








if not otherwise indicated. Creatine kinase and lactate
dehydrogenase as markers of muscle damage were
determined at Medizinisches Versorgungszentrum
Leinfelden for samples taken pre-exercise, and at 0,
3, 6, 24, 48 and 72hours after exercise. Lactate was
determined pre-exercise, and 10 and 30min after
exercise taken by capillary blood samples by trial site.
Inflammatory response was investigated as IL-6 (pre-
exercise, and 0, 3 and 24hours after exercise) (Quan-
tikine High Sensitivity ELISA; R&D Systems) and
prostaglandin E derived from cyclooxygenase 2 (pre-
exercise, and 3, 6 and 24hours) (Prostaglandin E
Metabolite EIA kit; Cayman Chemical) at BioTeSys,
Esslingen. Immune function was investigated by IL-2
inducible NK cell activity (pre, 3 hours, 24 hours) at
the Institut f€ur Medizinische Diagnostik, Berlin.37 38

Total antioxidative status (TAS) and total oxidative
status (TOS) (pre, 3 hours, 6 hours, 24 hours) were
assessed using a photometric test assay (ImAnOx
[TAS/TAC] Kit; perOS [TOS/TOC] Kit; Immundiag-
nostik AG, Bensheim, Germany).

Safety assessments
Blood samples for routine laboratory tests, including
haemogram, liver enzymes, lipids, glucose, uric acid
and creatinine, were taken at screening, before, and 24
and 72hours after exercise and analysed by Synlab
Medizinisches Versorgungszentrum Leinfelden. Vital

signs were determined at all visits. Concomitant medi-
cation and adverse events were documented.

Statistical analysis
As no single measure captures the multidimensional
nature of recovery from EIMD, the combination of
single efficacy endpoints reduction of maximal strength
(PTM) and PIP was chosen to be evaluated by a multi-
variate, directional test approach in stage I of the
trial.39

The multiple level alphaof the trial (multiple level of
significance) was defined as a=0.025 (one sided). The
confirmatory analyses were performed with the inten-
tion-to-treat population. Missing values were replaced
by last observation carried forward technique. Results
are given as p values and effect size measures with
their CIs (Mann-Whitney (MW) statistic as corre-
sponding effect size measure of the Wilcoxon-Mann-
Whitney test). The traditional benchmarks for the MW
effect size measure are as follows: 0.29 = large inferi-
ority, 0.36 = medium inferiority, 0.44 = small
inferiority, 0.50 = equality, 0.56 = small superiority,
0.64 = medium superiority and 0.71 = large
superiority.
Multiple a priori ordered hypothesis testing was

performed as a two-stage procedure30 40 41 including
the possibility to stop the trial after stage I due to
success (proof of efficacy) (p1�a1=0.0102) and futility

Figure 3 Peak torque maximum in response to exhaustive eccentric exercise in subjects administered SET or placebo. Mean

changes from baseline of peak torque maximum [Nm] and 95% CIs for the intent-to-treat population are shown for SET (red

circles and lines) and for placebo (blue circles and lines). ITT, intent-to-treat population; SET, systemic enzyme therapy.
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(p1�a0=0.5) or to plan stage II of the trial based on
results of stage I, including reassessment of sample size
and finalisation of the trial design. This procedure
based on Fisher’s combination test shows only negli-
gible loss in test power compared with fixed sample
size trials42 and uses the adjusted value a1=0.0102 as a
critical value for the test of stage I.34 Recalculated total
sample size for stage II was 2�22 subjects with no
crossover design.

RESULTS
Trial population
In stage I, 30 subjects were enrolled between 20 April
20 and 1 August 2013, and 28 subjects (safety popula-
tion) were treated in a crossover design. Per protocol
(PP) analysis consisted of 26 subjects (figure 1).
In stage II, a total of 44 subjects were enrolled

between 15 May and 27 July 2014. The safety popula-
tion was comprised of all enrolled and treated subjects
(n=44). The PP population (41 subjects; SET: 20;
placebo: 21) resulted from exclusion of two subjects
due to protocol violation (timing of PTM >20%and
severe violation of screening PTM) (figure 1).

