creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

IH

+
g

G

¥ &

2021

CRCRE bR T

A = st 3



0

A
E

gl
of

~0

2020 114

ﬂl

e

NI



37 Hatshy =woz AFE.

2020 114

ERDE 45 2
AA1 4 W53 9
SRDE! Fed




=27 8

(A, BCAA 4%+, BCAA

)

AH+IAA

o

o

ma

Ave ot 2k

=,

AN

= 92 QoA

=
T

8 ol

&

]

o) A7

A

d

=
—a

&
3 EUel R4 1FZ FolF Aol

S

UeEtWloy, IFEE 5

=
=

7t ol 7k UrehbA kgt

=
C]

s

NA =

Hlaol e ZAA 7] 2F, 1IF XA 713 452

s
a

Ho

EA|+<BCAA FH <BCAAA FH+W A X

BT

X A71ZE AEAEA el

AA7] 2L, dE

=
=

Yol %% ulmelAs
Aol7h BEhdD. E=F 187

—

t ANHERE FY

ool A

x

s

3

a

a

= s
o -

A F<BCAAR HT<BCAARH+I A X =02 R o}

JER T
Bl
v, 1

=

g
)
o

Aol 7k e

Bis

79l

Kol A

ZF
2l

XAIZ1ZF 4%
Fo}

=
C]

2 2N 2 1

==
IEE

3

O
0

7+ Aol UEh}A

A7 Feld ApolzE et ey, 53 Apojol A

=
=

CK, LDH &XofA]



Zpolo| A= A7AF

<BCAAAH+IAXNT €22 CK 5% 4 a32 etk

2) LDH s% A A7 2, IFXAZZE ZsaaddA {93 o7 vhet
o, I3 frod Atels UEhAl Gtk

Ao, BCAAHF Ex AR ddAA Hue= H3AA(BCAAH

F, BCAAAAH + WAHA)7} Ao 22234 dRYohs AaA 74,
o SAEACK) g 7ot & 5 Aok =3 A7) N4 A L5t
7ol A3 2 AX7F @edtal WEgete] A8 Y AoE Alndn wEbA



=27 8

A&

I.

- < < H 1O

OF TLO] T @ AJ wreeerreressereseess et

1.

3. QITETFAD eeereesseeess et

A, QATEO] A TEE crevvvreerseessseessisise s

5. B0] A Q] et

ol w7

Io.

1) E]_}_%(BCAA) ﬁ—’ﬂ

R
2. BIZET B cervererisenis e

10

11

12

2) ?;}E’J% o]_

16

16

19

~~

wAO

B

22

wl
]

;OU
<

22

g

[N

.ﬁn
L



22

1) BCAA /S_ZHHCJ—%

23

2) %"Q‘i‘]ﬂ(BCAA/\‘j—Zﬂ + %j‘]il)

23

24

24

24

1%0
Nr
-

ol

<P

25

a7 A3

v.

26

20 B Q O] H|TL wereeeeseresseesssesssessseesssse st as st

1.

oy
fi

Ho

~

R

28

29

31

31

33

35

9
1. 8| =g

V. =

38

@%5‘4 E_.Q_?_] 1:]]_1—]7_

=
=

40

44

ABSTRACT

_iV_



X

Hr

21

il

23

27

)

1
Ho
<)

&K

28

30

g

M
Ho

i
™

B

32

34

36

22



22

!

m

23

28

28

33

T3 5. CK 5 BB} HJTL o

35

T8 6. LDH 55 HHIJ BT e

37

_Vi_



I.A &

1. 979 IeA

oF
B!

o

7!

Feolm, A 2000970 Z7tellA 7,0005F o]

2000 A

L —
) .

Hds 771

—

]
2}

ol

3
pul

P (0144, 1998),

3|

Al

5

A, FEUel ol WZoARAL %3 AASE

CK<} LDHY w3}

= kel iy

=
=

|

hyaye)
ar !

o] 7

/})]-

4

o <

T

52 FTAOEA F2h

o)

= oy

el

s
&

AA W e Tz

=
5

A

s

20%2] obrx

1
T

3], BCAA

E
=

ot

H71 918l 8

S

Z o 3}

e

oA S FE oA AstE A= A

=
[¢)

1) sk

*

FAF3)-
i)
=

2

2=
T

i

o}
=240l A 4F3tE o]

L —
)

= &8 BCAA



Z, 2016).

17

H A ATH(S

o)
=

al

wK

Bl

18] dEe 95 2= #AaAA

A ot W%

1

4 %

4

o)

Nlo
g

wK

23], 2018).

=]

TH

o

il

o|J

Y

o|J
L

ol

B Rel Wk TA F

o vEs

3

A Azdle] st o

1
T

5

Y

2, 2004).

boh(ol &

A

Fgoll olsl AAz=RHA 4hskE o

Rised

]2l

*

to] el what <l

ke MASR ojol AlA Abgske] dlo] HH,

T
T

oF
=

B eF mE w2 AN

gmLo}
ols} g7

Joll A -g =7

3

PN
& T

o
s

b 3t

Z s

o

, 2001).

o
wAO
~H

\

E 4%, massage, stretching, 3

=

PHOZE &5 X

oy
o
T



] (hot)

X

o}

|(cold) ¥

)

]

)

NE

4, vk, 2016).

ZR=1

@ HYATE A

[
7

-

WY 2] <F

A

oS

doz g

(CK, LDH) %+
°]-4-71(2003)->

k

[«

=
=

4

L
_‘:_Og

F ko] FAl

s

#(2017)2] BCAA £&47} =

)

Qo] dF dryole] Walo] nlx]
7o & 2 £452< CK, LDHE ZAaA7)a, 92E4e] ogmyole}l Ak

= TRY dTelM BCAAE AA

H

of Tt AFollA
©7)9)(202002] BCAA 47}

o,

w
)

/S

b ATl A BCAA A5

BCAA AFH7} RY

L —

) .

3}, CPK ¥ LDHol "X

H

Skt ob=2 ©]/4dA1(2019)

S

-
=4

7

2o B
=]
=

15}

(s
H

o
10°

)

7h HodE oA v =<l

],

S

st A

S

=1}

ez
5y 7

=

L

kel

fol Hop A&

9

-

3| 593 (BCAAAF, BCAAZH], W X))ol u}
A BHE At oE 11

of It} wehA B ATolAE



2. A7&53

l

EA4EZ(CK, LDH)ol vl

A
T

, EYel, TEE)%

ol

3. 97714

FAT.

