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Abstract
Gene variants, such as creatine kinase (CK) polymorphisms, have been suggested to
explain the inter-individual CK response. However, this association is still unclear.
Therefore, the purpose of this study was to analyze the association between the
magnitudes of the CK response to exercise with the occurrence of muscle-CK-MM
NcoI polymorphism in young healthy subjects. Blood CK activity was assessed in 70
subjects immediately before and 3, 24, 48, 72, 96, 120, 168 hours after an unusual and
eccentric exhaustive exercise. Based on the amount of CK release by each subject,
sample was distributed in quartiles being the genotype and allele frequency distribution
compared among quartiles. Despite the inter-individual variability of CK response
observed between subjects, there were no differences in genotype and allele frequencies
among quartiles. The results allowed us to conclude that CK response after exhaustive
eccentric exercise is not associated with CK-MM Ncol polymorphism.
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Introduction
Exercise-induced muscle damage is a common human condition observed after the
practice of unusual and/or exhaustive exercise, especially when it is required a high
percentage of eccentric contractions, such as in military training, weight lifting or
marathon running [21].

Exercise-induced muscle damage is associated with the enhanced permeability of the
muscle cell membranes promoting the increased blood levels of specific proteins
usually localized within the muscle fibers [6, 17]. Among these proteins, creatine kinase
(CK) is one of the most used indicators of muscle damage [4, 14] since it is found
almost exclusively in the skeletal and cardiac muscles.

Markedly high blood levels of CK (300-10174 U/L) are often seen following prolonged
weight carriage activities (e.g.2-20 hours marching or running), and particularly
following short exercises that involve intense resistive eccentric contractions (e.g. pushups, squats etc.) [4, 8]. Nevertheless, there is a wide inter-individual variability in the
magnitude and time course of plasma CK response related with exercise-induced
muscle damage being the subjects usually classified as low, medium and high CK
responders [5]. The reasons underlying this great inter-individual variability remain
unclear, but there is growing evidence for a genetic contribution to the exertional
muscle damage vulnerability [7, 8]. In fact, it is known that several inherited genetic
muscular disorders, such as McArdle’s disease and Duchenne’s muscular dystrophy,
may predispose individuals to develop exercise-induced muscle damage [28].
Additionally, it has been suggested that healthy subjects who were exposed to similar
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resistive exercise load and environmental conditions presented different susceptibility to
develop clinical symptoms and signs of muscle damage [28]. Moreover, it is also
accepted that the wide variability in the CK response induced by exercise cannot just be
predicted solely based on age [13, 16], race [20, 21], body composition [19] and the
individual's level of physical activity or inactivity [24]. Therefore, other factors,
particularly genetic factors, should also be considered as contributors for the
development and severity of exercise-induced muscle damage [26, 27].

Indeed, it was recently suggested a close association between the inter-individual
variability of blood CK response to exercise and a CK polymorphism affecting the CKMM isoenzyme [10], the most prominent CK isoform found in skeletal muscle (98%),
[9]. In the study of Heled et al. [10] the authors conclude that participants with the CKMM AA genotype had a six-fold higher risk of being high-responders as compared to
GG and AG genotypes. However, some weaknesses related with the data analysis, the
reduced aggressiveness of the performed exercise and the cutoff point used to define
high CK responders might compromise this study’s conclusion. Indeed, it may be
argued that in the work of Heled et al. [10] the magnitude of muscle damage induced by
exercise was extremely reduced as expressed by the cutoff point used to define subjects
as “high CK responders” (above the 90th percentile or presented CK activity higher
than 230 U/L). This response, however, is extremely reduced when compared to that
usually described in literature after eccentric exercise, where plasma CK levels can be
~10 fold higher reaching values above 10,000 U/L [34]. Additionally, as a result of the
data analysis employed by Heled et al. [10] mixing homozygous (GG) and heterozygous
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(GA) subjects, it was not clear if there is or there is not a gene dose effect on the
reported CK response.

Therefore, since in our point of view the association between the CK-MM Nco I
genotype and the CK response to eccentric exercise-induced muscle damage is still
uncertain, the main purpose of this study was to utilize demanding eccentric
contractions to induce indubitable muscle damage in healthy young individuals,
associating the magnitude of plasma CK response with the occurrence of CK-MM Nco I
gene polymorphism. Base on the results of Heled et al. [10], even using a different
approach, we hypothesized that the CK-MM Ncol polymorphism may contribute to
explain the inter-individual variability of CK response following exercise.

