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AR 7, 2015).
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(7) ==l 9| Zd (Norepinephrine): A% 2o et =3 A 23 A=

(8) CK(Creatine Kinase): CK2] 8% FEAE AAIZEY 4lA 59 o] 9
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(9) LDH(Lactate dehydrogenase): &% ¥ <= <£42 A&l €5 LDH &
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o) A%HQ ARG 2% Sl E FHHU IF W F AAxe)

el mE 22 W T vk F4e=2 UFHI TH(Friden et al,
1988).

(10) A A H4+8E(MDA: malondiadehyde): 17 % 52 2lAz2 oz 23
o] qka FFol doju, kgl Hls| AanzE oF 10-158) S (I E
1992) *-FWHA Ao wet AAFES oF 1009 F7HetH(Reznick et
al, 1992; Sen, 1995). T3, R/ <F 300, Y AthA= <F 374 S71H4
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(Sen &, 1992). =3 sl AH, O, )& B2 FAAV= AEe 715 7}

A Jon, FieES itz STl 48l E40]tHSen et al,



1995).

A

A

1
| iy

AT A

B

(13) A=E578:



o2 w7
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o ol

(neurotransmitter)©] A&} FH]of] &3] YAYITHMeeusen et al., 1995; Davis
& Bailey, 1997)3 HiFon, Szt AdE Fo AFAGE=LE A=
Ed, =99, duvlzd 8 k=2dyyzd so] glon I F AftEUY =

grlo] FFIEE FE¥ste Fo ddolzt BiEo] th(Roelands et al,
3

wEY R F8F TS MAE J2HE =29 AiMactic acid), ¥EY
of, ANGFLAALDHE oA AZAS wegoz QA $% B,
2ok B4 A #7F "Fth(Jacobs, 1986). 1 5 TRAIAS AT H2e
SoHNA BAHE IHAQ] drEA dxyRe] Y-S I5 A &
el FFES wrom, 1 Hx A 244 AHF(neuromuscular junction) -
oAEE - Zg BY] 71 - 2 g5 #ste BYHE S0 FES F 3

the®z, 2013). &= dclel o3 =R thAME S337 duA 714
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AgelA E¥lE= ACTH(adrenocorticotropic hormone), TSH(thyrotrophin)7}
gJom, HAgANA EH|EE cotisol, aldosterone, FAFHoA EH|EHE
catecholamine, 7oA 8% += Insulin 5°] JTHEE, 2000). ©] F FE
2 Ag3, g3 2Ef 2o dFE We Z10F2 BiHi =d(Sutton,
1981), T=ollA wuld S FAaATIH oA E-S FIUMATIE T BdhE,
Ay, SR thate] FFES PRI, AEAA A= AUl ZAA 2oy =

do] utde FAEF, Hole T AT AES =oETHHikkinen &
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d 59 &40 S7HEA AAHS TS AASIFgoZ A - AAAHR] DS F
AAZD 5 QAE}(Crews & Lenders, 1987).
+5o WE = EHlof| #A3F dPAFoA = TF AT AUt LR

Lohnes, 2010), o]Et} @& A= 52

>
lo
fru
ms@

D ATHHIll et al, 2008). L o]f& A%
T &% T AHESL FAHe] FHlEE ARg § By AAH, 1gE &
T 52 BHE 9% o= Hddsiia
=

(Davies & Few, 1973), QHAIRH&7%H3](2003)= BlAE AF7|A 2EH S =



skl ik B40lA dud =z 2oy oy Ty vl d
oA BF AB7), AF7] A%, FE7A FolsA 7T Barskit

& #EE 2 552 % A% & 55 A" 2 %—Zo—(delayed

al, 2004) °l= FFHE QA9 F7tet A 2 &3S dox sy,
CK(Creatine kinase), LDH(Lactate dehydrogenase) 5°] o <749 thE2Ql A
F2A AFHIL UATh

#)(Noakes, 1987), ¥% CKS} LDHO| 55t Azt 24850 o3 2y
o] Axo} 2] dHAHEE 2 vk I THRoti et al., 1981; ohmon et al., 1982;
Evans et al., 1991; Miles et al.,, 1994; Sorichter et al., 1999).

CKE ATP-PCAE Z=4ste F840]3, LDHE 929 o|st 9 53389
BE L o]F= FaEAOITh olHd dF CK& LDH %+ &5 Al 239 9
U271 ZA(ATP, glucogen)2] 1z, MEU A 4kAF(Stansbie et al., 1983), thA+=}
oA AAHE free radical®] F7I2 ASE Alxut FExpAdo] gxlo] 1 YRlo]
Ho] F7lskAl dnt &%l Y3 & A= g E B3 A= udS 84
I 2o AAENeH, A7AY] AT 549 S, s, AR
of we}t Aol A FATE A H T

B ATAEE Y, TN A%, & oY FE 2 2
715 A ske] WAE s v A=olA precooling B =& F Ao thl
ATel skom, ojm o MHYPAF oA precooling®| EIHE =F(Bergh &
Ekclom, 1979; Schmidt & Bruck, 1981; Olschewski et al., 1988, Lee & Haymes,
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1995; Marino, 2002)
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2 Bol ¢#A Jth(Niess et al,
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3} %uE Awo we Asrin 3

2] 2}t] Z(Free radical)} HH-3-4]0]
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Wetal AU ARl w3 WAE MR REdds I HiuHwA

Aol E G F(cytochrome chain)] AA{E 45,
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3 B4AF ¢#AH e SOD(superoxide dismutase), GPx(Glutathione
Peroxidase), CAT(Catalase) &3 22 4kst ZAaE0 o O 2Hgo] A=
E‘r(]ohn & David, 1995).

5 % oduAel F7he 8% xAuT ge o BAFFE aFshod,
bz zvlgo] BAAS] oF 10150 AE FAhBT Te FAAA LEe o)
ojEFZ Lol & AVIE IS ALE HIEO
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4 A H(enkins & Goldfarb, 1993).
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1. 7o

B AT NPAE KUiE 250 BAE A5 F BEF 79 ool A
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A2 ofspy Ade] gla 4Y A Ak 6719 o) 54 oFBolu} meF 5 4
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HAskA ¥ @A A oz FAsAT A A A@ANA Ao FF
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Table 1. Characteristic of subjects (M=£SD)

Subject  }°] A% Az BMI  AAYE VO,max HRmax
™) (yrs) (cm) kg)  (kg/m) (*0) (ml/kg/min)  (bpm)

8 20.6+0.92 180.9+241 73.147.78 224+2.63 13.5+1.33 56.4+4.87  188.9+6.75
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2. APAA

Subject (n=8)

¥

Pre-test
{body composition / exercise stress test

/\

Control Group Cold water immersicn Group
[CON) [CWI)
Taekwondo Match Taekwondo Match
{Electronic body protect) {Electronic body protect)

——  Tday >

A4 Y

Treatment
(Cold water immersion)

\/

Physical fitness test
Power / Flexibility / Agility / Muscular endurance

rest

Analysis parameter
Lactate / Ammonia / Dopamine / Serotonin / Cortisol / Epinephrine /
Norepinephrine S CK/LDH f MDA / S0OD / GPx

Fig. 1 Experimental Design
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=T

w
A

2 AT AHRE AATA AH B AR 7]7]= <Table 2>9 2T,

Table 2. Equipments of measurement

Item

Instrument

Measurement

Body Composition

Polar

Thermometer

Measure of time
Trunk Flexion Forward

Measuring Tape

InBody230, KOREA
Polar , USA
TP-101, CHINA
CAS TE-201, KOREA
CASIO HS-80W, CHINA
WL-35, JAPAN

ZM-188 ,CHINA

Height / Weight / BMI /
Body Fat mass

Heart rate
Water Temperature
Indoor Temperature
Sit-up / Side step

Flexibility

Standing broad jump

4. AFA=}
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AgoA Hagd BldE A7l 20179 el =3 3] (Korea Taekwondo
Association, KTA)2| 737172 S 283391, AAEAZ=A(World Taekwondo
Federation, WIF)ollAl 513t U] - 2] A7]oA ARSI A& KP&PAR
AAE T} AP =7 S 2Hg-3te] 28 33| (1R F2) A7E JadstHon,

7471 %18 < Polar - Borg Scale®] -&A7F%=(Rating of Perceived Exertion,

AR A, 271 AF, 71 F 208 HFA = AA), 74 108 Fol A
stk AAE S shAF-9el 34 olskE vlE]l EHE Bucketoll 2023 A

o}
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1%
AFEE A

EEFECDAMEHZ)
STEME11TD:, KOREA

Y | 2R E AT

Control

74

A E HE
Treatrment

—

154

L

ALMETERE Z7
22 3= (12 &4

s
NS

208
CWI X

= |k
+£— JtHE E—

ot

=
=

Ho

!
=
=3
=
=

L
=
s
(=]