Stage I
The PTM and PIP results for both treatment groups
(all subjects pooled) compared with mean baseline
values are provided in figure 2.
As expected, PTM is reduced in the ‘acute’ phase at

3 hours (3.4%; 201Nm) and 6 hours (4.8%; 198Nm)
after exhaustive eccentric exercise compared with base-
line (100%; 208Nm) (figure 2A). However,
during’recovery’ phase (24–48hours), the average
PTM returns to 205Nm at 24 hours and to 209Nm at
48 hours, the level before exercise. Thus, the potential

to discover differences between two treatments is
substantially reduced beyond 24hours. PIP measured
by algometry (both treatment groups combined)
resulted in a reduction of pain threshold after exhaus-
tive eccentric exercise in both phases (figure 2B).
The PTM results in stage I (phase 1) with SET or

placebo are shown in figure 3. Exhaustive eccentric
exercise led to a reduction in PTM in the SET group
of 2.8% at 3 hours and 1.5% at 6 hours compared with
placebo of 6.2%, 10% and 5.7% at 3, 6 and 24hours,
respectively. Physical performance returned to baseline
at 24 hours with SET but not until 48 hours with
placebo. The associated MW effect size indicated more
than ‘small’ superiority of the SET group
(MW=0.6153, p=0.0332) compared with placebo.

Stage II
In contrast to stage I, confirmatory analysis of both
hypotheses of stage II resulted in no evidence for
corresponding treatment effects (hypothesis 1:
p=0.8596, hypothesis 2: p=0.8783, both one sided).
As shown in figure 4, there is ‘severe’ heterogeneity
between both stages for both hypotheses (hypothesis 1:
MW=0.6153 vs MW=0.4379; I2=0.7692, p=0.0374;
hypothesis 2: MW=0.5917 vs MW=0.4267; I2=0.6778,
p=0.0781). As both I2 values are above 0.5, indicating
‘large’ heterogeneity, results are to be interpreted
separately for each stage.

Biomarkers
Pooled biomarker analysis at 3 hours after exercise
demonstrated significant advantages for SET compared
with placebo (stage I: p=0.0011; stage II: p=0.0114)
(figure 5) and no heterogeneity (I2=0.0) between
stages I and II. Stage I and II combined biomarker

Figure 4 Statistical analysis of multidimensional ensemble of peak torque maximum and pressure-induced pain at 3 hours

and 6 hours (hypothesis 1) and at 24 hours and 48 hours (hypothesis 2).
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effect size shows significant and ‘more than small’ supe-
riority of the SET group (MW=0.5847, p=0.0001)
compared with the placebo group (figure 5).

Safety
In stage I, out of 16 single adverse events, only one was
characterised as ‘possibly’ related (diarrhoea, SET). In
stage II, two single adverse events, one possibly related
to SET (acne-like rush at chin and mild pruritus), were
reported. No adverse event was ‘serious.’ Both events
related to SET were characterised as mild and resolved.
In both stages, there were no clinically relevant find-
ings in any of the treatment groups. SET is well
tolerated at the dosage of 3�4 tablets per day.

DISCUSSION
We demonstrated the superiority of SET compared
with placebo in maintaining strength and reducing
pain in response to exhaustive eccentric exercise (acute
phase, stage I). Stage II data were evaluated separately
due to significant heterogeneity (I2>0.5) and, in
contrast to stage I, did not result in differences of SET
or placebo on EIMD. Biomarkers responded to SET
across both study stages.

Strengths and limitations
The trial was carefully planned using a multidimen-
sional approach for outcome assessment and
classification, taking into account the multidimensional
aspect of recovery from EIMD. Additionally, a two-
stage approach with interim analysis and continuation
with refined hypotheses and readjusted sample size
offered all opportunities to finalise the trial
successfully.