Materials and Methods

Subjects

Seventy physically active students (42 males and 28 females; aged 25 ± 3 years old;
height 171 ± 8 cm; and weight 67 ± 10 kg) volunteered for the study. Participants were
healthy, non-smokers, and not receiving any medical treatment nor involved in
competitive sports. Moreover, subjects were not committed with heavy weight lifting or
resistance training programs in the previous 6 months, and presented baseline blood
values of CK activity within the normal range (males: 24-195U/L, females: 24-170U/L).
Participants were all Israeli Caucasians, with an equivalent ratio of Ashkenazi and NonAshkenazi descent. The study was approved by the Institution Review Board (Helsinki
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Committee) of the "Hillel-Yafe" Medical Center, and all participants gave written
informed consent before inclusion in the study and the start of any study related
procedures.

Exhaustive eccentric exercise protocol

Based on the elbow flexor maximal eccentric contraction assessed 2 months before the
beginning of the experimental protocol, subjects performed one set of 50 maximal
eccentric contractions of the elbow flexor muscles of their non-dominant arm at 120° s 1 (Each contraction lasted 3 s), starting with the elbow flexed at 50° and ending at an
angle of 170°, using the BIODEX dynamometer (BIODEX System 3). Subjects were
seated with the arm supported and were stabilized at the waist and the chest. During
each movement, subjects were verbally encouraged to produce a maximal effort to resist
the ability of the dynamometer to extend the elbow. Subjects were given a 10 s rest
between each contraction, during which time the dynamometer arm returned passively
to the starting position. Subjects were instructed to drink water before the exercise
session, and encouraged to maintain hydration and to monitor their urine color
throughout the study. They were also instructed to call the 24-h study phone to report
whether their urine changed from clear or yellow to a brownish color (no subject
experienced darkened urine). Subjects were followed-up and instructed not to
participate in any strenuous physical activity until their CK values had returned to near
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normal.Analysis of CK activity and genotyping for CK-MM Ncol polymorphism Blood
samples were drawn from an antecubital vein by venipuncture before and 3, 24, 48, 72,
96, 120 and 168h post-exercise to determine whole blood CK activity, which was
determined with a commercially available Reflotron@ CK assay using the Reflotron@
system [11]. Blood samples obtained before exercise were also used for genotypic
analysis. Genomic DNA was extracted from peripheral blood leukocytes using a
standard protocol [18]. We used a PCR amplification that was conducted to amplify
1170 base pair (bp) DNA fragment localized in the gene followed by restriction
digestion using the NcoI restriction endonuclease to distinguish between the A and G
alleles [15]. The allele without the NcoI restriction site was designated as the G allele
(1170 bp) whereas the allele with the polymorphic NcoI site was designated as the A
allele (985 bp + 185 bp). This DNA fragment was amplified using the specific primer
pairs:

5’-GTGCGGTGGACACAGCTGCCG-3’

(Forward)

and

5’-

CAGCTTGGTCAAAGACATTGAGG-3’ (Reverse). PCR fragments were amplified
from 20 ng of each DNA sample used as a template in 20μl polymerase chain reactions
(PCR) containing 0.2U Taq polymerase, 1× reaction buffer, 0.2mmol/L concentration of
Each deoxynucleotide triphosphate, and 10 pmol of each primer: The initial
denaturation at 95°C for5 minutes was followed by 35 cycles of 94°C for 30 seconds,
58°C annealing for 30seconds, and 65°C elongation for 45 seconds.

Data analysis

The SPSS statistical package version 15.0 was used for statistical evaluation (SPSS
Inc,Chicago, IL, USA). Data are presented as mean ± standard deviation (SD) or
otherwise stated. Normality of each quantitative variable was tested using the Shapiro-
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Wilk normality test. CK values were analyzed across time of the experimental protocol,
and CK peak was identified for each subject as the highest value attained after exercise.
Individual “maximal CK response” (∆CK) was determined by the difference between CK
peak and that recorded at baseline (before exercise). The ∆CK of male and female was
compared using the Man-Whitney U test (asymmetrical data distribution). Taking into
account the huge interindividual variability of maximal CK response in both genders,
samples were separated by gender and further divided into quartiles of ∆ CK. Subjects
located in the 1st quartile were the lowest CK responders while those placed in the 4th
quartile comprised the highest responders. For each quartile the allele frequencies were
determined by gene counting. A Χ2 test was used to confirm that the observed genotype
frequencies were in Hardy-Weinberg equilibrium, and to compare alleles and genotype
frequencies between quartiles. The significant level was set for a p<0.05.

