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Effects of Aerobic Exercise on Immune Function in Middle
School Boys

Gwang-Pyo Jeon - Pyong-Ui Roh
Graduate School of Kyungsan University

Abstract

The purpose of this study was to evaluate the effect of moderate physical exercise
program on a number of immune parameters in middle school boys(15.07%£0.39 yrs). 14
volunteers were included in this physical exercise program. They were randomly assigned
to an experiment(7) and a control(7) group. Measurements were taken before program, after
4 weeks and 8 weeks of aerobic exercise for immune parameters such as number of
circulating leukocytes, concentration of WBC subsets, lymphocyte subsets, immunoglobulins,
complements, and number of blood adipose components.

Aerobic exercise consisted of track running at a work intensity of 65% HRmax, 45~55
min per day, 3 times per week, and for 8 weeks. The results are as follows;

1. There were no significant changes between and within groups in the number of
circulating leukocytes and concentration of WBC subsets.

2. There were significant(p<.05) changes in concentration of B-cell between groups, and
T-cell, helper T-cell, and B-cell within experimental group.

3. There were no significant changes between and within groups in concentration of
complements.

4. There were significant(p<.05) changes in concentration of IgG between groups and
within experimental group.

5. There were significant(p<.05) changes in concentration of TG between groups, and
TG, HDL-C and LDL-C within experimental group.

In conclusion, the moderate exercise training for 8 weeks can be beneficial on immune
function and decrease the concentration of blood adipose components in adolescents.
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3) Ykt ok T-AE BZE T-MXE, oA
T-AX %2 B-AXEZ 9ud}
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Table 2. Physical characteristics of subjects

e ot B
Age(yr) 15.30£0.50 156310.22
Height(cm) 168.81+£3.24 167.44%458
Weight(kg)  53.43%£512 54.29+3.04
Mean*+SD
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2999)0) AHE3 BEF Aoty 2R FA0] ¥ O 599F
o B¥ AWFE T, HPAEe 200m EY¥TE EN5F065% HR max)] 574
EHE lap time 4HsecE €8 0mE ¢FT T, 339 $EHn E7IN 8FY /A
A% BF Adbgo) Hatol 65%+5% HRmaxol $EOZ UG
hFetgen, 1 WL <Table 3>3 2t} @ F&WF
E% Av(THR) = <H8A Al (HRrest) Z&UFE YAsy] 9w 3 F WYdT 3
+ x %(H Y Aukg-ob Al A uk4) W o}&(subset © Neutrophils, Lymphocyes,
Monocytes, Eosinophils, Basophils), ¢339
2) WA A WS (Tcell, BF T-cell @ A T-cell, B-cell),
Hod 2238 (mmunoglobulins;  IgG, IgA,
Table 3. Heart Rate of subjects IgM,) KA (complements; C3, C4), 8% A&A(F
Variables Control Experiment HAAHE, FAA AdE € 285 )
group(7) group(7) 2 s9arch
HR rest 70.14%£3.13 69.00+3.06
HR max 206861038  206.000.00 3) % =23
THR 158.43*£1.27 153.14%£1.07 A= 5213 %%ﬁ}l’ A ?O}V]
e 25vig 2 eEXEaWsE ALy,
Mean*SD

Table 4. Exercise program for First 4 weeks

Warm-up  Stretch(5min) & Calisthenics(5min) Remarks
First 2 weeks ! interval training(200m lap time : within 45 sec)

50 m jogging—100 m dashing—50m jogging repeat 2 times(1'30")—

THR
Aerol?ic 3 min active rest(l-set) ><6$ets$3.2 min) » - 0%+ 109%
exercise Second 2 weeks : interval training(200 m lap time : within 45 sec)
HR max
800 m track running(3 min) X5sets(15 min)
5 min active rest between set(20 min)
Cool-down Stretch(5 min)
Table 5. Exercise program for Second 4 weeks
Warm-up Stretch(5min) & Calisthenics(5min) Remarks
Third 2 weeks ! interval training(400 m lap time : within 90 sec)
100 m jogging—100 m dashing—100 m jogging—100 running THR
Aerobic consecutive repeat 2 times(3 min)—rest 5min X 4sets(32 min) 65%£10%
exercise  Fourth 2 weeks : endurance training(200 m lap time: within 45 sec) HR max

1 mile running(6 min)—10min rest(16 min) X 2sets(32 min)

Cool-down Stretch(5 min)




