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The Effects on Serum Enzymes Activity and Blood Stress Hormones of Vitamin
C - B Complex Intake and Training in Rowers

Jin Hwan Kim

Graduate School of Education

Pukyoung National University

Abstract

The purpose of the present investigation was to evaluate the effects of 6
weeks vitamin intake on serum enzymes activity and blood stress hormones
concentration during high-intensity rowing training in male university rowers.
A total of 12 male rower were recruited for this study. The subjects were
randomly and evenly divided into a supplemented group(SG) and a control
group{CG). The supplementation consisted of capsules containing 2,400mg of
vitamin C - B complex (ascorbic acid 16mg, biotin 10.0ug and nicotinic acid
50mgNE per 2 capsules 800mg, AX-1, SBT, Co.). Venous blood samples(10cc)
were obtained pre-exercise and post-exercise with vitamin complex
supplementation for 6 weeks. Serum enzymes activity were determined by
enzymatic method and IFCC method, and blood stress hormones concentration
were determined by RIA and secondary antibody method.

Each subject performed 6 hours (AM 3 hours & PM 3 hours/day, 6days/wk,
6 weeks) rowing training program (gymnastics, running, power weight &
power circuit, hill running, swimming, cross—country and climbing etc; HR
range 140~ 180beats/min) in sports complex and rowing fields.

The results were expressed as meantstandard deviation(SD) by using

SPSS/PC"  (version 10.0) program, and the comparison of two groups



(differences between groups and within group) were tested by t-test and
ANCOVA with independent variables of period and group. The predetermined
level of significance for the study was p=.05.

This investigation made the intensive-camp training rowers supplement the
vitamin C - B complex. This study has two purposes; One is to compare and
analyze the LDH and CPK activity changes before and after intaking it. The
other is to look into the effect of intaking vitamin on the concentration of
cortisol and catecholamine which are a kind of stress hormone in blood. The
results of this study are as follows.

1. The vitamin supplementation group showed the slight and statistically
significant increase in LDH activity (from 175.40+32.14 to 206.60+40.901U/L,
P<.01). The group which didn’t supplement vitamin showed the slight and
statistically significant increase in LDH activity (from 159.33+39.58 to
186.17+41.80IU/L, P<.01). No significant differences were observed between two
groups in the revised mean distinction where the figures before the test are
covariance.

2 The vitamin supplementation group showed the tatistically significant
increase in CPK activity (from 184.40+89.14 to 416.20+182.24IU/L, P<.05). The
group which didn’t supplement vitamin showed the statistically significant
increase in CPK activity (from 156.33t59.24 to 335.50+130.701U/L, P<.05). No
significant differences were observed between two groups in the revised mean
distinction where the figures before the test are covariance.

3. The vitamin supplementation group showed the slight decrease in the
change of cortisol concentration (from 1803229 to 17.79+3.89ug/dl). There
was no statistically significant difference. The group which didn’t supplement
vitamin showed the slight decrease in the change of cortisol concentration
(from 26.95+8.77 to 1826+3.23ug/dl). There was no statistically significant
difference. No significant differences were observed between two groups in
the revised mean distinction where the figures before the test are covariance.
4. The vitamin supplementation group showed the decrease in the change of
epinephrine concentration (from 49.60+33.86 to 26.00+23.60pg/ml). There was no

statistically significant difference. The group which didn't supplement vitamin

_Vi__



showed the slight decrease in the change of epinephrine concentration (from
51.17+2065 to 4250+34.12pg/ml). There was no statistically significant
difference. No significant differences were observed between two groups in
the revised mean distinction where the figures before the test are covariance.
5. The vitamin supplementation group showed the increase in the change of
norepinephrine concentration (from 125.80+89.34 to 200.40+110.83 pg/ml). There
was no statistically significant difference. The group which didn’t supplement
vitamin showed the statistically significant increase in the change of
norepinephrine concentration (from 105.00£50.5 to 270.50+148.87 pg/ml, P<.01).
No significant differences were observed between two groups in the revised
mean distinction where the figures before the test are covariance.
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g ol Alzgle] digt UA] FAFEH L 2R FLdSEE HE
T 9y F23 Az &85 ol E3 LDH(lactate dehydrogenase)
v FAbA SE Al o3 ATPE AAste BS54 RARA FALA T
o] HZEGANN ZAHAFTEAS o]&3t9] NADH(nicotinamide adenine
dinucleotide  phosphate)&  438}sl32 NAD(nicotinamide  adenine
dinucleotide)& AAitste= &, 329 olg 9 53489 JPE olF = F
Qg A4S 3t Q7] W&ol LDHe ¥Wste] #3k A7 &5 3o B
MM B2 #AE dodln AtHAN Y, P4, 2000).
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zelolyel o9 #3y LDHe| ehgAe] d¥e 1uA giokn sk B
woolvh ey Edeld el @1 @3 CPKel <kAAE @A 2E
i A g-ollis gubd o g ¥ LDHe HAANE stk old dafd
TE Avry dddziel gyxe] LDH Estel #¢ dF(Roti F,
19810 #2248, =A%, 199) A = vladdats ddzted vis) &5 & ¢

1982), +52o2 Qg ML) AHith Adeio] o] ZAlx=e] FHAo] F
W= AY FEakAa7I(free O2 radica)®] S7H2 Maebe] &4t o3 &
A rEol F7tEY] Wie® AWEn 9 ok(Stansbie §, 1983).

