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Differences in muscle strength, muscle soreness, and blood CK activity
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[Purpose] The purpose of this study was to examine the change of muscle damage markers after
maximal eccentric exercise and to verify the difference of recovery according to ACTN3 gene
polymorphism. [Methods] Fifty healthy males participated in this study. Subjects performed 25 times/1
set (total 2 set) maximal eccentric contractions of the elbow flexor muscles on a modified preacher curl
machine with a between-sets rest time of 5 min. Maximal isometric contraction (MIC) was measured 6
times (pre, post, after 24 h, 48 h, 72 h and 96 h). Muscle soreness (SOR) was measured 5 times (pre,
after 24 h, 48 h, 72 h and 96 h). Blood samples were collected 5 times (pre, after 24 h, 48 h, 72 h and
96 h). ACTN3 gene polymorphisms were identified using polymerase chain reaction (PCR). Data were
analyzed using a 2-way repeated measure ANOVA and post hoc Bonferroni test. [Results] Analysis of
RR (n=11), 50% RX (n=25), and
28% XX (n=14). Individuals were classified into the RR homozygote group (n=11) and the X-allele group

ACTN3 gene polymorphism revealed the following distribution: 22%

(n=39). MIC showed a significant difference between groups and interaction (p<.05). The groups differed
significantly in MIC at 48 h, 72 h, and 96 h after exercise and the X-allele group decreased more than
the RR homozygote group. The groups differed significantly in muscle soreness and interaction (p<.05).
SOR in the X-allele group was significantly higher than in the RR homozygote group at 24 h after
exercise. Although blood CK activity was lower in the RR homozygote group than in the X-allele group,
[Conclusion] The RR homozygote
group showed lower muscle strength reduction rate, muscle soreness and blood CK activity than the

but there was no significant difference between the groups (p>.05).

X-allele group. This indicates that RR individuals have a lower risk of exercise-induced muscle damage
than those with an X-allele.
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Fig. 1. Experimental process
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Stage Step Temperature Time
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activation
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Fig. 2. ACTN3 genotype distribution
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Table 2. Rate of ACTN3 gene polymorphism

RR RX XX R allele X allele

N 1 25 14 36 39
%)  (220) (500) (280) (480)  (52.0)

p-value 0.98
HWE: p=0.98(x*=0.000652, df=1.0)
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(RX), 77.5£10.0(XX): Fat(%): 16.4+5.8(RX),
17.244 9(XX) M= BAHCZ F<3 Aol §i
H(p).05).

Table 3. Body composition of ACTN3 gene polymorphism

Height = Weight Fat
(cm) (kg) (%)
RR 22.7 174.5 70.7 159

homozygote t +3.7 6.5 +10.5 +5.3

224 175.6 72.4 16.7
+29 +5.9 +10.2 +5.4

Values represent mean+SD

Groups N Age

X-allele 39
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Table 4. Change of blood CK activity according to ACTN3

gene polymorphism (unit: U/L)
Groups
Time (hr) X-allele
RR homozygote

RX, XX)

Pre 131.7+55.5 157.7£125.8

24 h 304.5+£234.4° 351.4+347.3°

48 h 417.5+314.9° 663.3+717.7°

72 h 652.0+687.1° 1524.0+£1933.5°

96 h 1514.2+1758.2° 2359.542634.2°

Values represent mean+SD
*: (.05, between RR homozygote and X-allele(RX,
XX), ¢: p{.05, compared with Pre

ol
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Fig. 3. Change of muscle soreness (SOR) according to
ACTN3 gene polymorphism
Values represent mean+SD
*: p.05, between RR homozygote and X-allele(RX,
XX), a: pC.001, compared with Pre, b: p{.05,
24h, 48h vs 96h after eccentric exercise
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Fig. 4. Change of maximal isometric contraction according
to ACTN3 gene polymorphism
Values represent mean=SD
*: pC.05, between RR homozygote and X-allele(RX,
XX), a: p{.001, compared with Pre, b: p{.05, Post
vs 96h after eccentric exercise
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et al.(2007) ¢¥l 10~20d ¥4 dde
ACTN3 324 thel we 244 typed] £XE &
ofHgt= typellx 249 Hl &2 RRE o] XXF
Hla oAl =2 AR YEon, isokinetic
dynamometerg 43 knee extensor &% ¢ <3
A =% Al dynamic quadriceps torque 300°/sol|A]
oot & ZoE Yyttt oldg APddTE 2
AR a-actinin3E 7HA L & typell A9 v &
o] =& 7o ¥4#7 RRECA Hul 28] 7H4g0
S Yehd B odte] Axto) thet AR AAE 5 9
S o gaEg