I o] AAs

o
=1

A7e) HAe o

H

| & 3

+£4E3(CK, LDH) Z4el &37} 3l

s
o

A

ks

79 A

FSHATE

T A4 185 o7 AT

il
AFol & AL

A

2l

]_

Uz

ol

A Fsht

2o]

=L

3) A7uhdAr



5. 8o A9

1) BCAA(branched-chain amino acids) : BCAAE <= o}u] =4k 2 A amino
acids & fr¥stAl =424 AL EH, leucine, isoleucine, valines A3}
o)t} E AFHo|A AgE BCAA+E leucine 50%, isoleucine 25%, valine 25%

2 T4 AvEad, 2020).

5) CK(creatine kinase) : ATP-CPAIE %%
A AFEE ol EAsH, &Fe Bkl o x2o] E4HY AxE B34

(epicyte permeability)©] 7138t F ol th(REZ4, 2020).
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Ql Ao = HIE3 tH(Almasi, Jalalvand & Farokhroo, 2014; Eston & Peters,
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O]':]_’_, T% '?;

}-

F71 Al

°

24-48A1%ko] XY SV}

o

)

4-590] Ay Hirgol ol=2H, 11 X

el o]27]% ¢th(Clarkson et al, 1992).

ol
NIl

Hlo
o
ol
el
ra
Hlo

)

o @& CK ¥3t= Y Wy 2e7], nigt
2 FE Y oA #EEFHO Mo Donnelly et al, (1992

wejegelr]

C

oF 24A4|3Fol Harol o]

ke
T

[e)
=5

AAPE W CK A7}

o

el

A

(1987)& &3

=
¢

AAof A FA7F HAts AS EAJH. Clarkson

=
o

ALY

=]

3} ©. ™, Taribian

S

SHATAL KAl

S

7}

=

H3LE AFS MsiAFo A Mooren
[e)

SHA

<

CKe| 243}
o

[e)

-

=

O 2 VO2max 60% 2} VO2max 75%2 == 30

=

AY Wel 2er] Beke] FX9) MYtk nagon,
wle}

o

T

1

ATE A ZEly] LEREs] ¥4 CK

s A7l w

A
e

"

o]
yul

Ay dF CK &7}

=

=

1

CK 2o W3}
B

Applea et al, (1984)
ST,

YT
o] 2ol o

A

e
T

=

=

S
pul

e
)

I HH, 2%5°] CK &4 vA< 9F=

3|

—5]3‘

o

A
ol

-
o
oju

bl 242 2 ¥4 CK Aol 3718 4

J|

o)
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2) LDH(lactic dehydrogenase, ZAtgT4H 4)

LDHE Jd¢] &afjo] #AEH, 4S s A 3F8
olth. Aol WA EEx= glo] AV Eolde gloy, A% AV7t HelE
WA AEZEGe] s AS w 4 LDHYE A$ste @48 2t

LDH| 93t =4 AAo] & goA F8A He o
29 vt Ao A o] TAL HI|E FHiko] A £5& T o

21§59 o] 7] wZelth. LDHE Al 22 WolA F
g Tl ArE A4k A "l #osiH, 53 237 Y
HFow F71e of LDH s5v wetA S718te] g REAS Zgtow Ad
ANZeHH ™, FA g 2000).

Z22 Yol 713 Zato]l g wha vz of LDHO $%=7F vl 3
7HEE e, AAE &5 3 F 24 Wl ko] F7kskAl H¥ LDH
o] T=7} FUtste] ke wFHAo R AT
A 5(2007)> LDHE FA4taeA sigag el HFHA A o FEBAS o] &3t
of FHe o]zt B FIAEo HEF S o|FE 9Es It
oA ZAb R HAE Alolo] HEgS FHXIste EARA FE HIFF} &
o] AxUel A3, B4A dF LDHS AL vl$ voy 13= &%
o2 A TE AT &4 dow, Axvel Y LDH7F AlE wreg w
=50l %ol LDHS| &4o] =7 UehdE=, LDHe| &4 A= wzt &%
of B3 AEE tiWs] T AAEA o] &=L Jokal BiskTh

CK, LDH 59 8Z8aE A7 AA&se] o 3 S7i=EH, ZAZ

g
shale] AEEA AEE A4HoiA fom, &% Akl wlelste] LDHSH CK

[
filo
o,
o
Ql'.
rir
ol
B

¥
rlr
-
2
rg P
%
o
o



o
o
i

i
b

0
L

&
| (Fielding, Manfredi, Ding, Fiatarone, Evans & Cannon,

7}Vs

1993), &5

=
¢}

=%l

(
ks

)

ox

+

o
_Z:l
N

o

4

o
=

ol
L

=
No

o
g

o] th(Jennifer & Jeffrey, 2001).

i
np

0

)

b ok, 2594 pH,

u
o AAAR] dUA &S AHAZH. Jennifer & Jeffry(2001)

7w

A

CK % LDH

| —
T

1}
~
NJo
I

X0

Nlo
gl
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F 5 APl FoIsAth thgte] AAH B < 1> 2k

o
A, 2
AF 69,

% 1 A4 B4 (M:SD)
o] AdGA G AAgF ARG E
L}o] A% (em) AT (k
EA|T(6) 17.3+.82 175.045.14  70.6+18.79 2284470  10.8+7.71  14.245.63
BCAARFH
© 18.3+.52 177.843.97 64.6:432 205138  7.4+198  11.3+2.47
BCAAAF+
o 18.8+.41 179.745.57  72.6£7.25  22.4+85 9.543.57  13.0+4.34
WA X]7H(6)

_21_



2. AFAA

2 AT dddA= <Td. 1>3 2

= &
= Ml 3T (n=6) E=ES PN ITR ()
{n=6) BCAA 4= BCAA S+ AR K (1043°Q)

—t—7 — =

Ef 8 B

-

3. 234y
1) BCAA A3

2 AFoA dFHT BCAAE F2(leucine), ©]4F4l(isoleucine), & (valine)
o] Z}z} 2:1:1 HIEE FAE NAKUSA) AFL=Z, AHAFLS ol 5(2002)7 4
JAHE FQ006)A AEJF AF kgd 78mg(78mg/kg-Body weight)= A
500mlell &3HAIA HFHeR o™, A= T2 9 WiEAte e A
AT (Jenkins et al., 2002; Leibetseder et al, 2006)E %ilsle] & # 508

2

_22_



2) X X|(BCAARF + BA X))

B Ao B3 X= BCAA ©54F e} 5U3 2oz &5 A BCAA

o A= 1583 F2(223] 2018)2 FH3HA AT

3) &4

oo} 27he

E(10+3C)l F

E 2 <Table 3>3} Zrt}

2 FHET 2 g5
- AEH(BAZT = R 24
ANA AE AR RS
A A 24 InBOdy230, KOREA A A Ho].%]:, A A &
oxEzA7] TP-101, CHINA T 34
At Polar FT7 , FINLAND G N

_28_



1) AATE &3

ATEARE] AATFAEe S-S fsl AT dads SAHW
(Bioelectrical Impedance Analysis)< ©]-83l= InBody 230(Biospace, Korea)<
ARgEte] iAol yve], Ade A8+ AS(kg), AEZFATF(Body Mass
Index; BMI), AAL(kg), AAYE(%)= SHstA 715stA

AT AE & AL AEHE AFANEA R2AY AR 35 ZHE
FABA, AF FE A MR AP Al =2beto] HAHA, A7 E, 74
158, 230wl F 43 AE AAEAT. A= A2 =52 ol A
A7 2 7 -4 9 (antecubital vein)oll A 10mlE A d3sted 2t |IEE A A|
= 283 & A7)l st EA4Eit

(1) 24k

10cc FAIE2 A8 F NaF AAAFH L7 Hob F&3] £5°] A
71ol 10831(3,000rpm) &3t 45 K-S NaF Plasma®l 1.0ml &7 dFH
H2~8T)std A&7 el 4 o &3t

(@) F=Yo}

A T gdryol AAE7]2l EDTAC Hol FE3] ETEo AR 7|4
10E-7+(3,000rpm) &3] AEH4S EDTA Plasma©] 1.0ml &7 WE5r¥