A7Zke] FRALE AUAde] &4 ol g, vEF=ole] F¢ AV F
b aela AkstEae) dAE 4% S AW ogs At
Hehg 7hd e doh o] F E4E dA9 AFsA vgs B A&
A DA 7= S 43S st F2 24, Guezennec 5(1986), Roti &
(1981)2 Al vehts G40 Wz AHS fristes Asstd A
2R ARbetdth oleid A2 TAvt

HatAl velgoza AEdxn 5o g5 & 7 dE ANFEAN 82

oAt 9, 1996)= S AAFgHH

CPKE #Ao] @o] EReE §4ZA &5 figh HEo] & #y
oluel &5 Eet A7, FHEZa AHI HHo] o} FFA AFEAHQ

k=3
3+S x4 (Everse & Kapkan, 1975)8tH, A EEAHS

Frelste] 248 A Murry 5, 19903t 9¥#E gtk 59 CPK%



ILDHy: Fabad 589 ohle f2rad &5 daixe S7tstx
(Roti &, 1981), ¥& HEd oy I 43 (Wilmore & Costill |
1988)8 W= Ao w addA Ath Ohkuwa®t Miyamura(1986)2 CPK 9}
aEo]l TR UAREe 258 € 5 e

AR olgddy RIEFS™, Guezennec F(1986)7 Roti 5(1981)<
Wate Age Hrhsts AsstEd AxE A

Fatsith Wk Sanders$t Bloor(1975)% ©l& &47F &5 A AA 0 7}3)

Az 2EH2E J7hg & e Axgn FFstdew, Jennifersd
Jeffrey(2001)3} Itoh S(2000)2 CPK % LDHY ¥F H:E J7lv &

249 £42 2% 5 JAokm A

ALEE e BERR F BlERRD BE oA AAF whgel] dR A HFE 5
3odnh zEfA BlERY BE A9 2AE9 @9 didelt ArEe
ALAQD oz Aakd #AexHoz2 vhd nigwl BERAZL £Esobd
A& o] AstAH(Haymes, 1983). thiamine(Bl), riboflavin(B2)& wio
2 g AFEdA o' AFE AFEe] diRlET © B2 %o Has
o3 AR oY (Belko 5, 1983), ohtE AT S e 28T dES A
HEx sl = QA Tremblay 5, 1984). AAEE S AHH o8 AAF =
AFgoAlEs A2 or 2EHAE Bu e Addolnz nlgrw CRF
A7 78 Aor A ok HER Ce F8&4d02s B

Egatoiets 5] doljd shside]l f17] Wi 82 AlgEe] A

FEo wEw CrEAL ol §2 AXstr. Edely 7|7 FaelE o

f

WA 287 S7kE e A fele B Fe] A s How
LR C - BEAlE S 57] wjEel we) 24 S7ts Blgnl &4
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4) LDH(lactate dehydrogenase) : LDH= 41X 2] dada ol FAstHA
g FAba Bab whgo] Eu gATAN A4 sid diAbe pRA R o
Al A A Fks ko2 gdsty] 918 NADHE AH&-3toh. LDHE
TAdT 71E 54 7HANA AR g2 24 Fx2E g4 e T4
a4 R Az

5) CPK(creatine phosphokinase) : CK(creatine kinase)etilx 2299
AE Yol Fidezm ouxgE AR £ e ATP-PCA O
Abel @olsts AR ARG P A5 e TR EAT

T

). o] §4E B8 Eold giamA Aot A3zt HAI} ATP
o] @A Ao ol FulA &S st ATPS 12§ WA=
Ela=g

6) FE]Z(cortisol) : ¥ A A ~AHBZolE FEFoz I AYS
Ay, A9 FRdiAtel] ZE-sdd te] 11, A AxAe) Qs F
o, 919 FHE Fgh

7) ol 313 2 (epinephrine) : WAAAR T osjr] RAFATREY &
HH e g2foith aztAAAe] ZFEs A5 BEEEA s As
A7 AL A 3S AFEk, Avtee ARE s S

8) =2 9 Y3 2 (norepinephrine) : WAAAH A}

=
oAl RulEm, Fz APl whEsiA fejdth



1. 534 93 34

1) +%3% LDH

&) A (glycolysis)oll A ZelzAe 2y e ¥ald pyruvic acid> LDHS 2zt
£ A HFEHoR [FAHCHLC)oE AT glycolysisoll 2] g+
ATPe] AL o] vkge 93] aaf|A7] wji-o L A|AZ glycolysisl
ofEstE FEe AEF FFA o9t L LDHY #8L FastA
Y (Lundholm, 1963). =3} glycolysisollA A7l F2h2 A8 w7z 3
A T2 A EwRkEo] 13to A LDHe] #Hgel ¢él pyruvic acid®
Abstdch 2bslE pyruvie acid®] tiRE2 HEol A AR oAl A G o2 A
ol & 7ts% glycogene® AFAAEH7] wjFol olek e LDHE #E-2

S B $ate] A7 A5 F5HDixon & Webb, 1979).

Ny
o
Mo

e
LDHE pyruvate$} lactate® W3S Zujsls a4 2 Foirle) wHE&
Zujsls F4RMN 23X x JoAE T2 FAQ HAE AAdsie vE
S Fujsta Qlof, 19709 o] FHE % LDH 2/ oAl v«
sto] AAG Zra (g A, 1997), vhA GAlel A ulFBAES ke
2 #3984 NADHE AH&-stoh LDH: 593 713 548 7H
WA AR e BAEs 2t 50 S84 U2 EAsted, M
A9 H 299, 5 2= 23tsa 20 287t 224 2f%¢ LDH
&3S Yehdn
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SRRy
SHEAl €34 LDHS 242 2557 ikl folstA Ea(ddal,
3

B ol zluo

o) A
Fe T AT

Mo
=

Tob duielel Qb ¥4 LDHY: Wdst glvka s dH(King 5, 1976).
LDHY 253 (M-type)® A3 (H-type)2 27FA subunits?} 57FA A&
e We 428 47 A2 b8 548 7HAlE 57149 LDH §9
T Tolle FE M 2T R o]FofAa AgHor {4
Aolsle £42 Ad LDH1% LDH27F ®o] dx, zhojn}
ZadE A A gl #Bodi= H 2992 9 LDH49 LDHS7F ©
o] &) ¢ H(Lehninger, 1982).
AEF (990 A 59 3718 F2HAME {2 LDHE zHgo
o3} pyruvic acidZ 2sE=d o] H$dl 238 pyruvic acide TCA
Aol 22 Eutd]o] {AAA duAAge gty Bmstu v 3
H Dixon 5(1979)° <Jshd A oA e LDH isozyme Z&E AF&E
dasittr 2 4 gz o 18y LDHS(ME isozyme)= F2 X
Aol 28 FEld AHE 72ty LDHI(HE isozyme)& Al&ojy A4
ol Zgske] pyruvic acidoly fratel @ E= RS AAE TCA A

olZel TSl HA st A& fFEd AEE Za doa wIa 9

O

*

753 CPK

o

CPKE dyA A3 7] #A5+= ATP + phosphocreatine®] &<
Zust= @4 0|th Jone & Swaminathan(1983)0] <3t CPK:= 3719

k11_



M= 2 isoenzyme &, CK-MM, CK-MB, CK-BP7} l+=d #4 CK
T U5 CK-MMeol¥, AZoA= CK-MB7F EAst: Aoz ddA