Surprisingly, the preplanned test for carryover effects
was statistically significant on the defined level a1

(p=0.0092, one sided, Wei-Lachin procedure, Bauer-
K€ohne a1=0.0102) in stage I. Thus, according to statis-
tical plan, only phase 1 data from stage I could be used
for non-parametric confirmatory analysis, and the
crossover approach had to be abandoned in stage II in
favour of a parallel group comparison. One possible
explanation for carryover effects is that impairment of
muscle function could have been influenced by recent,
that is, within some months,43 high-force eccentric
work using the same muscle(s). This effect is commonly
referred to as the ‘repeated-bout effect.’44 However, as
EIMD during the current trial was only mild, the
washout phase during the eccentric exercise sessions
should have been sufficient to avoid a repeated bout
effect. A carryover effect from SET to placebo cannot
be excluded as irreversible changes of cell surface
receptors of blood and immune cells have been
reported.20 21 23

Stages I and II revealed ‘severe’ heterogeneity even
though inclusion criteria were unchanged at screening
for both stages at PTM 150–300Nm and a variability
of below 20%. Large interindividual variation in
response to eccentric exercise is commonly reported.45

EIMD should even be higher in this age range as the
magnitude of muscle damage is increased from pread-
olescent, adolescent to postadolescent men.46

Flexibility,47 48 eccentric peak and end-range torque49

as well as angle of peak torque (cf. the joint angle–
torque relationship) are further factors contributing
generally to a variety of EIMD responses.50 Addition-
ally, extended training of the same muscle(s)
comparable to exhaustive eccentric exercise may

Figure 5 Superiority of SET compared with placebo in improving inflammatory, immune and metabolic biomarkers in

response to exhaustive eccentric exercise. Effect sizes (changes from baseline) at 3 hours after exhaustive eccentric exercise

were pooled for stage I, stage II and both stages combined. Pooled biomarkers include creatine kinase, lactate

dehydrogenase, lactate, interleukin 6, prostaglandin E2, total oxidative status, total antioxidative status and natural killer cells,

and were analysed for the direction of superiority. df, degrees of freedom; MW, Mann-Whitney; N, number; n. def., not defined;

p, probability; SET, systemic enzyme therapy.
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influence regeneration mechanisms and individual
autonomous pain threshold.45 Large variations in indi-
vidual responses to eccentric exercise are also evident
from the literature, and gross muscle damage does not
occur in all individuals.45 51–54

Study model may be limited in ability to observe a
functional response in more strength-trained athletes
A closer look at single subject data at baseline revealed

differences between stages in the number of main disci-
plines and training duration per week (table 1).
Participants in stage I were primarily runners/joggers

(endurance training) whereas participants in stage II
primarily focused on strength (resistance) training.
The duration of weekly strength training was reported
at nearly three times for stage II compared with stage I
(179 vs 61min). Further, overall training duration
across all disciplines was higher in stage II than stage I
(482 vs 369min). Therefore, stage II participants were
more well trained than stage I participants, particularly
related to strength (resistance) exercises. This may
increase PTM by higher physical performance and by
increase in pain threshold or the ability to increase
PTM despite pain. Insensitivity of the study model to
detect advantages of SET might have been caused by
these differences in baseline resistance training. It has
been suggested to report individual data and to classify
subjects, for example, low, medium/moderate or high
responders, to allow for a better presentation and
interpretation of the data.49 51

Biomarker data confirm anti-inflammatory effects of SET
In contrast to functional parameters PTM and PIP,
biomarker analysis resulted in a significant and ‘more
than small’ superiority of the SET group compared
with placebo group in single stages and both stages
combined. Cytokines may play a relatively minor role
in regulating the health benefits of low-intensity exer-
cise, such as brisk walking.55 In contrast, marathon
running induces high physiological stress and a large
cytokine response56 as a more generalised response to

internal and/or external stress. Factors such as oxida-
tive or nitrosative stress, damaged or unfolded
proteins, hyperthermia or energy imbalance likely
induce cytokine production during exercise through
catecholamines, endotoxin, alarmins, ATP and proin-
flammatory cytokines themselves.57 58 SET is likely to
contribute to a reduction of large cytokine response in
EIMD and DOMS independent of physical perfor-
mance/training status.