(40C)3ke] AE7 o] B4 ol 2ahgch

_24_



14

o
R

_’I

il

3

IS
=

]

F1.oml® A
A

o

]_

S

St T

SST AHA-&7]e o} 30

5
T

71l A oJF
7](Polar, FT7, Finland)E ©]&

=
LY

beg

gl Aol A T
Ba]7]e 10%7H3,000rpm)
5

(3) ZEZ, CK, LDH
W5 R I(-207)

3) A 23

<
_FW

N

=
=]

=
=

L

A7), AZIxL
7 (Paired T-test)

S

=

==

]_

ZIWL0)E ol &
A

b 258 Aol ¢t
4] (Repeated Measure of ANOVA)<

71 JeEhG A9, AEAZ v O 2 Bonferoni

3L
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5. A5



A7A3}

1. 92821 Hln
1) 24 o] W3}

G2 A Ao 2k FE WSS HuEA3 v <F 3>, <Oy 2>9)
2},
@ AR Age] sEaye] M 24 v EE NaEAY dve <E 3>,
Frolg zkol & YEFI O (F=19.045,
p<.01), TL&XA|7]1ZF S 2HEA A 193 Zpol7F UEFTH(F=4.305, p<.05).
87 ZolE AuRY AAS BT

< 2> »a, 1 A 37 7

11.8+1.56mmol/ ¢, BCAAGFH T
12.1£1.41mmol/ £, BCAAZH+WA AT 132+1.71mmol/ £ 0¥, 2 158%
FAT 7.5£2.06mmol/ ¢, BCAAGF " 7.0+0.71mmol/ ¢/, BCAAAFH+ YA A
T 6.0£0.89mmol/ ¢ .2 FAlTo] AT HT At FETF oF 36% A8t
%3, BCAAF o] °F 42%, BCAAAFH+YAH X To] oF 54% Ase= 2

il
A=)

S YERAT B3l AU RE F24 308F FATe] 5.2+1.29mmol/ 4 =
Aak s=7F oF 55% Akl o, BCAAMFH o] 4.9+0.45mmol/ ¢ 2 Z1Ab

~

FE7F oF 59% Zrashalal, BCAAMF+EA Aol 4.3+0.69mmol/ £ O 2 °F
67%°] 2t T A mIE yEhlo], FAT<BCAAN F <BCAAK F+3
AAT woz A s A4 ans yedlloy eAHoR a3t fo9

Apoli= LhehbA egket.

_26_



(mmol/ /)
SFAA]  AVIFE F2A15 F2130 F-value
FAT6)  19+26  11.8£1.56  7.582.06  5.2+1.29 Group .186
BCAA
) 1.5+0.38  12.1+1.41  7.0£0.71  4.9+0.45 Time 19.045™
A1)
BCAAEZ+ .
L 1.840.72  13.241.71  6.0+0.89  4.340.69 Groupxtime  4.305
WA A]TH(6)
M+SD, *p<.05, **p<.01, ***p<.001
1
I] s | #H2|H 2 Bkl iy - 4}
B ENT miOaESHT slcaEd - AR 2
a3 2 st Hel Hia

_27_



@ EUol H=9 s

F 4. 94RYo} FEo| w3} (ug/ do)
SMAAl  AZIAF FAI5 B30 F-value

FAIT(6) 48.5+11.79 129.0423.17 83.8424.78 68.3+11.33  Group 1.680

BCAA
) 47.8£13.14 130.0426.80 63.7+15.08 59.745.01  Time  152.865
AFTH(6)
BCAAAZ+ N
o 49.8+£19.24 163.3422.28 78.3+17.19 65.5£10.04 Groupxtime  3.279
WA 2](6)

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

1=

1z0
a0
e B
aEHE

2 3 gEL0 s #zh W

ES

B

niis O]

NS macAAS . RS

_ 2{3 —



G2 AR Ao ESH e dRYol FEE HuEAE Ae <#F
4>, <19 3> a1, I A3 SHAZ] el A w723k ApolE UEH e
(F=152.865, p<.001), EXAIZIZE A3 AgoA Fo3 Zolrt yERT
(F=3.279, p<.01).

OF3 ZolE AWEY, AU|AE SAT 129.0+23.17ug/dl, BCAAXF
130.0+26.80ug/ d¢, BCAA’Y FH+J A X+ 163.3+22.28ug/ dlol™, F2) 155F

of

AT 83.8+24.78ug/dl, BCAAKF T 63.7£15.084g/dl, BCAAAFH+JA] A+
78.3+17.194g/ dl 0.2 BA|7to] A7 AZ R} dmuo} Hv} oF 350 7HAad)

%31, BCAAGFH T 0] oF 51%, BCAAAFH+IA A0 oF 52% 7Aste] &5
T<BCAAG F T <BCAAR FH+I A X7+ o2 dRYol w7t asts 2

S Yepth T3, A7AFEE 4] 30 FAITo] 68.3+11.33ug/de=
RYol FE7F oF 47% 7HAsl o, BCAAGFH T o] 59.7+5.01pu8/ 0= FEY
oF &7t oF 54% 7HAst3laL, BCAAA F+WEA Aol 65.5+10.04ug/ o= oF
59%%] tEYol %= A BHE HEho], FAE<BCAAM F I <BCAAA F
+YAA T Fog dRYol wxvt HAse a¥E JEloy FAFoR
TwRb ol ek Afel= YEhuA ek

=

_29_



FH
fU
o
fity

(ug/ d)
SFA A A71AE 7415 F2130 F-value
BAT6) 12.742.88  15.7£5.03  17.0£391 1564340  Group 1.878
BCAA
) 11.5422.69 1524293 16.742.39 1694227  Time  59.481
A3 T(6)
BCAAF+ o
o 1144247 1924148 2124269 19.1£1.75 Groupxtime 5.001
Y2 %] <H(6)
M=SD, *p<.05, **p<.01, **¥p<.001

[

I
B

=

L]

a

P

2|37

A

R

R ZHE mECAAENE wICAAEE - IR

8 4 ZE|E 5k HtHL
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Gt BAE Aol HEgW ulE FEE 35S NnRye dis <E
5>, <19 453 23, 1 AT ZHA7] eI B¢ FelF 2ol F LE o

(F=59.481, p<.001), IEXAI7IZt ZZz2goA  Felg Fbol7} Yehdth
(F=5.001, p<.01).

IEZE Aelgs AWEW, A7AS FAT 15.7+5.03u8/dl, BCAAM FH "
15.242.93ug/ df, BCAAAFH+H X 19.2+1.48ug/deol™, F2& 158% FAT
17.0+3.91 g/ d¢, BCAAA F< 16.7+2.39ug/ d¢, BCAAM F+W@ A X - 21.242.6918
/At 082 FATo] A7|AFRT IHE 57t °F 8% S7FeElal, BCAAA
Ftol °oF 9%, BCAARFH+IH A 7to] oF 10% HE|E FL7t T7iets 23

Uebith ey, A71ASNE FA 308S FAlCo]l 15.6+3.40ug/ dd,
BCAAA F 0] 16.942.27ug/ dl, BCAAA FH+EA] X]Fo] 19.1+1.75ug/ WO 2 =
HE =9 T3 a37F vehbA] sk, A2 253k #Fog Aol=
UERA] ekt

>

2. T SAEA v

1) CK =9 H3}

oL
N
fu)
i
kr
r>~
B
o
0
A
off
kr
=9
ot
il
R
=3
o
1
e
i)
o
rlr
=]
(@)Y
Vv
JAN
[
)
Q1
Y
k)

<39 5> 23, 1 A% AFXAIE FEAENAE FAMCR foldt A
o7} UEIA kA 2elA S feld Aol® Yeith
(F=32.758, p<.001).