Results

The individual CK absolute values for each gender along the experimental protocol are
depicted in Figure 1, which shows a great interindividual variability of CK levels
following eccentric exercise. For men and women the average values of CK at baseline
were, respectively, 119.9±39.7 U/L and 109.9±32.4 U/L while the ∆CK was,
respectively, 4,859.7±6,809.9 U/L and 3,515.5±4,163.5 U/L. No significant differences
were found between genders for both baseline (p=0.31) and ∆CK (p=0.95).

***Insert Figure 1***
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The quartile distribution of ∆CK for males and females is presented in Fig.2. Despite the
different quartile cutpoints, a similar pattern of ∆CK can be observed in both genders.
Consequently, further analysis regarding the genotype and allele frequency distributions
between ∆CK quartiles were performed joining all subjects of each quartile from both
genders.

***Insert Figure 2***

The genotype and the allele frequency for all sample and for each gender are shown in
table 1. Males [42 (60%)] and females [28 (40%)] did not differ in CK-MM Ncol
genotype and allele frequencies.

***Insert Table 1***

There was no deviation from the Hardy-Weinberg equilibrium (allele frequency CKMM Ncol = 0.27/0.73, expected genotype frequencies % GG/AG/AA = 7%/40%/53%,
X2=0.25, P =0.61). The genotype and the allele frequency for ∆CK quartiles are shown in
table 2.

***Insert Table 2***

It was not found any significant differences between genotype/allele frequencies and the
different prototypes of CK release after exercise, which were defined by quartiles. In
particular, there were no differences in genotype/allele frequencies between the lowest
CK responders (subjects of 1st quartile) and the highest CK responders (4th quartile) (X2
= 1.91, df = 2, P = 0.38), between the highest responders and the remained sample (X2 =

10

2.79, df = 2, P = 0.25), or even between the lowest responders and the remained sample
(X2 = 4.05, df = 2, P = 0.13).

Discussion

The present study clearly shows a marked increase of CK activity in blood following
exhaustive eccentric exercise, with peak values reaching as high as 26,000 U/L in
male. Nevertheless, as expected, the blood CK activity showed a huge interindividual
variability, with several subjects presenting post-exercise CK levels identical to those
registered at baseline. Despite the apparently lower peak CK values observed in female
compared to male, the distribution pattern of blood CK activity was similar in both
gender along time post-exercise. Surprisingly, in contrast to that previously reported in
the literature [10]. our data does not support a role of CK-MM Ncol polymorphism to
explain the CK variability between subjects.

Exercise-induced muscle damage is characterized by the breakdown of skeletal muscle
cells accompanied by the leakage of muscle contents into the circulation, which is
explained by the occurrence of intrinsic and extrinsic degenerative processes to the
fibers, triggered by mechanical and/or metabolic overload [2]. As a result, an elevated
CK activity is normally observed in blood, which is frequently used to assess the
severity of muscle damage [28]. Comparatively to men, it is widely assumed the lower
CK activity levels following strenuous exercise in women, which is traditionally
explained by the role of estrogens in membranes stabilization and in the attenuation of
inflammatory reaction [22]. Indeed, despite not being significantly different, the scatter
plot data depicted in Figure 1 shows a general trend of women to present lower peak
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CK values as compared to men. However, it is important to note that even presenting
apparently lower CK values, women showed a pattern of CK responses along the time
post exercise identical to male. These findings are in agreement with a previous study,
which showed an identical time course post exercise in both genders, despite the lower
CK levels observed in females [23]. Independent of the influence of hormonal
environment, the CK response showed in our study a considerable interindividual
variability in both genders as already reported in literature [8]. Since CK variability
cannot be predicted just by the age, race, body composition, physical activity or
inactivity of subjects [13, 16, 19, 20, 21, 24], several authors have suggested a genetic
influence to explain the reason why subjects submitted to the same degree of effort may
release different amounts of CK [26, 27]. Several genes might be proposed as potential
candidates to explain the above-referred variability, such as those encoding metabolic
enzymes, structural proteins of cytoskeleton or of the T–Tubules structure as well as
those involved in the control of muscle proteolysis or inflammatory reaction.

One of those candidates was recently proposed by the study of Heled et al. [10]
reporting that CK-MM NcoI polymorphism is related with individual differences in
blood CK after moderate exercise. The authors found that subjects with the AA
genotype had six-fold higher risk to be high responders than those with the GG and AG
genotype. In a notorious contrast with the results reported by Heled et al. [10], the
present study showed no differences in CK-MM NcoI genotypes and alleles frequency
between high vs. low CK releasers.