Fig. 2 Experimental Process
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6}
A

Y5

=]

L)

i

>

1) A= 53

A g4 APdare] AAFAES S fd AARATAY AW
(BioElectrical Impedance Analysis - Inbody 230, KOREA)< ©|-83}o] #4147
S AT J@FA= AA A LT =213 S ANA FAER o AAb]
F= 2 F e Fe e AU AR el wet T BA(EEA,
W) 2 3 dS D3 SYAA Ade AHe R FFsta AAZHA A S
= SR A= SA A

4

2) Hd f44 ¥ (VO,max) AA}

I

ATl E EF=Ee o83t @AY A fitL FH(VO,max)
&

=2 =45y on, SAHAYHoRE Iy o2 AL 5 Bruce protocolS A
stk AHgE W e <Fig, 3> 2tk
60 mph
22 —
5.5
20
5.0
18
= 4.2
£ 16
E 3.4
e 14 : Increase speed for 0.8mph 3minutes
25
12
1.7
10
Time(min)

3 ] 9 12 15 18 21

Fig. 3 Bruce protocol
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3) AEZFA
(1) =& (Power)

EEe Ay B2 FPRAT JPAE dFREA hfe] o
g EUHS WA YES 1 F B2 WY Hol HA AWAA B AYE

(2) § %14 (Flexibility)

FAHL ZAS) Ao HWIT AAR AU NAAE A vl

ool FE2 W1 AAU Bl Be B T AN AR FI FE
E2o] FHol HES 34H 32 o4 FAHA shel YA

(3) T3 A (Agility)

VA= SAs7] s Abol=2 HAALE AAS . JdAs Adn

=z
kel szbAefo) BEE AlFEte] 30% FQF dAIAC AR RS &

oA e 247 AT PR QB0 situp)E AT

o

Ae 24 Aael e $E2 AN M2 F1, £& 44 711 Sl me
SRl Wi B & drnzde 7HE slded g dFREde] 574
adlol B AA ¥ UEBS oA BEATL F TR 9 W A5E AZ
AT, A FeUE F o7z vt BES shof 122 AAshaT

4) A 3 Y
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@A A48 3 21 AR A2 sk A FHE A &

AE7he Ea< ol A Ao 138 FAVIE o83l o 1BmE AE o}

AASET B AT HZo| mgt £43 MDA, SOD, Serotonin, CK, LDH,
Cortisol> 212 A 87191 SSToll A ste] 2ol 30% ] Clotting %

3,000rpmell A 1023 AT F 88 4S5HE Microtubeo] &7 WY&H

N

—

# 319 2™, Ammonia, GPx, Dopamin, Epinephrine, Norepinephrine 7}7}

Ac)

7)
A7 §7191 EDTAS] 3 % %13 Mixing & 3,000rpmoll A 1087+ 945
3 & BelwE A=HS Microtubed] &7 WS EM 39t Lacates= A £7)
%l NaF tubeo] F 3 & FE3] Mixingsls] 3,000rpmoll 10&3F A £ &

wdd J5dE Microtubedl] &7 BEEA T F FE7| Bl o8 4] o
o]

B Age] Adx £4& 98 SPSS/WIN 190 Z2I3-8 o] 835t I Ao
AAzAE B AHFFE FE g HaM)I EFHAHED)E SR IF
o] AR - A7 - ARxA 7 FIo] ;e FolAE dotiy] fls) wE=
A E4HEA (Repeated Measure of ANOVA)S AAISHA T T3 I5 W AI7E
FoaE dotir] ffal tgEE T-F A (Paired T-test)= HASIAT EE &
o|FEL p05E AAsIAN o ARSZ S (post-hoc) W S == Bonferoni

A

.
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V. da+23%

@ Lactate

HAE 7] & CWI AA]o] w2 Lactate ¥ 52| *}°]= <Table 3>, <Fig. 4>

s} 2.

Table 3. The change of Lactate according to CWI (mmol/ #)
Time
“before  after game Cafter CWI dafter rest F-value
Group
1.7+0.55 6.1+0.96 7.0£1.69 3.8+0.77
CON Group 7.145%
bed ad ad abc
1.6+057 109+244  74+246 3.3+1.03
CWI Time 79.944%+*
be acd abd be
t-value 868 -4.362 -.758 1.840 Groupxtime  11.839***

M=SD, *p<.05, **p<.01, ***p<.001

BAE M5 A7) T CWI AX7} Al7)9h 28 mE zto]E BA3517] 9]
AANE A= <Table 3>3 Zal 71 Ad I1E3F Fo3

2ho] 7} UEPTHF=7.145, p<.05).
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T3 FED %

o2l

A7 A= wlg- fro3k ZpolE UERA W (F=79.94,
p<.001), LExAl7IZE 3G AE w9 Fol3k AFol7F LERRTHF=11.839,

p<.001). F 13Xt Lactates = Hlul+= <Fig. 4>¢} Zrh

/ —CON
B / - CWI

Lactate

I I 1 1
before after game after CWI after rest

Fig. 4 The change of Lactate according to CWI

HAE 4549 A7) A Lactates == CONLF©] 1.7+0.5mmol/ ¢, CWI1E
°] 1.6+0.57mmol/ ¢ °] F=& YEIL, 47] A$ CONLF°| 6.1+0.96mmol/
¢, CWIT1Eo] 109+244mmol/ ¢ &2 CWI1E°] CONI1HET+ #A7HZ
Lactate’s 57} =4 Uyttt 28v A% & CONIE©] 7.0+1.69mmol/ ¢,
CWIZZE©°] 74+246mmol/ ¢ ¢ F5E UEW o] CONIHF2 A7|AFHT A
A % Lactates=71F 12% 5d ¥bH CWIZELS A7|A5HT Az F
Lactate =7} ©F 32% A8t F 153 oF 4%°] Apol7t YEbyiTh

w3, Az D FA F CONLE©o] 38+0.77mmol/ ¢, CWILEO]
3.3+1.03mmol/ ¢ ] Lactatex® =& YEIH o] CWITLF°] CONIFET A7 $
Ax 2 F2lo] Lactate T=S oF 32% AAAIIH FAHSZ {25 Zfolrt

UERstT.
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@ Ammonia

HEAE A7 & CWIH A & Ammonia 5% x}o]i= <Table 4>, <Fig.
5>9} 2t}

Table 4. The change of Ammonia according to CWI (ng/do)
Time
“before  after game Cafter CWI  dafter rest F-value
Group
60.8+13.35 197.9+64.45 141.1+73.61 96.4+23.65
CON b d b Group 8.458*
C a a

69.6+11.13 165.6+49.67 81.3+18.38 69.9+12.68
b acd b b

Time 23.914*+

t-value -2.022 2944 2138 4.588 Groupxtime 1.810

M=SD, *p<.05, **p<.01, ***p<.001

200

150

Ammonia

100

50

| | | |
before after game after CWI after rest

Fig. 5 The change of Ammonia according to CWI
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<Table 4>l Yehd nle} Zo] gld= A7) & CWI AA7F F 2153 5A 4
o7 #2o3 AolE YEITHF=8458, p<.05). 3 FHEI} ZAHAY] THAAHE
m$- §28 2ol E UERY oM (F=23.914, p<.001), ¥ 153 Ammonia ¥E
<Fig. 5>} Zth

s A4 77] ¥ Ammonia 5 CONIE©| 60.8413.354g/dl, CWI
7} 69.6+11.13pg/ d0e] F=E YERA, A7) ZAF CONLEF©] 197.9+64.45u¢/
dl, CWILE©] 165.6+49.67ug/ 4.2 CONTIE©] Ammonias 57} =4 Ve
o} =3, CWIA X ¥ CONILE©| 141.1+73.61pg/ 4 S2 77| 2F R} oF 28%
2893 CWILES 81.3+1838ug/ o2 77125 HT} o 50% 7HAaste] &
AFoz IFY F3F zpolrt UEFsEOH(F=8458, p<.05), A7]1ZFE CWI

227 P E A2l AmmoniasE 4o FFE U= Z o7 YEyth

2) TFNAAA=R
D Dopamine

HAE 47 & CWIA Ao & Dopamine ¥5¢] Ato]i= <Table 5>, <Fig.
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Table 5. The change of Dopamine according to CWI (ug/de)

