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The purpose of this study was to examine the effect of 16 weeks of resistance training on the fatigue
factor, muscle soreness, oxidative stress, and myokine in elite weightlifters. A total of 10 subjects (six
male, four female) participated in this study. The results were compared according to baseline, 8 weeks,
and 16 weeks. Ammonia and Pi were increased through 16 weeks of resistance training, but this result
was not significant. CK was significantly (p<0.05) increased at 8 weeks and 16 weeks compared to
baseline, while LDH was significantly (p<0.05) increased at 8 weeks compared to baseline. The MDA
of the oxidative stress factor was significantly (p<0.05) increased at 8 weeks compared to baseline and
16 weeks, and TAS of the antioxidant factor was significantly (p<0.05) increased at 8 weeks compared
to baseline. The IL-15 of the myokine was significantly (p<0.05) increased at baseline compared to 8
weeks and 16 weeks. In conclusion, 16 weeks of high-intensity resistance training may have a positive
effect on peripheral fatigue factors, muscle soreness, oxidative stress, and myokine in elite weightlifters.
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IL-6 2 IL-8, IL-15, Fibroblast growth factor 21, brain-derived
neurophic factor (BDNF)& myokines2. 2 7 2J[2]5 1 9]t}
ojgd o2 drird glo] DA JI5hA ~EHY L,
IL-69} IL-8, IL-157F 117 % E#o]d oz Q18] o 9A W}
1 ASHEA BAe gv) gt Az 53 A2 5ol
S5 A o] IL-69} IL-8, IL-15%= myokine 2.2 £F7 5+
w, o] B WE F714 240 arHth

webd £ 979 BAe Foa Ao GEAR(d 6, o
4 %1092 o2 165 28 Edo]de e TRX ¥
%}B}/

o1k

2 A7E KAY FHa 4= 99
stk A9A A4 ARA 2 = o
258 @A 5ol Aol glor o o
Aol 1 o3t oA AgoR &
N WA 693 A 41, £ 1098 AFe
AAH SAS Table 10] bt 3]

QA A Aurgeh A A Hg A

HHA] Aubgeol F ke Heke] BE AN E 574 308 <F
4L #3 & 2587 (COLIN, model BP-203 RVINE =4
=t
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165 28 £5=Z2 19 9 Core, TRX $+5=Z=219
=9 Efold A qrdAY Ve F3t FdA
(145 71F 02 165, F 632 T4z 12F= FH7| &

Ay

X

MNP
= X
~ oA
N e
e

(Table 2). =3+ Core Edjlo]'d 9] B¢ 9 T2 745 v
71 %, 1. Reverse Crunch®} 2. Back Extension- 3setx15rep,
3. Bananat 40 rep, 4. Bridge-Ups¥ 5. Crunch, 6. Dolphin
pose™ 3 setx10 rep, 7. Hip Flexor= #-$- 15 set/15 sec, 8.
Modified side plank= #-$- 30 set/30 sec, 9. Superman-
60 sec® T/ HATh TRX Edlo]d 9] ¢, 8714 F4o=
1. Chest Press, 2. Suspended Crunch, 3. Single Leg Squat,
4. Standing Back Extension®.Z 2 setx8 rep= T4 %M 5.
Suspended Oblique Crunch= #-%- 6 sec, 6. Body Saw+ 2
setx8 repZ T4 5 SAth(Table 3).

~

Table 2. 16 week resistance training program

Exercise duration Training object

1 week:
1~ weeks Condition check & prepare mode
2 week:
Basic specialty training
3~8 weeks 6 We.Ek: -
-specialty training
6 week:
Game prepare mode
9~13 weeks -Specific strength maintain

& build up
-Best condition maintain

2 week:
-Game season
-Best condition maintain

14~16 weeks

Table 1. Comparison of characteristics baseline and 16weeks resistance exercise training

Elite juvenile weight lifters (n=10)

Variable Baseline 16 weeks T-score P-value

Age (yr) 13.8+1.39 - -

Height (cm) 163.16+6.52 - -

Weight (Kg) 66.54+17.23 67.76+13.88 -494 633
Fat (%) 22.87+8.51 23.58+8.19 -1.187 266
Rest HR (beats/min) 82.50+14.57 75.55+7.69 2.161 059
Rest SBP (mmHg) 119.5+22.73 123.7£9.28 -.645 535
Rest DBP (mmHg) 63.00+7.57 66.55+5.43 -1.639 136

Values are mean+S.D.