=
Ao

ol
>
N

TE3E ApelE AR, A7HF FAL 310.0£50.43mg/ml, BCAAKH T

_31_



303.7+49.58mg/ml, BCAAX F+7] X 328.0+£55.66mg/mlo]™, F24] 15%%F =4
T 277.5449.48mg/ml, BCAAZZFH - 261.3+43.44mg/ml, BCAAXF+YA %]+
259.0+47.51mg/m¢ O = Aol A7]AFHT} CK 5%7F °F 10% 748l
BCAAA F o] oF 13%, AF+A Aol F 21% FHAste] FAITL<BCAAM F
<BCAARH+WIA AT o2 CK %7} gasts 232 vgdd. =3 7

[‘

N

| HE F2] 3025 EATo] 261.0422.82mg/mlE CK 5571 F 15% 7
23kl o, BCAAAFI o] 223.7435.79mg/ml = CK F%=7F °F 26% 7H43k3l
i, BCAAA FH+P A X o] 207.5£39.09mg/ Ml o2 °F 36%2] CK % #4 &
2 Uehfo], BEA<BCAAA F <BCAAA H+WY A A+ 25 CK % 7+
A2 g3E yedleoy $AF R 53 798 Aol YEuA gk

_E

6. (K 5% w3} (mg/ mt)

oA A 7371 2 5 215 2130 F-value

FA(6) 241.0+28.62 310.0+£50.43 277.5449.48 261.0422.82  Group T12

BCAA

. 235.2437.84 303.7449.58 261.3+43.44 2237435779 Time 32.758%**
AF(6)
BCAA%F+

o 249.7433.38 328.0+55.66 259.0+47.51 207.5+39.09 Groupxtime 2.098
YA AH(6)

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

B

B

]

I

wil

ok F| H¥EHE FH15

REHF mECANST e EcaaEd - AR

d2 5 CK & Hgh =W

2) LDH &= ®¥s}

G2 HExE Ae] LDH 5% W3}
¥} 2}

G2 s Ao FEAH wE LDH ¥ 52 vz i3 Ads <E 7>,
<Id¥ >3 23, I A A7 A wlg Fog AolE UEWoH
(F=67.683, p<.001), IEXA7IZt ZFs2goA  Fog Aol7b Yehgdth
(F=2.841, p<.05).

T

HREAY AR <E 7>, <19 6>

I 2olE AHEH, A7|A%F FAT 185.7+32.931U/L, BCAAAFH - 18
6.5£9.011U/L, BCAAX F+X X7 196.0+23.88IU/Lol ™, &4 1585 EAT 1
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73.5+14.821U/L, BCAAA F T 176.8+12.721U/L, BCAAA F+¥ A 2 161.2+16.
12IU/L o2 ZEAlo] A7|2FHY LDH 5%7F oF 6% 743593, BCAA
AFTtel oF 5%, BCAARFH+EA Aol oF 17% Fhaste] FA|w=BCAAA
T<BCAAR F+WYA X 202 LDH v=7} #Aasts 232 Ygwch &3
A7NAEZRE F2 30823 EAlTo] 171.7£17.11IU/LE LDH F%=7F °F 7%
#asksl oy, BCAAGFH 0] 174.8£7.631U/LZ LDH %7} ¢F 6% 4353
, BCAAX F+3 2] X F0] 154.0£16.81TU/LOZ ¢F 21%2] LDH %% 4 &
5 Uehge], BAT=AHAT<AFA+IHAT £ LDH v %= A a%E

=

Q’E]'/\/\-—L]‘ Eﬁ]z% o7 157 ,]6]— z]-o] L]‘E]"/]’X} okokr},

% 7. LDH 59 W3} dU/L)
A AVAF FAI5 F2130 F-value

EAH6) 131.5£17.02 185.7432.93 173.5+14.82 171.7+17.11 Group 474

BCAA

. 140.3+12.60 186.5+9.01 176.8+12.72 174.8+7.63  Time 67.683%**
HHT6)
BCAA%F+

L 136.046.96 196.0+23.88 161.2+16.12 154.0+16.81 Groupxtime 2.841%*
YAAI(6)

M=SD, *p<.05, **p<.01, ***p<.001
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2580

200

=

]

]

-} | v ¥ higr
= PIkIE- mAs

T30

J2Z 6. LDH =& HE 5| W

CHELA]

T mICAMHEST wacanEd - HHEF

3. Avl W3l vl
G2 il E Ao Ak HslE vn BN Ads <# 8>, <1¥Y 7>3 2
G2 HEE Ao AuesS HnEA3 Ads < 8, <19 >3 2,
A A

171 Zkoll A -9~ F2]% 2tolE YEFATHF=1381.330, p<.001).
F3F zolE AHEH, A

.
of

A 66.5+6.03beats/min, BCAAA] F - 63.2
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+4.92beats//min, BCAAZ] 3 +WY 3 X7+ 65.7+6.19beats/min®| ™, <& %
184.7+8.19beats//min, BCAA%I 5] 175.5+11.08beats//min, BCAAZY F+Y 2] 2|+ 1
80.8+7.49beats//min 2.2 ERGITE S F2 1525 AT 103.8+£9.30beats/mi
n, BCAA’]F " 103.0+9.2beats//min, BCAA] F -+ 3 x| 106.2+11.04beats//min
oW, F2A30% T 96.2+8.31beats/min, BCAAN F T 96.3+10.17beats//min,
BCAAA FH+WY A 27+ 100.0+6.54beats//min & 2 FEFSLTH

A 18 ¥ 28d F 3EAF FAIS FA30

FA(6) 66.546.03 1753£12.40 182.249.17 184.748.19 103.849.30 96.2+8.31

BCAA
HF(6)

BCAAYA
%ﬂiﬁ(:)r 65.746.19  173.745.50 178.249.02 180.8+7.49 106.2+11.04 100.0+6.54

63.244.92 167.5£11.71 175.0£11.10 175.5£11.08 103.049.2 96.3+10.17

Time 1381.330""
Group 712
TXG 845

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

E
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2

&

]

BITHA| 13HE 28| T BEY -2 walan

nZF mICAAMAT mdcAads AREF

J3 7 Aers dst bz
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V. &= ¢

1. 3 EH & dF vz v

HAE A7|= 28 33702 FAFH glow, o3 v A dMdoa AA
7R BEF 674715 Xelok FH(FES 5, 2015). ob22] 3 Aruih AubgEr)
HRmax2| 85~95%7+% %dte 1= &Folth(o]A 4, 2003). BlH=ES} 2

o AR £F M e FF add Dz add 2L A SHeR <

:‘u}l‘_’,
N
]
2
o
fl
N
o
ol
)
i<
fr
rr
i
oz
Az
{0
R=)
ic)
K
N
of
—{ (
i)
fil
)

Gy 2

TxyvEe A AFAA BT BRuHa glow, 53] &Edte
o529 JAyAY nZo] Fa dlo] Hil, ATP #8&&°] ATP F4E&S =3
& wjel & S 1E 3 ZA FAol e tAY BAkEe 3 5ol
8 29| 5 Wlo] Fh(Wendt et al, 2007).

