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Abstract

Purpose: The aim of this study was to investigate the effect of the two 400-m swimming
on serum IL -6 levels.

Methods: Eight male swimmers completed the two 400-m swimming, at interval oflhour,
in the free-style stroke. Blood samples were collected before, immediately, and 30 min
after swimming, on the first and second swimming, respectively.

Results and Discussion: Blood lactate lactic acid concentration elevated to about 4mmol/
[ after each swimming. After the first swimming, serum IL—6 increased about 1. 5-fold,
(1.205+0.756 to 1.852+0.603 pg/ml, p <0.05), in the second swimming, serum IL-6 also
increased about 1.5-fold, (1.289+0.689 to 1.952+1.439 pg/ml, NS) .These results suggest
that a brief swimming (5 to 6 min) at the exercise intensity to the onset of blood lactate
accumulation (4 mmol/l) may increase serum IL-6. 1.5-fold. Although the increase in
IL -6 in the circulation depends on several factors including exercise intensity, duration,
and mode, the muscle mass involved in the contractile activity, swimming is a whole
body exercise, and most of muscle is recruited in the free-style stroke, accordingly, 5 to
6 min of 400 -m swimming may increase serum IL-6 1. 5-fold.
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BRI A P A4 U REE - BT 2EETHY, MY A P HA4 ViEENIc k> TER
3 2% (Pedersen and Febbraio, 2008), & BN k> THR L hEEBRBEINEZ YA AL v
DIbL, f ¥ —uAf*-6 (Interleukin—6 ; IL-6) 3. EByd I JEEIMAK S LR
R ARHED1006% £ TN 2 Z & 55 (Fischer, 2006)., <A 4 #4 > (Myokine) & L TR
HEhTws, E@Hick s IL-6 BED LR IESHRE L EERM (intensity and duration
of the exercise,) IHE L, & ICHEHBFKIZIL-6 BE FABRE2RET 2EELRKTD
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—O T, EHEIE D IL- 6 BEEBHD50% M HIESRRTHHETE 2 L TN T 3 (Fischer,
2006), ¥7-, BRI NZHEOBRELEH KR (the mode of exercise) HbFEHEL, TnF
TOEEHD IL- 6 RE LA LEEHEE ORI O>WTE, A, M, Mk Eoartey

P v 7BEOI XLy Yy o amIEES), BHEES, HEEEE, BXUF7r=v )
ZETIL-6BED LABHME I N TV 305, KukES)ICBIT 2% 134 7%\ (Esperson &,
1996) ,

REB) I S EB T H DB FFRICEL RN TRESND EEIAON 2DV 0—
WS BT B FEICHD 2 Filk S 13 R BBIE TI0~50N (#94 ~5keHE) ., i T50~60N (£
5~6kgE) tEINTWVE (FEAR, 2001), —H, BT v=r FJRHICHIC»H 20 (M
HRA) 2Tk, MES (2002) 13, FHIATOEELE Y (§94.0 km/ K), P (19
5.2km/ ) BXOHw (6.6 km/ B) & LABORKIE 2B L, KKIBRTD 5 b
DEREDF BT 2RIEOEITOHREEDN0% ~115% BE (KE60 kgD AT66 kg
~69 kg) THBZZELERELTwB, £/, FLS (1984) &, SMEOEHE (EH, EHE,
hl, hEEE X OER) KB5S v SROMEDTHICOVTRE L, ShETHDRK
INBEE DRI ALK L . ZDHIIEED2. 56505 415 ((FE60 keD AT150 kg~240 kg)
ThHok I EEHEL TS, EBIZ. B (B SHicr» 2HENEAMRR (1) DOREICS
BEHM, FNFTNOHACLE ) GEEEE) OERBREL TS, ik, BEHOHE
WKHERH Y., ZOLOKKES CIHERBD IL-6BE LRICEEL LunliEtbEZI o N
%,
ERR U 72 k5 2 EEIFEO IL- 6 EED ER 2 RE DV 2 BRILESEE L EERETH D .
KIKEETZOEGEEEEL 54, B TEEIEE TIX100 m ~400 m HHEBKICZ S b D
LEZoNS, RIGEERE % M FMEERE TR 254, 100 m ~400 m HHRFKE DI
HELRIERE (12~16 mmol/ ¢) ERbE . EEAND A P L ADESPHBEE T L X —
gHER L RO REVLEH (FKH, 1999) tEZoh T3, 20 L TEHRHEZEETS L
400 mKFHGES DS IL-6 BELRFICIROIROGBELEEA NS, $i. KKEH L E
EEBRDBELITON LA ZOMHENRCIL-6 BEDO LA T2 LEZ 5N 505
INICBT &G B v (Nielsen et al., 1996)