Time
“before  after game Cafter CWI dafter rest F-value
Group
1284193 654+1748 18.6+437  15.6+3.24
CON Group 1.365
b acd b b
14.3+351 47.1+11.37 21.0+242  19.1+3.81
Time 116.533***
b acd b b
t-value -905 2412 -1.689 -1.811 Groupxtime  8.012***

M=£SD, *p<.05, **p<.01, ***p<.001

i3

=CON

60

45

Dopamine

30 F

15

I I I ]
before after game after CWI after rest

Fig. 6 The change of Dopamine according to CWI

HAE Ao CWE A2 F A7]8 1§ mE 2o & B3] 9iste] wr
B4 B4e A ATE <Table 5>9F 23, FET ZHA7] gholA S

9% 2olE YERH 0 H(F=116.533, p<.001), 1ExA713t 45 2-go A% )
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T1Eo] 471+1137ug/dee F

de, CWIZLEo] 21.0+2424g/ 4O 2
Aoz uehgth =3 F2

19.1:3.81ug/ 02 =

A B A F oF 17% Hasts
= UEth

@ Serotonin

HAE A7)

2po)7F VEFETHF=8.012, p<.001). TA AT} 153 2ol Fo

AoZ Yehgon, F

1% Dopamines =+

T=
==

3 CONIE9]
EE veeo] CONIF

o EAAowE

S CWIA A9 mE Serotonin

3

153t Dopamine &%°| ®lulE <Fig. 6>

FEE CONIE©| 65.4+17.48ug/dl, CWI

LER ] 18.6+4.37ug/
CONZZHo| CWITLFRT oF 15%7H438t=

3, Ax & CONLEo
15.6+3.24ug/ 40, CWIL&°]
B A

Ao

o] CWILFEY 77|34
Fol@ wfol 7}

158
T
[e3]
BA

T
—

=t o

2ol <Table 6>, <Fig.

O -
7> 2.
Table 6. The change of Serotonin according to CWI (ug/ do)
Time
*before bafter game  cafter CWI  dafter rest F-value
Group
132.0+38.16 194.6+61.25 134741845 112.1+38.81
CON Group 0.090
b acd b b
213.4+92.90 109.3+27.82
CWI  135.7169.73 135.8+40.80 Time 11.621*
t-value -.294 -.635 -076 199 Groupxtime  0.161

MzSD, *p<.05, **p<.01, ***p<.001
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Fig. 7 The change of Serotonin according to CWI

BUE A7) F CWE A7 A7Ish g e AolE BA3/] Aske]
BEa BAL AN AE <Table 657 2} 1 A FEI 2] 1)

Al - o)k zhol 7k YERS oL (F=11.621, p<.001) 1&H3E, IExAIZIZE 4%
Zhgo A FAHORE FolF Aol Yle AL®E YEETh F T1FXE Serotonin
FEo vluE <Fig 7>3 2k

HAx A9 7712 3% Serotoniny =+ CONLE©| 194.6+61.254g/ dl, CWI
T1Fol 213.4292.90ug/ de ] FEE UEFHL, A X & CONILF©| 134.7+18.45.¢
/dl, CWI1Eo] 135.8+40.80ug/d0 0.2 CWI1E©°] CONIEHT} oF 6%74 35}
= Aoz Yyt =3 F24 3 CONILEo] 112.1+38.81ug/dl, CWILE©]
109.3+27.82ug/d¢ e sEE JER) o] CWIZEFo] CONIFHRT 77| 2 FHE
Az H FA T oF 6% TAIFOY BAHCEZE Fog Aolvt Yl AL

2 Ueyt
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2. 2EY 23 EE WA v

1) Cortisol

HAE 47 & CWIH Ao m2 Cotisol 2| 20| <Table 7>, <Fig. 8>

3 2.

Table 7. The change of Cortisol according to CWI (ug/ do)
Time
“before  after game Cafter CWI dafter rest F-value
Group
11.6+3.88 17.5+1.68 17.9+1.87
CON 14.7+3.36 Group 0.111

bc a a

1214216  18.1+3.77  18.0+2.09

bc a a

14.9+£2.00 Time 24.063*

t-value -.297 -.569 -029 -155 Groupxtime 0.051

MzSD, *p<.05, **p<.01, ***p<.001

HAs Mol CWIE AA F A719k 2%l mE Cortisol $5 2ol5 EA1%
A= <Table 7>3} 23 ¥ 253k vlwE <Fig. 87 2tk

HAx A9 A7) 3 Cortisol 5= FE7 SAHAZ|TENA w]$ 23
ZFo]7F AA 1K (F=24.063, p<.001), 7471 Z$F CONLF©| 17.5+1.68ug/dl, CWI
Il 181x3.77ug/ dee] $EE UEHIL, AA & CONILFo| 17.9+1.87ug/ dL,
CWIZHE©] 18.0£2.09ug/ At 22 F T1FIF 712 F CWIA A9 zol7t gl A
o7 Yehgth =3 F24 3 CONLEFo| 14.7+3.364g/dl, CWILEo] 14.9+2.00

pg/ el F=E YEW o] CONILE] 37135 A A 8 fF4 o] Cortisol &=
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2 oF 16% HAANAT, CWITES 27145 A4

°F 17% AaAlzed F I3 FA4 72

18

16

Cortisol

14

12

10

2) Epinephrine

before after game

after CWiI

after rest

Fig. 8 The change of Cortisol according to CWI

7] & CWIA Ao @2 Epinephrine %2
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#}o]= <Table 8>, <Fig.



Table 8. The change of Epinephrine according to CWI (pg/ mé)

Time
*before bafter game  Cafter CWI  dafter rest F-value
Group
64341341 342.3+113.64 119.0+32.58 81.0+23.97
CON Group 1.019
b acd b b
65242723 270.7+182.47 98.5+50.22  68.1+15.99
Time 40.835++
b acd b b
t-value -.081 1.331 1.145 1.827 Groupxtime  0.796

M=£SD, *p<.05, **p<.01, ***p<.001

350 |
250 |
k-
= -
o
2 .
[=H
[*F]
150 |

30

before after game after CWI after rest

Fig. 9 The change of Epinephrine according to CWI

Ru)
)
bl
r>~

T CWI AHA| & A7]¢} a5l uE Epinephrine ¥ % A}0]& #

A3t 3= <Table 8>3 23 F 153 Hlals <Fig. 9>9 &2t

u
i
b
-

%9] 7] A% Epinephrine F5= &3} ZAA7ZF frolgt Zol
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7b A1 0 H(F=40.835, p<.001), 7] ¥ CONLE°| 342.3+113.64pg/ml, CWI
OFol  270.7+18247pg/me]  FEE  JEWI, AX ¥ CONIEO]
119.0+32.58pg/ mi, CWILE©°] 98.5+50.2pg/ M2 F 1FZF 73

2] Aok gl Ae® Uehgth =3 F4 F CONIEO| 81.0:2397pg/ml,
CWILEo] 68.1£15.9pg/mie] H 55 UeElfo] CONLFo] A718% Ax &

2]o] Epinephrine ¥5& <¢F 76% TA&AZ I, CWI

718% CWIA

=Y
.
i
rlo
o
N
»
ol
_>‘.]_|‘
ﬁ

wa

F2]¢] Epinephrine ¥5& ¢F 74% TAAZHoY F 5L FAF 79

Aol gl Zo= Uehgrt,

@

r[r

3) Norepinephrine

HAE A9 CWI A% & Al7]9} T1&F] W& Norepinephrine 5% A}o]&

Table 9>} Z3 F 1&F3F vlals <Fig. 10>3

A
12
rt
i)
i)
rr
AN

Table 9. The change of Norepinephrine according to CWI (pg/mb)
Time
*before Pafter game  Cafter CWI  dafter rest F-value
Group
284.4+73.10 2275.0+938.35 466.4+16440 310.5+81.84
CON Group 0.052
b acd b b

301.1+52.98 1996.0+994.21 538.5+141.24 380.4+112.40

i 53.999%**
b acd b b Time

t-value -.635 560 -1.936 -3.656 Groupxtime  0.489

M=SD, *p<.05, **p<.01, ***p<.001
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1730 |

Morepinephrine
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250
before after game after CWI after rest

Fig. 10 The change of Norepinephrine according to CWI1

o% o7k AJCKF=53.999, p<.001), A7 AF CONILEFO|
2275.0+938.35pg/ m, CWIL&E©°] 1996.0£994.21pg/mi 2] F=5 YEFAI, A
% CONILE©| 466.4pg/ml, CWILEo] 5385+141.24pg/ml o2 ¥ 1FIF 77
A5 CWIHAI zol7h Qe Aoz ueuith =3 §F4 F CONLFO]
10.50+81.84pg/ml, CWIZLE°] 3804+112.40pg/mle] =5 UEH o] CONIL

go] #71%% % % F4 o] Norepinephrine F55 o 86% 7aA71,
7

w

1) CK(Creatine Kinase)