CONCLUSION
SET administered orally 72 hours before and
72hours post exhaustive eccentric exercise resulted
in higher maximal concentric strength and lower PIP
in subjects who were less experienced in resistance
training and in significant favourable effects on anti-
inflammatory and other biomarkers in all subjects.
The potential role of SET in managing EIMD and
DOMS across different training groups needs further
investigation.
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Table 1 Summary of anthropometric data and baseline characteristics

Parameter

Stage I Stage II

Total (n=27) SET (n=15) Placebo (n=12) Total (n=42) SET (n=21) Placebo (n=21)

Age (years)�SD 31.6�9.3 29.2�8.8 34.6�9.3 29.7�8.7 30.7�7.6 28.7�9.8

Height (m)�SD 1.81�0.06 1.79�0.06 1.83�0.07 1.83�0.05 1.84�0.06 1.82�0.04

Weight (kg)�SD 80.0�10,0 76.5�10.2 84.3�8.0 81.2�7.4 81.0�8.6 81.3�61

BMI (kg/m2)�SD 24.4�2.1 23.8�2.0 25.2�1.9 24.3�1.8 24.0�1.8 24.6�1.8

Sport activity (min/week)�SD 369�206 415�197 312�211 482�433 483�502 481�363

CK (U/L)�SD 214�157 227�148 199�122 244�165 225�160 264�172

PTM/BW (Nm/kg)�SD 2.76�0.44 2.76�0.51 2.75�0.34 2.82�0.51 2.75�0,53 2.89�0.48

Anthropometric data, sporting activity and creatine kinase were assessed at screening; peak torque maximum/body weight was measured

the day before start of supplementation.

BMI, body mass index; CK, creatine kinase; Nm, newton metre; PTM/BW, peak torque maximum/body weight; SET, systemic enzyme

therapy.

8 Marzin T, et al. BMJ Open Sport Exerc Med 2017;2:e000191. doi:10.1136/bmjsem-2016-000191

Open Access

group.bmj.com on July 24, 2017 - Published by http://bmjopensem.bmj.com/Downloaded from 

http://bmjopensem.bmj.com/
http://group.bmj.com


permits others to distribute, remix, adapt and build upon this work, for
commercial use, provided the original work is properly cited. See: http://
creativecommons.org/licenses/by/4.0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of
the article) 2017. All rights reserved. No commercial use is permitted unless
otherwise expressly granted.

REFERENCES

1. Urso ML. Anti-inflammatory interventions and skeletal muscle injury:
benefit or detriment? J Appl Physiol 2013;115:920–8.

2. Tidball JG. Inflammatory cell response to acute muscle injury. Med
Sci Sports Exerc 1995;27:1022–32.

3. Chazaud B, Brigitte M, Yacoub-Youssef H, et al. Dual and beneficial
roles of macrophages during skeletal muscle regeneration. Exerc
Sport Sci Rev 2009;37:18–22.

4. McCroskery S, Thomas M, Platt L, et al. Improved muscle healing
through enhanced regeneration and reduced fibrosis in myostatin-
null mice. J Cell Sci 2005;118:3531–41.

5. Pelosi L, Giacinti C, Nardis C, et al. Local expression of IGF-1
accelerates muscle regeneration by rapidly modulating inflammatory
cytokines and chemokines. Faseb J 2007;21:1393–402.

6. Toumi H, F’guyer S, Best TM. The role of neutrophils in injury and
repair following muscle stretch. J Anat 2006;208:459–70.

7. Hurme T, Kalimo H. Activation of myogenic precursor cells after
muscle injury. Med Sci Sports Exerc 1992;24:197–20.

8. Malerba A, Vitiello L, Segat D, et al. Selection of multipotent cells
and enhanced muscle reconstruction by myogenic macrophage-
secreted factors. Exp Cell Res 2009;315:915–27.