Table 6. Exercise program for rainy day

Warm-up  Stretch(5min) & Calisthenics(Smin) Remarks .
step 1 © plyometrics training(20 min)
5 m leap up X6 times(1 min)—1 min active restX5 sets(10 min)
5 m frog jumpXx6 times(l min)—1 min active restX5 sets(10 min)
Main move to
exercise 10 min rest gym

step 2 : agility running(20 min)

side step, zig zag, shuttle, semi and boomerang running

Cool-down Stretch(5 min)
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g FeHAA A 07:40~08: 205 Apolo] A
A @ (antecubital vein)olA 33 314 (EDTA-K3)
A JF AIRE o4t APk

(2) Az 9y

@ AFEF, AT, @, TFF, ZAF 39
T ¢ Y AREEN7)(Advia TM 120 Auto-
mated blood cell counter-Bayer, NY, USA)S
oty WY YIZTP GF IFF FAY,
SETY %9} 8 Fagh

©@ T MX(CD3), B A%(CD19), % T AX
(CD4) 2 94 T MECDS) : oA Bag
4378 9d AEA FAQY anti-Leuwd-FITC
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12-PE(Phycoery -thrin)& ©]838}ld B-cell, anti
-Leu3a-FITCE ©]&3le] HZ T AHIXE anti
-Leu2a-PEZ& ©] 839 A T AEE Flowcy-
tometer(Becton Dickinson, FAC-SCAN : USA)

2 HE& & 5Ao A&

@ By é‘i‘_ﬂ.a(lmmunoglobuhns ; IgG, IgA,
IgM,) 2 RA|(C3, C4) : Cobas mira plus(Roche
Diagnostics IN, USA)E& ©]&3% Rate Nep-
herometry$} Radial Immuno Diffusion ZAARE .S
2 A

@ TC : Cholesterol E kit& ©}-&3to] ZA}s}
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Table 7. Comparison of Leucocytes and WBC subset

Control Experimental
Variables Salilx(;(l)gmg group(N=7) group(N=7) t-value
Mean SD Mean SD
Leucocytes before 6.26 1.35 6.70 1.74 253
(X107 2 1) 4 weeks 6.53 2.32 6.42 1.33 075
8 weeks 5.84 99 5.89 1.15 -0.107
F-ratio 306 405
Neutrophils before 53.27 547 50.11 4.56 1.658
%) 4 weeks 53.39 9.66 53.57 9.75 -0.306
8 weeks 54.12 6.65 49.19 4.60 1.162
F-ratio 306 405
Lymphocytes before 37.44 432 34.71 4.20 -1.319
%) 4 weeks 37.27 8.80 37.50 8.42 -0.050
8 weeks 36.14 7.14 40.47 354 -1.436
F-ratio 071 2.151
Monocytes before 471 91 4.20 1.10 0.951
%) 4 weeks 4.79 81 401 89 1.705
° 8 weeks 471 99 5.09 N5) -0.790
F-ratio 014 2.690
Eosinophils before 1.83 70 2.20 1.10 -0.753
%) 4 weeks 1.83 71 2.27 66 -1.214
° 8 weeks 2.41 1.45 2.73 1.47 -0.402
F-ratio 776 453
Basophils before .64 .23 Dl 17 1.172
(%) 4 weeks 51 19 41 A1 1.231
° 8 weeks .56 21 46 .08 1.195
F-ratio 673 1.156
duiel A FAACR FoF Aol UNLH, <Table 8>3 o] T-AE % BFE T-A%
BFNE AYTAH LFAA 8F F AW AYYY Wl LFAX 8F Fo K%
AAbef & 17.48%9 F4E 2Egoy ZAF ol7b N (p<05) A T-MEAME
A Fofge giith 2 oA fog zol7b U, B-AXE

T2 453 F 12 9 22k HAF BFAA
el $rol gk zpo)7t AATHP<.05).

o A

2. =T olgel AArA

Table 8. Comparison of Lymphocytes subsets

ool o6

Control Experimental B

Variables Blooq group(N=7) group(N=7) t-value

Sampling

Mean SD Mean SD
before 59.01 727 56.06 428 0927

T-cell(%) 4 weeks 62.69 8.66 60.39 555 0.591

8 weeks 63.74 7.66 63.53 553 0.900

F-ratio 416 5.016"