Bu)
(i
N

T A7l 3 CWIAH Ao W& CK 5%2 =o|:= <Table 10>, F+ 1§53t

BEE <Fig, 1153} 2tk
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Table 10. The change of Creatine Kinase according to CWI (mg/me)

Time
*before Pafter game cafter CWI dafter rest F-value
Group

CON 433417317 531.1+153.84 479.9+116.30  469.9+162.47 Group 0.027

CWI 435.0+48.93  547.8+141.04 466.4+89.33 435.7+137.17 Time 3.732*

t-value -.055 -.308 501 488 Groupxtime  0.209

M=£SD, *p<.05, **p<.01, ***p<.001

A% A5 CWI AX F A71sh 280 B fol8 B45t7] A5l w

2!
A £4S AAIG A3 <Table 10>3 231, FE3 SAHA7] 1HAA {9

o

g zpol7F YR o mW(F=3.732, p<.001), ¥ L&At CK %9 Hlu< <Fig. 11>

=CON
B — CWI

500

Creatine Kinase

400

| | | |
before after game after CWI after rest

300

Fig. 11 The change of Creatine Kinase according to CWI
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BHE Ao A7) FAFE CKEEE CONLE°] 531.1+153.84mg/ ml, CWILE
o] 547.8+141.04mg/m( 2] HEZ VeI, X & CONLE©| 479.9+116.30mg/
w, CWIZLE©] 466.4+89.33mg/ Ml S E CWITLEC] CONLERT ¢F 5% 2d s
Aoz Uepstth T3 XX 9 F24 & CONLEF©| 469.9+162.47mg/ml, CWIL
ol 435.74£137.17mg/me 2] =E YEIHO] CONIFS A7|AFHE A2 9
2 T oF 11% #TAsHI, CWIZES A7 SRE X 2 F2 & <o

.
% FaFRot FANORE fT Aot fE RO vehgrh

o

N
[e)

BAE 7] & CWIX Ao @& LDH ¥%9| #o]= <Table 11>, ¥ 1&3t
H 2 <Fig. 12>9} Zth

Table 11. The change of LDH according to CWI (Iu/L)
Time
*before bafter game  Cafter CWI  dafter rest F-value
Group
183.3+20.30  269.3+30.66 209.8+26.18 212.3+21.14
CON b q b b Group 0.208
ac

185.1+2545  282.8+30.96 201.7+14.96 167.8+19.92

Time 55.331%**
b acd bd bc

t-value -152 -799 1.597 3.168 Groupxtime  4.843**

M=SD, *p<.05, **p<.01, ***p<.001
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B = CWI
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before after game after CWI after rest

Fig. 12 The change of LDH according to CWI

ok

Hex Ao CWI A2 & Al7]j9k OF< ©E LDH §% zol& 24

A= <Table 11>3 231, FEI SHA7] Fol A wf-¢- o3k Apo] & YERR
O W(F=55331, p<.001), LExAI7IZE FEAGANE F2F Aol vepgtt
(F=4.843, p<.01). + 1&XF Hlal+ <Fig. 12>9} o}

HEE Ao A7) A% IDH 55 CONLE©°] 269.3+30.661U/L, CWIL
Fol  2828:3096IU/LS =&  UEWI, A ¥ CONIFO|
209.8+26.18IU/L, CWILE©°| 201.7+14.96IU/LS. 2 CON1Eo| oF 22%, CWIL

wol oF 29% #Hastaith. =3 Ax 2@ F4 $ CONLE©| 212.3+21.14IU/L,

11{

Y

CWIZLF©| 167.8+19.92IU/Le s=& YEI o] CONILE°] 4 712% A X

F4lol LDH $55 °f 21% ZaAZA, CWITES 471A4% AA 2

4. AAALEE gl dakslaa gl Bia

1) MDA



—_

HAE A7] & CWIAHAY & CK %9 Aol <Table 12>, F+ 1HZt

2
BEE <Fig, 1353} 2tk

Table 12. The change of MDA according to CWI (U/ pmol)
Time
*before Pafter game  Cafter CWI  dafter rest F-value
Group

CON 103.3#1790 97.1+£17.78  79.6%1923  79.6+21.05 Group 0.062

CWI  106.1+36.86 100.1+20.52 85.8+24.22  77.2+19.59 Time 12.744%+*

t-value -.226 -429 -.524 254 Groupxtime  0.260

MzSD, *p<.05, **p<.01, ***p<.001

=CON
B = CWI
90 F
= L
LU o
50 l l ] ]
before after game after CWI after rest

Fig. 13 The change of MDA according to CWI
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HAE A4 7] A% MDA T5& =4 AZIZE w9 fos 27t AN
ThF=12.744, p<.001). 137t =ol& AFHHW, Ayl AF CONILFO]
971+17.90U/ymol, CWITZEo] 100.1+2052U/umd®] =5 Yebiz, 22 &
CONZZ&°] 79.6+19.23U/umo, CWITL%E©°| 85.8424.22U/umol > = CONZLF©] °F
18%, CWITZgol °F 14% #Astdth 13y AX 2§24 & CONLEO]
79.6+21.05U/ymol, CWILE©°] 77.2+¢19.59U/umdLe] H55 Yehfo] CON1E
o] A71A%E A % F2o] MDA §EE ¢ 18% #HAAZHIL, CWIIEFS
A712 % Az D FAo] MDA B5E oF 23% ZAaAZT EI CWIAX
2 F2 & CONIEFLS MDA % zolE yehx EJPd wkd, CWIZFE
S CWIXZA 2 F2 & MDA 5=7F ¢ 10%7H438t9 CWIX X7} MDA %

AL dBigont T 180 SAH 4% Afoli g Ao vehy

HAE A7) & CWIA Ao & SOD %9 Aol <Table 13>, T+ I1&3+
Hlnl = <Fig 14>¢} )

_45_



Table 13. The change of SOD according to CWI (U/me)

Time
“before  after game Cafter CWI dafter rest F-value
Group
CON  1.7#£1.13 2.5+1.48 2.4+1.20 2.0£1.21 Group 0.000
CWI 1.841.19 2.7+1.76 2.0+1.27 2.1+1.59 Time 3.097*
t-value -.605 -383 1.118 -983 Groupxtime 0.598

M=£SD, *p<.05, **p<.01, ***p<.001

20
=] B =CON
2 i — Wi
1.0 F
l I ] I
before after game after CWI after rest

Fig. 14 The change of SOD according to CWI

A= XM A7l AF sOD F5t AV #§9% Zolrt ey
(F=3.097, p<.05), 173t ztolE AHHH, A7l 2F CONILF©| 25+1.48U/
mg, CWIZLHF©o] 27+1.76U/me =5 UYEWE, AHA F CONILFO



24+1.20U/m¢, CWIZLE©] 2.0+1.27U/m 2.2 CONLE©] °F 4%, CWILFo] oF
25% Zrastdnh ey, A 2 F24 $ CONIF©| 2.0+1.210/m, CWITLF
o] 21+1.59U0/m el F=E YERN O, CONIEFS A$ CWIHA = F2o]
SODFEE 9 17% ZAaANZAL, CWIZES 5% 718t ¥ 183F Aole
°F 22%7} YEY CWIAH X7} SOD 55 F7HA71ed 3484 43S 1A
v A0Z Yeigoy F IF BAAH 9% Aol flv HoE UER

=

3) GPx

HALE 7] & CWIAHA o & GPx §%9 *}o|+= <Table 14>, + 18Xt

Hl 1= <Fig. 15>¢} #Zth

Table 14. The change of GPx according to CWI (U/ pmol)
Time
*before Pafter game  Cafter CWI  dafter rest F-value
Group

CON 111.6£1854 128.3+2512 105.6+£20.65 108.4+15.43 Group 0.003

CWI  109.9+70.54 130.1+36.3¢ 102.3+42.21 109.9+£29.38 Time 1.347

t-value .063 -123 213 =120 Groupxtime  (0.017

MzSD, *p<.05, **p<.01, ***p<.001

>

HAx A4 A7) A% GPx s&v 53, AZIZY, IExA7IRE dazks

T g zol7k YyEA] &9kt A7) A$ CONLE©| 128.3+25.12U/md,

I



CWIZE©°] 1301+36.34U/me] =5 uYeElWa, HA F CONILFO]
105.6+20.65U/m¢, CWIZE°] 102.3+4221U/m¢ > 2 CONLE©°] °F 18%, CWIL
ol o 21% Z&sith 18y AA 2 F4 $ CONLF©| 108.4+1543U/

g, CWIZLEo°] 109.9+29.38U/ml ] ¥ == YElfo] CONIHS 2% 2 F2
T GPx %7 °F 3% F7Fetdal, CWILES XA 2 F2] & GPx §=7F
°F 7% S7tsk CWIZLE°] CONZFol Hls| GPx =& S7HAFH Y OF
7 BAA fo@ Aol= GehbA wgith
I =CON
120 - = CWI
x 120 =
w o
10
100 1 1 l l
before after game after CWI after rest
Fig. 15 The change of GPx according to CWI
5. +&5Y ¥ Hlx

1) Ha%x A9 471 5 A9, RPE H|u

CONZLE ¥ CWIZE2] 4)ur<(Heart Rate)9} 5 A2t =(RPE)2] 23+ <Table



15>9} 2.
AP AFE Bruce protocole ©]&-ste] ¥ @ake] Hi4lH<F(HRmax)<t B H
5 A7 F B ANFHR)S 47 & H A HR)E Pl A3 <Fig.

