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Changes in Blood Lipoproteins, Inflammation Response and
Tissue Damage After a Single Bout of Exhaustive Exercise
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Abstract

The objective of this study was to determine the effects on plasma lipoproteins, inflammation response and tissue-
damage markers level during their recovery following exhaustive run. These biochemical concentrations were measured before
30 min, immediately after, and 30 min, lhr, 2hr, 24hr, 48hr, 72hr after an exhaustive run on treadmill in 15 health male
subjects with 80%VO,,,, intensity. The result of one-way ANOVA with measure repeated analysis indicated that there were
no significant changes in low-density lipoprotein cholesterol post run, and high-density lipoprotein cholesterol level was
remain significant elevated (by 18%) until 2hr post run. The inflammatory marker of C-reactive protein level was significant
elevated (by 42%) immediately and returned to baseline post 0.5hr. The neutrophils ratio remain significant increased (by
51%) during 0.5hr until 2hr and returned to baseline post 24hr. The tissue-damage markers were remain elevated by 23%
immediately until 2hr in lactate dehydrogenase and only reach to peak (by 108%) significantly post 24hr in creatine kinase.
It is concluded that an exhaustive exercise could induce the delay-onset damage and transient inflammatory response in
tissue, and have enough rest or suitable antioxidant supplements for recovery.
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(FFl22.8 + 0.895% > ME67.73 + 1.814)T) o LIEiEE (80%VO0,,,) MEEEANES)ZERE R EERI50/ 5 - &
BN > 0.5hr > Thr > 2hr » 24hr  48hr > 72hr4F R BEERIR SR AEAT AL A o R52R © DABE I FARMKER A 2 SO A 8RS
K2 ERE B A MEREEE (low density lipoprotein-cholesterol, LDL-C) 7EEEB)fEI MBI 5 i % AR ANEE R (high den-
sity lipoprotein-cholesterol, HDL-C) HITERESBEE & oh M BRI INA18.3% (p < .05) 5 BRIEEE : C-RIEEA (Coreactive
protein, CRP) JARMEE L BIHE L TH4)42% > BERIOShefRIRME o WEHHEIRELH] (neutrophils, net-s’) 7EHB)FZ0.50r % 2hrFAH
BEMA51% > R 2ahe 2 RIKIE o AEIBGHETY > ZURBEE (lactate  dehydrogenase, LDH) LR35 7 B 5 ohe i B E 1S
IN#123% > MHLEREAES (creatine kinase, CK) &1 HIFE24hefR A BB NAT108% MV (B S JE - S « KA NG A 9 SRS 2%
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BT B AE Y ] AR (AL AR B AR B PR A S5
(oxidative damage) - i PBE R AN TG AL TR SCEE 2 X
T o BB B {70 8 A AL B ML R R R
B - BRSO AR EE LN (schemia)
B4 (Sjodin, Westing, & Apple, 1990) ©

DI E B S > T RE R R R KA RN
BT - A% T A SO AR A R BRI > MR
ek R AR AEAT PO oK > BB AR 8 B) RAR 301 R
I3 P 3 AT AL B IR E (redox) B - Af a8 EE
E5 %A LA (xanthine oxidase, XO) B E A MRS
(calcium-activated proteases) HAETIEE A TEEEMME (reactive
oxygen species, ROS) - HZEA 4% R HH M A
(ischaemia reperfusion) BEEMEEZHMEE (Uchiyama
40006) o

BT BB AR i I L
A A ALK BT IR - AR T R — R e
(excitation-contraction ~ coupling) S/ » 3 %8 i 8 (B /K fif
(proteolysis) BEARREMEMLARARE » 4 — 0 UL ALK 2
e PHLELEBYEL A TR (delayed-onset muscle soreness,
DOMS) %R (Aoi 4%, 2004; Peake, Nosaka, & Su-
ki, 2005) o MUAAAKSZABAR A 7 DR MR (acute-
phase response) FRIWAEIIARIGRE L ILIA T (chemo-attractive
factors) -+ DAGF AN FBA (infiltration) ~ FWS
f# (phagocytosis) SZHHAALARIE - AR5 LA S HE B
WA -