Atk @4 CK s5% 94 A<244% 2 25289 ddd #&3 =

Al CPKY Zwjatgol ofald 24 wEHAY Adold Aito] sl
#A2 3P ATPY @AZe AU 2 5 vk 22y 2 ATPES A
G4 F oAt A 2 AAE B2 25 AU 2102
ol B9 59 ¥ o] olsh 2 CPKe 8 Zashsl =@k w
@ &% Fol CPKE 7243 Zdols A48 AR a8 g

CPK(or CK)i= CPollA4 phosphateE ADPoll Zo]AlAH ATPE AMAA 7+
o Zast g4holm 2 7Yt S Eost= @42 4 (Lehninger, 1982),
A7lsoAe 383, AD, Hd Boldoz EAEY g Fvlde A
FrEA e HolA Koy M P A EE g o]&FHu
(o]7+¥, 1995). Hensen $(1982)2 $% % LDH, CPK % & aax:e

FEAEY 2 95l =7t =)

|

30,
o

, ole AW ATPS glycogen

0|

ofrt

Nde) = WAooz AW 2xA ATTe]l &Y B B §

MN‘

ol T7t57] weleta Ak w3 FA CPKE %5 93] wige] 2
T, e A5, AZF 4 trainingel 4 A HAE A2 gle] IH

& ol £54 AY Wol FAHE waold

O D
1 s dut

Qlell wlsle] ok Ale] €4 CPKE =vhx 3% th(Komulainein %5, 1994).
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- &< A - 32 A Al (hypothalamus-pituitary -adrenal  system: HPA)o] <33k
2l tH(Francesconi, 1988).

~Ed s AW3tA 2 o, HPA < Wi Fz29 37 A4
ShE-AgA A AR AFEel AR AR FAHFEH  FAFAA
epinephrine® norepinephrine©] ¥H|®t} o] F 714 Az 435 #AL3d)
o QA Fo3 2EHA OIS VAR gtk AAH - ZHAH 2EY
25 Qe g AA e} wAl o]l AFEH A TR ol
gete] FAalgd $2#<2) catecholamineo] WEHT, =3

Al =d, ol dd F 435l epinephrine® norepinephrine®] 3}

24 Y& #FA-dsldg. ACTHE: FHE &8 FHAa9de =93ty
glucocorticoids 53], cortisol®] A3} FHE  FAEA =Y,
glucocorticoids®] ¥H]3= negative feedbackoll <9l&] z&dHY. = dF
glucocorticoids &%7F gL o] o= FU7FEH AR EZRE e FAl
g2 z2FE 28 &< A (adrenocorticotropic hormone released factor :

CRF)°l #7438 oAsta, olojs ACTH IS ZaA71A drh(#7],
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AAE RS FAS] A oA 7 AE] ARl whgo] dojdtt &
s, AAle] olegk T2 W A" AAEE, dAoY AgAd ¢
el mEFo] HAS uf AFEHE o]y ¥ HEI 2R WERE <
3l Tupvlol} w=ouulxdde] Fxvh FUhebA "t ol# & A=
StaA] Aol 2ANA EeErRy 2AA 2z g oo
UEg A3 S5 fdHE 3229 g Eoldl, HAFs R =
BEe R4 gis) w2 a 93stA gEsty] giEe] £F5A T2
ATE G, o] TEEL AL, TN, AEHA ot YR
vl Al o] Wstgdo] th2 A YErdoh(Kjaer, 1988).

Farrel §(1987)& ZEEo] F4 %] wet #u|dide] tt2r JgeF
ol A et T7HE BRlux o, Hartley(1972)E 24T FEolAw
% FIHE =7t F2A 2ok FUbskar FAIY AR E e o
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N1 2EH A 2] dAE Bugk JATES AHEY, AVt E
ol do] 283} W vt go J&FS v|vte= B (Urhausen 5, 1995)
b 54 AAY AFEdA 4730 s Eo] e Edold F k=T
norepinephrine %7} 74 stsithi= R 3(Lehmann &, 1993)7F )t}

YE3F Aldercreutz, Harkonen & Kuoppasalmi(1986)¢}, Fry, Morton &
Keast(1991)2 %3 E o]y (overtraining)©] cortisol¥} testosterone®] &

F oo 9%e VAT pusdgon, FFEY WEAH ¢

tio

1
=
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epinephrine® norepinephrine®] Fx& T4 Edoldel &3 Folg 4w
HAZE dRen oAl ol 23 norepinephrine®} cortisol ¥%2] FA4
HE Fold Aol 9} 2 epinephrine®) FFES AlE Zube] v} A
& F FYeA A vEpta Bastdoh =3 0] 21(1999) e 54
dAR S, AR, B A5E ddoz 3 AFolA dAARG
5 1287} 1680 epinephrine® norepinephrine %7} -9 &tA =713}
Fom IE7)d= FasATta A

Bonifazi 5(1995)2 % - AAE F943-E gtz 3 AFodA H4H

o}gk apol7} vEbE I, QFA A cortisol EEE FH 65FA FH 1257 %
A

FEZ2 glucocorticoid?] F8 2oz Baud 3 Agoa] &y
=, 19 AMdEFE 15~25mgell Pl 1 B8] HstFAdA EH)H =
ACTH(F- AR ZA535 280 s 2ddn. =, IS 34 - &ve
AldatE CRF(RHE AR A ZE)  HelrA ACTHO o8  x=4dx i

CRF-ACTH®9 At - vl 25y 2EYLE To2 WHEde
neurotransmitter(41 74 A @& &)y FE}Fol] o $ negative feedback 7|7
= 2253 vk wepa gl dF AEEE obel HuFEE B
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ola, Aokl HAAHFEE Hole U gFo] velyeu ~Ed 2o o
ME Frrgti A A A, 2004).

