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Comparison of the Muscle Damage and Liver Function in
Ultra-Marathon Race (100 km) by Sections

Kyung-A Shin' and Young-Joo Kim>'

!'Department of Laboratory Medicine Bundang Jesaeng Hospital, Sungnam-si, Gyeonggi-do 463-774, Korea
’Department of Rehabilitation Medicine, Sanggye-Paik Hospital, Seoul 139-707, Korea

High-intensive endurance exercises induce cell changes in body, changes in structures and functions of the heart, the

muscles, the cartilages, and the liver, as well as increase of inflammatory cytokine. The purpose of this study was to

estimate the biochemical changes in the liver and muscles during ultra-marathon race (100 km) by sections. The blood

of the subjects was collected before the marathon as a control in order to analyze serum creatine kinase (CK), lactic
dehydrogenase (LDH), asprtate aminotransferase (AST), alanine aminotransferase (ALT), total(T)-bilirubin, direct(D)-
bilirubin, total protein, albumin, uric acid, gamma-glutamyltranspeptidase (y-GTP), alkaline phosphatase (ALP), creatinine,
blood urea nitrogen (BUN), and high sensitive C-reactive protein (hs-CRP) concentrations. The CK, LDH, D-bilirubin,
AST and ALT concentrations at 50 km and 100 km were significantly increased compared to the control (P<0.05). The
markers at 100 km were higher than those at 50 km (£<0.05). The T-bilirubin and hs-CRP concentrations showed no
difference among the groups, whereas the markers at 100 km were higher than those of the control and at 50 km
(P<0.05). In conclusion, this study shows that the ultra-marathon race (100 km) may induce the damage of the skeletal
muscle, liver and kidney, intravascular hemolysis and inflammatory responses.
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P G fEel o8] FAT &4 dlo] Hrh
(Armstrong, 1986; van Rensburg et al., 1986). 53] 2]
z

ge7] Z&e 1A LE oA ZEGY] R
Ql CK (creatine kinase)2] &Ado] SV &= Aoz 4y
#] It} (Skenderi et al., 2006). CKS H] 53+ LDH (lactate
dehydrogenase), aldolase, myoglobin, troponin, AST (aspartate

)

FA A}

aminotransferase) = 52 7|54 AHE & 4 A=
|3k A 3xolm, WelehA, AeshA el uhel Fwe
Sl W3lE B2t} (Brancaccio et al, 2010). ©]# 3t &4~9]
7 w4 B v AT o mE AT AR

A3 o]™ (Brancaccio et al., 2010), 52 E|, 7|7k 2

A, & F 35717k Aol Ut (Lippi et al., 2008).
EG g AT S o BaBY e TE
o] 57 BAE83S (exertional thabdomyolysis)
o o1% A FHE of718 4 ATk (Skenderi et al,
2006). CK, LDH, AST, ALT (alanine aminotransferase)2} 2
& EATY) FAE BAT &4 B oY MIE
o= FEap] wiiol EEe eES A = itk
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(Lindena et al., 1986). 1&2\} 7= A2 22|77} 3t
e skl teia= of2] HEke] deA A
2T} (Follen et al., 1999). Nagel 5 (1990)2 1,000 km v}2}
EoA AHg AA Dol &gk 1] Ths S Bl
3} o™, Skenderi 5 (2006)2 246 km S EzZ} nlglE
%2 5 9% CK, LDH, AST, ALTY] 5%7} 34 474
L Algh 7 gxpe] =) 9f frAkekGithaL Bargh
vl ik Z2Ev) Lippi 5 (2011)2 half vleHEc] A 717)
T BAAY] Folgh e AR T S8l A
e Ao R Bkt

ol9} o] S EZ} vlEHES FAZ 3 AFELS half
vl ERE 1,600 km 2 EZ} vlEE7FA] thFshAIRE A
7] 5o YA RS FrtskAY, AAl Ar]ekeE o
& EY A7)E B8 @rpt olFoAth # Ayt it
Al 7 kmE 2E]E 100 km SEZ} vlES S 7]
7, 50 km #H, B7] T8 A5 70 =423 117
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- AT 100 km 4 7] 3] 17874 154]
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Table 1. Characteristics of demographics and cardiorespiratory
fitness in study participants (n=18)