16>7 Zon, AL ZRPE)E ¥ng A= <Fig 17>3 Zth

Table 15. The change of heart rate after a game (beat/min)

between after between after between after

(n=8) before
Round1 Round 1 Round 2 Round 2 Round 3 Round 3

HR  699+453 171.3+7.66 177.7+512 177.7+10.97 184.8+4.71 188.5+4.68 195.0+3.92

RPE 74+073 13.2+152 15441.79 16.5+1.27 17.6+1.54 18.8+0.75  19.6+0.63

M+SD
after
Round
195 7 HRmax average
(Treadmill) HR
188.9 188.0
190 between
o Round
- i average
e 19 HR
E 180.3
T 180 =
175 S 7
170

Fig. 16 The change of heart rate according to game
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<Table 15>9} <Fig. 16>° A Al uie} o] A Al ARFE= 69.9+4.53bpm
olm, 7} 3| W AulE 180.3bpm, 7] F HiF AuME= 188.0bpm o=
et Bruce protocols ©]-83F Treadmill &3t AAlA UERd 3@ak
°] HRmax= 188.9bpmel™, AAZ 7 A% 77| HRmax®| ¢f 95% &&7

=2 74 I AdreE Ueidlen, 47 § Adbe= HRmax®] oF 9% &%

after
Round
RPE
20 = 19.6
RPE
(Treadmill) between
199 Round
18.3 average
RPE
w187 175
&
17 =

Fig. 17 The change of RPE according to game

<Fig. 17>¢ 2vnd, $SAAERPHE WA £F¥e A FEHT

183)%] °F 95% wEHEE 7} M LFAA4EE Uellew, 47 & &F
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HAEE 7] & CWIAH Ao & *55HS vluwdt Z3}= <Table 16>

Table 16. The change of Physical fitness test according to CWI (M£SD)
o Agility Muscular endurance
(n=8) Power Flexibility
15sec. 30sec. 30sec. 60sec.

HR  2438+1594 17066350 23.0+593 42.0+5.86 35.4+5.10 62.8+9.08

RPE 244441409 180.6+4230 235+386 42.9+649 3784534  68.8+11.65

Power=U/cm, Flexibility=U/cm, Agility=U/amount, Muscular endurance=U/amount

o

22

o

BAE Ao A7) 3 CWIHA A 12 $558S nug dx
CONZLE©| 243.8+15.94U/cm, CWIZLE°] 244.4+14.09U/cm=Z CWI A% ¥ &
AA felg zelzb UEA @1, fdAdelss CONILEOl
170.6+63.50U/cm, CWILE°] 180.6+42.30U/cmo.E CWI XX & oF 6% 34
H  A3}E  UeEd WFEAYdAE CONLEol  15%

e
ox

Al

o

A

.

23.0+5.93U/amount, CWIL&©°| 23.5+3.86U/amount= UEIW 1, 30x =
CONL&©| 42.0+5.86U/amount, CWIL&F°] 42.9+649U/amount® 15%, 30%
B feld Aolzh JEIA hskth 2Pl AL CONTLEOl 302 24 A

A

|\

.

35.4+5.10U/amount, CWI1F°] 37.8+5.34U/amountE “EFJ 1, 60%
CONZL&F°] 62.8+9.08U/amount, CWI_1&F©°] 68.8411.65U/amount= CWI *| %]
F BAE A4e 2ATHo] o 10% F48 A¥E Ve
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2 dTe 34 HAEE A 8HS R ARST 28 T AFUE AAlst
o 747] ¥ Cold water immersion®©] &% Z(Lactate, Ammonia), 554173 7|
3] Z(Serotonin, Dopamine), 2~E & 23 = #(Cotisol, Epinephrine, Norepinephrin
e), © <’J(Creatine Kinase, Lactate dehydrogense) ¥ A& #}4kstE(MDA)
&4+3t 4 (SOD, GPx)oll HA= &35 Fysthsd 538 Tk

1. 2= 737] ¥ Cold water immersion *X|7} 3] 2%

HA(BRY 2 B FFAAANZ) A= 9

oz A7 1 Utk 2L o] &% CWI AR WEL B4 2w @)

A= ZHo] FuYts =A% A
Z

o
i
<
?.;
i
O
lﬂi
H
i

+E8A), AXAZE D A7), AXHH A X (cold) B 2A X (hot), BEE A4
%, massage, stretching) 522 X459 IZE AAS7] 3 77 G4=
E o]Fo]x| 1Tk



Lactatex =7} ¢F 20% #4st] 7459 Lactates = o4 &S UER
U 7 59 FAA fo3 Aole YERUA et
a8y B A4 8EE A7) & CWI AX7F 23" Al vx= 9
e AHEY, CWI A&7 Hdx 47] & AAE sHA &2 CONIFEH
Lactate®} Ammonia 355 ZAA7|E ZAo2 UEETh ol Fa&d&HE23
(2016)%] W - 2 HA7F A Ag9 dFYELde daAHde 74
of REHOoZ YX|3}H, Drinkwater(2008)2] ¥7+o] HF Lactate 3% % A2
I A S e A 9SS WMEA HFA FEd ZHIAEFE FXA
Aok =3, o] F(2001)e] AL HF&o
s HA= FEF ATl HEE AL WA A2FF14T~1
7C)2E°] F2AaFd vldl 8F LactatesTolA ZF AXAZ|EE BF U
Uetstom FAAC RS {23 Zfol7l AT Histe] B AA e} X
st
<% De Pauw 5(2011)¢] A7-olA Ale]E C=3vHE o835t 1A%
¢ EFAEE ST T R4 208 EQF tHE RSl ¥ZO0T =& 107)
Hlu st dF Lactate T=7F O WEA 7433
ol 3k 3L, Crowe et al.(2007)% Heyman et al.(2009) %= #-2 AlZHH o 174 %
T & Yzto] % Lactate % AAM FAHA &7} oty Rtk
A472007)2] sk &5 F Hexd @ Fod b2 JEFFo] A3

K
o
1=}

rlo
!

)

O
-
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EFAIRE 10C 2 15C 253102 Aole UEuA] Sdthal Basigin. & a7

A3} w3 Lactate &5 HlolA CONIIEo] A7|ASTHT =] ¥ F

Al
38% 7HaF W, CWITES 47148 A4X 2 F4 F of 0% W22
g Yehol dalaTe} dxsis AdE el

Brade 5(2010)% A3l 12t
Wz Zleel &3 Plusiiied, ¥4 =3 S22+ hand  immersion(HI),
Whole body fanning(WBF), an air cooled garment(ACG), a liquid cooled
garment(LCG), a phase change garment(PCG) ©|%loH, thxv" 3} vluste] o
A 7k ol Wz 231 F WBFZF 718 afA otk B i stqith

a2 B AFAE SRR S7E o]3E CWI HAste wawz B
&4 (Lactate, Ammonia)°l A= &It TAH R 723 Ao]E UERW o,
TFA7Z4A 9 2EZ(Dopamine, Serotonin)ol A= I1EIE AFolE UER|A gk
1, SAAZIIE DA GO el Aol ekt old @ A
S BRES(EE, PRZIH Ahe 284 olste] AAe] wxI = W

?1<l Lactate?} Ammonia ¥ 55 WEA ZHAA7=0 &3F 0|00, Hef A

S8 FHOE S FRAAAE ATEA Ba) A A2EY Favt olF
o]

2. ¥ %= 7] ¥ Cold water immersion X7} ZE#H A3 2

A= 9%
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~EU 2T AAFH, BAHCR Bo] Hi BE AL mgs] AzE 9
of A $1% A, Bl