FgAe Agsto] oy I3t 75 vEhdlEY
2

Holq oux] 9 2 ALHA 4B FH4E

T

A el steroid
=3 ~EdHAd 3
S Yyl oy A FYol

Agzdon gud ReE 2

T, 2ae @4, e oy

=

#H 9 cortisol®] &2 15 JdIHAE I

AAA PAE obulmte] 24 &g
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cortisol2 2HEL AAsn Wy AAdsA WHEC. TS cortisole
epinephrine® 28 e 9 F=& FVHAIE LS sl A=
dH A A (A S, 2003).

ol % cortisol BH ¥ T AAESL TEAAME M2 gutd

iing

Y
mlm
t
k
_O‘L
e

Ir
&

o= AeH AEH AV AAAH ~EHAEG ¥§ & 9
ot 7 dvkal S (Tharp, 1975). A1 % % &% cortisol
e BudrHKinderman, 1982; Vanhelder, 1985).
Vanhelder(1985)2] 7oA fFataid &5 2 Fikad &5 3 wet

7 cortisol®] W37t HaAEAEH FAAE EEAMRN FUHEE U
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FEA Aol gxEE WAl e] ddel A norepinephrine 8] 7}
Z7vely], FA Ao A epinephrine ¥4]7} 7%}

epinephrine 9719 7+ ~Eg 2o gasto] AAE HWs B33
7] A8l A 3 %2 S5 AEste] AR wEsE FUHAIIY, F

A EHE ojgA T v EIH] HEE FHEAMNA =420 dRF

o}

& FANReEA Aol gEste] %o EWHoR AL iy

Bag Aas qUAe TFL A 8 Frl, 4L z2AHFE

el gz FF 2o 48e Bt
o 3k

epinephrine &l A glucagon®] #HIE A

it

v & A sle] Zrolyp /W glycogenolysisE £8) A Lo x:2d T
25 483 e oAy LFAAR T UEH =AVEE T 2EY

2o g AAd PP AE FU1AQd dBE 3y {fAHIT Qon,
AR - etk A - F Al d 2 Fs] dEo] vk

Epinephrine® norepinephrine® #Hl&= o2 712 tdst Q&9 93
BEE B=d I Folle AlA AR wiE Adeld ~2EY A aga @F

(=] | -l
2}
3

ol
o)

rir

e

< AE0] xgdH
e
T

o
1o
Ho
ol
o
K1
2
Rod
s
il
b

F2 VO2max 50% o]
stA S7F8EAI R epinephrine®] £ 54 X7l VO2max9 60~70%

TEe 2NHE WA FwosA e ded EEol FRHNE W,

% norepinephrine
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F&A BAAA AHEF FAdAR ZAEskE HET C= o 7HA

b
2 poly et A, L9 - w2z - IR

s} Qbgol] 2EA
WS AAALEAY #4, stEvds) seRels @Y, de] ¥4, 9
o 7l%s, AR 2 el 4, obvlndt, wREHALHE, ZeiHE,

Age BT 5, 2000).

3AY gey) AF, FPAS, d&d A5 R FTHFE T 49



o] s e C dHLHE dxad vius) B A3 Hojid4,

WERS AL, &

CHRokitzki %5,
1994). 39, J9Y¥ s F 4559 vl C dFA4FALHE AFF o

A

ha

ofr
i

Al e g JEtHNowak 5, 1988). B@=oA gy 2% F5HF-E
Hdez st HER C AolAdF ZuHE AFAA Nz dxd
M Fog zolzt vErA & kth(Fogelholm &, 1992).
34799 vigtE AFES Ao E HolidH A7 E & A3 oA HER
Col dddelye ¢33 Aoz veldtH(Powers 5, 1983).

P &5 vixe ga3o] B A7 1 A7t vl gt

AAARNTFES dF o2 WY 687mgel HIERI CE 253 Fa3hiL, 14

=
l
b
2
_y
2
L)

=0, Strydom(1976)°] Aol °)5t® 19 250~500mg A= ulEjwl
e 229 FHdA =Fste AEEY B9 4§ Foln AXESS
AA = Aow Yehydoh
ey vy Co &Erdey P adEs aFEsnA 3 v d
oA vERl Co €397t iFHA K
773 v eR C7F RE3 AALE A
UCE AHAZ T e Ho A¥ss = e AAF eI Aol |l
= A2Z YEPYtHvan der Beek 5, 1990). Bender®} Nash(1975)2] <A+
A= FEAFEANA 1Y€ 250~1,000mge] HElR CE &z +
3% 23 dAE] 9 FAY 2 sivs 2y A9
(Harvard step test)2 €3] 343 &55dsd MAEHRE d#stx %

ok 3 BER C IFEHI F5e AHES dde® 600~1,000mg
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A cHKeren & Epstein, 1980;
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e delvla Wydh AREo s AR, A, A%l A, B2, A Sl
Ao oglow] FE gbgel AMe AN W] FFE B

th =g AZAdE #A"EY. 1¢d 30~40y A= 27EH% 3100y
/100g)3 s, =Zel, d7 Sol vud Bu(d9d, 2002).

3) yoelopal(yaedit ofr =)

tolebal e Umaist yagolnEz EAsy 742 247)(-COOH) =
= oolES]((NH)E 2teth o] F 2Ae B3 g:ed & SdHM A
25 Aol A AFRAD SAGHANE 120C olste) SR
sheh A ZlsoRE AEW AS-FY wge) 2R /5T FelHg
2 @ delole zEd PHlE YzdelnE Ongdedss U=
Hopvl= Cir2deHE TadolEzA AU Aa-BY W] ol

>

olopal e FolshA g ol uls) beloh g Felwe e WF AW
B oot A4S AsEAn, FANAZe A8t A% BasA
w, FA i Ee) 4 2
= AgAd g Ag Aoz nelrh

1 il
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Sele FgATEA dRe Ad 9% Al FEE 2Fgou $ESF
Yool PFe wNA gurvh oldel AT FAE FAHA thojopa

wpet 1 g E2BE dolopilo] apE st o] o) g FHojop & Aow
ok ey Yool B Fe] e sdvHEes FHANE 7 AeA g

Z7% o}d BE R

TEEOIY AX A= o] 9] LvjEFe] wEbA oW FRFH v
Qo] Fugt % AdgeE vEgY 28302 A Cureton(1972)2
el 3500kcale] WAl Amje] A vlElW By 2ug, HEY C 50ug,
4500kcal®] 749l ZH2F 5ug, 100ug, 5,000kcal®] 74 -$-ol = 10ug, 150ug
Ax7t o Daosittn »usdo)

o Farel wiebd dagh vEvleY] FRe ol vEr] wEd, 714
A Ao A= 1,000kcale] olux] Awlol dlsiA BlIEF B> 052ug, Bl
Bl CE ldug Axzts 2oy, vy 2erie 22 #ugds gss
TN 2ug, 30ug AE7F Festgds P d 5, 2000).