= &dez < JedE DOMSE €% F
24~T2A13F Atole]l HaA| o o]2tha HuH i $l&
Hl (Cheung et al., 2003: Connolly et al., 2003)
ol & AFIME F e BF &% F 24~T2A171
Atolell HUIA 7} Yehd Aoz #EEH A (Fig. 3).
Vincent et al.(2010)¢] dAFedre= Hd A3
knee extension &%= 2A¢ F VAS scored %
sto] 2555 S 4, &5 F 24, 48470l A
XX¥ F o] RRE H et fofstA =4 A4 A
oz HauHdt. ol & AFoIA X-allele Heo]
RR homozygote HHETt A FA€ A<} dA|s}
E Ao Yeygt} &3 DOMSE 49 /Mg ¢
< 7% A T kst AR SEd G Es wA|
71% 3= (Cheung et al., 2003: Kargarfard et al.,
2016) ¥ Ao A X-allele F&¢] RR homozygote
Jouo 25550 =4 FAEEA 28 35| ta
e ko] Yehd Ao Hol &5 9 AgxA e &
g0 2 Q8 (Cheung et al., 2003) J&S w3k A
o7 getEm Ao Z i Fokd X-allele
At A =9 3159 237 Yehd A0 =2 AlgdT

g% CK €4 7l 22% A3 &5 F 57t
a7 1™ (Clarkson, Nosaka & Braun, 1992) &%
T 24~96A1ZF  Atoldl 7 =A JERdT
(Brancaccio et al., 2007: Koch et al., 2014).
Sayers & Clarkson(2003)¢] oAM= ZEA] =
o5 Uz AR < AT F AR F kT v
AA Jebg Bl A3, B A JeelA dF CK &
go] AA F7ket e &5 $ 9641t 7 =A v

¢

ul

ok Ek Lee & Park(2011)9] AA= 5
+F 7|78 &8st BEA 22 A £F
o A%, &5 F 2403HH sl F7kske
T 96A1Ztel HuA ol =eet Aoz YT
T AT E UM A DPATFot o] &
CK 249 ¥} A7} Akl Uehve Ak 2

tKTable 4).

ACTN3 74 89 CK 249] ¥sts vlwg A
FATM e XXFo] =& Aow Yepth(Pimenta
et al., 2012; Vincent et al., 2010). Del Coso et
al.(2017)9] A A A= X-allele(RX+XX)H ¢
o] RR homozygote HHET} 83 CK EA4o] & A
o7 Z AT ARt dAshe AoZ UERHARE, o
£ dFodM e A 2 o g Apolzk YAl AU
kel A3yt =&H7]|% 849 tH(Venckunas et al.,
2012). o] CK &/do] 37t== AI71¢9 271= d e
o3} &59 F7d wel 24 UehdaL(Koch et al.,
2014) 7pAde] 2 A& 7 7] WEd ez
Aottt Bok uA4E £5 F ACTNS G134 T
e S A R | ek AT e XX
R-allele ®rh R7sHA whgsle Zloz HauHdlct
(Pimenta et al., 2012). °]+ X-allele(RX+XX)7}
RRE Bl a-actinin3 ©¥de] tha AA JAY 4
= 54 g & nHS Ao AlsHY
T Yehue & 4o A8 28 & 3l
% (Furman, 2015: Lee, 2014)% 7%
g XXElA o & R AdHEn
AT AB7R APE ACTNS 532 T
o5 A E H AT 22 ol vlE) o
P2 A7) wlte] B AlA YEeRt
o kA7) Hefiae At 5 E8le
ol, ACTN3 5247} o]9]ell 2 7]s3 e &
TAsle] 2 &4 = FE

o gbael Aol Baw Rl

A

=

(2 ol ox T

-

30 o ri Ho o tp

ﬁ‘
il
=)
e

3:0

> A
o 2,

do ol

e [ V<)
ol

Hdo oo
ox 4 Fe

= et Mo
tr

T
o

‘E rl_m
Q

flo &

2oy
Wby

2 d

olft Ll

A

f b

ko S o>, Y B opl
o
o
>
ofl
o
.
4
fitl

ro oy W

af
i)



46  Ji-eun Kim et al.

AR ohg
_]