Hag Be AAE HaAe FA WA AT R
=

2~
™,
o
ftlo
lo
=)
o
&
o
&
of
&
rot
o
e
N
(]
S
[
(m

A
R
N
-~
gt
i
ol
i
X
e
2

TolAE HAE A7l F &F2EH 2z A= ol FAF oA &
H = &= Cortisol# A2 oAl &8] %= Epinephrine® Norepinephrine®] &%

71 A3} Cortisolo] Al ZH A 7|7k Zho](F=24.063, P<.001)7} L}et
WA, 157 AolE AW EW CONLE©] 471A%F A 2 F2lo] Cortisol
TEE oF 16% AEAFIL, CWITLFC] 3714%F A A 3 F2]°] Cortisol s =5

oF 17%EaAA IF% FAH fo% Aok UEuA wgth =W,

Epinephrineol| 1= =4 A|7]7F 2}o](F=40.835, P<.001)7} UEbAIRE, 2153 =
olof| Al CWIZZE©°] CONIFETE ¢F 2%2] Epinephrines =5 #AAIZHANE &
AHoz Fo3 2to]E YEN A 2943, Norepinephrineol| x ZSHA7|3F 2}
©](F=53.999, P<.001)~ UEFRAIRE 253t 2fol& ERA] Skt

o|#3 A= Galbo(1983)e] 7hEl|Z et (catecholamine) ¥ Tz} =
2oz 5o g ko] =54 tE2H, Hd &F & Yehie ¥

sow @% woduyzde GFART HHHOR 27181 tKjaer, 1992),

% Az wel AxHo 7 F718a(Galbo et al, 1979), +F 537t S48
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5 dA5 FUEAR AR olste] &4l ErhE Wb glthal(Brooks
et al., 1988)3}= Hiole HEHo g U3},

ob22] AAE(2007)0] AP 5 F Y& JFexte] 5 J2EdH} 2E
Hasa2ie) nxs FFS YT AdPATFolA, 20tf 4o A 7HS i
o7 AXHFT(7T~18C), T2HFT(B5T~36T), L2FAFT(42T~43T) 1

o= o] UYL 80% FsheE § 30% webe Havt EF 4k A
7} 2271 (Epinephrine, Norepinephrine) &=% #2393, Epinephrine] 4]
AR FT(17T~18T)ol FLstAl &2 FHE HA T 41%7F Zaste Wst
£ Yehlloy AA g FA7el A fFold A3dE YAl Rk, 3T
T(35°C~36C)°] Epinephrine?} Norepinephrine ¥ 5% #4&AIA OE F I1&F
AL, 12750l vl BAHR Fo3 235 Yehfo] B AFdstel
FEHoR dAsiH, &F75(2007)2 FitL &5 F d&=do & dF
=

=43 2Efx 28] wAE G i A7 =3, AdEA 9dHe

Je WEg2002)0 & FE HIF CWI AAd BE FEE, HaEX
Bl &9 wslo] tha ATl 10TolA 3083 W53 3o
SEE FEF WO Zasidi, 15CHF FAwA wASE Fhel w
Cortisol &=7F 714 W] tadsts 4FS Uebdtia Baust, CWI 447}

+E $ 2Ef2x 328 UEed 23F¥olga & 4 gt

2

2
>
=2
R
2

o}-&# Fait 5(2001)2 Catecholamine(Epinephrine, Norepinephrine)2 I
A Bsel A3EolH, ol wilA e ¥ Ao FEF FES BTt

3, B8 QAo BEE Lol Zrleh AT 428L ZANA gEu @
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73

g

Cortisol ¥}
WA Aot

|

gl "X

A=A

A<

CWI A A7} 2023t

Fol AlA W

[¢]

—L
L

[e]

e}
T

7371
X 7}

immersion

AEue] HuAE AsE dojel

Cold water

=i
=

o
T

g

|

UEpdT,
ISR

o
T

Catecholamine(Epinephrine, Norepinephrine)&4j o] @Azt A=A X3+

Fo2RE s
A 77k U&7
ZIkMiller er al.,, 2004).

3. A= A7]

=]
&

<]

M
oF
ofu
olo
Gt

7Moo g2 %7

A

| == #

3]

(mechanical stress) 7ol 2

Ea

Hdo]l F7FEH (1, 2016), CK(creatine kinase),

1=
T

Th(White 5, 2013). 3= £& &5

i

°
LDH(lactate dehydrogenase)5-3}

s



Ao R At T5EF ad ouA dAE 2Hse T8 AR
*|(Noakes, 1987), ©|1% 8% CK9} LDHY| s%& AAIZHY] AAE5o] 9 &

4o A=t AAe] dadEE & Wrgste AEE o] &HI UASH(Roti et

.y

al.,, 1981; Ohmon, 1982; Evans et al.,, 1991, Miles et al.,, 1994; Sorichter et al.,
1999), FAIZEY A &5 Fakd o FristH, ol¥A S7HE CKe LDH

B AFAe HEE A7 & & & AEE ¢otRy] 98 CKeF LDH ¥
EE SAH3AoH CK T5= 4 A7IZHF=3.732, P<.05) #}°]7} dlen, 1
3 BAA FY9T Aole UEA skth I2Y CONLE©] 4714357 H

Az 2 FA B CK 557 F 11% 7243893, CWIZELS A7 AT HE X
73

gl &2 & ok 0% 7ZFAdte] CWI A X7F CK 55 ZHAA 7=

LDH &% W3}e] Aoldis FEH} ZHA7] oA wl¢ FoA Aol
UERA 0™ (F=55.331, P<.001), “1&xA7I%t GE&-GoE 23k 2tol7h yhet
W THF=4.843, P<.01). &7t Atole BAIH SR fofstA Z%A|w, CONILEFO|
7A71A%HE A 9 F2 ¥ LDH ¥=E oF 21% ZAAAL, CWILEFS 4

ZIAFRE HA P F4 F LDH 55 °of 40% HAAA HAE A7

Foz G4 FEeE F AR WAA10T, 15C) 23 LDHE =%
CKsx BluolA A AIZIZE 797 AolE UeblARE fdzte] aol= v
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B

Eat, YAR el wAR P )

LERA T

3, 27 4(2004) <]

Aot 7uA o H =20

=
T—

S EAA Y w

i

o

3

1

ksl
pul

10Tk 15T Yol TAZXHSE 79

A

of AAHIL AAT Yar Az W

=
=

235l glof Be 3=y

A8HA] 2 AHA Y] SRR v2ad 35 '

]_

olg#] o] 34 (2012)2 A%

= ¥4 0T, 202) AA

7 4e25C) #x 1§ CONILEF ulws|

=
]

i

K

s

-0l A

A23(14~16C) 1E°l LDHS} CPK %

ke
T

T2HL(2ET5%, 5 520%)

o

o

bl @Rsh ohAt

S|

s
—a

, 1992).

=
[}

HA ATHKregel
Drinkwater(2008)<} Racinais & Oksa(2010)

o}
=

Nlo

W7ol ¥

L —
|

(2005) =3, @7]Zke] wphAbA| 9 CWI 9 HWI A |, 12]al of2wp @] &
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al

¢} Racinais & Oksa(2010)] F43 L3 HHe] 23S Yelth

Schniepp 5(2002)2] AToA= 3 E7|ZF F 7H&EEA7EA 2 E1270)9 ¢
T7F AFRRXEE AAAFHOY Aol TR E S E4AZITL st o=
Schniepp 5(2002)°] F743 AlolE &5 #HE AFA= CWI 3| E4Ho]
LeE AaANTE FAARE IR

J2vt Eston 5(1990)2 < A HA Al CWI A2 Aol o] 2574
2 Ado] SEHAE ABAZ A wet fFo Aols eIt B a3}
R, Fu 5(1997) =3k AFA Edlold<S T3 & 2o #dE CWI A=

8] 53¢ 2T TS CWL AX7 25 F I

n\)

r
O

o}-&# Baiey 5(2007)2 24 20W-S UG SE 904 5 A EH(shuttle run)

2 58 A7l F CWI01 3 AFolN SEHFE CWI

o
o
Uy
o
e
_)&
©
i)
<2
2

AR & I 2 49 oA R] & (secondary injury)S ZHAAZITHIL
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7ol

2 8549 457 F71H5 A (Holloszy

o

=

o

U A AL

A

IF

—

1

FikstE 40 HX]

4, 9= 7] ¥ Cold water immersion * X7} X &AIHLL3E

].

op

o

& Booth, 1976), 44+

stelnt

S

Aty Ha

B

SR R
3} #E2(SOD, CAT, GPx)F+3} 4t

3

7

23}

He ARG FH O vl st
(Kanter et al, 1993; Maxwell et al, 1993).