THIEE IF 7% Aot TF ABANA T, AAZs == 1A
E *5or 3 Asor AARAGE =HJd AZE(Serotonin)# =31
TTFYZY FH U2 ZABA
2 FoHRl 2 FF Y% AH G EH (neurotrasmitter) 2] A2} FH] o] 9
3l Ay ZtH(Meeusen et al, 1995; Davis & Bailey, 1997).

FEY R T3 FTFE VA= 2L B A dERYoke dyA
AR vERe 2 A 5 58, 2 249 A&7 E(Jacobs,
1986).

o
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o]

Q

2

3

o
N
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u
olN
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U
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s

Joll vl &&A<&5 9o

2] %

2

AeH

SThz A8, 2010).

o
, -1 & Verducci(20002)2] A7l 23t HAEEolM AESH AEAL]C

Aol w3 T2

al

[e)

S
i\

o
7ol

LHER]
A

=
=

o

}

°
yal

9

o

o
e 70% VO,max2]

o=
F EF dEYoF $=7F BCAAAF o] it =

°

°]-&

=
=

o2 BCAA A3H
BCAA AF7} I 2E82S g4 ZAAIAT 5AF

o

A
&% BCAAE AFANA AHA o231 E

EAAI7HA

]

X

FRAIRE, A

53

2 HaATA

L

Ry2

359,

b Hehste, =

(<

A)

YA =

E}(2017)
e

=
=

, =F
3 A}

°

bt

©

,
w2} Aol

B

i

I

2 ATelA Ak e
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SAAI7] ZHAA g zbolE YERI O W (F=19.045, p<.01), L& XA7IZF 7
A A Fol3 2polrt YEFGTHF=4.305, p<.05). L3 1EZF ZjoldlA =
ANAZTREY Fa 158 & SAT 36%, BCAARF T 42%, BCAAA F]+34]
Aol 54%°] HAiERE A4 AaAzleH, 4 308§ FAT 55%,
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otm] =4k 53] BCAA(Branched Chain

1
|

Amino Acid; BCAA)S ®o] Z8ItHETY 5, 2004). BCAA

A ATHCoombes & McNaughton, 2000; Gleeson, 2005; Shimonura et al,

2010, Gualano et al, 2011).

H 4 2l2 ™ (Jackman, 2010),

o] AgPATol] o3ta FAIZre] A7 FoA BCAA Fo= 2

N
o
~

4

A7)0l 388 S 7H&5EA 7= BaE 3l 9JTHCoombes & McNaughton, 2000;

Matsumoto, 2009; Rahimi, 2017; Shimomura et al, 2010).
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32.758, p<.001).
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7F 9F 10% #AskSlal, BCAAAF o] ¢F 13%, BCAAARFH+Y A X ao] oF
21% FHAste] BA|T<BCAAK FH T<BCAANFH+Y A AT 22 CK F=7)
Hadtes AdE vedlew, AVIFSRE §4 30EF FAL °F 15%,
BCAAAF T °F 26%, BCAAG F+E A Aol oF 36%°] CK %= 74 a3
el o], BAE<BCAAA FHT<BCAAY H+IA X 07 CK 5% #4
HE veplloy SAH o2 257 F99% Aol yERbA] skt
o], <+ &4=42 LDH 55 &A% A7, SAHA] ollA ulg &
o|3k AolE YEMH O (F=67.683, p<.001), LEXA71Zt FE2gol| F2g
2to] 7} GERFTHF=2.841, p<.05). L&t ZpololAE, BAlTol FA 1585 7
714 FK 1 LDH &%7F oF 6% #4sk3lal, BCAAM T o] oF 5%, BCAAA
HA+@A Aol F 17% st FAT=BCAAX FHF<BCAAX FH+ YA A
O % LDH s%7t #tasts A3dE vebullch =3, A7 A FFE F2 30
F EAFol F 7%, BCAAAF o] oF 6%, BCAAK FH+3 A Aol oF 21%9)
CK % #Aa a3E yehd o], SAT=BCAAN F T <BCAAA FH+ YA 2|+
o8 CK & #a 835 dHeHloy sA-e2 a5t §93 Aol y
Ebupx] kot o]# e Auli= o)A A (2014)9F uHEH(2018)e AT Ao} At
| A9k, Parouty et al.2010)% FE47(2015)2] A2} IAgt) o]xy A
TAAILE g, WRlel whEr Aol AFE UERARE WAAE 3 FE5S
fete] 2202 Jte Y FFE DAY 54 EHY RS HAisE
of AEZ Y tiAE 2 d359e JAE fEsta, 259 94 F71¢ CK LDH
FEo| fHaol 7] 3tal(Eston & Peters, 1999; Banfi et al., 2009), BCAA+
T 2Ed 2 A8 BRI Ko Fa% VAR A3t tE ofnxib

LR
3 v 4T shu 2 £42 U8 BRelgn BeH,

Ll

fol

H>

wa

Mo

o

_48_



g3 9291l

=

.

(5T, BCAA A3 T, BCAA AF+FA X))ol wt

Aol m A

R

)AO

\

2 120l A

=

R

8ol o

il

-{]__

#9l3

7371

L —

AM= SAAZ] I, IFEXAZZE GE2-gellA

ol

]

Fol7F Yebygtth. =3 183 2ol A

H

Ly
a

2 2ol 7k VhehA] ergheh.

b

A
pul

J

£

=
=]

pZs

)

1

1

1

R

A

i

7371

L

) .

g T1FZE ApololA

Zpol7F YERS T &

5

2) Rl FE HludAs A7 2, IFXAZIZE FEAEoA
o)

i

JeraTh

X A7\ AEALAA §o)

A7) 2, 1%
JERA ekgkey,

=

e |

Aol 7t UEpton, 1

S5 HlaofA

i

3) ¥

L

)

Fol7F Uehto, 287F zpo] o) A

1

.

7k Aol
— 44 —

=
]

}

9]
yul



1) CK &% H]aLofA]

<A T<AA+A

o

XA 7]

=
=l

Al71 Z2F, 1

2) LDH &% H|nlo A

N7F A D2EHEA dEUhS

J(BCAAXZ, BCAAH + WA

X

A

3}
H

A(CK)

ool 3

)

FAF

@

2 g=z3n

7471

_45_



L
= 3

|

Z

3, 10, 77-98.

RN

Zo] CPK, LDH &4 %9 1

TFa

sl

o

LN

sl Bk A ALeLS) e

&}

=14
x5}

_]

A

=]
T

m 73y AALSHS] =

]
st

A S3s], wREYUY 2= A, 652-662.
=3

1

<]
p

AU (2012). 79 = vpAAZE ZEE SR PA=
AEH(2019). 129 &F5F AZE

wK

Jo

273-9-(2001). Aot T} AA2d 27

)

&

(2001).

)=
2o

7

T1(2000). =& 28t A& -

]

] 0

A

F°] ¥F5-HT9 dopamine®] FEo w|X|= F& =583, 4003),
o

674-684.
P
T

3

]

4

T
i

RS
— 46 —



ZA¢+(1995). Branched-Chain amino acids®} Ornithine o-Ketoglutarate 47}

AT

K

Ny
Jo

Tryptophan

L et e e A& &k GASish therel Mz AAke

ol

or
il
H

(2003).