9. Fechner G, Bajanowski T, Brinkmann B. Immunohistochemical
alterations after muscle trauma. Int J Legal Med 1993;105:203–7.

10. Hurme T, Kalimo H, Lehto M, et al. Healing of skeletal muscle injury:
an ultrastructural and immunohistochemical study. Med Sci Sports
Exerc 1991;23:801–10.

11. Stauber WT. Factors involved in strain-induced injury in skeletal
muscles and outcomes of prolonged exposures. J Electromyogr
Kinesiol 2004;14:61–70.

12. Abdelmagid SM, Barr AE, Rico M, et al. Performance of repetitive
tasks induces decreased grip strength and increased fibrogenic
proteins in skeletal muscle: role of force and inflammation. PLoS
One 2012;7:e38359.

13. Ebbeling CB, Clarkson PM. Exercise-induced muscle damage and
adaptation. Sports Med 1989;7:207–34.

14. Lieber RL, Frid�en J. Mechanisms of muscle injury after eccentric
contraction. J Sci Med Sport 1999;2:253–65.

15. Mackey AL, Kjaer M, Dandanell S, et al. The influence of anti-
inflammatory medication on exercise-induced myogenic precursor
cell responses in humans. J Appl Physiol 2007;103:425–31.

16. Mikkelsen UR, Langberg H, Helmark IC, et al. Local NSAID infusion
inhibits satellite cell proliferation in human skeletal muscle after
eccentric exercise. J Appl Physiol 2009;107:1600–11.

17. Shireman PK, Contreras-Shannon V, Ochoa O, et al. MCP-1
deficiency causes altered inflammation with impaired skeletal muscle
regeneration. J Leukoc Biol 2007;81:775–85.

18 Middleton E, Kandaswami C. The impact of plant flavonoids on
mammalian biology: implications for immunity, inflammation and
cancer. In: Harborne JB, ed. The flavonoids: advances in research
since 1986. London: chapman & hall, 1993:619–52.

19. Boots AW, Haenen GR, Bast A. Health effects of quercetin: from
antioxidant to nutraceutical. Eur J Pharmacol 2008;585:325–37.

20. Lorkowski G. Gastrointestinal absorption and biological activities of
serine and cysteine proteases of animal and plant origin: review on
absorption of serine and cysteine proteases. Int J Physiol
Pathophysiol Pharmacol 2012;4:10–27.

21. Steinhoff M, Buddenkotte J, Shpacovitch V, et al. Proteinase-
activated receptors: transducers of proteinase-mediated signaling in
inflammation and immune response. Endocr Rev 2005;26:1–43.

22. Mackie EJ, Loh LH, Sivagurunathan S, et al. Protease-activated
receptors in the musculoskeletal system. Int J Biochem Cell Biol
2008;40(6-7):1169–84.

23. Desser L, Rehberger A, Kokron E, et al. Cytokine synthesis in human
peripheral blood mononuclear cells after oral administration of
polyenzyme preparations. Oncology 1993;50:403–7.

24 Misra UK, Payne S, Pizzo SV. The monomeric receptor binding
domain of tetrameric a2-macroglobulin binds to cell surface GRP78
triggering equivalent activation of signaling cascades. Biochemistry
2013;52:4014–25.

25 Misra UK, Pizzo SV. Binding of receptor-recognized forms of alpha2-
macroglobulin to the alpha2-macroglobulin signaling receptor

activates phosphatidylinositol 3-kinase. J Biol Chem
1998;273:13399–402.

26. Gonias SL, Balber AE, Hubbard WJ, et al. Ligand binding,
conformational change and plasma elimination of human, mouse
and rat alpha-macroglobulin proteinase inhibitors. Biochem J
1983;209:99–105.

27. Buford TW, Cooke MB, Redd LL, et al. Protease supplementation
improves muscle function after eccentric exercise. Med Sci Sports
Exerc 2009;41:1908–14.

28. Beck TW, Housh TJ, Johnson GO, et al. Effects of a protease
supplement on eccentric exercise-induced markers of delayed-onset
muscle soreness and muscle damage. J Strength Cond Res
2007;21:661–7.