Hemgp Mk (neutrophils) 76354 R ESLAL A &
TR SIE > R ER A AL AR R R R A
(Tidball, 2005) o FEHPERRIEALA i BIFF IR EE (respira-
tory burst) EGEEKFHROS » [IFFHBEHEB S
fif (myeloperoxidase, MPO) BLEMERE (lysozyme) ~ L&
WE (creatine kinase, CK) FHEHME (protease) #EA
METEERE S (Peake 5F, 2005) o FIEABFZRIRGE] T i
EIROSE & MM AL AIBE (Urso & Clarkson,
2003) ©

C-RIEEF (C reactive protein, CRP) JFZH T
BT 730 - HOE 2 A AL A B R RS L S — M B
BB > AR SRR R T ARG Bl R
— > AR ARTERRIR b BRSO I R SR f B R T
WHEHE (Ridker, 2001) ° WFFEEHL > i B 8 U SGEEA T
RS 5 B2 E U P OR PELCK » LD HAREE M B
FHIEER (Dousset 5§, 2007; Klapcinska, Iskra, Po-
przecki, & Grzesiok, 2001; Kobayashi, Takeuchi, Hosoi,

Yoshizaki, & Loeppky, 2005; Margeli %, 2005; Sgou-
raki, Tsopanakis, & Tsopanakis, 2001) s BURZ A
B BB R AR T -

R ) 5 1958 ) ) RO T o AR T e AL A Y 1R
1 HEE S UM > L2t BB MR 9 BBy > A EOH BRI
BT AR 5 BB B SRR B« BRI DTSR F A B AR
YCRER BT ~ 45 1M 2 1 S B AR AR5 9 BRAF A AT ] 22
8L > LU — P IRETE T REZ T -

LR
— BIEHA

AWABILHERHEKEAEABRZE GRS RN -
Tl B B0 REE A 7 H ML~ 05 S 2E W) 5
EEMAMZEE > DR SEIRIER - F
TR SRR AR H B RS R B 2R
AT o AERMZREEERAN—KTEREEE (WK A
ANEERL B R IERE R E KR B AR R A8
B B A RE S EG0.5hr » EEZ L~ 0.5hr > Thre
Ohr ~ 24hr * 48hr » 72hr%E /R 5 [ B4 7 B AR B 00 -

BT

(—) FEBEE G

L AT AT A2 B T R RA
& (VOy,,) ZHIE o 84E55RT12 % Pollock (1976))
EllestadBlit > 76 JE M A4 (Vision, T 860 0) # LBk
fEIER (Polar810i) BRERSM B - Z R IFIRAE 1 2 AL
EBBENKAb2 A A& ZE > IEEI. 6km/
hro 0-3minfEEEE0% » Z BB Smind I ES% » B
B %l TR AR R e L )

9. FIBMHE BB E S AR E L
HOOBERE (220—4FH) £100 /0 HEN > SEE
AT EE BRI (RQ) > 1.1 K Z & TEH
BRI RN T - AR B w0 A
ZHPTF (McMiken & Daniels,1976) ° HfEHG
BEAMEMERI Imin 2 AR ERZHE
BHARWAREZHE - HEWB R KHAERERH
far {5 > LA By R 2R 17 325 B 80% V O, I A
o o A IE SR B KA DA B o B A T B i it
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=) MEAEALEZ T BLAS & (coated) HLC- M 1B 4 8 9 2L 1B BOk:
I BRI T A S AU MBED TAR B2 » 4Bk #M (latexparticles suspension) BAfE - i

IMAH B ® (Glycine buffer solution) 4% »
JAFLIB BIORL b BT A 1Y 5 5 SUIE < R 2 B B A AL
f#& (TOSHIBA, 200-FR) f£37 CHEfF ~ #f572nm Tl
EWOEE (5min) MEMLE ISR LA T H
TR A BV M A — A E M A B eT R C- RO IR
TR -