HR: heart rate, SBP: systolic blood pressure, DBP: diastolic blood pressure
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Table 3. 16 week TRX and Core training program

TRX strength training

Core strength training

Exercise mode

Exercise intensity (set/rep or sec)

Exercise mode Exercise intensity (set/rep or sec)

1. Chest Press 2 setx8 rep 1. Reverse Crunch 3 setx15 rep

2. Suspended Crunch 2 setx8 rep 2. Back Extention 3 setx15 rep

3. Single Leg Squat 2 setx8 rep 3. Banana 3 setx40 rep

4. Standing Back Extension 2 setx8 rep 4. Bridge-Ups 3 setx10 rep

5. Suspended Oblique Crunch R6/L6 sec 5. Crunch 3 setx10 rep

6. Body Saw 2 setx8 rep 6. Dolphin pose 3 setx10 rep
7. Hip Flexor R15/L15 sec
8. Modified side plank R30/L30 sec
9. Superman 60 sec

(anttcubital vein)ol| Al A3 H T} F 710 AH(phosphate)-> 3}
g2 S (A A, A= -H)e AH-SHIAL Hitachi (k)]
24 7600 AH8-3l4 3 ¢rE Yok ammonia)= Glutamate de-
hydrogenases o]&3% &4 2 COBAS Integra 800& Al
§3l9 =439tk CPK (Creatine Phosphokinase)w UV
Kinetic (SCC %238 w-$) 24w S AH43153 LDH
(lactate dehydrogenase)2] 74 &4%-& 3l Hitachi 7600
%2 BA314th MDAE 10.3 mM N-methyl-2-phenylindole
650 ul  3)Asta, AZ200 plE A7Fske] 3~4% 71 vortexS
3ttt o] F 36%HCL &9 150 nlg H7hsta 2 Ege &
603 &<t 45°Col kst 5 Diode Array spectrophotometer
E o] 8314 585 nmoll A FFEE 434S TAS (Total
Antioxidant Status)= Colorimetry Z8WHS AM-3}o]
Hitachi 7600& AH8-8te 43T

IL-6, IL-8, IL-152 Human serum cytokine kit ©]-8-3}
] Bio-Plex pro magnetic cytokine assayE ©]-§-3}o] 7}

A34th. EE component= 4To| HAste] APA
Standard, sample, cytokine magnetic beadsE Z}7} dilu-
tiond}2 dilution ¢+ standard®} sampleS Z+ wello]l 50 ul
A B3 ohF 30%%F shaker incubation 3}l 3¥ 9
washingS AA|3¥ T 12 thF detection antibody® &
nl&te] ZF welld] 50 pl® £F3 o} 3087 shaker in-
cubation ©]%, 3 washing 3ttt L T assay bufferg
0] 83} streptavidin-PEE RISt 7k welldl 50 ul¥ &
F8 o3 tAl 1087 shaker incubation 3 TR 3%
washingst ¥t wFA|Te2 125 1119] assay bufferg 7
welld] &3} 3027 shaking 3 % Bio-rad A} Bio-Plex

computer Managerg ©]-&3to] 43}t

E;ﬂ l:lA-I

B A3 A= SPSS §A package (ver 1205 ©]-8-3}4
zb7ke) g e Qo159 WalE dolr ] &) 7|EEA
FETH REBA)E FEAAT 167 2 B o], TRX
Efolyd A§ A - Fo w2 AAH B4 72AE fro

& S84 (t-test) S A A3}
Z(8F), Edleld T5(1657)M9 9

23]
E %1(04)54 #ely
73, myokine®] o] E £43l7] 93|

2, 2 &4, 48
d Y H FE A (One-way ANOVA)S AAISHATH AR S-S

Turkey® 942 0.05904 AF38kch

2 I

AHA EY

16 Edlold &, $-9f A4 542 Table 1914 Uebith.
tol ok Ade 7 HekelA fol 3 Aol7t YA g3t AT
2 Edolyd A(66.54£17.23 kg)oll Hls) EdFold F(67.76=
1388 kg) S7HeHe UEHAS SAH 2 oA Aol 1
ElA] ikt AW E £ EF ol H(22.87+851%)°] Hl

a Edlold $(23.58+8.19%) 2 F7HeHS UEHAAIT FA 4
o2 FAF Aole YEA &%t

QFGA] AlEFE(rest heart rate)= Ed|o]d 7 (22.8748.51
beats/min)oll Hl3] E# ol $(23.58+8.19 beats/min)ZE