N - Keuls before : 8ws




before 26.54 241 24.57 5.02 -0.014
Th(%) 4 weeks 29.36 3.32 2801 5.62 0.544
8 weeks 29.06 357 3157 6.00 -0.012.
F-ratio 586 5509
N - Keuls before : 8ws
before 31.30 6.25 34.34 557 -0.962
Ts(%) 4 weeks 32.47 6.27 33.56 553 -0.344
8 weeks 31.00 543 29.93 542 0.369
F-ratio 1.281
N - Keuls
before 14.10 174 15.23 2.83 -0.090
B-cell(%) 4 weeks 11.90 484 17.00 2.3 -2.430%*
8 weeks 13.63 1.66 20.10 2.79 -5.269%
F-ratio 014 2.690
N - Keuls
* p<05 Th; B2 T-AX, Ts; 94 T-A=
3. g2 2Hd 92 uA9 Axdn
Table 9. Comparison of Immunoglobulins and Complements
. Control Experimental
Variables Bl@ group(N=7) gri))?lp (N=7) ’ t~value
(mg/dL) Sampling Mean SD Mean SD
before 1503.00 331.13 1302.86 119.89 1.504
IeG 4 weeks 1248.00 17875 1002.57 171.98 2628
8 weeks 1289.29 264.07 1000.29 144.19 2541
F-ratio 1.862 9.824"
N - Keuls bef : 4ws&8ws
before 153.71 29.64 160.71 22.83 -0.495
IeM 4 weeks 153.00 28.15 162.14 24.09 -0.653
8 weeks 156.29 27.30 164.29 1591 -0.670
F-ratio 306 405
N - Keuls
before 181.71 58.12 165.29 37.21 0.630
IgA 4 weeks 181.29 64.06 166.00 3393 0.540
8 weeks 17229 60.40 160.00 3873 0.453
F-ratio 327 2.102
N - Keuls
before 100.89 15.36 98.09 10.62 0.397
C3 4 weeks 104.81 13.60 102.11 10.03 0.423
8 weeks 107.03 14.13 108.53 798 -0.245
F-ratio 327 2.102
N - Keuls




before 2071 3.09 18.13 447 1.259
4 4 weeks 19.13 2.85 19.99 490 -0.400
8 weeks 17.86 3.08 17.20 4.89 0.301
F-ratio 1584 623
N - Keuls
¥ p<.0b
<Table 9>9} Zo] IgG= EFHA 457 1 <Table 9>¢ #o] TGE FATNAN +F5A
2 22k AATRFANA Azt fo% 27 gl 2] 8% Fof 298% FAdA L, AFTAME A
ATHp<05). APTWAME £EH 4% 1 Aol vla) 2448% Fasiel Pzt zelzt
24 AArA A AR AAR BlE) 20.95% st A THp<.05).
e %91?'5* 27 AR e Hp<ol), IgMT} AT Wl N &F A 8F Fo TGE
IgAdlME Aat 2 Wold 9% ol ¢l APAZAL el 24.48% FAadtd fdh Aol
k. 7 GR3Lp<05), HDL-CE £5AA 85 Fo
BAolde Hazr 2 HadelA /93 A APAAA ] vl 16.01% FHete 11-«1?:5_ Apo]
°|7b gt 7} 29 31(p<.05), LDL-ColMes &&XHA 45
o ApRAAb Bl 19.74% 2 foiE
4. 83 /A AAEH ol 7+ A THP<.05).
Table 10. Comparison of Blood Adipose Components
Control Experimental
Variables Bloo.d group(N=7) group(N=7) tvalue
Sampling
Mean SD Mean SD
before 144,29 21.22 147.71 11.94 -0.373
TC(mg/dL) 4 weeks 142.14 17.90 140.14 474 0.286
8 weeks 14257 18.30 13871 752 0516
F-ratio .024 2.217
N - Keuls
before 59.43 15.11 54.00 9.18 1112
TG(mg/dL) 4 weeks 59.71 1857 53.00 9.83 0.845
8 weeks 57.71 22.22 43.38 11.79 2577*
F-ratio 023 5.067"
N - Keuls before : 8ws
HDL-C before 49.00 .77 4871 431 -0.630
4 weeks 49.14 5.14 53.00 6.22 -1.264
(mg/dL) 8 wocks 5120 450 58.00 497 ~1.466
F-ratio 430 5.179°
N - Keuls before : 8ws
LDL-C before 71.86 17.73 78.00 10.95 0.163
4 weeks 71.29 15.55 65.14 7.84 0933
(mg/dL) 8 woeks 7400 1658 69.14 6.39 0574
F-ratio 275 5.295"
N - Keuls before : dws
* pl0o
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T AlZbe] AZ AolA Zho)
F7F FUMggE A 3
Ha glvh a2 F7MEHe &% AE 2 AEA
o we} EfgAoz WIAHAE S 5, 19%).
BT F9 F7le IFTF, I, gty
7 st #AE o, AFFFERE BE #
Holn|, 53] 33T 9 F7bd & 7
< 9F¥S Tegdx AAHY JHMcCarthy
, 1988). 23t 5o o3 BAsE WYy
T, TE R T4 dAHQ dAdoln, B
Y Hsle] o3 Qg weExE PP}
A FEHS A ZHMackinnon, 1993).
HYrlso] g 289 a9 FYTS(gran-
ulocytosis), 7% (lymphocytosis), @l TZ
(monocytosis)°] BuEs gloy od gi:=
S ARt e &5 F £ A% e
v:% A FEo2 Fol7le Aoz g8y ot
RFT 5, 1992). 25 9% FET 59 A
% Smith 5(1989)& LRZE ATAH &5 o
A8 F7tskE W @) B AR &%
d e ZA ¥gtetA geda sty 9A4H
o2 AY @4 F o4 A5 2 vEE H59
F4 A 9EF F= AY H1Y U BEx
(Davidson 5, 1987) 3= Aoz vEhd Wiy
@71 AT E5H AT F A T ¢
& Fole dA3 F713kNieman 5, 1989).
@l '”F 57l't TF ¥ dd3l ’*}°]E?}°]
= , SRAZE o] F3] "R A
& %%7]Z}°ﬂ FHE T AXHY }?_?ll:}
AFE](Eskola 5,
1978, Hedfors %, 1976; Moorthy %, 1978;
Soppi &, 1982) #4% &% ¥ 15~4H5% AR
g A&s 22 ¥@o WIFI dAFHo=
T T ot oo vt AFAFE
AHRobertson &, 1981). €% F wWy7s} =
7M. BHag AL olgg YA Wy