7 CAMETIZ, BT, 400 m AKKEB R T o EEDIL-6 RIGIKODWTHL2ICT
22 ERBEME L, RIZ, 400 mAyESHZ | BEOMBE T 2RERDELITo L E
DI IL - 6 RIGDOHEEHEIC OV THREL 72,

p: - ~

1. #EE

WNRHFICIZ, Y RFKKBEEF 54 (E#19.7+0.55%, HE172.5+3.5 n, FEHT2. 7+
13.3 kg, HREENI®27.427.2%) 2R, BFHESAD I L4 4HHEME LTV 5/EIR
HHEOEER: 1| ZI3ERTH -7 (100 m BHEOFEE ¥ 4 11366, 316, 98) ,

hE. AFERZTICHEH . NREICIZ, ~UVP UFES (19644, 2008FEEIE) 0 TA
fl% 05 & T 3 EEMROBEWER, cEOF, BijIcAHAOER, WA, altki %
+oFHAL, THREZBI A TSMIE,

2. RBGE
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HEiy, PHEEORECHER 77— VICES L., 000 EMREHOR%K., EERTOFMmE
fTot, ZOHRMEMERHZ L. F1EBED400 m HHEZIT-7, 1 BlOK#E, HU2
BIH®?400 m BHE 2T o7, KEKEBREIZ. SHORKSBHDT10~80% BETKT LI
IR L7-,

BRIz 1 B H D400 m 3kEi#E. 30088 X °6034# (2[EHD400 m #kai). 2 [BH D400
mRERE., 300HDEE 6 [H{To 2, FIMITEENICRIEDEEIRD 5177, FEL &I
WD 9 b 1ml 2 IMBRERSHIE & LT EDTA —2Na A 2 — 7% 12, 0.5 ml % ks - FLEG IS
HIER & L CO.6BLE@EEMAF 2 — 7 I, By 2R BE I, 2nfngEl 72, M -
ABAER BB R L OCMETHED 72 180578 (3000 rpm, 10477]) L. HEYHET-
80°CTRE L 7=,

3. AEREHLVRAES*
(1) IL — 6 HlE 8=

REE SR EH (EIA: enzyme immunoassay) 12X - THIEL 72,
2V VF — L HEE

V)V F— LBEDORIE L. i TT 5 7z, Micrococcus lysodeikticus D14 (Sigma)
120 mg % 1/15 mol/L ® V) v EEEE (pH6.6) 500 ml B I, ML AIRBLEER L
Lz, COHEERK 3mlIHBREES0u] ZMA, 37°CTIOZMMEL 72, % D#600 nm D
ETHIZEL 72,
BanF v —NHIEk

Radio-immuno Assay (RIA, ¥ 2 — 7E#E) <k ->THEL 7,
@) C37 7 F R — % JEHE

—JC%E A EGE (SRID: Single radial immuno-diffusion) % fWHIE L 72,
(B)ARIMLEREL, AIMEREE K O [ ER I R

HEMERHTEEE (Sysmex E-3000, HMEME . #F) A, AMBREES X A Mk
SEE LTY v o8BR, IR, BER, FEERR, FHEEROFEEHIE L 2,
6)% DD HIEEH

ZofoRlEEB & LT, MPIAREE (LA: Lactate test, Boehringer), & (BS:
Blood Glucose test, HIYG#i3E). h:IEHHBE (TG: Triglyceride test, FIYGHiZR) . Eikhs
M 2 B (NEFA: NEFA test, RIG#i38), 7 v €= 7 RE. miE CKEFEHE (CPK.
CPK-UV test, fI#ti%), iy LD BeEi%#: (LDH, LDH Monotest Boehringer) % HI%E L 7=,
e, RNVTRT7—n (1~20) 2RV, KikESERSICAREEEEEL2HE L 72,