I EE (4T~ 3500X g 15min) HMERELIM4E 2 45 -
R ABELAHER (TOSHIBA, 200-FR) HEfT
TAISIRMR AL EZ 4 - EF  REEIREA R
[ (low density lipoproteins-cholesterol, LDL-C)
BRHEREAEER (high density lipoproteins-
cholesterol, HDL-C) JREE ~ DURTE i (i 2k HE £
(net-s%) 5 o
= BORhEA
2. MEH (CK) HFAMBEH (lactate dehydrogenase,
LDH) & « MmO i e R AR S e 2
B o A E BRI MAEH I Acreatine  phosphate  glucose
oxidase/Z A% » P il A 4-aminoantipyrine & 1,7-dihydrox
ynaphthalene » &peroxidase fEMABEEAA GRS
Wy 7237 M FIHAEEERD (Shimaduz, UV-

AWFAMEFSPSS for Windows 12.0MATFHEHEH
TSR T o A BES IF B AR ER (Mean £
SE) R o M DABE IR T AR BB A B B U Rt O BT A TR L
WA BB AL ~ R4 2 2 B o 8 B B K i
AE— S UM BLE (Tukey) H#EATHE R > B KIERT Aip

1201) Hof > WA RIRR680 nmBL540 nmiE R T HIE =0
HUOEE (5min) £ BHEFGHEY -
2 &R
3. G-EL?EEE (C reactive protein, CRP) {RF : AWR L ZRETHERE28 + 0.80% > 95
%UHE?LH%%%%‘ (latex agglutination) o HIE M 175.79 + 447359 #E67.73 + 18147 AEE
MAERARED (1,500rpm > 20min) f AL - BA4896 + 673 mlmin'ke' o AHA KT RERE

DL IR F AR bR A 2 BB 5 I L P LD L-C » HDL-C »
CRP " CK * LDH * net-s% ~ 8 (i prigas fansk — L

— R -

#— BB - FLDL-C - HDL-CHCRPZ &L

HH LDL-C (mg/dl) HDL-C (mg/dl) CRP(mg/dl)
Y3 7 30min 118.0729.11 5187 £3.21 39.86+15.32
G RA 118.13£10.86 57.27+4.00 56.58+21.46*
0.5hr 116.7329.32 55534332 34.23£13.19
Ihr 126.33£11.19 58.73+4.28% 4155+17.84
Ohr 12247+12.14 61.27+4.75% 31.05+11.57
24hr 110.73£9.79 48.33+3.28 31.07+11.63
48hr 113.9328.66 49.87+4.02 23.4249.05

72hr 113.00£10.93 53.272.96 22.0048.5

*p < .05
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— EEEMRE AR (LDL-C) HE#E
N8 A RIS (HDL-C) SRSk

W% —B7R - LD L- C{H 7 7 8) £ 09 K 152 300 141 i
Sef s TR (R R B EEE (p>.05) sMHHDL-C
(R 7638 B 15 0.5 hoo 90 TR B SR 8 R 42 T (AR BT B
(p>.05) > HE|1he 2 2h {2 BB G A 18.3% (p<.05) -l
AAEE B 5 24he A IR 5 HEHE(H

£ ILEEBIET - £CK » LDHMnet-s % Z %1t

-~ CRMEE (CRP) WESL

CRPERMEEBEL T TH42% (p < .05) -
{EBERITEO. Shef% e 5 AEHE(E

HH CK(U/L) LDH(U/L) net-s%
EH)FT30min 152.00+32.06 345.33£18.35 50.37£2.21
eI A 232.13+38.98 407.7317.89% 50.4043.11
0.5hr 219.20+33.56 388.13£18.68 65.59+2.78*
1hr 205.53+29.88 395.67+34.27% 73.85+1.97*
2hr 188.47+32.25 423.1331.15% 75.89+1.75%
24hr 383.53+134.86* 323.67+17.86 51.07+2.54
48hr 321.60+99.33 328.40+14.48 47.35+2.12
72hr 360.20+111.71 348.80+14.72 51.93+1.78
*p < .05