R

4
og{:l‘
_?{_I‘
o
i
3
<
i Ho
o B

1) ACTN3 RR homozygote Fo] X-allele(RXH,

XXE) AR o 289 asgn & 5350] fost

Al gAY

2) ACTNS3 RR homozygote Fo] X-allele(RXE,
[

o)

XXE)AdEY 8% CK 240] @& A4S Byl
olg3 ANES TR, dulolEo] T &5
T AA He & & dd e JeyE &
$EZ, Ay <og ForRE IJES g
ACTNS 374 9= et 542 viEos &
FrEaYs Nistn Agete fEsA 24 &
A Ao Z By, dF Eo], ACTN3 X-alleleE &
T3 AFREL EFold Al ZAEE WEa 3FE St
A7le 59 +5% 2A L FalM & &5 i Al
]

Baumert, P., Lake, M. J., Stewart, C. E., Drust, B., & Erskine,
R. M. (2016). Genetic variation and exercise-induced
muscle damage: implications for athletic performance,
injury and ageing. European Journal of Applied
Physiology, 116(9), 1595-1625.

Brancaccio, P., Maffulli, N., & Limongelli, F. M. (2007).
Creatine kinase monitoring in sport medicine. British
Medical Bulletin, 81(1), 209-230.

Brentano, M. A., & Martins Kruel, L. F. (2011). A review on
strength exercise-induced muscle damage: applications,
adaptation mechanisms and limitations. J Sports Med Phys
Fitness, 51(1), 1-10.

Bridgeman, L. A., Gill, N. D., Dulson, D. K., & McGuigan, M.
R. (2017). The Effect of Exercise-Induced Muscle Damage
After a Bout of Accentuated Eccentric Load Drop Jumps
and the Repeated Bout Effect. The Journal of Strength &

Conditioning Research, 31(2), 386-394.

Chen, T. C., Lin, K. Y., Chen, H. L., Lin, M. J., & Nosaka,
K. (2011). Comparison in eccentric exercise-induced
muscle damage among four limb muscles. European
Journal of Applied Physiology, 111(2), 211-223.

Cheung, K., Hume, P. A., & Maxwell, L. (2003). Delayed
onset muscle soreness. Sports Medicine, 33(2), 145-164.

Cho, H. C,, Back, N. S., Kwak, T. Y., Lee, T. H., Kim, J. K,,
Byun, J. E., & Kim, S. Y. (2013). Change of an & aerobic
capacity on long term training between ACTN3
polymorphism. The Journal of Korean Alliance of Martial
Arts, 15(1), 43-55.

Clarkson, P. M., Hoffman, E. P., Zambraski, E.,
Gordish-Dressman, H., Kearns, A., Hubal, M., Harmon,
B., & Devaney, J. M. (2005). ACTN3 and MLCK
genotype associations with exertional muscle damage.
Journal of Applied Physiology, 99(2), 564-569.

Clarkson, P. M., & Hubal, M. J. (2002). Exercise-induced
muscle damage in humans. American Journal of Physical
Medicine & Rehabilitation, 81(11), S52-S69.

Clarkson, P. M., Nosaka, K., & Braun, B. (1992). Muscle
function after exercise-induced muscle damage and rapid
adaptation. Medicine and Science in Sports and Exercise,
24(5), 512-520.

Connolly, D. A., Sayers, S. E., & McHugh, M. P. (2003).
Treatment and prevention of delayed onset muscle
soreness. The Journal of Strength & Conditioning
Research, 17(1), 197-208.

Del Coso, J., Salinero, J. J., Lara, B., Gallo-Salazar, C.,
Areces, F., Puente, C., & Herrero, D. (2017). ACTN3
X-allele carriers had greater levels of muscle damage
during a half-ironman. European Journal of Applied
Physiology, 117(1), 151-158.

Furman, J. (2015). When exercise causes exertional
rhabdomyolysis. Journal of the American Academy of
Physician Assistants, 28(4), 38-43.

Hicks, K. M., Onambélé, G. L., Winwood, K., & Morse, C. 1.
(2016). Muscle damage following maximal eccentric knee
extensions in males and females. PloS One, 11(3),
e0150848.

Hunter, A. M., Galloway, S. D., Smith, I. J., Tallent, J.,
Ditroilo, M., Fairweather, M. M., & Howatson, G. (2012).