(2

¥ oot &2 i

0] o

3 WEY $% Ut 2% F WA} 3
bshe Age WaRT Hd TN u
o= 5

| 22 Arh(Busse 7,
1980). AL FEF TF 2EH20 wE
cortisol¥} epinephrine?] Z7}7F W@ o] HlH
HgATAA =7 HFd RAe2 dexlz Q)
“HRobertson %, 1981). t¥ 3l ‘ﬂ.‘g? B3
@ ol FAF W= F
A Fo A dAoew BEHozE= 1y
2l 21 FE 4TS B Aoz AgEd
olZ|d FHE 7)1ty wEF 3
wolsg & fof3t l Z7A
T2PAT £7hsd AL ol tH(Calabrese,
1990). Gren ?(1981)-3— 2089 vlHE HdFEe
A HALE BA T-Ax L ¥ T-AE &
polymorphonuclear W 4= A M Feo] AzHg
(phagocytosis), MEX=A, % AgFzE Y
A C3%} C4 282 factor B, 282 Yo+
AeHE dotE gt o] AFE 17THL F4
oA 382 16km 2F7] 1¥ ojuld A3}
o AABIEH. °] F 10W9 WY F7} vl
A dged o] At uE FAT 4% 9
2 ASHA ZUA Hanson £(1981)¢] 6
d OFs 24T A gXEtd A4
& FAt
ATFdME HX71zkE Jad /T F
7h ey AEFD WA AL #Ba
B 73“'%—% Yelde] Davidson 5(1987), Green
oorthy 5(1987)8 FHHE &&F A4
-?— ?lx“‘] NHFo £7F Yria g B
AE AP FAHoZ F9% Hol=
ol A &A1) Fd o
AE o2 24709 {34 5 F FJa7t
BT Fo ou] e W) ANTE Bugt
Fo2(199) 9] ARG THE ez 8F
sprint training A X & A&7k #2913 o)z}
gt B3 2 Fery $(1990), Nehlsen-

o f

°¥

Cannarella 5(1991), Oshida 51988) 59 &4
Zpo} v|FHEA gJ8n FAAN FHZo wy
T & vu g —4 ATFANNE F2 A
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BgF o g gu] e Aeirt gddE
B3 2 Green (19819 £d€d +% A9
B¢ A A HETe 4 wdtheE Rasg
dxletsict. olg@A ARV wEt Wy
7b #&E AL o] AT HPASNAE FH
o a7t 9o ME S 24T Ao By
Ak, ojeh o] Frzke] FFo|F WYY HH
o] Zadte Ve FHEEY AR ¢ 4
Y F= YO HHA YHAE R F, 199