Factors mean t SD
Age (year) 46.83 £ 391
Height (cm) 170.83 £ 5.46
Weight (kg) 67.56 + 4.61
BMI (kg/m?) 2330 + 0.36
Race Career (year) 544 = 0.99
VO,max (ml/kg/min) 5048 + 5.09
HR ¢ (beat/min) 61.50 + 8.54
HR .« (beat/min) 171.50 £ 11.25
SBP,, (mmHg) 125.50 + 5.76
DBP,., (mmHg) 80.17 £ 4.04
SBP, (mmHg) 206.83 + 29.59
DBP,,,,x (mmHg) 73.22 £ 10.56
50 km time (min) 452.67 £ 66.71
100 km time (min) 817.22 = 67.00

SD, standard deviation; BMI, body mass index; HR, heart rate;
SBP, systolic blood pressure; DBP, diastolic blood pressure.
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}\ :’] = (VOZmax) = ]E'

Ale) A, 50 km, 100
km T5 A5 AJFE HstE ] 8l G
" (antecubital vein)o| 4] CLSI Guidelines (Clinical and
Laboratory Standards Institute)2] 7]l whe} A H& AA|
El=a

Ank At A NG A7 5] U=
213 ] Serum Separate Tube &3 (BD Vacutainer”
SST, USA)°ll AH& 3 3400 pmoll A 105-7F A48 &
At G Habekadth sk HAlE K-
EDTA tube (BD Vacutainer” K2-EDTA, USA)ol|l & 3}o]

et

1087 E7 F 54 AT,
SHHAAL
Asletae A N HAHoA total protein,

albumin, aspartate Aminotransferase (AST), alanine Amino-
transferase (ALT), y-GTP (gamma glutamyl transferase),
alkaline phosphatase (ALP), total bilirubin, direct bilirubin,
CK (Creatine kinase), lactate dehydrogenase (LDH), BUN
(blood urea nitrogen), creatinine, uric acid, hs-CRP (high
sensitive C reactive protein)E Toshiba TBA-200FR NEO
(Toshiba Medical Systems, Japan)= =7 3}%] 2™, Denka
seiken A]2F (Denka seiken Co., Ltd, Japan)S AH&3}ATh
hs-CRP+= HBI (HBI CO., Korea) A &F3 AH8-3o] =43}
Oﬂljr Zy7ro] ZHAPH-2 Total protein<- biuretd, Albumin

2 bromceresol green'H, AST, ALT+ UV without P5P™,
ALP PNPP, EAE buffert, y-GTP+= G-glutamyl-carboxy-
nitroanilide (IFCC)%, total bilirubin®} direct bilirubini=
Jendrassik-Grof'H}, CK+= JSCCH, LDH+ pyruvate to lactate
H, BUN- urea nitrogen¥], creatinine~- Jaffe'H, uric acid
= Uricase-POD', hs-CRPE= W HH[EPH o2 Z7d3}9]
o} AARE] Xé“élx:_ ¥ 7F= CLSI (Clinical and Laboratory
Standards Institute) EP5-A2¢] &3] AE3e] &2 (Bio-
Rad Lyphochek L1, L2)& | 3hefl 23] wff ZARa}ch
ZAsI o, He CV (Coefficient of variation)= 1.9%
o]t} E=gk hemoglobin@} hematocriti= Beckman Coulter
LH750 (Beckman Coulter, USA)2.2 #2155t 3=
W3} (plasma volume change)=
o]-g-sto] 4F=3k3lth (Dill & Costill, 1974).

hematocrit2} hemoglobin<-

Table 2. Responses of muscle damage and liver function to the
100 km ultra-marathon race.