4. et

ETOHEEE DEIZ M EERZ TR L7, 400 mKHEES D IL- 6 BE FRICHE
T50E)»OFHEICOW»TIX, 1EED400 m AKFKESHRIBOBEIZ>OVTHIEDH 5 t B
EEXHOCTRERZTo 72, RiZ, 2E#EDIE L 72400 m AKEBIC X b IL- 6 BE LR ICH
RIIRY D 2B OLOFHMICOVTIE, —TCRESEITET V. AEREBZD S BE
2 Turky #:1C & D S EHBRE LT o7, . FRICHE L 2 M i 2w Th —Jokd
BOBOW 2TV, BEEXZD SNHBEI Turky i X W S EHEBBRE.2T -7 (Free
JSTAT), #EBhic X % IL- 6 BEOZE{ L FHEEB OMEBBRICOWTIE, €7V DR
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BB R RO EEEZOREL T 7 (Stat View), WIhd 5 %KEZHERBAE LT,

# R

1. 400 m KXxBEFR & HEAEEMRE (RPE: rating of perceived exertion)

1AEE LU 20HD400 m AKKEERIZIEIC 5 95198+36.9%, 547158 +35.98C, D
o RPE 13721 Z118.0+1.2,18.0 £0. 7 & 2 [Al DKk E X X RPE (2IZIXFEERTH > 7,
2. 400 m KAEBICHT ZME IL — 6 REDEIL

1 B, 1HEEB X2 0EHOKKESFIEOIMTE IL-6 BREOZL{LE (1), F1T
Kiz, 1FHEEB X 2HED400 m AKEKES2E DI IL- 6 BEDZICOWTRL &,

1 [ H D400 m KiEEIEOIF IL - 6 BEZ WHEDH 2 t —BEDFREF. EBET1.205+0.756
pg/ml 2> & 3EBhE# 121.852+0.603 pg/ml & BHREIC LA L7 (1.98F%, p <0.05), L»L., 2
[\ H D AvGEE) T3 1. 289+0.689 pg/ml %> 51.952+1.439 pg/ml (§91.43%.NS) & LA L 7223,
AL ERTR Dok, ¥, —EESTBOWTOKERIIARTE R o7,

AIL-6
30 ¢
25 *
e 20
E 15 f
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05
0.0
First Second
400 fs
40 ¢
—o-1L-6
30 f
% 20
&
10 p
0.0
pre-swim 130 min pre-swim 230 min

Fig1. IL —6response to repeated bouts of 400 m free style swimming.
pre — : pre-swimming, 30 min: 30 min after 400 m swimming
% 1 p <0.05 4 :increase from pre-swimming value

3. 400 m KKEBFEOMABIBBRE. MEEE. 7> T-7RE. PMIED. EREIEHR
BE. UJF—-LEM. C37IFAN—425LUANFI—IILREDE(

214z, 400 mKEGEBIRIE O MHFLEEIREE, MFEE. 7> €= 7RE, $tEEl (TG),
EEEHS R EE (FFA) Y V' F — A 1. C37 7 F_—% (C3a) 8 X ¥ a )L F Y — )L (Cortisol)
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BEOZ{ICOWTRL T,

400 m KFKEBIHTH O M HFLRIREE I —TCRCE BT (DR BT DRERPEET,

Turky 12 X % % 8 HEE D5 3R,
EIZEHE L7 (1[EHB :0.58+0. 42 54.35+0.72 mmol/ ¢ . p <0.001.
¥/, MBEEEIV7rE=

53.95+1.40 mmol/ ¢ . p <0.01),

1B B % & O 2 [B1H D kGESER (< EBYRIE I A

2[EH :0.50£0. 1 2»
7 RE BT OER T,

SZEHBREOHE. ©Tnd 1 HHE LU 2HHOKKESER IESRIEICHERIC L

HUL7%. L L TG, FFA BE.

% B HBBUE DGR,

VYV F—LEHE LU CIaBERER TR o, G
anNFV— VBB BB EET.