= MU (CK) 361K

Wk Eon > BEEEHTHE > C KR B E B4 A
SRETE > (EAE AR > BEZon 408 TR > (HE] T 24hr
ZHCKMERR LT T 45108% 103 514 (5383.53 + 134.86

(p < .05) o ZBRWEA TH  MERESFIHEER ( >
05) o EEREE RN HELS

M~ AN (LDH) 6 R M

LDHEEE E MBEEMRA (p < .05) > P&
SERACN TR FF T > B T 2h e RIEAN T #923% (p <
05) (RZ) -

T~ W PEER I (net-s%)

HEIA MR Anet-s% fE0.5hr 2 (BB E IR T » A5
ZOhBHEN T 4951% > Ro4hr Z BIRAE B A () o

B i

FEERECOEER (HDL-C) 2 B I (R
WT > FEGREMIPZHIEES (lipoprotein) &
B T IR AR R E AR B (LDL-C) AR
LA > TR Aot R AL 05 I 25 8 I B - o A e L
MIFHZE » JfZ51 80 ME RSB (Young & McEneny,
2001) o

BHoeta it RFMELES & 5 8 AR AR P 2 1
TREIBIZIEL o Kobayashi%F (2005) PA15{7 S8R M 720
BRI Bz AP HD L-CIREEAE 72h e BRI
FELETY 5 MILD L-CIRE R G M A B A BT 5%
FER > BURDRFUZal B RBEVES) (80%VO,,,,,) H2hr » H
50K T HDL-CHY I B B BT = 1 S RERDL -

HEAh > BEFEH SRR B - Rk - BRER - B IUFEIE H
BERET LRI ES B 780 2R E  ETHE KR
B (100%VO,,,,) MEHHh &R - irA 4R
HDL-CiREEETZ 7 EREmM (o < .05) - Ho
RIEFHDL-CIMEMA KSR HAMAZ R - BRI
B EFHDL-CERE (subfractions) HDL2ZHEHVO-
oo AR PR 3 L — 2 i B P S A
HDL-Cor 7380 AR B R A IR 2 i (lipo-
protein lipase) FITELFAFIHTE o BUREB)ZE R HHDL-C
TR S B = A AR DA B (Sgouraki®, 2001) © i
e R] L > B R S ) £ A H D L-C B LM At 22 B T 45
R0 BWE MRS H RARSIMADL-CRAZ M -
Sl LA B A O AR A o

BFF5% B3 A 1 R A 45 o R0 A A P g
fFETE - Margeli % (2005) DA15{v 8852 B B4 246km
WSS > LA ZHE NS PCREES (CRP) B
BRAMHNEAAIENZE6 (interleukin-6, IL-6) MIIRELD
Sl S8 EFF 15205 528000, - AESATL-67E48h R MIIE 2 2L
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{H > {HCR PR B B A LU I B = > B — e
CRPIMEZ BITL-6 1 F04% EL A = BEAH R

J3—7F1H > Dousset % (2007) FI A 7 35 X AR A 4 1R
B (exhaustive stretch-shortening cycle, SSC) #HHif% > 4
BLMLAEHCK » CRPIIL-6% BU(ETE B 2 BU& 0 - BTRE
TE2h oA 2 (G SR E AR M ik ] REBELL Y #5455 DA
BB R R R E AR o AT BAVEBIR % o MAEC
[ MERE 1 IR FERE BB 7 > DL (CK)
AR SR (LDH) FREHENELR > BnZalEs
HMAUROR B AR > TRE B T LR E0R O E R 5L
7T T e A ) BRI o