TETE % Rl o8 1 AgAst Fot
AT B L ke 94HadeR 8% F 45
oA 24zE Atelo] &% A FELR HE}
Aot g 3% e AERdderiH
g Lo oY YA wHoE A% F
b A i R R A R e i d S By
g o) TrtEo] olF Z#Y bl Q)
W wgIr o g9 £o8 ojFdhe dA,
$%o] 28} interleukin 13+ 2L cytokine®] %
ST g AZEe A T g JF¢E
TR 2.2, 1998).

o] AFME EFTE ATy Aol
AGAXNNER Frkste @98 Bdou §
AROZ #93 Aol e, ol Hn
T 1250 Egeld A F 4¥FGAAN &
FT7Y #HAE Ao o219y A
g s E 2399

O, BYT, AT £ ofgeMT FAH
o7 {4 Aol e, olHT AAe 2
£A(1998)Y] 4F7 FAA Efeld HA F
st "ol a] Aoyt wiER] gsivhe
Hael YxstHh

dybyom A 5o 1AE FAA

T EHelA o] AroA AA ¥ Z2O

of Zreldt Fwkol wimlde ®isl WHrlE

< ZigsE B & 99

4 4 o O
ofk
ox

£ 83
:IIJ i
o
(e
-

AAbol wle) 17.48%2) F71E wel R FF
o p=0962 Uehtd FAHY FUNE
o sHAe] AdsE meABTE 4P
7He Rl k.

ol9} 7o) BT & B FYWUFEo] 7HAE
Ay HE7L %ib o8 2% Zz o] Ay
ZF a)‘iﬂﬁ‘“ A B 2EHS TEE

52y PG WET
o WEY 9 WAYH YAFR I v
wae] $EAES okl Ao A Ao ¥
% ek

&5 gEpe #EE A7EL 2 T-4A

p=
Fo] 28 T3 A7del Sk T-AEY o}
YEe Fo@ U U WFE LYl 3
2 Welrlvel wWsE RN o nuzor @

Liesen $(1989)& wh#EAte} njchaz} Apo]of
T-AEe} 21 &sjie] & Aot fleg Ba
8t 1, Nieman{19%4)2 60%HR, 54/7% 1565
b A7) $% A4 FougA Ak A T-
AFEe] FA7 6FHE FUlEd, 1557 Fols
14 Zobsidoka shem, Watson 5(1986)
wghE bl G F$ 70~85% VO max
wo] Edolyd AA 155F T-AE7 F7tst
. O T(1988)2 125:7+2] sprint training
1 & T-AE7t dgzidelA #elstA 7t

thp<. 05} B8t

AFME T-HEE &5 A7 o
2 ezl F28k Zole glev, 4F HAd
oA 8% F ArAZAAbel wlEl 11.75%% 7+t
F48 FHE Ro(p<0s) F2(1998), 284
(1998) Fo A8 <79} dAs gk olgh 3ol
T-AE 9 F7Hs £558 A F7Hste 7
iv}‘” 2 wgAAAY] 4 Tikldte AL
A ATHALE, 1998).
o

o

=

o3 ¥R ool (e
i

t

ol
3R

[o]

—_—

E&

Blalock(1984) FHg AP AFEe A
T4 AFEo) wF AT T-AEFIE $e
o, g FA&r] g8 AfHez EY
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& 27 g, FAY gy dF F&
A AFEY ANE EEAT F£Fd w}
g7 T-AEXs9 24 Ax7t dada

%3, Haq S(1993)% woiglesd e A+
< A3 W BE T-HAEY 4A T-
AEe] oA} ARzt BF Ao a 9
th 3 2 &H(1998)2 4F3e A %58
i3 T 4NN BE T-AE} Al T-
F 93 ¥t i B ud
of AFME BE T-AEE AFTiA &
TAA VIER AL FUME Bl &% A
8F Fo| F93 Aol HA(P<05) 12F3
9] sprint training®] BALTAYL] BET-MHIE
g FYE<mIA F/MAYE F22(1998)
ATt ARt AAE BYeYyY Haq 5
(1993)8] AFZFel= dutd A oA
T-AZJPME FFAX 7|7k8 HAAEd {9%
ztels Aoy AN FEF Paste
H4& Bo] Oshida 5(1988)9] A3A &% *
oA T-AE F71 #asidds Bus f22
(1998)2] 1257+9] sprint training®) ‘FAtaLilAd
o] A T-A=E7t ZF2sdve Bug dxs