1 [B] H Dk KEBIER., 307,

2 [ H D/KIkATE & O 2 [B1H 030478 1 AKFGEENRIE X O BRI L Tz,

-.-Lactate =@-Blood Glucose
8 r I *
=40 = 7T *
3 6}
. 4}
pre-swim 30 pre- sw1m 30 3
1 min pre-swun30 pre-swim 30
1 min 2 min
. 120 ¢
—8— Ammonia ——
900 ¢ % * TG
<700 } * * 80p
= )
o
gs00 | B0 |
30.0 . a a . —— ,
pre-swim 30 pre-swim 30 Y A e
1 min 2  min pre-swim 30 pre-swim 30
1 min 2 min
—@—Free Fatty Acids 6.0 r —@—Lysozyme
50
o
3 w40 |
X 2
30 f
2.0 ’
pre-swim 30 pre-swim 30 pre-swim 30 pre-swim 30
1 min 2 min 1 min 2 min
0 30 % =@-Cortisol
~@—C3activator
— 25 }
T 25 2 *
@ )
g
15
pre-swim 30 pre-swim 30
pre-swim 30 pre-swim 30 1 min 2 min
1 min 2 min

Fig2. Lactate, Glucose, Ammonia, Triglyceride, Lysozyme, Free Fatty acid, C3a
and Cortisol responses to repeated bouts of 400 m free style swimming.
pre — : pre-swimming, 30 min: 30 min after 400 m swimming

* ! p <0.05, * % :p <0.0l, increase

from pre-swimming value
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15000 * 560 *—
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_ -~Lymph * -o—-Hgb
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3
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400 -
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© 100 E
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Fig3. Leukocytes. RBC, Heamoglobin, Platelet, and serum CK, and LD responses to
repeated bouts of 400 m free style swimming.

pre — : pre-swimming, 30 min: 30 min after 400 m swimming

* % :p <0.01, increase from pre-swimming value
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4. 400 m KAEBAEOAMERE. BNk E., FMERE. ANTI/7OEIRE., I/VMRBRE.
L UVME CK & LDH B EMEDZIL

M 3EIC, 1 BIHEB X 2EIH D400 m ¥kEi# OB AIMERE (WBC) . Y v $3k% (Lymph) |
R ERE (Neutro), HAEREL (Mono) ¥ & 4FEERREL (Eosin) OZ&{Lic>W T, K3 HKIC
ARIMERE (RBC), ~E7/ vty (Hgb) BE, MMk (PLT) B, Iy CK & & f LDH E#
FHIEEEIZOWTRL T,

WBC, Lymph, Mono ¥ X O Eosin 37 8aH»ER (p <0.001) T, % ELEBREDH
B, 1HEE® 232 2HE D400 mAKESRICZNEFNERICER L, 3008ICIETT
284t %mR L7, —4. Neutro & 1 BIHD/KEEERICAER 2 LR IZESH T, 2 [EIHD KK
HEIEEE X U300RICEE (p<0.01) I EF L%, RBC#. Hgb B, PLTEEE LU
M CK, LDH BEEIEMEMEIL, WIN b BatTBEE (p <0.05) THh-o7lzhs, BHEFICHEM
L7 PLT BE T, 1RIEE LU 20EOKKEEZICER (p <0.01) ICERL X,

5. IL—6RE L bOMmPbrsa & DR

400 m /KFKEBFIMED S DELRIZOWT, 4IL- 6 BE L b ML & DOBSEME Iz O W
TR L 7558, 4 IL - 6 IBEE L AR L AHBIRIR R o - HH . 4 RBC (r =0.570,p <0.01),
AWBC (r =0.447, p <0.05). 4BL (r =0.530, p <0.01), 4 Ammonia (r =0.489, p <0.01).
ATG (r= —0.430. p <0.05). 4 CKEHAMH (r =0.477, p <0.05) B XFALD iEHAE (r =
0.524. p <0.01) THo7z,

Z £

AFROFERIZ, 5 DHEBREDERE DA TH M IL- 6 BEIXERIC LA L (1.205+0.756
pg/ml 7> 5 1.852+0.603 pg/ml, p <0.05), %D & ¥ DEENFHE IZFLEEE S 4 mmol/ ¢ L E
ThoteZ &, T, 1 FeflfEEE 400 m k% 20D R S EEERTIX IL-6 BE LR
ICHBESRII R W &, RS,