29 Udani JK, Singh BB, Singh VJ, et al. BounceBack capsules for
reduction of DOMS after eccentric exercise: a randomized, double-
blind, placebo-controlled, crossover pilot study. J Int Soc Sports Nutr
2009;6:14.

30. Lachin JM. Introduction to sample size determination and power
analysis for clinical trials. Control Clin Trials 1981;2:93–113.

31. Wei LJ, Lachin JM. Two-Sample asymptotically Distribution-Free
tests for incomplete multivariate observations. J Am Stat Assoc
1984;79:653–61.

32. Lachin JM. Some large-sample distribution-free estimators and tests
for multivariate partially incomplete data from two populations. Stat
Med 1992;11:1151–70.

33. Frick H, Rahlfs VW. On power and necessary sample sizes of the
Wilcoxon-Mann-Whitney test. Commun Statist -Theory Meth
1998;27:2445–60.

34. Bauer P, K€ohne K. Evaluation of experiments with adaptive interim
analyses. Biometrics 1994;50:1029–41.

35. Bauer P, Kieser M. Combining different phases in the development
of medical treatments within a single trial. Stat Med
1999;18:1833–48.

36 McLeay Y, Barnes MJ, Mundel T, et al. Effect of new zealand
blueberry consumption on recovery from eccentric exercise-induced
muscle damage. J Int Soc Sports Nutr 2012;9:19.

37. Neri S, Mariani E, Meneghetti A, et al. Calcein-acetyoxymethyl
cytotoxicity assay: standardization of a method allowing additional
analyses on recovered effector cells and supernatants. Clin Diagn
Lab Immunol 2001;8:1131–5.

38. Sinkovics JG, Horvath JC. Human natural killer cells: a
comprehensive review. Int J Oncol 2005;27:5–47.

39. Maurer WHL, Lehmacher W. Multiple comparisons in drug clinical
trials and preclinical assays: a-priori ordered hypotheses. Gustav
Fischer Verlag 1995.

40. Kieser M, Bauer P, Lehmacher W. Inference on multiple endpoints in
clinical trials with adaptive interim analyses. Biom J 1999;41:261–77.

41. Bretz F, Koenig F, Brannath W, et al. Adaptive designs for
confirmatory clinical trials. Stat Med 2009;28:1181–217.

42 Banik N, K€ohne K, Bauer P. On the power of Fisher’s Combination
Test for Two Stage Sampling in the Presence of Nuisance
Parameters. Biom J 1996;38:25–37.

43. Nosaka K, Sakamoto K, Newton M, et al. How long does the
protective effect on eccentric exercise-induced muscle damage
last? Med Sci Sports Exerc 2001;33:1490–5.

44. McHugh MP. Recent advances in the understanding of the repeated
bout effect: the protective effect against muscle damage from a
single bout of eccentric exercise. Scand J Med Sci Sports
2003;13:88–97.

45. Paulsen G, Mikkelsen UR, Raastad T, et al. Leucocytes, cytokines
and satellite cells: what role do they play in muscle damage and
regeneration following eccentric exercise? Exerc Immunol Rev
2012;18:42–97.

46. Chen TC, Chen HL, Liu YC, et al. Eccentric exercise-induced muscle
damage of pre-adolescent and adolescent boys in comparison to
young men. Eur J Appl Physiol 2014;114:1183–95.

47. Chen CH, Nosaka K, Chen HL, et al. Effects of flexibility training on
eccentric exercise-induced muscle damage. Med Sci Sports Exerc
2011;43:491–500.

48. McHugh MP, Connolly DA, Eston RG, et al. The role of passive
muscle stiffness in symptoms of exercise-induced muscle damage.
Am J Sports Med 1999;27:594–9.

49. Sayers SP, Knight CA, Clarkson PM. Neuromuscular variables
affecting the magnitude of force loss after eccentric exercise.
J Sports Sci 2003;21:403–10.