= ARE 4947 438 s

B-AXe &5HA 47 ¥ 2 8F %4 Fo
2+ 593 27t A1°1(p<05) AgdT 2345 3
ARG oY, L JA(1998)9 2457 FAA
Edold ¥ B AXd w3t gsdte nusg
= 9E 44

N

o

I*

(immunoglobulins)
74 °]Z4_°] %}% W %‘4

2 T
Aol gtk 7)14 BH]E T8 A= 2EFA
ASA F7Y EEAF wWEA QAA
FELE IEHE Aoz A9syoh Hanson
3} Flaherty(1981)5 Al 3 &% % IgG,

IgA, IgM, IgE9] =& &A% 27 ‘ﬂi@}ﬂ' i1
fed, FHdE 4 4
IgA, IgM, IgE 59 %
I8 UM F AA A FEE FANIEE
13182, Mackinnon F(1989)% ¥A IgG, IgA,
IgM, IgEe] F=& 545 ¢ 9EFHF =
5 A A HAAF ®Esr den
2T AolF &% 2417 Folx W) ¢l
Arka e

o] AFME [gAr HX7ZHEE A wWs
7F fg wWit(19) = 5 FAE A5 B¢
A IgG F5T ¥ukeld wa) <AL FRY
o =2 Aoz WY Nehlsen-annarella
SAPNE F7Ike HAHY FA U A
AY 2289 ZU1E 2nE v I3, Ferry §
(1990)= UHIIE 2o &54FELS DT A
W &5 Al BAX 71 @A3A 5718 Aoz
B39t Hanson®} Flaherty(1981)& 13 3
A &F F IgG, IgA, IgM, IgEBI FEE =3
A wEl giden, EHE S A

= ¥ IgG, IgA, IgM, IgE -’F%Q] FAE
7] AF E 3B UL F ABA FFES
AstRtiar BE3slgth. Mackinnon, %(1989)
A IgG, IgA, IgM, IgEY 5 %4
H &M 25 G HY:F 7d"}-7—°ﬂ
W37l e, Nieman S(1989)% ZAE9]
Alolg &5 2A7 Fo= W) Qe Re=Z
B3

o] AN IgGE +FHA 457 F ¥ &F
Fol 3 Aol HAL(p<05), TFAA]

ox
n
i
i)
N
XA
o
g

[~n :10 il oM ot
R -{o
v

g,

8 el AR IgGe 13 AN F
98 BaE 2ASAE, 8B Ak ©
£A3199)9 24579 FQ 49 fax £

J—
8] L

A
g ¥ Igo7t Pafche AR IXHPD
%2be)

G2 ABNA  sprint training X3

F G/t FHTE Fo21m)e dnsht
. EMe AAAEE A% F

712 BRou §od Aol YA, Kumae
S1994)0] 18~2441¢) RS A 3T 2
AINZY, 2F 1~2A7 AY 1A BEH 3§

_12_



F 3~4AZe] TH9) B 298] Efold s 105
ZF AARE F IgAe 121%, IgM& 112%7F 27
Prie Hoel 1253749 sprint traininge] @At
TuAe] IgME F7MIRATGE RL3(1998)9)
Ao}l dXE At Mackinnon(1993)& B& T-
ME7F B-AlXe Esiel Wy 2289 340
AojA AgHo)7] wiFd WY FIZEA A
9] F/HEILE AE A g9 FAEsEe
dAA wstz AgE + 3l
N¥e Weg ZzEd *g*éiﬂr 5
Bz T-AZs7 4&55% A9
A5 AT stHe, o] dF AN
IgMo] % Fol BAACE FostA F7H0+=
d(p<.05), ol BE T-HE9 F7ld 9%
Wors 7ol B2 Aoz A4

),

o,

_\1

k)
ﬁmumi_?k
b rlo xR
ko, ®
e
x LT

flo] UehdtiE BuEe] 9thYoung 5, 1965
Dufaux &, 1982, Linder %5, 1984).
DuFaux(1982)= & ZH2HEX(TC)7} sto}
A A2 BADGHY pre- fA W] 74 o
ol st
ZU2HES $FTO] HEeE 2o BAA
o2 fogAl due dF digge ¥d

(Dufaux &, 1982; Linder %, 1984; Davies %

(1981). €+ A7 FEANME Z27Fke]

o9 FH2HER W HoE 4%E FA4

ZetE Eavt AT HAexdA W)
k=]