Assessment of eccentric exercise-induced muscle damage



Differences in muscle damage markers for AC7TNS3 gene polymorphism 47

of the elbow flexors by tensiomyography. Journal of
Electromyography and Kinesiology, 22(3), 334-341.

Kargarfard, M., Lam, E. T., Shariat, A., Shaw, 1., Shaw, B. S.,
& Tamrin, S. B. (2016). Efficacy of massage on muscle
soreness, perceived recovery, physiological restoration and
physical performance in male bodybuilders. Journal of
Sports Sciences, 34(10), 959-965.

Kikuchi, N., Miyamoto-Mikami, E., Murakami, H., Nakamura,
T., Min, S. K., Mizuno, M., Naito, H., Miyachi, M,
Nakazato, K., & Fuku, N. (2016). ACTN3 R577X
genotype and athletic performance in a large cohort of
Japanese athletes. European Journal of Sport Science,
16(6), 694-701.

Kim, Y. T., Kim, J. Y., & Lee, J. H. (2012). Effect of ice
therapy on muscle damage parameters after eccentric
muscle contractions. Korean Journal of Sport Science,
23(1), 22-33.

Koch, A. J., Pereira, R., & Machado, M. (2014). The creatine
kinase response to resistance exercise. J Musculoskelet
Neuronal Interact, 14(1), 68-77.

Lee, G. (2014). Exercise-induced rhabdomyolysis. Rhode
Island Medical Journal, 97(11), 22-24.

Lee, H. S., & Park, W. Y. (2011). Changes in muscle damage
markers and circulating Leukocytes following Local
muscle eccentric contractions of the elbow flexors.
Exercise Science, 20(3), 297-308.

Lee, J., & Clarkson, P. M. (2003). Plasma creatine kinase
activity and glutathione after eccentric exercise. Medicine
and Science in Sports and Exercise, 35(6), 930-936.

MacArthur, D. G., & North, K. N. (2004). A gene for speed?
the evolution and function of a-actinin-3. Bioessays, 26(7),
786-795.

Marginson, V., Rowlands, A. V., Gleeson, N. P., & Eston, R.
G.  (2005).
exercise-induced muscle damage after an initial and

Comparison of the symptoms of
repeated bout of plyometric exercise in men and boys.
Journal of Applied Physiology, 99(3), 1174-1181.

Min, S. K., Lim, S. T., Song, H. S., Kim, K. J., & Seo, T. B.
(2015). The difference of anaerobic power based on
muscle power sports athletes in ACTN3 genotype. Korean
Journal of Sport Science, 26(3), 461-468.

Nguyen, D., Brown, L. E., Coburn, J. W., Judelson, D. A.,
Eurich, A. D., Khamoui, A. V., & Uribe, B. P. (2009).

Effect of delayed-onset muscle soreness on elbow flexion
strength and rate of velocity development. The Journal of
Strength & Conditioning Research, 23(4), 1282-1286.

Norman, B., Esbjérnsson, M., Rundqvist, H., Osterlund, T.,
Von Walden, F., & Tesch, P. A. (2009). Strength, power,
fiber types, and mRNA expression in trained men and
women with different ACTN3 R577X genotypes. Journal
of Applied Physiology, 106(3), 959-965.

Nosaka, K., & Clarkson, P. M. (1996). Variability in serum
creatine kinase response after eccentric exercise of the
elbow flexors. International Journal of Sports Medicine,
17(2), 120-127.

Park, K. S., & Lee, M. G. (2015). Effects of unaccustomed
downhill running on muscle damage, oxidative stress, and
leukocyte apoptosis. Journal of Exercise Nutrition &
Biochemistry, 19(2), 55.

Peake, J. M., Neubauer, O., Della Gatta, P. A., & Nosaka, K.
(2017). Muscle damage and inflammation during recovery
from exercise. Journal of Applied Physiology, 122(3),
559-570.

Pimenta, E. M., Coelho, D. B., Cruz, I. R., Morandi, R. F,,
Veneroso, C. E., de Azambuja Pussieldi, G., Carvalho, M.
R. S., Silami-Garcia, E., & Femandez, J. A. D. P. (2012).
The ACTN3 genotype in soccer players in response to
acute eccentric training. European Journal of Applied
Physiology, 112(4), 1495-1503.

Russell, M., Sparkes, W., Northeast, J., Cook, C. J., Bracken,
R. M, & Kilduff, L. P. (2016). Relationships between
match activities and peak power output and Creatine
Kinase responses to professional reserve team soccer
match-play. Human movement science, 45, 96-101.