HERRD Biolu Ce #td oz AHisle 4414 gx A2 wjEs oA
7] el oS oY Bt o b dvh T vEE Cx g
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Qart g

-rd

= A719t 23 Foll o] ~xz FERYUS HEY] Qg
dAsta vk & e FA9 A A del A A
E3PA A Foof §y] wiite] Wol AdFHsteor stv, o %
2ug(dir 6,700IU), B; 8ug, B2 2ug, C 200ugeol A%, A7+HE 28= &
Ao WAy 288 F2 o % AFEudx ¥ER B, By
o] HERIR7E 6 @eol dasithE AE e

oW FFH vge xgv F g

of vElym, = Aol Woly AR FF EW, 9] Fojivh

1

da g 2 U 59 Faol uedt os) 2e FAse T Ay
O
9

rlo
=)
I
rﬂ
ot

@!

3 3% PR 44 vk ol Bol AWHY 74y S8 24
o LhEbutm AA A 7)ol Astslo] MFHo] kst ole @ Age

2 e HEe anz A4 AUMS olANdE AL FAY &
171 @),

NA Sl oaA 7t wEel Ay 4ol AANT wal Jrhdt
A, HAF ¥ 20 &% 5L AW, Awsl wel o
wol REY Axz Arol/] VENALE T &5 sHo] FdA

(Early & Carlson, 1969; Haymes, 1983).
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B AT ddAE Ha 5 GHEREe] ddol fle AA 1A g
Aoz PN =AM 1288 o= sto] Hgyl 534 AH¢ &
dold 1 (supplemented group) 6%, E#oldrt A As= 1F(control
group) 692 S92 A s

53 AFdidAEA 29 5A, Ry vER SdAe gdd z

O Zw = 2B 3 5 = = E o 5
&S Tws A9d 3 AYUnELd 4, 22 5 5% e AP
sttt

i 1. J]GJZ]— _,] /\]7(-“7(4 Ji,i}\c—}

SG(n=b) 20.60+1.34 5.42+1.66 183.60+3.05  86.5423.68 13.70+3.27

CG(n=6) 20.00£1.10 452+1.17 182.83+4.02  79.30+3.34 14.43+2.23

SG  supplemented group CG : control group

,25_



g

—~0

g
el

™

aA

D

B vER C-

Mo

——
"o

i

=

file}

Ta

A

o

BE-gHAl

Z2(LDH &

=)
=2

71 flste 6
CPK)

¥ (cortisol & catecholamine) &%

=4

2EHA &
A2

=o €5

3

A

3}
=

o,

<ag 1>3

23 AAl=

9.

il

N

M

e
e

HEt AH#H 25

: HlERRD H] 4

T
K
o]

A

b

®

AY AA

A
o
4

%0

X
B

H

A A & A Edo)d

uEfyl C - B

S

£4)

1

K
il

ARG

kX
ha i

k3
o

s
oo
4
104

‘.._.MO

B

2 A
1

v

—

i

Al

d

=]

T

Al X
T3

]

<)

AT

_.26*



Foll A4

Rov], A
Ak wE C -

3

= 2.400mg)
SAFe] wvigrRl C - BE & A

1 Al
=

1S H82(400mg x 6%

6731—/%

) %

3=
[s]

7
[

Al 2
ta

]

A

=
=

1A =

5
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E}

o ou

HElYl C 16.0mg, ¥l 2

A 800mg 3

4

2bolul = 50mgNE°] t}.
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D LDH

g4 F9 LDHt 3te Atgbstar, sjFeibs Ad9g. of o 284

T H3EEE 2R Zld 9t LDHe A AE F3g. Faes
F4(LDH)E SICDIA L LDH Reagent(JSCC)E HAMAI¢ko g & a4
(B AFAH] Hitachi 7600-110/7170)& o] &3te] RA1stit).

@ CPK

Creatine Phosphokinase(CPK)3= AutoLab CPKE #HAIA|Zo =z &1
IFCCYH (NAC, Kinetic UV Method)(Z A}&#] Hitachi 7600-110/7170)& ©]
&3] B

(3) BF ~E A 522 2AMY

@ Cortisol

Cortisol2 73 A¥-2(RIA : Radiotmmunoassay)(ZA A48 1470 wizard ¥

-counter)2 o] &3t RAsIT. AAlel  #¥(cortisoDI  EAFY

=i

("®I-Labeled cortisol)©] @+ ]2} 2H(antibody coated particles)olt}t &
A ¥ 5 tubed]l ZAAHoZ wbSE = A dfolt

@ Catecholamine(Epinephrine & Norepinephrine)

Catecholamine2 Secondary antibody Method(ZAFA]2F KatCombi RIA)

2 AANE d8gE ol &std #AlstUrh. PHAPEHI =+ Pipettes for

,28_



Macrotitier plate(T.V. 2.5mb),

p=2

[}

deliverv(25u, 508, 100g8, 1mf),
Centrifuge at 1500g, aspiration and Washing device, Gamma counter

o] Abg-E AT
4) Edeold 5 =2
WYPAES] Edolyd
th 15 ~2FaE od - 2

Az, 2d, FgdolE & AAMTIE, dYHY], F4,

g aE(gadda =
Arragcy. A@AE) g
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1. 2 =(30)
- Z24010) - 2EHHA0) - A A E10)
2. A9 71(A=2 500m, 700m)
o - 155-500m(73] ~9%]) - 25-700m(53%] ~73]) At e} | 3~4
130 F7(120) 140~1803]/%| Set
- A 4H60) - S 9H60)
4. F3(60)
5 A Ax
1. A ZE3E0)
Z7010) - 2EHAA0) - FAAEA0)
2. A ETFE
- AFE -39 =39
-HEgZE - 2] E
N - A AEYolE
il x] 22 2] 2
®1T-Hd 70%, 123] ~153]x4~5 Set
27 -H ] 80%, 83]~123]x4~5 Set
0% 3. 749 Aukas e | 4~5
4. FAAMFIEAIN FT5) 140~1803)/% | Set
- A d-10kg - "l X} & -3bkg
=g E-50kg - FHITH-30kg
VAl - HEZFA
- Ak - A2~ E g o] E-50kg
RLEAR - By =
- =F41-0} 3 10kg
30 Tt Hudl, 117 F5 24 0] & =1Set
5. AR~ AFFE(EEA lﬂ}ﬂ ok 12km)
6. A=A =
vl Hed 2de S, 948¢e 54