WUE R (CK) HERBEE (LDH) FEAERET
HEMLELO MG ARk - BIZUE B — BRI > SR AL A Pl
A e AR TR B CKAELE PTG A TP « LD HHY
RAEAEBERRIER (glycolysis) F AR BELZLIR 2 1H] ml 208 i
B HEAL TG o OG> W TR RUEB) R - A i e S
AR R AL RTE > RSB & BN TR 2 R

%O

WFEAE > ARV BT Y B AL B > PTREE
S04 R 1 i AR AL A T 6 A Mo R B B 1
i AL AR AN A HE A L C K LL D HAE 2 i UK B R
(Kanter 4%, 1988; Sjodin %, 1990) o [t MfifFCK
SELL, D FLE 14 0 B 50 B 195 T T A 2 ALk 4 O 4 465 19 5 U 9
o

AWFFELD HIEAE & 35 B 8 4% B B oh o2 B 1 I
JE > DL CKAE R AEQ4h of% A B B 06 B F B 45 2R = B
Kobayashi 4 (2005) WFFL1SN AR E ERUE RN E
2t MELDHECKMEHEE T - HCRIEHFFER
4hr Z EHIN T 15450 2 BB A A5 B 5 (R Bt
%N Giliip Klapcinska % (2001) DAORLFPEES T
6/ — R RE Y 37 sl & HEEATS00 RUE BE > BB AL 37 ot
FHMLDHIGHEAEEE A - AU BB R i Fr
CKIGEHEAE BB 15 (7 B E 2 - 1 —Bod ez il &
CKIGEH R EB £ 200 e A TH 2 R HIAS R o HOB A pt
FOEEBL > (P CK LD HIE 1 S e 26 5L > n] e BB ) o
DA R R DR B e (0 LA B o R R AR 55 2 5 2 1
HCKEIER TS MG > BBUR B EUE S ol Rl 2
A AL R RIS -

{HFRER IR » ABETEC K8 T m) S ME v At AL
SRR A0SR > SRR 0 0 By i o AL A A A A 4R
% (delated-onset muscle damage, DOMS) %5 AH
(Aoi 5§, 2004) - [FlIpi R i o] A S S e 201 AL A9 15
fLAB « BFFEE L0 B A RIET BUTEL > HiLl60%
VO2max B M T A 450 AR - BB

HHEEREH (count 1 85%) FEREIL-6IREE (1410%) PAK
CKIEHE (156%) EnRlfE /NG 2 #EE LTS » 55
24hr 2 R WE P HERERE E BT L6 8 O KIS 5 SRMCKEA
PHIRBE BN (420%) HORHE - HWFR i — 45 h
BRE R BE ORI R A SEME ¢ = 083, p
< 01) (Peake %, 2005) -

AR MR G P BRG] (nets%) 7EFEBIER)
B0 5hrBE RN BE RN  IF HE P on e BB i - &
O4hr B IKIEFEHE A 4: R Peake % (2005) HIBFFHM -
DA R B ) AT 7T C K P RiE A S MBS L vk I AL 32 3
WM G2 1S BOHM A > ek el A E) B ZHRG M
AR R - BN ELIRAL - TR B SZ R AL AN 1 B R

S ESA AR EARTE (Tidball, 2005) © SRIIABFF K
BFEFVE b BRTE AL AR I RE E 0 2R ST > SR TR A R
HRFL AR B AN R AT RS > (AT AW % W R L A1
SN S RE B AEE R HR 15 < IR R AR - R E— R I
T o

AT % B R O B S LA A 1 0 BB R R
HALFEHE > TEEB) AR DR AN R E - B SRAE A/ P B R AG
187> B A M P AR B4R IR HL B 24hr 2 BA B BUIE R
WE(ELAR A5 R - SO T B P AL AT T B T T RE A SZ R DL
et E T E B T DU O B i S AR AT = 0 0k
LG PR AL T AR T 2 R Y AR 1 L PR BE R BB R IO 1
FEERAE © PRI > BRI a1 0 L 2 0 1) R AR A
SR PRI B 2 DU LR Rk o LR e DR 38 B Al A K
H L B B K
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