50. Morgan DL, Proske U. Popping sarcomere hypothesis explains
stretch-induced muscle damagePhysiol. Clin Exp Pharmacol Physiol
2004;31:541–5.

51. Paulsen G, Crameri R, Benestad HB, et al. Time course of leukocyte
accumulation in human muscle after eccentric exercise. Med Sci
Sports Exerc 2010;42:75–85.

Marzin T, et al. BMJ Open Sport Exerc Med 2017;2:e000191. doi:10.1136/bmjsem-2016-000191 9

Open Access

group.bmj.com on July 24, 2017 - Published by http://bmjopensem.bmj.com/Downloaded from 

http://dx.doi.org/10.1152/japplphysiol.00036.2013
http://dx.doi.org/10.1249/00005768-199507000-00011
http://dx.doi.org/10.1249/00005768-199507000-00011
http://dx.doi.org/10.1097/JES.0b013e318190ebdb
http://dx.doi.org/10.1097/JES.0b013e318190ebdb
http://dx.doi.org/10.1242/jcs.02482
http://dx.doi.org/10.1096/fj.06-7690com
http://dx.doi.org/10.1111/j.1469-7580.2006.00543.x
http://dx.doi.org/10.1249/00005768-199202000-00007
http://dx.doi.org/10.1016/j.yexcr.2009.01.005
http://dx.doi.org/10.1007/BF01642794
http://dx.doi.org/10.1016/j.jelekin.2003.09.010
http://dx.doi.org/10.1016/j.jelekin.2003.09.010
http://dx.doi.org/10.1371/journal.pone.0038359
http://dx.doi.org/10.1371/journal.pone.0038359
http://dx.doi.org/10.2165/00007256-198907040-00001
http://dx.doi.org/10.1016/S1440-2440(99)80177-7
http://dx.doi.org/10.1152/japplphysiol.00157.2007
http://dx.doi.org/10.1152/japplphysiol.00707.2009
http://dx.doi.org/10.1189/jlb.0506356
http://dx.doi.org/10.1016/j.ejphar.2008.03.008
http://dx.doi.org/10.1210/er.2003-0025
http://dx.doi.org/10.1016/j.biocel.2007.12.003
http://dx.doi.org/10.1159/000227219
http://dx.doi.org/10.1021/bi400376s
http://dx.doi.org/10.1074/jbc.273.22.13399
http://dx.doi.org/10.1042/bj2090099
http://dx.doi.org/10.1249/MSS.0b013e3181a518f0
http://dx.doi.org/10.1249/MSS.0b013e3181a518f0
http://dx.doi.org/10.1519/00124278-200708000-00003
http://dx.doi.org/10.1186/1550-2783-6-14
http://dx.doi.org/10.1016/0197-2456(81)90001-5
http://dx.doi.org/10.1080/01621459.1984.10478093
http://dx.doi.org/10.1002/sim.4780110903
http://dx.doi.org/10.1002/sim.4780110903
http://dx.doi.org/10.1080/03610929808832236
http://dx.doi.org/10.2307/2533441
http://dx.doi.org/10.1002/(SICI)1097-0258(19990730)18:14&x003C;1833::AID-SIM221&x003E;3.0.CO;2-3
http://dx.doi.org/10.1186/1550-2783-9-19
http://dx.doi.org/10.1128/CDLI.8.6.1131-1135.2001
http://dx.doi.org/10.1128/CDLI.8.6.1131-1135.2001
http://dx.doi.org/10.3892/ijo.27.1.5
http://dx.doi.org/10.1002/(SICI)1521-4036(199906)41:3&x003C;261::AID-BIMJ261&x003E;3.0.CO;2-U
http://dx.doi.org/10.1002/sim.3538
http://dx.doi.org/10.1002/bimj.4710380103
http://dx.doi.org/10.1097/00005768-200109000-00011
http://dx.doi.org/10.1034/j.1600-0838.2003.02477.x
http://dx.doi.org/10.1007/s00421-014-2848-3
http://dx.doi.org/10.1249/MSS.0b013e3181f315ad
http://dx.doi.org/10.1177/03635465990270050801
http://dx.doi.org/10.1080/0264041031000071146
http://dx.doi.org/10.1111/j.1440-1681.2004.04029.x
http://dx.doi.org/10.1249/MSS.0b013e3181ac7adb
http://dx.doi.org/10.1249/MSS.0b013e3181ac7adb
http://bmjopensem.bmj.com/
http://group.bmj.com