* FEAIZE L 2 H(09:30~12:30), 2F-(15:00~18:00)

*30_
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1. A Z30)
S 27010 - 2EHAFHI0) - FAAZA0)
2. A49#®7(712 500m, 700m)
- 3F-500m(73] ~93]) - 45-700m(53) ~73))
- 55-500m(73) ~93]) - 65-700m(53] ~73))
3. Al ol
- 5 T(120)- 1 HH60), F9H60)
- FT(60) - ¥H30), F3H30)
onl?t FYMNEALIN E5) Aura Mgy | 3~4
1 - A -10kg - 9l X] Z-35kg 140~1803)/% | et
-HEZE-S50kg - Y2 A-30kg
- VA - HZEFA
- 4 - A~ E g o] E-50kg
ELEAR ! Il

- 2700 - Z2EAHA0 - FAAE00)
AN ETES)

- 2FE -9 ad -gEgEzZE "X E
- Al - A 2EdeoelE - WX =Z s

L% | ®¥35-2d] 80%, 103 ~123]

47~} 80%, 123] ~153)

557~ 90%, 83]~103]

65 -3t} 90%, 103] ~123]

A2~ AFN(FE 4 199 2 12km)

N
i)

Hurs gl | 4~5

140~1803}/% | Set

3.
4. A= R BeAx
=8

d ede dagood, dede F4
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1. 83 a4 2% w3l
2RA5E0) 657 ME C-BEEA HF Ao dPas 3

B
rlr
A
=3
Ay
\V4
K}
i
uf

4677 VIR A A - Fo) IPEE BYE Wl

gE IF AEA A% " t=value
SG 175.40+£32.14 206.60+40.90 -5.190*=
LDHIU/L)

CG 159.33+39.58 186.17+41.80 -4.133%*
. SG 184.40+89.14 416.20+182.24 ~2.992x

CPK1U/L) o
CG 156.33+59.24 335.50+130.70 -2.889=

* p<.05, =*x p<.0]

1) LDH®} A3}

5 2% ®Ad "¢ ZFEeA F frolgtE
SG 197.296 7.079
LDH(IU/L) ! 0.121 0.737
CG 193.920 6.445
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366573 vER A d - 59 LDH ¥ & 43
e AFFAZTE AF= o7t A F F FolgE
TAHAEY 14624.607 2 7312.304 30.121 0.000
aF 29.352 1 29.352 0.121 0.737
Gl 13485.913 1 13485913 555651 0.000
23} 1942.120 8 242.765
A 436794.0 11

=

W]

A~
e EEST

gl
O;

LDHe &A% W3E <F 4>0]A4 BE wf
Zol HEYl AH gl 3 A 17540£32.14IU/LoAN A AE F
206.60+40.90IU/LZ  31.20IU/LZ 78t en, FBAXHc2E  fostA (p
<.01) F7tstgnh vlEd Bdd 252 AF A" 159.33+39.581U/LA A
28 F 186.17+41.80IU/LE 26.84IU/A Z7tsld e, BAH o2 = 93
A (p<ODZF 718+ et

84 LDHY ¥z 24 A3Z <E 5>9 <X 6>0A BE ups} o),

T
'S

b
ol

>

FTWolor Eqld LDHO AMAHAIX = F=5555124 SAHSZE 2129
THE<o0DEES vxE= Aow vyeldt 28y BAE LDHel 93 F
97t FE I Ay oW F=01212 EAIRCSE Hod xolrt gl A
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SG &CG : p<.01(Pre vs. Post)

250 I

200
J
> 150 ¢ O Pre
5 100 t B Post
=

50

O 1 J

Group

a9 2 6% viek B3 A - Fo) 3% LDH 2450 W
2) CPK¢] ¥ 3}

zAAFEe] 653 vlgw C-BEIA A3 d - F9 CPKY Wst=
3

g} = I BAY JF B F o g s
SG 411.207 73.837
CPK(IU/L) 0.502 0.499
CG 339.661 67.273
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38 657 vty 43 A -39 CPK &4 R A3}

Ao AFHATE AF: B AT F o
TARY 23008.665 2 11504.333 0.432 0.663

1% 13377.810 1 13377.810 0502 0.499
T 5247.329 1 5247.329 0.197 0.669

ot 213013.0 8 26626.621

A 1759734 11

2RAFES] Fa4 F CPKY FAHE WEE <A £0A BE bl
Zol HERI A3 aFe A4F¥ A 18440+89.14IU/LCAH AP F
416.20+182.241U/LE 231.80IU/L F7tstdon, SARS2E Fos A
<.05)F7bstd ek vlErRl vldH 2§ AE A 156.33+59.241U/Lol A 2
F F 33550+130.70IU/LE 179.171U/L Z7tetion], EAZH 2% 98
Ap<.05)% 73t Aot

d7% CPKe 3¥% 24435 <X >3 <X 8>oA nd guclow

F49 CPKY AMARAIR = F=0.19724 EARoZ o7t Q= Aow
veEstem, R CPKO 23 Aazt £33 23 % F=05028 =4

o2 feg A7t Qe Aoz vehirl

SG &CG : p<.05(Pre vs. Post)

450 ¢
400 r
350
300
250
200
150
100 1

50 r

OPre
B Post

CPK(IU/L)

7Y 3 657 HEkel 4 A - el 8% CPKe) sl



ZARAXAFE] 657 vEMY C-BEFA H3 d- 5o ~EYs 52
o] W3l <E 9>9 2o}
£ 9 657 vEl AHF AT 2EYHS
B8 a8 AHd O ¥AF L tvale
Cortisol SG 18.03+2.29 17.79+3.87 0.172
(ug/dl) CG 26.95+8.77 18.26+3.23 2.116
Epinephrine SG 49.60+33.86 26.00+23.48 2544
(pg/ml) CG 51.17+20.65 4250+34.12 0.902
Norepinephrine SG 125.80+89.34 200.40+110.83 -1.292
(pg/ml) CG 105.00+50.54 270.50+ 148.87 -3.055x*
* p<.05

1) Cortisol®] W3}

LR

£e] 653 Mg C-BEHA HH - F9
AshE <E 10>% <29 4>9 2

i

|4

# 10. 6522 vkl A H A - F-9] cortisol FE2] HlW

cortisol %2

o 2% BAd WE  mEead F 0 fous
_ SG 17.621 1.899
Cortisol(ug/dl) 0.077 0.789
CG 18.397 1.701

,37_.