Sayers, S. P., & Clarkson, P. M. (2003). Short-term
immobilization after eccentric exercise. Part II: creatine
kinase and myoglobin. Medicine & Science in Sports &
Exercise, 35(5), 762-768.

Seto, J. T., Lek, M., Quinlan, K. G., Houweling, P. J., Zheng,
X. F., Garton, F., MacArthur, D. G, Raftery, J. M.,
Garvey, S. M., Hauser, M. A., Yang, N., Head, S. L., &
North, K. N. (2011). Deficiency of a-actinin-3 is
associated with

increased susceptibility to

contraction-induced damage and skeletal muscle
remodeling.  Human  molecular  genetics,  20(15),
2914-29217.



48 Ji-eun Kim et al.

Venckunas, T., Skurvydas, A., Brazaitis, M., Kamandulis, S.,
Snieckus, A., & Moran, C. N. (2012). Human
alpha-actinin-3 genotype association with exercise-induced
muscle damage and the repeated-bout effect. Applied
Physiology, Nutrition, and Metabolism, 37(6), 1038-1046.

Vincent, B., De Bock, K., Ramaekers, M., Van den Eede, E.,
Van Leemputte, M., Hespel, P., & Thomis, M. A. (2007).
ACTN3 (R577X) genotype is associated with fiber type
distribution. Physiological Genomics, 32(1), 58-63.

Vincent, B., Windelinckx, A., Nielens, H., Ramaekers, M., Van

R (B AL R

==

(88) ¥ d7el 242 444 5 5 A 29, 2 55,
ohd 5159 Aol7h A AFSHE Aol Uk () A7 AR A5
] hy)

WY H Zeld A 7]l gkol &
/1set(Z& 2set), set 7+ F4 A|7H& 5 o=

wel), UFY(2FoeD),

Leemputte, M., Hespel, P., & Thomis, M. A. (2010).
Protective role of a-actinin-3 in the response to an acute
eccentric exercise bout. Journal of applied Physiology,
109(2), 564-573.

Yang, R., Shen, X., Wang, Y., Voisin, S., Cai, G., Fu, Y., Xu,
W., Eynon, N., Bishop, D., & Yan, X. (2017). ACTN3
R577X Gene Variant Is Associated With Muscle-Related
Phenotypes in Elite Chinese Sprint/Power Athletes. The
Journal of Strength & Conditioning Research, 31(4),

1107-1115.
AR 5 F
¥F CK &4 Ao

post, 24h, 48h, 72h, 96h), & &% 53] (pre, 24h, 48h, 72h, 96h), @F CK 53] (pre 24h 48h
72h, 96h)olth. AT A ACTNS FAA thaA S PCRE AHE3 }04 BREATH. 7 ol HHES
A o] QEARA L AAste] BAEQlom AMEAA L honferroni WS AMESITH (AF}) B AT A
ACTNS A2 g el E¥&= RR(n=11, 22%), RX(n=25, 50%), (n:14 28%) & JEbste.

RR homozygote F(n=11), X-allele FH(n=39) 2.2 EFHAG. FHof < (MIC)L Hd+ 7t %45‘}

Aol 7 UrEP)'O (p(.05) 322 (HExMIC) =

(

Selske), el 2o A 2 RSl Aol ek

A7le +%F A%, 48, 72, 96ho]H X-allele F¥°] RR homozygote HHRETt ¥ A 74T &
E*(SOR)‘? A 7 F2 8 Aol YRt (p(.05) 4228 (FexSOR) & Yelg=d &% T 24holA
X-allele F%°] RR homozygote HHET}t FoaH =2 Aoz Yeiwytt 13y 85 CK 242 RR

°|
2]

homozygote %

Atto] X-allele AWET} ¥ A BEx|w A 71 o3 o)z} veEhtA] 99t

(p.05). (AE) 224w E A= RR homozygote eo] X-allele ¢ttt o 289 74
& T EF 2 8% CK 4o @A yehd 2122 Kol RR homozygoteE 71 Algto] X-alleleE K-8t

O:

ARET REREY 2% &
FRol: ACTNS A, e/Ed o5 &4,

g

2 AAA

o] 91940 @ Ak Aoz Azdy.

>
°

Ho

o



	ACTN3 유전자 다형별 신장성 운동 후 근력, 근 통증 및 혈중 CK 활성의 차이