HaES JeRAT FAHSE §93 Aol YERYA
%okt
FGA] 45718 Y (rest systolic blood pressure) E# 0]

9 A(1195¢22.73 mmHg)el 18] Edo]d (1237928
mmHg)2 Z718S UeiA g A5 2 F23 zlol=
UEbA] ekkth Egk o] 9h7] E Y(rest diastolic blood pres-
sure)= EdF o] 71(63.00+7.57 mmHg)oll ®ls| EFold &
(66.55+543 mmHg)Z 73S UEA T FAHSE {9
g Aol YEhuA sk

163 Ezfold Mot &, R Al 2=

165 Edold A, F(8F), TE(165)9] IZ 291 Fig.
1914 Yetdloh
SR U OHNHs)E Edlold (5094363 ug/dl)el vls| E

#old 85(53.7+134 ug/d) 9} Edlo]d F & 165(542¢13.1
ug/d)Z AAF F7HES Uell oy BAH R % o]
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Fig. 1. The change of Ammonia and pi during 16 weeks.

= YEA gt

QaHP)E Edlold A(4.26£0.75 mg/dl)ell Bls) EF o]y
8F(441+0.97 mg/dl) ¢ E#o]d FE 167(4.95:0.67 mg/dl)
2 A2k S71e Uiy $AA R #93 Aol ve
WA skt

-

165 Edfold Mt 5, 52 Al 2 &4 22
165 Edlold A, 9] 52 2912 Fig. 2014 Yelch
8% CPKe EF ol #(147.7+54.71 U/l)oll vls) Ed o]

85(283.0+147.31 Ul Edold F5 167(334.2£160.81 U/])

of BAHOE foatAI(p<0.05) F7HEHE Ve
8% LDHE Edo|d (19722341 U/l)o) ®ls) Ed o]

Y 85(281.1£67.41 U/l BAZ o2 F9] 84| (p<0.05) Z7}

3 YelY T EFolY F37 165(236.0+18.61 U/)ol= EH|

9 A, FEoE Fashs Yedth

165 Egflold Mt F, BZ Al Aapy &4t 24

165 Edlold M, #9] 92 291L Fig, 3914 Ueh

8% MDAE EdF ol A(1.9540.22 nmol/ml)e] ¥ E
o] 85(2.84+0.27 nmol/ml)<} Edlold F& 165 (1.74+

3 CPK
El L DH

600+
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Fig. 2. The change of CPK and LDH during 16 weeks.
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Fig. 3. The change of MDA and TAS during 16 weeks.

0.10 nmol/ml)el]
Wk

g% TASE Edold A (1.9:0.14 mmol/N)dl B3] E |
Y 87(24+0.42 mmol/1)ol FA X SE o3} A (p<0.05) F
7behe YEt I Edold £3 165(1.67£0.04 mmol/l)ol =
Eflojd A #Fo2 FaTS dEith

EAH 0T fola A (px005) 7S U

-’F— Egfold M1t F, BZ Al myokine
F Edold A, 39 92 291 Fig. 404 Jekith
%— IL-6= Edold A(12.6£3.69 pg/ml)dl] vls] Eg o]
g 8F(15.7+5.61 pg/ml)9} E# oY FF 165(17.5¢7.23
pg/ml)ol S71eHS GEHAAT BAHCE o3 2fol=
EhbAl 3t
3 IL-8= Ed oY 7(19.6+5.22 pg/ml)dl| Hl3| E o]
J 8F(18.1+3.99 pg/ml)¢t Edold FE 165(18.1+4.19
pg/ml)ell %7+ ZH23he UBAT FAH o2 o8 Afo]
= YeEuA et
g3 1155 Edlold H(1253+11.6 pg/ml)e] HlF| E
#lo]yd 85(2344+39.7 pg/ml)9} E# o] FF 165(254.2¢
14.0 pg/ml)ell FAZ OS2 {3} A (p<0.05) F7HeHS e

