercise muscle soreness and serum lev-
els of intramuscular enzymes were shown to increase with both
intensity and duration of exercise [36]. The present study showed
a substantial tendency for increased CK activity at the end of ex-
ercise in the ECC but not in the CONC group (p = 0.04 and
p = 0.28, respectively, by uncorrected Wilcoxon test), while further
CK increase occurred only in the former. This suggests that only
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the ECC exercise increased myocyte membrane permeability and
caused sizeable muscle damage. We found a positive correlation
between absolute WL and plasma CK activities 24 h post-exercise
only in the ECC group. This indicates that post-exercise increase
in CK activity was the result of mechanical stress/muscle damage.

Physical exercise is associated with a systemic cytokine response
cascade that differs considerably between damaging and non-
damaging exercises [3]. Eccentric-biased cycling or downhill run-
ning results in a greater elevation in blood IL-6 than concentric
contractions [16], but this difference is not fully explained by dif-
ferences in muscle damage. Since IL-6 is produced upon muscle
contraction [29], dynamic eccentric-biased aerobic exercise will
elicit greater hemodynamic changes that possibly contribute to
increased IL-6 ‘spillover’ to the blood [2,28]. Our results show that
cytokine response to exercise depends on exercise type; particu-
larly discernible were the differences in IL-6 and TNFa levels that
significantly increased only after ECC exercise. Symptoms of inflam-
mation have been commonly reported following mechanical stress
protocols. Damage-related cytokine responses were evidenced by
increased concentrations of IL-1B, IL-6 and IL-10 following high
intensity ECC exercise [33].

It is well known that the profile of cytokine response to exercise
is related to exercise type, intensity and duration, the mass of
muscle recruited [31], as well as diet macronutrient composition [8]
and blood redistribution [16]. So far, the changes in circulating
IL-6 levels have only been studied during and after physical exer-
cise of high intensity or long duration (‘to exhaustion’). We compared
the effects of two types of exercise of moderate intensity (60% of
VO,max) and duration (estimated at < 50% of that ‘to exhaustion’).
The primary finding of this study is that both the CONC and ECC
exercise significantly elevated blood IL-6 at the end of the exercise
whereas only the ECC exercise resulted in elevated blood IL-6 24
h later. ECC exercise elevated blood IL-6 during the exercise only
non significantly more than CONC exercise. This indicates that the
major factor at play with regard to this cytokine during the physi-
cal effort was exercise intensity, but not the type of muscle work.
Notably, no difference was found in IL-6 mRNA levels 30 min after
CONC or ECC exercise using electrical muscle stimulation in an-
aesthetized rats to produce maximum force development [17].
There was no difference in core body temperature or physiological
strain index between our study groups. This fact is of considerable
importance as well, because previous studies have shown that IL-6
release from working muscles depends on body temperature [32].

Normalization of blood IL-6 level in the CONC group and the
marked between-group difference in circulating IL-6 levels 24 h
post-exercise suggest that the major determinant of IL-6 level at
this time point was muscle damage. These observations are in
general agreement with earlier studies [4] that have attributed this
difference to greater ECC exercise-induced muscle damage. This
suggestion is also supported by the significant positive correlation
between absolute WL and the IL-6 level in the ECC group 24 h
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post-exercise and the short (~7 min) half-life of IL-6 in hu-
mans [37].

ECC exercise-related muscle damage is biphasic. The primary
insult appears to be mechanical in nature and to result directly
from fibre contractions [1,28], while the secondary damage is an
aftermath of increased leukocyte influx into the injured fibres and
enhanced production of proinflammatory cytokines [12,25,28].
Notably, there was no significant correlation between peak IL-6 or
absolute WL and CK activity at the end of either exercise, while a
significant correlation was found between blood CK activity and
IL-6 level 24 h post-exercise in the ECC group. These findings
indicate no considerable muscle damage and/or leukocyte reaction
at the completion of either exercise type, and sizeable ECC exercise-
related damage and leukocyte reaction developed 24 h later.

The kinetics of IL-6 production show a progressive increase
after muscle-damaging ECC exercise, but a rapid decline after
non-damaging CONC exercise [38]. The elevated blood IL-6 after
24 h of recovery from ECC exercise was assumed to originate from
inflammatory cells infiltrating exercise-damaged muscles [38].
Some authors have suggested that it plays a key role in the repair
of damaged muscle fibres [39].

Both tested exercises showed similarly elevated blood TNFa at
the end of exercise, and the increases persisted until the end of
the observation period with no considerable differences between
the study groups. This suggests no sizeable difference between
these exercises with regard to muscle catabolism and loss of mus-
cle function [35]. Some but not all reports on the effects of single
bouts of ECC exercise have demonstrated elevations in circulating
TNFa both at the end of exercise and at later time points (reviewed
in [271), and the reports on the effects of single bouts of CONC
exercise were conflicting as well [14,21]. All said, the existing
body of evidence indicates that contracting human skeletal muscles
can be the source of elevated blood TNFo. However, it has been
shown that the early exercise-related increase in circulating TNFo
can take place with no increase in muscle TNFa. mRNA [22], which

finding indicates that at least part of the increase is due to leuko-
cyte TNFo production. Since muscle damage attracts neutrophils
and macrophages, which both contribute to the degradation of the
damaged tissue by releasing pro-inflammatory cytokines [28],
elevated TNFa. 24 h post-exercise in our study might be attributed
in part to this phenomenon. However, the difference in this cytokine
level between the two study groups was far from significant, indi-
cating that this was unlikely.

Plasma IL-1 levels did not differ between the study groups over
the study period and showed only minor increases at the end of
either exercise type, which disappeared partly or entirely over the
next 24 h. These findings are in line with some though not all
earlier studies, which found only minor, if any, changes in blood
IL-1(B) levels after exercise, mostly in untrained men [4,10,34].
However, results from the various studies are rather hard to com-
pare because of differences in experimental designs and timing of
blood sampling, and in cytokine assay specificity/sensitivity. More-
over, IL-1p is rapidly removed from the circulation [34].

CONCLUSIONS I
The magnitude and time course of the post-exercise inflammatory
response to ECC and CONC exercises of the same moderate relative
intensity (%V0O,max) depend on the type of contraction and abso-
lute work load (mechanical stress). However, the acute-phase
response does not lead to a major systemic inflammatory response
even after ECC exercise that causes considerably more muscle
damage.
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