484

oy
0

o
)

)

CWIA 2|7} MDAe| 1] %]

371 F

1=

Aol A E

H
L

ted CWIA 2] 7}k

°

MDA %7} °F 10%%4 4

e}
T

Al
&

kel
T

ol
=

2
CWIA %]

=i
=
o

=0
B\
MDA 9]

CWIA %]
CWI1

hSS

ot
R

)

o
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o2 RIg o7 =22l MDA el S7HE fFEste] 4k 2EH 2o o
Qlo] #Eth(Jenkins, 1988). =3+ MDAS] AL 59 FTH w
Hos &% 45 52 &% ALY Aeld § & 9% e AL
) TH(Krishnan et al, 2003).

ASAEG 20 9 Ay 4HEQ] MDAE A7 15 &5l 93l obF

A eEFel oA dFES e o, TUFAE FoAFel wEk Al

Al71H(Ohno et al, 1992), 2Es 52 ofH FJHZE 48} 2EFHAE
ato] MDA 34kt & 93-S WX AHOhno et al, 1992), TEFYZH
Elo] CWIH A= AAH:EE0 MDAS AlASH=E a3 olgta & 4= it

o o3l opr|Ela ] oA FIFE He F lon, FSAE FAF
of we} Al YAHEE MDAS 7473l SODEAS B43 A2 & ¢
Aok BustH k. E3, Kanter et al(1993)2 A& 74ks) =

Sl eHoz Aol FHa EHTZ &4S Foa ¥ o1, Davies et
al(1973)2 %ol 93] AA7stEZ] MDAV €314 &% & 371 st
RHyste] B AFAAet BEHoF A, 25HT &
of o7} gt A4 H(Salminen et al, 1984; Viinikka et al, 1984;
Duthie et al, 1990; Ji, 1993)¢t= Ate = 23S Uetith. MDA #d3E <

rir
Mo

off
ok
Lo
5
>
o
rE
b
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To| Thrgt A3 MDAZH $EZE T $EZ o8 Jae wou, @

.?_
g AR e s 2B 2 vEgo] AIZEE ApoldlA Z]RIRE Aotk

=2
=
N
rlr
Jo
ol
ox,
b
lilH‘
- —|~
9:
2>
)
9
o
&
&

i
o
e
1o
b
o

(o]

] o8 F2 dAAN©O, , H,O, , OH)Z H3kxo] Ao <
AL =YL, 2014). ©o] EEES ‘W34 AF3}F(reactive oxygen species,
ROSY) 52 &A4tA(free radical)y 2t F-ETHA -S4 5, 2006; Ji, 1993).
'47 gstsly]F F SODE Superoxide anion(O,-)S FAU2HH+)}F HHS-
A 2 AMH,0,)9 AHAEZHO,)E TtEE 8-S T ks AE

Shetl O 2§ FRYOE 8| A8 2E s E AEZA A7A

o

Mg %ol SAHL e 24T stuelti(Lloyd, 1999; ¥&¥ 5, 2008).
GPx= AlZot dF Fol EA8t HakslAH202)9 1 vhe] fE|BitstE

& AAsE 8ol Yk,

o s, %@](1999)0 AQArYA Tl 2 A% €5 F ASHE Ax
3

sl gae] ofREd WElE WAsA Edva B 1usk3lal, Jenkins(1988) 7

Ji(1999)2 A& AdyATol ot AXNEE A2 FFT &2 AR thA

Al WHASEE kA 8] 7](oxygen free radical)7t SuUje] AlEo} MzubE &4
5

AW Ax 2% 555 Z2Uske A &4l ARt RSkt
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Ohno $(1992)37 A& &oH2007)E &5 2= All-outd] sFHE &3

SOD9| &43tE F7HA Xt (Jenkins, 1988; Ji, 1993).

Ji 5(1993) A7t Edolde] &4 #rbd &4, 53] ROS(reactive
Oxygen Species)d Aol &3t 7P T3 22 AlZU vEZ S otoA SOD
#4352 Z7hA7th B89 T, Quintanilha(1984)9} 78HE 520000 2%
SOD¢} CATS] @48yt Efold oz F7dtha Bustgc

B Aol Bd= 471 & CWI A A7} J4tst 5491 sOD9| &% ®lu
AN CONLEFS % CWIHA B F2o] SODEEE of 17% HAaAIZ L,
CWIZE2 CWI A & F2]o] SODEEE °F 5% S7}3t
= ¢F 22%7F vebstth o2 d A= CWIA A7 SOD &

Pﬂ 2
n
u
2
™)
2l
i)

A dFS FAL B F oy, F O FAA FY3% Aole fle
A2 ERT

HE% 47l & CWI A ¥ GPx % HlwolA CONIEFS AA 9 F
2] & GPx 557} 9F 3% F71eH9 3, CWIZES HA 2 F24 & GPx 5%
7F ¢ 7% Z7}slel CWIZLE©] CONLEol HlEl GPx 552 7MoY

O FAA FoF Zole YEUA FUdT
Salminen et al(1983)Z} Asami et al(1998)°ll &stH 4kst AA= &AL

FAE SFEOR A FgEo] Az oF £4S AT Huste] B
AFATe HEHOoZ AX|5}1H, Sen(1995)3% Reznick et al(1992)2 ALT &

_65_



=
3

[e)
=5

1
T
T

A

|
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Ar) 10091747 4bze] o] gl
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yil

i &4 A& SOD(Superoxide dismutase), CAT(Cat

Selenium 4%
I FA o]

=

e
T

o

Al =]

QA HT}E 10~154), Z2 2ol A
=

of Rariel Aol F7t

o

.

R

I

=

SHTH(, 1999).

171 o

9

2l sOD= HIEH C A wet 54

o] ditas A

A

7}
alase), GSH-Px(Glutathione peroxidase)¢} Hl &4 A& =2 < GSH(Glutathione)

£ 5(2008)

T Fole Q
7 E=A

o

=
h=|
=

=

JJjo

"

_?_
HO

=
El

& Wt AR, mey
J

sok
o

ol o
@

%E
7 ol

a

1T—

-

X

dl

=

2 A 74keE2l MDA

£52 AP

=

AA7F &gl m|

L

| .

immersion
—_ 66 —

Qlom CWI A%

3 &) SOD, GPx2}t
2 Cold water

3

5 HA= A7]

o &



HAE AF7] 7]

st BldE 771 (court) HollA

oz

|

o]

)

p
N

)

2016).

Aol BAE 7= 13d7H 333714 3@ v HRmax2]

=
b |

CIEE = P

85~95%

P kel 5, 2001).

3|

NAA LS Z A

R

214 A

Sis

o]

Al A,

At ool 4

ye)

S

2 A7 A719el A

)

.

S 2013, White et

A

To

2012; Leeder et al, 2012; &% 2011; Crampton et al.,

L=
[}

al., 2013; o|ti€d

2011; De pauw et al., 2011; Peiffer et al., 2010; Tyler et al., 2010; Vaile et al.,

2008; Barwood et al, 2009; Leicht et al, 2009; Z#A< 200

Bailey et al., 2007; Crowe et al, 2007; Drinkwater, 2008; 41’35 2005; o],

2002; Schniepp et al., 2002; Eston et al., 1999;

=4
o

2005; 24 2005 ©]9 &

ol
e

o

oF
el

00

Kregel et al., 1992)} &
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o] A% F(001)2 HHE A7|7F 3 AE W+ HRmax®] 85~B% A== HA|
Aty Ry, 2 d729 IddE He oF HRmax| 95%, 471 & 4
NN Efo] o] 4 5(2001)9] ATA e}

rr
?
1o
19
8
2
lo
ﬂo
o>i
bt
i
)

2 dAFodAE HEE 47 F CWL HX|o] mE &558S Hlustidnh 1
23 &EY HlwolAl  CONILE©]  243.8+15.94U/cm, CWI1E©]
244 4+14.09U/em= CWI A2 & EAH o2 Fol3t 2tol7} YehAl &k,
Ao A= CONLE©] 170.6+63.50U/cm, CWITLE©] 180.6+42.30U/cm O 2 CWI
AX & F 6% FH4E AAE Yepdth A E CONIEFC] 152 4

Al 23.0£5.93U/amount, CWI 15| 23.5+3.86U/amount= YENH I, 30% =4 A
CON1F©| 42.0+5.86U/amount, CWI15F©| 42.9+6.49U/amount® 15%, 30% &
S fold Aol7h UEhbA @gkth TEu, 2ATEAE CONTE] 30