52 Paulsen G, Egner IM, Drange M, et al. A COX-2 inhibitor reduces
muscle soreness, but does not influence recovery and adaptation
after eccentric exercise. Scand J Med Sci Sports 2010;20:e195–207.

53. Chen TC. Variability in muscle damage after eccentric exercise and
the repeated bout effect. Res Q Exerc Sport 2006;77:362–71.

54. Nosaka K, Chapman D, Newton M, et al. Is isometric strength loss
immediately after eccentric exercise related to changes in indirect
markers of muscle damage? Appl Physiol Nutr Metab
2006;31:313–9.

55. Markovitch D, Tyrrell RM, Thompson D. Acute
moderate-intensity exercise in middle-aged men has neither an anti-

nor proinflammatory effect. J Appl Physiol
2008;105:260–5.

56. Nieman DC, Henson DA, Smith LL, et al. Cytokine changes after a
marathon race. J Appl Physiol 2001;91:109–14.

57. Welc SS, Clanton TL. The regulation of interleukin-6 implicates
skeletal muscle as an integrative stress sensor and endocrine organ.
Exp Physiol 2013;98:359–71.

58. Peake JM, Della Gatta P, Suzuki K, et al. Cytokine expression and
secretion by skeletal muscle cells: regulatory mechanisms and
exercise effects. Exerc Immunol Rev
2015;21:8–25.

10 Marzin T, et al. BMJ Open Sport Exerc Med 2017;2:e000191. doi:10.1136/bmjsem-2016-000191

Open Access

group.bmj.com on July 24, 2017 - Published by http://bmjopensem.bmj.com/Downloaded from 

http://dx.doi.org/10.1111/j.1600-0838.2009.00947.x
http://dx.doi.org/10.1080/02701367.2006.10599370
http://dx.doi.org/10.1139/h06-005
http://dx.doi.org/10.1152/japplphysiol.00096.2008
http://dx.doi.org/10.1113/expphysiol.2012.068189
http://bmjopensem.bmj.com/
http://group.bmj.com


double-blinded, placebo-controlled trial
eccentric exercise: a randomised, two-stage,
healthy active adults after exhaustive 
Effects of a systemic enzyme therapy in

Elisabeth Pabst, Johannes C Vester and Helmut Pabst
Tobias Marzin, Gerhard Lorkowski, Claudia Reule, Stefanie Rau,

doi: 10.1136/bmjsem-2016-000191
2017 2: BMJ Open Sport Exerc Med 

 http://bmjopensem.bmj.com/content/2/1/e000191
Updated information and services can be found at: 

These include:

References
 #BIBLhttp://bmjopensem.bmj.com/content/2/1/e000191

This article cites 56 articles, 10 of which you can access for free at: 

Open Access

 http://creativecommons.org/licenses/by/4.0/
use, provided the original work is properly cited. See: 
others to distribute, remix, adapt and build upon this work, for commercial
the Creative Commons Attribution (CC BY 4.0) license, which permits 
This is an Open Access article distributed in accordance with the terms of

service
Email alerting

box at the top right corner of the online article. 
Receive free email alerts when new articles cite this article. Sign up in the

Notes

http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

http://journals.bmj.com/cgi/reprintform
To order reprints go to:

http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

group.bmj.com on July 24, 2017 - Published by http://bmjopensem.bmj.com/Downloaded from 

http://bmjopensem.bmj.com/content/2/1/e000191
http://bmjopensem.bmj.com/content/2/1/e000191#BIBL
http://creativecommons.org/licenses/by/4.0/
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://bmjopensem.bmj.com/
http://group.bmj.com