1) KikESE) & IL- 6 BELE

AkykES & IL- 6 HEEICBE L Tid.Esperson & (1996) %3, 5 kmik#824k5R91cH 72 h BREF L.
KD IL- 6 BEICIIKKGEFE L UNBEHTERLEEhhokZ &, L L, HEEBSH
LT B KKEFCTIREERD IL-6 BEMSMEI -2 8, 2HEL T3, AHETIE, 5
T LERMTH -2, 1EHD00 mAKKEHHICIL-6 BEIZERICERL.
Esperson 6 DfER LB -7, o DFERFE LT, Esperson 5 DKEEF DI ) S X
NTOZEDBEZONDED, —HTHNEED IL-6 BEICHEENC L 2FENR»-/-2 L
o, EEEEOEVCHFEL Thohd Lk,

INETORET, EHBBRICIL-6 BED LREZZD L TIHMEDELIEF. Fv=v IR
i EE) e & o BT ISR BRTEEE DS 2 E TH Y (Fischer, 2006)., Z D7
AR TIE, EBEEELER L. EHROMPAMBBED LRPKE ., EBEEZ 2L X —
BB O E VW, MA GEEFFESE V400 m KEGEE 2 8BA 7, AFEOKBICE T 5400
m KEKEENE O M FLEE S 134.35+0.72 mmol/ ¢ L 4T L D EVEE T4, 20
BEix, Bz T a0 EBEEZ N TV AIMTARERE (OBLA; Onset of blood
lactate accumulation, 4mmol/¢) THH, ZDED RPE 1318.0£1.2& Tk h EDuw
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6 THEEIZEOV ) OfEBICH -7, HENEREO2SBNZESHTEREXIL-6 RED |
RE2ROLET2HE I, WIDHOBEFHBEIZES Ly FILE (Yamada 5,
2002). 64l —A4 VI N T RAXA—FRZHOTEDIE L{T- 7 all-out EH (Nielsen 5.
1996) 2 ET, WINHEHEBICE2EETH S, TNS5OHE»S S 500 6107HEDH
BHEREOES THESHRESSIT T IL-6 BEO FEABEL B EEZ 0N S,

2) #DiEL D400 m KpkiES) & IL- 6 BEOZEL

Nielsen & (1996) 3, v —A v 7N T A= ZHOWTAKHBERTEDBE LT 64
Bl all-out # &<, 1EHEDEEHHD IL - 6 BESLER/KED 3 f5ic EF (p <0.05) L
722k, L L, 20 4KEBICT o7 6 o all-out ;@B % T3 IL - 6 BEICHEE L LR
BARSNT, oI 4% (SKRE) T @B Tk 4fF (HEE) Mk ERE2ED
TEMEL T3, AFETIE. | BIHOEEEICK 1 ROz 7 2 BB 0 KKEET -
7225, 2[E H D400 m Kix:EEH D IL - 6 IREOELIL 4 KfE# < 6 7o all-out EE % 17>
7- Nielsen & OFEHR & IZIZFAMKL FRTH o 72, AHRDFER & Nielsen &5 DFERD S MHE
IL-6IcEB 240K LS L 2HEMRIZ 1 ~4KFHOMRE T - 88Tk, Z0%%
BHELNT, 2L TH 8HML S VORREE HIHTH 2 L THREMEBEL TKBLEEZL
nha,

K2R LzE)ic, APVARLEY THBIMFEDaNF Y — VBB IBHO L E L 2
BEIHD L ETRZORGHREL BE>Twk, IL-6ZDarF Y — A3z Hiiid R
Weharzb, £ IL-6B3aVFV—NDAD7 4 —F NNy JREIEZRZITIBI L, hEH
Ao TEY (Chrousos, 1995), (X ICEAD 74 —FXNy 7HFHE LT ALV AZRITL
B2 13 WEAT k B (nuclear factor-kappa B) & KIEWS 7 F UEE»AIHIZI ., 2074
IL-6 R FORIEWBEBTEIHA P A4 AN S Z EBHSNTw 3 (Raison and
Miller, 2003), 8% 5 < 1 BIBDOKIEEBTLER L 72aVF YV —NIZED 7 4 — F Ny 7 3HfHi
%32\, MY S @ IL- 6 3R X N B E Z S d, Do 2 [EHDKiKE
BT IL- 6 RIGICEBRZIC NI Y FBEL. 1 HBEKKERICEZaLVFYV— VD EADE
ET20HD IL-6 BED FRABHH S NZafiEREZL o NS, $/ 2EIEDKEKER T
300805 aNF YV —NBED LABEE-TEY, Z0arFVy—VEED ERIZZOHD
Bt sz tnEzon, 208D IL-6 BELRICOEEL LT EESH Y. ZOOAN
FDFERR Nielsen & (1996) 3T 7z 4 B D 6 3 all-out EE% < [L- 6 BEDH
LWIEMDERD sk o700 b Litk\n,