=2 Al 35.4+5.10U/amount, CWI1E0] 37.8+5.34U/amountS YEFA L, 60

P

Z Al CONZLE°] 62.8+9.08U/amount, CWI1F°] 68.8+11.65U/amount= CWI
Ax & AR Ao SAFHo| oF 10% FHE 2HE Ut

T2t} Drinkwater(2008)= WJd2to] & 7% ol s4A] YF2 7Itst]
AHTy Hustded B Aol CWI M X7t 22789 ol 7|t
ATA e}t AgRtET

Crowe et al.(2007)8] AT-ollA FAtaA & F 1A 49 3E73F &
1543 13~14C 9] aFA WS AA A HAda9rt oF 6% Attt B
3ted, HlEE A7) & CWI AHA7F sdge 43s vxx] Eethe B AT

Aztsh wWeto] vk ¥ % gtk
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et al.(2002)¢] ATolA IAEZIE F ThEHEA7MA I £(127C)

p
o] A4t LAY S EFANNTT F43H A, Peiffer et al.(2010)= 1km

2747 F 208 38717 F 5% Fek 14T AWzl Hr) 8 Birurg el
Hz2s} fol@ Aot glo] AT &5 F FL AV WAL £F +U%
o mXE FFol grkn TS

shol Be 4718 dlok s &% AFSIE 275¢ Ash Avle
Py FARGT, e (2014)-5 F7H5e SHrek) FY F F
g

(19~21C)A A7t Ak, o]5A

i
&

oy BHistygon, @%‘%(2013)% vE T I
ge S7MA7IA ZRHAL Hasksith

W, Lee & Haymes(1995)°] 7ol &3t 5+1Ce w7l &%= 3
precooling®t & FHAHAHH FHVO, max)9] 82% & HotolA EdEEE &
7] A3 3 A3 A =D ARto] A FHET Hi 47 BE A
A=A B e, Schmidt & Bruck(1981)2 precooling®] 559

W
A
&

FEAFH AL F7435131 3L, Hasegawa 5(2005)2> cooling jacketo] & WIS &
ojaL ATHE FEANTIAL FAS] & A7AFet FEAHOoR AT
Yol AA=E AT FF, 544, AdA 2 dF5 FaE doju= 71
7

of thali A= of

i
e
R
ol
ol
)
W
=
ol
Y
”
O
o
e
Y
o
Py
o
o
Me
ol
B
o
S
o
4=
rlo
=)
N
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< WX 3(coote, 2010), &5 F

ARE w274 SFAIAA

=i
=

Hz2E2

2]
&

7he} oA}

A ZItH(Hasegawa et al., 2005; Amorim et al, 2010;

R0 45e AANA £FAE NS F

Al
RE MO R
Tyler et al., 2010).
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H ATs @4 HHEE A 8-S tideE dAST A7) ¥ Cold water
immersion®] HEZHH WHA(LZIE P FFAUAFAIR), 2EHx 52F, &
&4, A QA E D Akt E A 55 H

1. Hd% 747] ¥ Cold water immersion HA|= ZZ3Z(Lactate,
Ammonia)ol Al 242} S AIZIZE #Foldk zbolE UEboH, CONTLE
CWIZEANA zol7t e Aoz yekwth I8y 3473874 o

=
(Dopamine, Serotonin)ol| X Z}Z} &4 Al7|2F folg AolE YEeldon,

1) Lactates 24 A7IZE TExA7IHA fel@ Ao/t g Aoz
sowl, 1% 1 BAH #ol3 Aolrk g Ao vehdeh
o=

2) Ammoniat %3 A7 Aol7k fel@ Hol7t e A

3) Dopamine® 24 #1713, ZExA7IZFNA 213 Fol7h Q= Ao
UEhkom, IF 3F ol Aolrt 9t AoE vyt
3) Serotonin® =4 A7IZF fol Aolr} e Ao Uehtor), 1%

2 el Aolzt gl Ao Uehgeh

2. HHEE A7) & Cold water immersion *| X &= AEHATEZENA BF =
A AZIE 73 Zol7) e ASE YER oy, CONIEH CWIZETE
Zlol= Q= Ao ZE YT
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1) Cortisol> 54 A71ZF Folak Aol7} e ALz Yestoy, 5% 3t
gk Aol7t fle A2 Yeyt

2) Epinephrine> 374 A]7]
& A fFelR Aolrt gle AL® et

3) Norepinephrine2 4 Al7IZF #F&J3F Aol7t e Aoz yehston,

O% % Aot fle A2 YER

d
Jo
o
e
N

o
E
a2l
rlr
PO
lo
f
=
iu}
30
o
>
o

. 8= 7] & Cold water immersion & & &4 oA 5 =4 A7)
7+ f93F 2po)7) 9= AoE YERG oY, CONIET CWIZET xlol=
Ao AoE YEiEth 28y LDHAA IExA71ZE fd Zol7) e
A

TAFxA7IZEANA ol o7} e ALz y
Bt om, CWIA A7} a7 dFe vedley O5 b #23k Aol7t «f

= Ao = Ve
. 8% 7] & Cold water immersion A X|& A A HASLE 9 34131 E A

)l SODelIA 27 AI71ZE #2l7F o7} e Aoz Yebsk oy, CONTL
F% CWITLEIE Aol fle 2 o2 Yeyth
1) MDA+ 334 AI7IzE

7b xS YeEldoy OF 1t 5AFH fod zert gle Ao

et
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o2 vt}
3) GPx= 24 713 1F 1 BAA fol@ Aolrh fE Aew ven
o,

Ly

5. A= 7] ¥ Cold water immersion X X|&= %55 g oA FAH A
THo] FgEou, A &EHoA= CONTEFIH CWITLFES Aol
7F YEbA] edgkt
1) &g olxes 15 3 Ael7F e gkstth
2) FARANAME 15 I 7T Zol7t A
3) WA A= 15 3t ZHel7F vEREA] gttt
4) ZATHANAE IF I FF Zolrt A+ e E UEET

T
13
fru
©
o
30
o

oS E3ste] B o) HHEE AF9 H7] 3 Cold water immersion* 3| =
I~

T2 Ao ¥ vAA FAY, TxI=, & &
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ek mizha A R

o

o

3 ALSES) =

o
~

T

9 )

o

a4F

FAT 8 <]

Superoxide dismutase, Malondialdehyde®ll W"|X]+=

2], 9(4), 231-238.

o)

el MRl Y A
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Abstract

The effect of cold water immersion on central nervous
system fatigue, stress hormone, muscle damage, and

antioxidant enzyme of Taekwondo athletes after games

Park Eun Hee

Depart of Physical Education
(Exercise Physiology)
Graduated School of
SungShin Women’s Univ

This study aims to investigate the effects of cold water immersion(CWI)
after games on the level of central nervous system fatigue, stress hormone,
muscle damage, and antioxidant enzyme in Taekwondo athletes.

In this study, eight male Taekwondo athletes wearing electronic protective
gears received CWI(below 10T) after Taekwondo game on the lower body

below the knee joints, and the results are as follow.

1. CWI therapy after Taekwondo game led to significant difference between
measurement periods in central nervous system fatigue (dopamine and
serotonin), but the difference between the groups was insignificant. For
peripheral nervous system fatigue (lactate and ammonia), the differences are

significant, between measurement periods as well as between the groups.

2. CWI therapy after Taekwondo game led to significant difference between

measurement periods for all factors of stress hormone, but there was no
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difference between the groups.

3. CWI therapy after Tackwondo games led to significant difference between
measurement periods in all muscle damage makers. The level of creatine
kinase showed a decreasing trend, but the difference between the groups was
not significant. On the other hand, the level of LDH, showing the decreasing
trend, were not significantly different between the groups, but the group x
time interaction of the LDH level was significantly different.

4. CWI therapy after Taekwondo games led to a decreasing trend of lipid
peroxides in both study groups without significant difference and the levels
of SOD, an antioxidant enzyme, were significantly different between
measurement periods within each study group, meaning that the CWI as a

positive effects on the increase of antioxidant enzyme.

5. When motor abilities were compared, CWI therapy after Taekwondo games
did not significantly increase the agility and explosive power, but increased

flexibility and muscle endurance were observed.

In conclusion, although CWI therapy after Taekwondo game has no
significant effect on the reduction of central nervous system fatigue or stress
hormones, it is expected to have an improving effect on peripheral fatigue,
muscle damage, and lipid peroxides as well as on the activation of
antioxidant enzyme, thereby contributing to the improvement of motor
abilities of Taekwondo athletes. Therefore, contribution of CWI to the
improvement of performance and recovery in Taekwondo athletes may further
be assessed in follow-up studies with extended areas of treatment and diverse

treatment duration.
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