T
Jo
!

A

o
o

701-

}:c

R

Creatine Kinase &4 W3}o] w|X|= 4

=i
=

E

A58t -

A=A Mg

[
_ﬁoT

‘.—AO
oF

71

(1992).

oy

~H

p/]

34, 27(3),

3= A -3} 8

<)

o mAE I

973-981.

£ ¥% gmyols

(1995). &&= o

R

*

1oy

1\l
Hy

Xél %/

]

4

3, 2(1), 211-229.

L=
=3

AT

(2007).

F

~H

A

]

s

<(2013). 8

‘w.o
!

3
pul

=

o] w3}

Yool w2 FEE, H2EXHE

A 4313 %), 41(3), 317-323.

ke
T

W5 A(2002) < T2 FH

_47_



Cold water immersion®] 321744 32

ke
an

3}
5)

23 gz

axof wA=

38

A

par

50

A 554817, 410),

3t

<)

3}

SREENLEE

625-634.

)

o)A@ 2 Aeag

=

A Hhshs

SE, &973(2007). &

o
T

2 A=, 18(1), 57-64.

Xx=

L I e

o

HA T, 23(3), 666-674.

m)Zke A Apete] e,

4] -7)8}8) 7], 25(4), 1035-1061.

;:-l_

_48_



2 LEUskel mzha A4,

A

s

-

Isoenzyme &30l ¥

% dx LDH 2

31#], 12(1), 118-125.

b ABF(1994). AT &F
T S E =9

i
o}

[

o]

=1
=~

7H(1998). AjeEo] @F F#otel F|jolA

==
+F

Aol

3L

£

BCAA A#H7} R

o]/ (2019).

A

RERE

o147 (2014).

31-45.

A

(1984). &

=
a-

, FAE, A7, #3

7:(_]__

, =7t

;:%]-
Ao1A

3

N

7

o

s

313+, 28(3), 9-17.

s}
of

s

SR

J CPK Isoenzyme®| ©]9]. Tj

78

_49_



158 oRYol %, = 2H|

o]

o

JE F7 A4EY ¥F WA 2EYSAE

)

o
=

(2020). o] &5 °]

o wA]

o]

o

o

ATSHS, HIZFY A A}l

W2aWol dF hEYote] W3t mA]

24 988 %), 42(5), 697-705.

o
T

1

L

o
T

HIZEa A ALSES] R

<
o=

T

1

<
o]

el
]2

1

<]
pi

ol

d@o11). FA T Ar71eF A &

|

A
o

°]3]%(1997). 971 &5°|] LDH CPK &4 XA

# & 7(2020). BCAA 437} 2

°0]-8-71(2003). 3 &

4

z

o
HJ

oF
or

SIER

4 3l

=
=

A

s

il

)

4-94(2012). BCAA AH7F A4 &5 A A2=d, &

_50_

Z47%1(2003). BCAAS} OKG ¥ albumin 7}g597F ZAIZE &5A S2EH 7
ANAA 71 Wstel] wX =



AL =
2 CPK

3}
.

=
.

=
Y3} FE B Hx =

Aol ¥4 LDH

4]

=

7 5(2011). =54

] glucose, insuling%%} CPK, LDH 4%

1A} 8) A58 3) ), 31, 1267-1278.
VIZEY A A

ERE R BRI FCO RS

2.

3], 2147(2004). BCAAS} OKG ¥ albumin 7}5%7F &

V248l ouA7]4de

87} 252 Y] Efe

(2000). 123+ Egold el ot

1t

2

3 214 7] SA}

=
=

15(3), 1-10.
A
T3 (2011).

ZE8](2004). Ao} EIX AR S m AR A 8hE sk T ), 1, 62-69.
ZH"3(2017). BCAA Foj7F I7idi=

,%]

Njo W oF
i N~ R
o —~
o S 2l
H =0
TR op o4
o Ly N x
o L R
NS ON @
N -
AN
) o 1_,._ _!ﬂ_
N S
e
T W ° I
E ¥ X B
5 0 om
o o o°
_I.n.u . _foT Fo
G
— M X
X —
= % W =
I
AL )
X 3 J
% T B
. B " T
& & AKX
S ,HL OL
ST N lo
T ..m < Wu
T T m Mf
< K J
w7
o}J %o
T 0}

_51_



FEAQ011). HHNA AFE & F FEXRC] A2 AFdFot 24

MAE g FUosta tet. Mzt AL,

Abraham, W. M. (1977). Factors in delayed muscle soreness. Medicine and science in sports,

9(1), 11-20.

Almasi, ], Jalalvand, A, & Farokhroo, N. (2014). The effect of PNF stretching and
therapeutic massage combination treatment on markers of exercise induced muscle

damage. Int. J. Biosci, 4, 217-228.

Apple, F. S, Rogers, M. A, Sherman, W. M,, & Ivy, ]J. L. (1984). Comparison of serum
creatine kinase and creatine kinase MB activities post marathon race versus post

myocardial infarction. Clinica chimica acta, 138(1), 111-118.

Arafah, B. M. (2006). Hypothalamic pituitary adrenal function during critical illness:

limitations of current assessment methods. The Journal of Clinical Endocrinology &

Metabolism, 91(10), 3725-3745.

Babij, P., Matthews, S. M., & Rennie, M. J. (1983). Changes in blood ammonia, lactate and
amino acids in relation to workload during bicycle ergometer exercise in man.

European journal of applied physiology and occupational physiology, 50(3), 405-411.

Bigland Ritchie, B. W. J. J., & Woods, J. J. (1984). Changes in muscle contractile properties
and neural control during human muscular fatigue. Muscle & Nerve: Official Journal

of the American Association of Electrodiagnostic Medicine, 7(9), 691-699.

Banister, E. W., & Cameron, B. J. C. (1990). Exercise-induced hyperammonemia: peripheral

_52_



and central effects. International journal of sports medicine, 11(S 2), 5129-5142.

Bergh, U, & Ekblom, B. (1979). Influence of muscle temperature on maximal muscle
strength and power output in human skeletal muscles. Acta physiologica

scandinavica, 107(1), 33-37.

Bourdin, M., Messonnier, L., & Lacour, J. R. (2004). Laboratory blood lactate profile is
suited to on water training monitoring in highly trained rowers. Journal of sports

medicine and physical fitness, 44(4), 337.

Broberg, S. Y. L. V. I. A, & Sahlin, K. E. N. T. (1988). Hyperammoniemia during
prolonged exercise: an effect of glycogen depletion?. Journal of Applied Physiology,
65(6), 2475-2477.

Broberg, S. Y. L. V. . A, & Sahlin, K. E. N. T. (1989). Adenine nucleotide degradation in
human skeletal muscle during prolonged exercise. Journal of Applied Physiology,

67(1), 116-122.

Buono, M. ], Clancy, T. R, & Cook, J. R. (1984). Blood lactate and ammonium ion
accumulation during graded exercise in humans. Journal of applied physiology, 57(1),

135-139.

Byrnes, W. C,, Clarkson, P. M., White, J. S, Hsieh, S. S, Frykman, P. N., & Maughan, R. J.
(1985). Delayed onset muscle soreness following repeated bouts of downhill running.

Journal of applied physiology, 59(3), 710-715.