EMEDOHKEB SOOI s DHED S I3, (DHEWERED 5~ 6 7HBEOESHTL, £
HEECESREIGECEH TH NI IL-6 BEOARZ LEMEOONL T &, QIIEL
79 @8 BED IL- 6 RGIREVER TR ER LV, 6 ~8KROME2E LTIl
FRI 20N H B L. BREPTIBRINS,

AFZE T, AEESH I HERESME (RPE) 2FR7, 20 L EEVEHEISTHD .,
ERICE OV RETEGHZTo TR EEZI N, BHRBOEVRETH->bDER
bihs, £/, KRBT S 1 [EHOIMPAREIZ4.3520.72 mmol/ ¢ TH-7, DR
EEE R 0 AR O SREI I N 53 (OBLA; onset of blood lactate accumulation)
tEZoh, 2HEBOHA. ZOBREOEHMENNELEZI NS,

Starkie 5 (2001) (. lactate threshold (LT. A.MEEIZ 2mmol/ (¢ BELEbn3) W&
Eo#EE) 26007, MEIL-6 BEOEEL LA%2BH T3, Nieman 5 (1998) %
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75%VO,max ¥ 2. 5RO EB B IC IL- 6 BEOEEA LREAAD TV I, ZOLED
I A B 134.70+0.25 mmol/ ¢ TH - 7=,

BEnZ tdho, £HWNREE TILHETEE L L T LT 8 XU OBLA (ABEEIZHN4
mmol/ ¢ fBEE) TOEBEETN-6 \BEIR LR T2, ZucIiHERRRESBER TS L8
Zzond, ¥, EREOESHTIL-6 BED LR A28&CEA % TH OBLA BE
DESHEELBETHLLEEIOND,

3) IL- 6 #EE & ol & D%

41IL- 6 IR L AR HBIBR» RS s 7-IHH, 4RBC (r =0.570, p <0.01). 4WBC (r
=(. 447, p <0.05). 4BL (r =0.530. p <0.01). 4 Ammonia (r =0.489, p <0.01). 4TG (r
=-0.430, p<0.05). 4CKiEHME (r=0.477. p <0.05) 8 X4 LD iHHME (r =0.524.
p <0.01) TH-7,

HERR O EEIRFIC ER T2 IL-6 D@ ZXHETII RV, BIBLUVHFSY) a—»rrikEic
fER L., EEHEOZ AV —EE ATP; 77F /v 3V U@ 2REL, SRLT. 7
VELT7BIUABRBEOMMBRD SN D EEI NS, $, bR (4 TG) &
DEFRY S IIIEERBICOHEL T2 L, 5 ICHMRE (4WBC) 4CK iEH:@EE D
B 513, BDEL OARKERIC X ) MEOBEERPLRENEL TR E, REBEZLS
NEZDBHS LTIV, ThE T, #HENHE) IL-6 D EFE, 7Y a—F roET I
gD > D MBEEDOEE 2R L., BT 7N a— 20D AKICEFRT 2 AMPK &)
BER R G Y, IV a— 20D AR ZEAEZE (Carey 6., 2006), F7-. FEHAfiAa»
SIESR IR L. IEMOEA2ES 2 (Kahn &, 2005) % &, HERHERMOESHED
HRELTRZONTWS, L L, HEWERRO400m KikEHTH, T2 AVX—-%dH 3
VIR RICA S D5 E L T AREE SRR X N B,

® W

HEBRR DS 5 I BRE O BE oKk THIF IL-6 BEIZERIC LA T 5 (1.205+0.756
pg/ml %>51.852+0.603 pg/ml, p <0.05), % & & DEBHE IS FIREEL T4 mmol/ ¢ Ll
DEEBBETH S EEZAoND, £/, | FHEERET0 mikz 2B E§KKEST
i3 IL- 6 BEE L RICHTEIRIE 20,
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