This kind of disagreement is not uncommon in population-association studies [26] and
may be attributable to different experimental designs and/or studied population genetic
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characteristics. For instance, in the study by Heled et al. [10], subjects performed
alternated submaximal concentric-eccentric exercise within a given time, while we
requested our subjects to performed 50 maximal eccentric contractions. As a result of
higher mechanical/metabolic overload imposed to skeletal muscle in the present study,
the average increase in peak serum CK in high responders was almost 18 times higher
in our study than that of study by Heled et al. [10], Therefore, based on CK as a marker
of muscle damage, it is reasonable to question the severity or even the occurrence of
muscle damage in the former study. On the other hand, using a more demanding
exercise, the present work raises little doubts about the real existence of muscle damage,
making more notorious the interindividual variability and, consequently, allowing a
clear distinction between low and high CK responders. Furthermore, another nonnegligible methodological issue in the study of Heled et al. [10], was the procedure used
to compare the CK response between groups of genotype (AA vs. AG+GG), which
precluded the demonstration of the existence of an additive genetic effect of the CKMM NcoI polymorphism on CK response, required in this type of reports. In
opposition, using a different methodological approach based on the level of CK
response, we have analyzed the genotype and allele frequency distribution among
groups with a wide range of CK response. Assuming a polygenetic influence on
exercise-induced muscle damage [7, 8, 26, 27), it cannot be excluded the possibility that
other genes differently expressed in the populations of the two studies could have
contributed to the divergence of our results and those reported by Heled et al [10].

Nevertheless, apart the unsettled issue regarding the association of CK-MM NcoI
polymorphism with CK response, another conceptual problem is yet to be solved: is CK
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blood level a reliable marker of exercise-induced muscle damage? Do CK blood levels
really parallel the degree of muscle damage? Although a favorable response to these
questions has been provided by several authors [1, 3] others have established that
differences in CK release after exercise do not consistently reproduce differences in the
degree of histological muscle damage [23] Thus, while the doubt still persists, one
should not consider the use of CK activity alone as marker of muscle damage.
Consequently, in order to ascertain the real influence of gene polymorphisms on
exercise-induced muscle damage, future studies should consider the use of more
rigorous methodologies to assess the true degree of muscle damage.

In summary we did not find any association of CK-MM NcoI polymorphisms with the
behavior of CK response. However, since CK is not consensually accepted as a good
and reliable marker of muscle damage, our results cannot safely exclude the
hypothetical influence of CK-MM NcoI polymorphism on the degree of muscle damage
induced by exercise.
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Table 1: Genotype and allele frequencies of CK-MM Ncol polymorphisms in the
studied population (n = 70). Values are absolute and relative (in parenthesis)
frequencies.
Genotype a

All

n=70

Allele frequencies b

AA

GA

GG

AlleleA

AlleleG

5(7)

28(40)

37(53)

38(0.27)

102(0.73)
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Male

n=42

21(50)

18(43)

3(7)

60(0.71)

24(0.29)

Female

n=28

16(57)

10(36)

2(7)

42(0.75)

14(0.25)

GG (rare allele) homozygous for the CK-MM Ncol; AA homozygous and GA
heterozygous for the CK-MM Ncol allele. a - X2 = 0.376, df = 2, P = 0.83 for CK-MM
Ncol genotype frequencies in males vs. females.
b
- X2 = 0.07, df = 1, P = 0.79 for CK-MM Ncol allele frequencies in males vs. females .
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Table 2: Genotype and allele frequencies of CK-MM Ncol polymorphisms in each
quartile of CK response. Values are absolute and relative (in parentheses) frequencies.
Genotype a

Allele frequencies b

∆CK

Sample AA

GA

GG

AlleleA

AlleleG

1st quartile

n=17

3(17.6)

7(41.2)

7(41.2)

13(0.38)

21(0.62)

2nd quartile

n=18

0(0)

10(55.6)

8(44.4)

10(0.28)

26(0.72)

3rd quartile

n=18

0(0)

7(38.9)

11(61.1)

7(0.19)

29(0.81)

4th quartile

n=17

2(11.8)

4(23.5)

11(64.7)

8(0.24)

26(0.76)

GG (rare allele) homozygous for the CK-MM Ncol; AA homozygous and GA
heterozygous for the CK-MM Ncol allele. a - X2 = 9.32, df =6, P = 0.15 for CK-MM
Ncol genotype frequencies between quartiles.
b
- X2 = 3.42, df = 3, P = 0.33 for CK-MM Ncol allele frequencies between quartiles.
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Figure 1 – Distribution in males and females of individual CK (creatine kinase) activity
at baseline (before exercise) and along different time points (hours) following exercise.
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Figure 2 – Quartiles of maximal CK response (∆CK) to exhaustive eccentric exercise in
male and female. It is also presented the sample size within each quartile.

22