Candeloro, N., Bertini, I, Melchiorri, G, & De Lorenzo, A. (1995). Effects of prolonged
administration of branched-chain amino acids on body composition and physical

fitness. Minerva endocrinologica, 20(4), 217-223.

_58_



Chaudhuri, A, & Behan, P. O. (2004). Fatigue in neurological disorders. The lancet,
363(9413), 978-988.

Clarkson, P. M., Apple, F. S, Byrnes, W. C, McCormick, K. M., & Triffletti, P. (1987).

Creatine kinase isoforms following isometric exercise. Muscle & nerve, 10(1), 41-44.

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.

Consitt, L. A, Copeland, J. L, & Tremblay, M. S. (2002). Endogenous anabolic hormone
responses to endurance versus resistance exercise and training in women. Sports

Medicine, 32(1), 1-22.

Coombes, J. S, & McNaughton, L. S. (2000). Effects of branched-chain amino acid
supplementation on serum creatine kinase and lactate dehydrogenase after prolonged

exercise. Journal of sports medicine and physical fitness, 40(3), 240.

Davis, J. M., & Bailey, S. P. (1997). Possible Mechanisms of Central Nervous
System Fatigue During Exercise. Medicine and Science in Sports and
Exercise 29(1), 45-57.

Donnelly, A. E.,, Clarkson, P. M., & Maughan, R. ]. (1992). Exercise-induced
muscle damage: effects of light exercise on damaged muscle. European
journal of applied physiology and occupational physiology, 64(4),
350-353.

Eston, R, & Peters, D. (1999). Effects of cold water immersion on the

symptoms of exercise-induced muscle damage. Journal of sports

_54_



sciences, 17(3), 231-238.

Eriksson, L. S, Broberg, S. Bjorkman, O. & Wahren, J. (1985). Ammonia

metabolism during exercise in man. Clinical Physiology, 5(4), 325-336.

Farrell, P. A. Garthwaite, T. L., & Gustafson, A. B. (1983). Plasma
adrenocorticotropin and cortisol responses to submaximal and

exhaustive exercise. Journal of Applied Physiology, 55(5), 1441-1444.

FOLKOW, B. (2000). Man’s two environments and disorders of civilization:

Aspects on prevention. Blood pressure, 9(4), 182-191.

Frankenhaeuser, M., Lundberg, U., Fredrikson, M., Melin, B.,, Tuomisto, M.,
Myrsten, A. L., ... & Wallin, L. (1989). Stress on and off the job as
related to sex and occupational status in white collar workers. Journal

of Organizational Behavior, 10(4), 321-346.

Garlick, P. J., & Grant, 1. (1988). Amino acid infusion increases the sensitivity
of muscle protein synthesis in vivo to insulin. Effect of branched-chain

amino acids. Biochemical journal, 254(2), 579-584.

Gleeson, M. (2005). Interrelationship between physical activity and
branched-chain amino acids. The Journal of nutrition, 135(6),

15915-15956S.

Graham, T. E. Pedersen, P. K., & Saltin, B. (1987). Muscle and blood
ammonia and lactate responses to prolonged exercise with hyperoxia.

Journal of Applied Physiology, 63(4), 1457-1462.

Gualano, A. B, Bozza, T. Lopes De Campos, P., Roschel, H., Dos Santos

_55_



Costa, A., Luiz Marquezi, M., ... & Herbert Lancha Junior, A. (2011).
Branched-chain amino acids supplementation enhances exercise capacity
and lipid oxidation during endurance exercise after muscle glycogen

depletion. J Sports Med Phys Fitness, 51(1), 82-8.

Hansen, A. K., Clausen, T., & Nielsen, O. B. (2005). Effects of lactic acid and
catecholamines on contractility in fast-twitch muscles exposed to

hyperkalemia. American Journal of Physiology-Cell Physiology.

Henry, J. P. (1992). Biological basis of the stress response. Integrative

physiological and behavioral science, 27(1), 66-83.

Hunter, J. B., & Critz, J. B. (1971). Effect of training on plasma enzyme levels

in man. Journal of Applied physiology, 31(1), 20-23.

Jacobson, B. H. (1990). Effect of amino acids on growth hormone release. The

Physician and sportsmedicine, 18(1), 63-70.

Jackman, S. R, Witard, O. C, Jeukendrup, A. E., & Tipton, K. D. (2010).
Branched-chain amino acid ingestion can ameliorate soreness from
eccentric exercise. Medicine and science in sports and exercise, 42(5),

962-970.

Jacobs, I. (1986). Blood Lactate: Implications for Training and Sports
Performance. Sports Medicine 3(1), 10-25.

Janssen, G. M. E., Kuipers, H., Willems, G. M., Does, R. J. M. M., Janssen, M.
P. E, & Geurten, P. (1989). Plasma activity of muscle enzymes:

quantification of skeletal muscle damage and relationship with metabolic

_56_



variables. International journal of sports medicine, 10(S 3), S160-5168.

Kasperek, G. J., & Snider, R. D. (1987). Effect of exercise intensity and
starvation on activation of branched-chain keto acid dehydrogenase by
exercise.  American Journal of Physiology-Endocrinology = And

Metabolism, 252(1), E33-E37.

Kenneth, L. K. (1997). Cryotherapy in sport injury management.

Sportsmedicine Quarterly.

MacLean, D. A., Spriet, L. L., Hultman, E.,, & Graham, T. E. (1991). Plasma
and muscle amino acid and ammonia responses during prolonged

exercise in humans. Journal of applied physiology, 70(5), 2095-2103.

Matsumoto, K., Koba, T., Hamada, K., Tsujimoto, H., & Mitsuzono, R. (2009).
Branched-chain amino acid supplementation increases the lactate
threshold during an incremental exercise test in trained individuals.

Journal of nutritional science and vitaminology, 55(1), 52-58.

Meeusen, R, & Lievens, P. (1986). The use of cryotherapy in sports injuries.
Sports medicine, 3(6), 398-414.

Meeusen, R., & De Meirleir, K. (1995). Exercise and Brain Neurotransmission.

Sports Medicine 20(3), 160-188.

Miller, P. C., Bailey, S. P., Baenes, M. E., Derr, S. ]J. & Hall, E. E. (2004). The
Effects of Protease Supplementation on Skeletal Muscle Function and
DOMS Following Downhill Running. Journal of Sports Sciences, 22(4),
365-372.

_57_



Mooren, F. C, Lechtermann, A., Fobker, M., Brandt, B., Sorg, C., Vilker, K,
& Nacken, W. (2006). The response of the novel pro-inflammatory
molecules S100A8/A9 to exercise. International journal of sports

medicine, 27(09), 751-758.

Paccotti, P., Minetto, M., Terzolo, M., Ventura, M., Ganzit, G. P., Borrione, P.,
. & Angeli, A. (2005). Effects of high-intensity isokinetic exercise on
salivary cortisol in athletes with different training schedules:
relationships to serum cortisol and lactate. International journal of sports

medicine, 26(09), 747-755.

Parouty, J., Al Haddad, H., Quod, M., Leprétre, P. M. Ahmaidi, S, &
Buchheit, M. (2010). Effect of cold water immersion on 100-m sprint
performance in well-trained swimmers. European journal of applied

physiology, 109(3), 483-490.