7F gidtteE 2EEE YtHYoung 5, 1965;
Zung ‘5, 1983 Zuit 5, 1973). Davies &(1981)
ATE LEF 7‘]““\}%01 A &dsts

< 29 AE 8 S #EAL e
IRE 2F 237 vEE=or v 7t
7b dleln, ol Tt Atel 29 AAY F
A=A 1‘_@}, gAY 2
o s o] B

2
i)
o
ol
N
)
ol
o

ZezHE9 Wt AV AAF welxitte
2u% thDufaux %, 1982). o] ATFAME
Ce A33 oA &% A 7|7z 48
ngovt FAZA Fod e, Linderst
Durant(1984)& Z#|2HEo] 2 H4E 7‘]“"—
A &0 FAE BFEY ot ot v
Agols War gidn & ATdds ‘?——_111?5}
Ak

3 TGE A4 F=5d & 20~60%71A)
22N § ks FAA d77F 2oh(Wilmore,
1983; Wood, 1983; Lindgren, 1983). AAZ 73
Al £5& st F4A Y] 7P €A 3] "o
Aa ZH2HERE Fhsted ol FAAYLS
ZRY FIHE AWl EFY AdUAdez
AHEE = H] o] FolAL FFo o F F
AA kel F57% —\:%w_:r"ﬂ"i 4= FolA

)

(Catecholamine)¥ A@z =29 3oz A4
o] ooz AMEEI] wZe|n
A dAtF Al Tste BEAE BASSIL
N EZC el & FUMAA AFE duAYe
2 Z83 st F¥ol FUHHY] wWEole B
T QJTH AR B, 1991). F4kaA &% Al A
o zRE UAyL FUHE AL L£FLE
8] @A FREI o] wet Catechol-
amine®] ¥H]7} ZR 1 Catecholamine®l 7}
= A% 3227 glucagon®] 1818 FAA71
insuling #HlE #FaAZYh 23 LPLA(Lipo-
protein Lipase Activity)7} &43b5 o] lipolysis7t
140 we ALGonFE AR FUEY
g Folth EF A TG TEE HEde
HTGLA(Hepatic Triglyceride Lipase Activity)&
ABNA TGY FAEel RopAER HAx ¥F
TGE ZATTtHWilmore, 1983).

HEA1PD gta 0% FFAER 857
27 Z2a%e o3 EAN A, TGAZ

)\]./\ 23
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G AuEE AT Bold 1 BANe Fus
A7k or £9dE @ AY QA innE @
R0z o B 93 2dEd ¥ 44

(Lewis, 1987, Austin %, 1989).

o] AFNME FAALL $FHA 7zds
AL ZAEAE BYon 24 AHAlA Fozk
o f9g Aelrt AANT(P<05), FFHGAA
TGE +EAHA 8% F 23 BAMIAM ALAZA}
o ula) 24.48% #adtd #2% Aoyt AU
(p<05). ol IHH199B)Y =FEHE diyge
Z 3 ARG 53 A8 YE gy A4y
A TC, TGNA H23tA #4ast¥x, HDL-C
T o8 7P ddde B3, 350(1995)
o BFxd FAE dHoZ FaaA EA
£ AAE AFeA HDL-CH #98 Z71s
TGY #93 A& Jelides Bang 3L

3 S A

Buet dx)3.

TFHAYL 5L TCY +FL A 52
Y2 HDL-CE E9FE Aoz waAhgd #
HAHA Fd& 59 98 ¢AHA HDL-CH:
7 Frbete Aoz dEA ded 2 o=
+5° 93 ¥aW LPLA(Lipoprotein Lipase
Activity)7t 843} =o] chylomicron(f-7A ¥),
VLDL(Very Low Density Lipoprotein) ¥ LDL
e Ed2EE0] HDL 2 A3sEE go] 27}
53 7] HTGLAZF 250 98 SAgo=2H
HDL®] catabolisme] So}x|7] wEolzt ot
Nikkilia F(1978)o] o8t FH3 %o @&
HDL-CF&¢ $7le 84322 U8 nas-
cent(247]) HDLe] ¥AZNZ9 H<lol 3719
o2 JIME HEHGT I} YukH oz <
4 A 8% HDL-CE=7l 28 &% %