311 67K vlERl 3 A - 29| cortisol R TWHEFRA A

2 AREARE ARE  PEAR F #ol 88
TARY 1.076 2 0.538 0.039 0.962
_ 1% 1.069 1 1.069 0.077 0.789
SR 0.460 1 0.460 0.033 0.861
L2t 111.662 3 13.958
A 3694.363 1]

44559 8@F T2E F cortisol ¥ WIE <F 9olA BHE v
s ol HIEY AHF IFel H4F A 18.03+229ug/dlelM HE F
17.79£387ug/d1E 0.24ug/dl 43, SAHSZE FoF A= U
ok vEY 8gdH] aFdMe 2F d 26954877ug/dldlA AW F
1826+323ug/dlS 2 86%ug/dl st oy, EAA R Fo3 2= glddth
dF cortisol T8 IHF FTAAAE <K 10> <IFE 11>AM HE
Hio} o] FWido g FEH cortisol 352 AFA AR = F=0.0332.24
TARORE oodE FFE uAA FLe AR UEWon, ndgd
e

cortisol FEol 9@ AV Fad ARE F=00772 FAGow fojd

OPre
B Post

Cortisol(ug/di)
&
T

Group

a9 465 vER AH A - F9] cortisol w0 WE}
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2) Epinephrine2] 3}

FAMTES 65 HEN C-BEEA 23 A - 9 &F epinephrine
Fxo WzlE <3 12>¢9 <™ 5>9 7o)

#F 12, 677 vEtY dFH A - $2] EF epinephrine ¥ X9 ¥

J2  ag  myd¥E  EESH  F fd%s
Epinephrine SG 26.652 10.146
1.241 0.298
(pg/ml) CG 41.957 9.262

% 13. 6573 vlElR A3 A - 32] I35 epinephrine 5%9] AR Ay}

22 A3RYAIE ASE HIFAF 0 F ga8s
FRARY 4654.508 2 2327.254 4.524 0.048
= 638.166 1 638.166 1.241 0.208
T 3912.008 1 3912.008 7.604 0.025
.3} 4115.492 8 514.436
g 22245.000 11
FAMTEY dFE S 2F F epinephrine ¥ HIE <F oA BHE

speb ol wgtl AdF 2Fe] H4F A 49.60+33.86pg/mllA EF F
26.00+23.48pg/mlZ 23.60pg/ml #AasH oy, FAHoRZE FAT A=
Fdvk vER vAds aFdXxE 48 ™ 51.17+2065pg/midl A 2 F
42.50434.12pg/mlZ 8.67pg/ml &g ot EAHOZ o3 xolE §
i ek,
&% epinephrine 3¢ 3¥z XAAFNE <HF 12>9 < 13>A H
w -

L

o

d

Helo 2 F91¥ epinephrine?] AAFAIX = F=7604Z24 FAHL

of



2 oo E(p<.05) AEe vAE Aew el v RAd
epinephrine <o 23t Aot Fg3 Ao ¢ostd F=12412 TAHA

_T_
o® fol@ Aolzt 9 Aew vehtt

60 r
50

40
OPre

30 F B3 P ost

EPR(pg/ml)

20 r

10 F

Group

EPR : epinephrine

29 5 657 WE 43 A - 9| 2% epinephrine FEo W5}

3) Norepinephrine?] 3}

i

£44%%9 657 vgw  C-BERA  4A Q- ¥ A%

norepinephrine ¥ %9 W3l <F 14>9 <9 6> o

i

# 14. 657F BlEHY A3 A - F9] norepinephrine ¥ X9 Bl

D=l % BAY B@g E?\vjf}_i}: F ol g
Norepinephrine SG 194.066 60.852 0.972 0.353
(pgg/ml) cG 275778 55.484 ‘ '
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% 15, 6577F vlElY] 43 A - 9] norepinephrine %2 IWHEA A
S AGRAZE AfE BIAF F e HE
FARY 27332.376 2 13666.188 0.749 0.503
IO 17741.366 1 17741.366 0.972 0.353
TG 13930.530 1 13930.530 0.763 0.408
Q@ x} 146014.2 8 18251.771
A 799767.0 11
AT EY dF FT2X F norepinephrine % W3IE  <FE oA
B nhe} Zol vlEYl AHFH 8o A3 A 125.80+89.34pg/mloll A A A

¥ 200.40+110.83pg/ml2 74.60pg/ml F7}std oy, SAHc=2 {93 A
7 Sideh vl vl F 2ol e 2F 2 105.00+50.54pg/micl Al A @
% 270504148 87pg/mlZ 16550pg/ml 713t} o, SAHczE {938
| (p<.05)% 7}ttt

&2 norepinephrine ¥ %9 F¥g RAANE

L

<E 14>9} <FE 15>00A
B =2 2 APA R AR =
F=0.7632.2 4 EAAoR o= &S vAA #& 02 Yewo
v ¥ A% norepinephrined] 23 It a3 A% F=09728 FAA

o® §o% Aoz} gl Ao e,

npol  Zro] Fw<olo 291l norepinephrine 9
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CG : p<.05(Pre vs. Post)

300 r
250 r
200 r
150 r
100

50 r

OPre
Post

NPR(pg/ml)

Group

NPR : norepinephrine

a9 6. 6577 e A3 A - $9] norepinephrine F%E2] ¥#3}
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LDH 457 &5 F 239
. ol 28 Bigard 5(1992)2 32vhEle] AE

ES o
127 Beb ANATY £9EAS A2 A LDH F407}h vl E a4 gol
5

Welehg 743k A7 $EA ATPS 228 WARE G424 CPK 8
Mo Wshs $AsY SERY ohiz FU2H LEANE Zrhehu
A9 CPK #A4%x9 vl 2 &3 CPK 4% 59 93] 571