L6 mAIL-8 B IL-15

pa/mL
quwy6d

Base8w 16w Base8w 16w Base8w 16w

Fig. 4. The change of IL-6 and IL-8, IL-15 during 16 weeks.
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AEH4E dAn=1922 & AtoM= 2057 1-RME]
70~95% 7&50 Jo|E Edo]d oz A7 °F 16 kg BMIE
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16 2 Egjlold =

CK$} LDHE= %% 2 &
ool slemy], A= EAT 9
o 2 249 ), ot A2 3450
AlEEre] F3pdo] S7HE AlxF
HPZQq[g]

L A3A =
90 &8 A AR/
2k (free radical)e =4
perfusion injury)®] 7] A (mediator) =
CK7} S7he2 UEhT10].

£ Ad7elA CKe 35, & A0

&
L- Lo
o
T

oz
2

ol OHTT
olN
=l
>

ro fo

> 2

1o

o|l
2

ofN = g b

o fo 1@
ofr
=

u

T o
= °
(ischemia-reperfusion)& 7}4 2.7 &4
<9 8 AN #AF 33l (ischemia-re-
g5 Aoz

F)ell Blste] 2-5F(8F)

7 eEEg (16—r)7} T8 (p<0.05) Z7HeHS UERA 2

TEZ@6F)l Hsl $5TE16T) AloE FF F7HE
B oy f 94?‘} ZFol= YEl A ¢tk LDHS] F4% CK
o} Zo] LFA(0F)d vlste] =5F(8F)°] 7HF FosHA
(pR0.05) =55 YEFRAT 2FFE(167F) Alde tA] "ol
A= S Yedth o8 % LDHYF Edold TE(165)
Al T Zaste Ade 14 E S50 w2 A=xe g3
Z29 YAF Fo| AT Aol o) Efold ATt WG
H Aoz Y3 $FHe 7 Eoldoz U3
H @& F=E Wol=9l adaptation d23[13]0]2F AFRH T

167 23 Egjjold = Msly &4

MDA (malondialdehyde)= A+3}4] %}’e}ii 9l
Arstel Aol gk A - kAl A% 7
dt.

plasma MDAE &&% CK&Z&3% 4#o] o 14%
AR TS gAML FA 7HALL oY d &N
AYH 2EY2E opy|H e 25249 H5ATS A 2
o ARY 55 259 8 HJBF4 +F F ST TEN
Bl QA9 AtshA std =2 QI SN E AFEHA e H o

o BALIR ATYE AN
Q7014 MDAE oY H(05)e] vlgfe] Edlo]d

(167) Aol &5 A(0F) FFo2 3)7] TS el o]
2% A2 Edlold 8571 1AE APA HIIE g Abs}
7 ol 71 =& A7IYs FAE T AL FFEEA6T)
Al Haghe EFojd o Qg A 28-S Yehd Ao

TAS (total antioxidant status)> AF8}a <=
3} alo g FHsHA AHEEHE Askolth
Caimie 53] 2w A7 TFAelEd A+4 &
9), 39 T UE 23t 59, AEAS), Mix TE(s
T, fE, R ol &5 HAE A, & ARk
TASE vl g 23, Xlélﬂrﬁi} E7¢<l TBARSS} &4ts} &



A TAS7F i 2-& ALg oA 7HE 555 U
Wk

2 AT TASE Edold A (0F)0) vlste]
F(8F)°] 7H frol oAl (p<0.05) Eo& YERIAL
(165) Alell= %% 4(0 ) FEOE

AL o=

2 L}E}»numll A3} AA e, A7 B0l ol
A weE v 93 Pas JHsk Gel Bk lole
2

165 28 E3|o|d & myokine
A5 ok w43 A3(chronic disease)d A
(theumatoid arthritis), Hl%Hobesity), Al 28 Jx=(type 2 dia-
betes), 118 ¢} (hypertension), 4! & ¥4 $H(cardiovascular dis-
ease), &3 ¥ 74 3 (peripheral vascular disease), ZTH3 %
(osteoporosis), $(cancer)# ## o] UTH6]. FAI7HA] IL-6 2
IL-8, IL-15%= %54 (inflammatory) makerZ d&] 145 o]
gt AR A2 ke 4249 cytokined] HE &
oz wEHn odd TFoE fFEE cytokine
“myokines"o] 2} o] & o] ZIH18].
HZSA cytokine> 1990 ] FH7HA] WA sk A =
Z o] A cytokines (adipokines) W&©] 8 UL ZE HF5H
o ko, HZov= AWz E (adipose tissue) O ZHEH F
¥ IL-6= & A9 10-35% & Oﬂ A ¢ Aoz A
ATH7]. o= IL67F 538k 549 o ol Addt=