HDL-C 9 7l Addyoz yolxm, %7]
FX7F o I FUHEL Ats $u) Enger
S9N £522 10~-3% AE HDL-C/}
Z748E AoZ BusYR, Wood(1988)9] =
RoM = HDL-C= w&3HA &5 ostod F
7}ett . &3, Skinneers(1987)E dAlAH<l
FA2A %50 w2 HDL-CoF #48iA E71
B Fgen, Leon §(1979)2 vigt GAE
& o st FEAA Y7 Z2aPL F
g w2k HDL-CO /98 $718 B 1d
Ak HDL-CE F97%3te] oIz geA
Ad=d A&FHQ £F 2.2 lipoprotein lipaseE &
413}8le] VLDL, Chylomicrond] 7Fr&EHE &2
AlAH HDL-CE F7HAZIY. old 5% &%
o Axrd oS FHS JAV Jded FF=
9 FEAER 7|3 &£5°] HDL-CE $7HA
714 oS &3 o)e rHWhayne %, 1931).

o] AFAME AFFADA A FH X737l
w2} HDL-C7t F7tehe 848 Rojthrt 23
AAIA EAHeg #2o8 A7t Ut
(p<.05). LDL-C9| A%l AP &%
Az 717k wet FE| gastgen, 23 A
Aol A Fo & Apol7b AATHP<.06). ol & 4
Fe= BF APAT A R Ao
AFNAM F3 65% HRmax® +F74=7}
HREAA EH7F ARk

5% WIS g7 glo] W=l 14
org Alglo] ZArle] d&S v F Yy WF
ot} o] Hofd] gt %

ek
s
-
|
K3
o
o
ot
) g o

ol oax o opm o K
¥
30
o
R=)
AL
_)L
HO.
|o
il
o
e
ey
2
>
I
kv
2
o,

o A A7 BaE Ao Az
V.Z B

o ATE FHAHA £Fo] YAFHAEY
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AR, uEA,

o A{HE=F 6 213-221, 1993.
7135, Exercise, Fat, and Physical Fitness.
A5 47 2F =%, zdgn 298

3}, 1998,

HHE, A48, M, 28924097, 7%
A7z g wwt oJuAe AA A
A4 E, d971T B, FAYEd A%
FdFa =53 A3 272.

= e(H). 7198, A A |, 199%.
FEE +Tyd s 2] Hwto}
Fe] A el PR B

2. HFTANSGE gt ANy =

niBL

’

Hu

= 8-11, 1998.

249 SASE o|4% nAE

2, AuOstE 28, 1998,

£57 ZTozEE WY 23z

8t3]2] 4(2): 216—223 1986.

uhg, acu%%n Axe} gt
ﬁ71‘94 W AEgeE oo A

21—37, 1993.

A 2A 24

MH 1
EEDIEAL RIS
W3 Yare)
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9 9%

23, A& 1 BEFRT,

1AM, AL Wast A

7]. A& LEA} 1981,

_16_.

31.

32.

37.

39.

40.

41.

A, 7tk 50 Aed HYEY 7
=¥ Bxie AY, "9 2 WYriFd v
e 9% Foldsgtn dgd XA =
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£738 Hdv), S2A 24 gud 43
7} 33A4d 2 %% methylhistidined)] vl
A e G FFPdTFA 15(3): 212-222,
1982.

(AR 9 3. HFEAAY LFRI
A% AT NEAZIEs A 153): 1-13,
1991.

o d S utn Aol xEdm )
Agd viAE P 2w e
ALHel =8, 1998.

FEE. nHAY] AALFe] AY, TF
7% 2 HAPR A 4 Fo}
st ik wrALERS) =, 1990.

H g, M4 £FAFY "F AYAY
g o #AF A7 2¥x=3E I3
A FHRaM 1:19-22, 19%.

FEA 9 209 Hal YA HE, Mg
EH%J& A, 2001

=z ]

£

@
G e, WA S 61, 1968
o). AWAHYE, HE : AT}

<. HAA2AH TR AEaA

28 -‘1’—]‘?3?11}9}94 A, B A
& =83 A213: 9-17, 1993.

2. Sprint traininge] AEA4 2 A HA
Y whgo] PlXle 9F gt g
4, HAFEHY =& 29-56, 1998,

FFY. FEEF 7 AeEe W99 22
HAn 3229 W3 =ASHS o
shel, AAbehS] =E 4-10, 1998,

58, A4 AL FTS ddaA
23 dddAee #A. ZEdgta A5
s =%3 21 9-17, 1993,

58, HE2, GHA, 285 AKATE
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Soistd AArEte = 26-30, 1993
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EAF, W, ol . FHHY
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