(Lijnen &, 1986).
CPKe <x2o vlate] o] @A 8] @& 2 TAste vjER 5
ol dEiEA, Aot It FAF A ATP-PCAEZ Tl PCY Aoz
TH FdHE ATPY 4 Fulddg 7H53AA 54 ATPS] 14
& WAskE AEE sty adoluk(AE 3 &, 2001). CPKE E4+7, H,
A Foll Bol Fgiso ded AAe 96%7F FA T JFEH dth
gdxel ¥t 25 oMo diAar#Ag ) Hag
ol Aol F7F @48 e dtH(Sharp 5, 1986). 1elv FFol
Aol 24 Fgdxd dsidE Ao wepA AolE vt B3
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AEE Tt SUslE Ao® et g &e] AR AE3 REol
Wb F7 el (McArdle 5, 1996) HS w2 ke FEelAe o T 9
S7ME St EF AR 30~45% SOl H o] gkt A HARA

FEOT Zasa $EAC] U

LIS

o]N

7}l (Wilmore & Costill, 1994).

7H|E ol ARARGo v F o A4S Shal P % e FUE
dl, AR & T glucosedt FFA & Fdldl 7Adci( =5,
2001). &A= WE eyl T ®¥steE g©rstE 9 AF g}
o AHE #AQS 73 gl Edl(Hagenfeldt, 1989), &5 x5 wp& o
UAdel 43 #dxe] & o FHkAQl Wste] Jdl= &3 JMEst

B, SERAA FRAAGAS gAY Fwol WAzl Aolgg

Catecholamine®] X, 53| norepinephrine?] FXi HdUlitAAvHE
60% ol A=A o FAIS FUHE (ST, 1991, Howley,
1976), 80% VO2max2] &% Aloll¥ norepinephrine?] 717} 53le] g
Uil (Hartley &, 1972), 7}#ll %o % && 5 epinephrine® nor
-cpinephrine 5 °] #743 F713tttn FH43F A4EX A (Tarnopolsky
S, 1989; Giles & McClaren, 1984).

Auzel A4%2003)9 ATdME 4 E FEF FHHEoN 5229

o BAE Fohurl Askel 200 4 WA THE HoR WHE 5L

d
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SoF FAAG NE $5 608 &5 12080 Fo1F Aolst 98-S n
bal.

o) FH2001)9) ATl A= AN FxAT AFAH Edoldel HNFSEA W

GALS 2Edx T2Po oud FFL vIAEANE TR 95kl

1899 A AL e 71FEA gt 4AA J2urlgE of

ot Edolde A3 A3, Edold ¥ ¥4 IAEHENR BF k29
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ol

Auzde] FEE £5 4T FARATL ARI) 4PN FEoR B
dAsigiom, @4 dsizy sEE A6 He £¥ AF Flstad
7 AR E A% fA8S 2 ¢ dvkn wastgc.

B ATl E 653 vET C-BERIA AHALT A EFA €5

i3

FAEY A KeR=RLE R | cortisol&} catecholamine(epinephrine &
norepinephrine) F%°lA k7ol  ZFZH(cortisol¥}  epinephrine2 <71,
norepinephrine 74)& Jelid A, SAH 2 {olg Aole gl

S A9 norepinephrinecl A7 A3 dol wla) HEF Fo FAALE

b

o 4% Ut Ad 528 FES FWI0ER @
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®odTE §hEd

(o}
HE AFH7 85 ~EHA 28
MAE dFE 79

o

1. LDH 4% W3st= vlglyl d3 280 Ay A 17540+32.141U/L9Y A
A¥ F 206.60+40.901U/LE 31.20IU/L F7tstd o, BAAH R E §93
Al (p<ODF 7k BlgRl ¥AdH 2852 4% 3 159.33+39.581U/Ll
A A2E % 186.17+41.80IU/LE 26.84IU/L Z7tetgom, EAAc2E &
olstA (p<ODZF7FsE T 28y 28 A FAE FHdom 3 vwAH
Ht Aolof lojAes 2ETF g Ut flddch

2. CPK 24 % ¥sle vigyl 43 235l 438 3 184.40+89.141U/L el A
Y 416.20+182.241U/L= 231.80IU/L F7tetdon, BAHc2: {9
Gl (D<.()5% btk BlEMl w3 252 238 A 156.33+59.241U/L
ol A3 F 33550+130.70IU/L=Z 179.17IU/LZ 718900, EAXH 2w
sl (p<05)F bstanh et 29 A FAF TR0 @ wgd
dolef ol 1FF F9% A7 Adch

3. cortisol 5% Wst= vyl AH 250 A3 A 18.03+2.29ug/dlo A
HE F 17.79+38%g/d1Z 0.24ug/dl #A3Fon, EAH R E Fold
A7 Qi wEE vdA 18e A9 A 2695:8Tug/dIolN AF
18.2623.23ug/dIZ 8.69ug/dl #Astd oy, AR Fo3 a7 A
oo Ae d s FRdoer 3 BAd Aolo QlojAd 1w I H
ol gk 27F giodv}
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4. epinephrine ¥ % W&t vlEY 43 150 243 H 49.60+33.86pg/ml

A AdE F26.00+23.48pg/mlE 23.60pg/ml AR oy, FAHoR
ofgt A7k Asich vlElRl 8l A 25 A3¥ A 51.17+20.65pg/mlol A
Sl % 4250+34.12pg/mlE 867pg/ml FAastR oy, FAdeR Fo3t
7b etk T3 Ag A FAE FHcdos g »Agd Aol glojA
& 3 g A7 sl

N

5. norepinephrine 5% W3l vlgY A3 150 H4F W 12580+89.34
pg/mlel A AF & 200.40+110.83pg/mlZ 74.60pg/ml Z7tstH oy, A A
o2 fFo3t 27k gk vEkl vlda 1§ 2F A 105.00+50.5pg/ml
N A AF 327050+148.87pg/miZ 165.50pg/miZ et on), EAH o 2w
FolaA (p<om)Fistah a2y AY A FE FHJoR 3 nAgw
apololl AoAA 2F 7+ F23F A G
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sol A

474~ 481.

=

401 ~410.
HA3H(2001). A%

10~11.
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4 CPK ¥ LDH

[e]

= A58+ 3] 7] 42(1), 753 ~759.
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=

3-(2003).
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[a)
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t:i}
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ACTH, Cortisol
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