AL 7}@%40§ A3l TE}
HA ATFER A3 F5NAM Y 2 WEE = cytokines
(myokines)& :é”—j. oM AYxHE Abgete F8 B &

Aol M (18], 25 IL-6 ¥ IL-8, IL-15, Fibroblast growth fac-
tor 21, brain-derived neurophic factor (BDNF)= myokines2.
2 AoH 3 Jg2].

o] 2] g Myokine2 =4 o Hl X
of &S mAY 2 4% 24 Ee FH F) leOﬂ 71045&
t}H18,22].

L6+ L3 &A1 8219 o 1008 B F7h= L ©]
e 70 3 A%, F99 5% 8 71d[19] sk A
o7 B, & AN IL67F BAHCE Fo3t 2pol7}
1 FRAT EFold H(0F)2 Edold F(8F), Edlol

2 A(167) 234 37H8S Ueha Ane 997t
o AtE T E3F Careys[4]2 S7HE IL-67F GLUT4

(glucose transporter 4) A& Tl Jgd-A=F SF12 A
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HAE /712 FE 2 AgzA oA AMPK (AMP-acti-
vated protein kinase) 84& FHAIA ZA LA AW4ts)
o 2FAL e ST E Hie & A9 IL67t
167 Edlolo] 74302 A Akl At e} 10
astst pgsle e

IL-8- chemokine?| 0}1/]-01‘11 CXC receptor 1 (CXCR1)Z}
Tdo] glom Azte] v EH W 3 A X (microvascular en-

dothelial cell)o| A F@ =™ FAAA (angiogenesis)s 'L

Soh17].
£ AFA IL-8& Egold H(0F)l Hlsl EFold Z(8
F), Egold FE(167) A7HA hste BEFS v ol
doe 18 B2 9%

167 A&/d Edold2 Sl #
PR A R Aew A .

Neilsen 5[15]2 IL-15% ZA A HdHE 7HF TH
St cytokined] 3}ito] /3749] anabolic factorZ % <] ¥
o FAZNAN we e AFFHoE xAH H|Y
(hypertrophy) & 7F4-2thil Eustgoh E3F [L-152 A 7]
2l Ed ]‘/‘C’io%ﬁ;ooﬂ ZHEH e Y 8
IL-152 AAES FofshA #aA7IY & #71ds S7H13
TH22].

3 #7318 e AR 1657 AdA Ed oY
S AAE APAFR20]= 1657 A3t Hawst] EFold ¥,
ABA IL-157F S7h kAR FAF zhol= A ekt

—LJQL
32
L

OM 44 A ATeh Bl o] 744 2ol &

d 83 AL IL157}F 1657 3 H% A%
Adaf Edlold A(0F)l Hs EFolY F
FTE16F) A7HA 8k (p<0.05) S 7}

Av)
o XN
AU =)
o
l.m—r‘

o
o
:\_1‘
m
&, o
o,
ol

A7l Helth. o]y Ade 165 Edoldo] Z5HA 2
Htfol] 43S vt AFRHU o] 3lo] A H ] deFS
AgaE &4 7] o Hoh(E A4 muscle massi

lean body massS 4% &stornZ)u AYZHE 25 E
gloldo] gt IL-159] T A77F Basith Alsdoh 2
o & AFolX 5% myokine F IL-6= EF oY F(8F
¢ Efold FE(167F) Al F7he BFE JYERAT f
93 Aol YeEpA EFPa L% FAHCZ Fod
o] 2 YeRh A EH Tk L-15%ke] Edold H(0F)dl wls
Efold F@BF)9 Edlold TE(167) Aol F93 Aol &
Ut myokine##d okt S AES} 73] wE #H
A7 B8 A ok

HAA7HA -6 2 IL-8, L-15= ¢ =
Ao A 7]

~

Jn

3 glow Huof vl g =
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