Shimomura, Y., Inaguma, A., Watanabe, S, Yamamoto, Y., Muramatsu, Y.,
Bajotto, G., .. & Mawatari, K. (2010). Branched-chain amino acid
supplementation before squat exercise and delayed-onset muscle
soreness. International journal of sport nutrition and exercise

metabolism, 20(3), 236-244.

Simonson, L. G., & Shklair, I. L. (1970). Scanning Electron Microscopy of the

antigen-antibody complex. Experientia, 26(11), 1287-1288.

Racinais, S, & Oksa, J. (2010). Temperature and neuromuscular function.

Scandinavian journal of medicine & science in sports, 20, 1-18.
Rahnama, N., Rahmani-Nia, F., & Ebrahim, K. (2005). The isolated and

_58_



combined effects of selected physical activity and ibuprofen on

delayed-onset muscle soreness. Journal of sports sciences, 23(8), 843-850.

Rahimi, M. H., Shab-Bidar, S., Mollahosseini, M., & Djafarian, K. (2017).
Branched-chain amino acid supplementation and exercise-induced muscle
damage in exercise recovery: A meta-analysis of randomized clinical

trials. Nutrition, 42, 30-36.

Rahimi, M. H., Shab-Bidar, S., Mollahosseini, M., & Djafarian, K. (2017).
Branched-chain amino acid supplementation and exercise-induced muscle
damage in exercise recovery: A meta-analysis of randomized clinical

trials. Nutrition, 42, 30-36.

ROALSTAD, M. (1989). Physiologic testing of the ultraendurance triathlete.
Medicine & Science in Sports & Exercise, 21(5).

Rowsell, G. ], Couutts, A. J., Reaburn, P., & Hill-Haas, S.(2009). Effects of
Cold-Water Immersion on Physical Performance Between Successive
Matches in High Performance Junior Male Soccer Players. Journal of
Sports Sciences, 27(6), 565-573.

Roti, S. (1981). Serum concentrations of myoglobin, creatine phosphokinase
and lactic dehydrogenase after exercise in trained and untrained

athletes.

Stocks, J. M., Taylor, N. A., Tipton, M. ]J., & Greenleaf, ]. E. (2004). Human
physiological responses to cold exposure. Aviation, space, and

environmental medicine, 75(5), 444-457.

_59_



Swenson, C., Swiard, L., & Karlsson, J. (1996). Cryotherapy in sports medicine.

Scandinavian journal of medicine & science in sports, 6(4), 193-200.

Tartibian, B., Azadpoor, N., & Abbasi, A. (2009). Effects of two different type
of treadmill running on human blood leukocyte populations and
inflammatory indices in young wuntrained men. Journal of sports

medicine and physical fitness, 49(2), 214.

Tremblay, M. S., Copeland, J. L., & Van Helder, W. (2004). Effect of training
status and exercise mode on endogenous steroid hormones in men.

Journal of Applied Physiology, 96(2), 531-539.

Verducci, F. M. (2000). Interval cryotherapy decreases fatigue during repeated
weight lifting. Journal of athletic training, 35(4), 422.

Wagenmakers, A. ]J. M., Coakley, J. H, & Edwards, R. H. T. (1990).
Metabolism of branched-chain amino acids and ammonia during
exercise: clues from McArdle’s disease. International journal of sports

medicine, 11(S 2), S101-5113.

Wallimann, T., Wyss, M., Brdiczka, D., Nicolay, K., & Eppenberger, H. M.
(1992). Intracellular compartmentation, structure and function of creatine
kinase isoenzymes in tissues with high and fluctuating energy demands:

the ‘phosphocreatine circuit'for cellular energy homeostasis. Biochemical

Journal, 281(1), 21-40.

Wendt, D.,, Van Loon, L. J,, & Lichtenbelt, W. D. (2007). Thermoregulation
During Exercise in the Heat: Strategies for Maintaining Health and

Performance. Sports Medicine 37(8), 669-682.

_60_



Wilmore, J. H., & Costill, D. L. (1988). Training for sport and activity: The

physiological basis of the conditioning process. Brown & Benchmark.

Wilmore, ]. H., Costill, D. L., & Kenney, W. L. (1994). Physiology of sport

and exercise (Vol. 524). Champaign, IL: Human kinetics.

Wilmore, J. H, & Costill, D. L. (1999). Physiology of Sport and Exercise. 2

nd. Champaign. Human Kinetics, 310-41.

White, G. E., & Wells, G. D. (2013). Cold-Water Immersion and Other Forms
of Cryotherapy: Physiological Changes Potentially Affecting Recovery
from High-Intensity Exercise. Extreme Physiology and Medicine 2, 26.

Zainuddin, Z., Hope, P., Newton, M., Sacco, P., & Nosaka, K. (2005). Effects
of partial immobilization after eccentric exercise on recovery from

muscle damage. Journal of athletic training, 40(3), 197.

_61_



The Effect of Recovery Method on Blood Fatigue
and Muscle Injury after Competition in Male
Taekwondo Athletes

SHIN HEE KWANG

Dept. of Physical Education
(Exercise Physiology)
Graduate school of

SungShin Women'’s University

This study is to compare the effects on blood fatigue factors and muscle
damage substances according to recovery methods (exercise group, BCAA
intake group, BCAA intake + cold treatment) after Tackwondo competition,
and the results of the experiment on 18 Taekwondo athletes of the Korean

Sports Association are as follows.

1. The study showed a significant difference between groups in lactic acid
and ammonia concentrations when invested on blood fatigue factors
according to the recovery method of male high school Taekwondo athletes
after the competition, however there was no difference between groups in
cortisol concentrations.

1) In the comparison of lactate concentration, there was a significant
difference in the interaction between the measurement and periods X the
group period. In addition, the effect of reducing lactic acid concentration
was shown in the order of exercise group <intake group <intake +

treatment group> after 15 minutes rest and 30 minutes rest after the
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competition.

2) In the comparison of the ammonia concentration, there was a
significant difference in the interaction between the measurement periods
and group X period. In addition, ammonia concentration reduction effect
was shown in the order of exercise group <intake group <intake +
treatment group after 15 minutes rest and 30 minutes rest after the
competition in the difference between groups.

3) There was a significant difference in the interaction between the
cortisol concentration measurement period and the group X period,

however there was no difference between groups.

2. There was a significant difference between the measurement periods in
the concentration of CK and LDH in the muscle damage substances
according to the recovery method of male high school Taekwondo athletes
after the competition, however there was no statistically significant
difference between groups.

1) In the comparison of CK concentration, there was a significant
difference between the measurement periods. In addition, CK concentration
decreased in the order of exercise group <intake group <intakettreatment
group after 15 minutes rest and 30 minutes rest after the competition in
the difference between groups.

2) There was a significant difference in the interaction between the LDH
concentration measurement period and the groupX period, but no

significant difference between the groups.
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In conclusion, combined treatment (BCAA intake, BCAA intake +
cold treatment) reduces fatigue substances (lactic acid, ammonia) and
contributes to the reduction of muscle damage substances (CK) in athletes
rather than BCAA intake or single treatment of cold treatment. Since
intake and treatment are simple and clear to be applied in the field of
competition, it is sufficient to be used as a practical basic data. Therefore, it
1s expected to be helpful in improving the fatigue recovery and the
development of performance if the range of treatment methods is designed in

various aspects in future studies and the target is expanded.
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