Pre-race 50 km 100 km

(Tg‘}tdagr(’tein 7.63 £ 054  7.77 £ 038 748 £ 0.66
@Z‘gin 447 £ 013 457 £ 019 449 031
Urdcacd 555 + 117 612 £ 127 625 + 155"
(mg/dL)

(I[GJ/TLI; 381 + 362 408 + 388 393 * 366
é[L;’L) 2325 + 494 2296 + 488 2442 * 766
(Cr;i;gﬁi)“e 107 £ 012 126 £ 022" 124 £ 021
gnU;dL) 169 £ 3.1 239 £ 469" 308 + 5627
?;gc/gf) 006 + 003 007 £ 006 078 + 057"

Values are means £ SD; -GTP, r-glutamyl transpeptidase; ALP,
alkaline phosphatase; BUN, blood urea nitrogen; hs-CRP, high
sensitive C-reactive protein. * = significant difference compared
to the Pre-race (P<0.05), § = significant difference compared to
the 50 km (P<0.05).

X=X

o] AFe] BE A&+ SPSS 120 FA EEZ@
(SPSS Inc, Chicago, IL, U.S.A)S ©
it + FFHAX}F (Mean £ SD)E 4
AL Aols HEe] 9
(repeated measures ANOVA)= 2!
22 Bonferronis -5} 0™,
0.05% 3}Sith

ut

olf
o
£
i

)

$o AL ri =
Mr 12 R

Total protein, albumin, uric acid, y-GTP, ALP, creatinine,
BUN, hs-CRP+= Table 20 YERE vle} 2t} 94 total
protein 7] A, 50 km, 100 km 778 Z}Z2F 7.63 +
0.54, 7.77 £ 0.38, 748 + 0.66% 2|3+ z}o]7} Ao
™, albumin B3t Z} IHH 447 £ 0.13, 457 £ 0.19,
449 + 0312 93+ Zo)7F YUATE. Uric acide= 737
A (525 £ 1.17)}2.T} 50 km (6.12 £ 1.27)2} 100 km (6.25
+ 1550014 folE 57} (P<0.05)2 RIAT 50 kme}
100 km T-Zrel| A= Frol gk 2pol 7t Atk y-GTP= 7}
T 381 + 36.2, 408 £ 388, 39.3 + 36.6= 2|3
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Fig. 1. Changes of serum CK and LDH concentrations by the
ultra-marathon race. *, significant difference compared to the Pre-
race (P<005); §, significant difference compared to the 50 km
(P<0.05).

Zpol7b gtk ALPX:E -7HE 2325 + 494, 2296 +
48.8, 2442 + 76,62 23t zte]7t g1 Creatinine-
7471 A (1.07 £ 0.12)X.t} 50 km (1.26 + 0.22)9F 100 km
(124 £ 021)°14 3 S7F (P<0.05)E HAo} 50
kme} 100 kmoll A= 2l 8k xko]7F QIQ1tE BUNS 77
A (169 £ 3.1)XT} 50 km (23.9 £ 4.69)9} 100 km (30.8
+ 5.62)014 23 F71 (P<0.05)5 BP0, 100 kme
50 km®Et} 523 71 (P<0.05)Z Ht} hs-CRPE 7
7] A (0.06 + 0.03)3} 50 km (0.07 £ 0.06) 3+ Alo]dl]
FoJ3k 2ol 7t ¢11e™ 100 km (0.78 + 0.57)= A7) A
7} 50 km FXHETF FJg 7 (P<0.05)E HSlch
CKS} LDH= Fig. 1, AST¥} ALT+= Fig. 2, T-bilirubin}
D-bilirubin Fig. 3¢l YRt vie} 2t} 94 CKe= 4
7] A (96.0 + 359X} 50 km (321.7 £ 153.0)2} 100 km
(2551.0 £ 175.0)014 23t 71 (P<0.05)5 H2om,
100 kmi= 50 kmH.T} 23k 71 (P<0.05)8 H3Ith
LDH:= 77] A (3202 + 49.4)X.t} 50 km (533.0 + 95.2)
9} 100 km (629.1 + 186.4)0ll4 #-28 F7} (P<0.05)Z
RS, 100 kmiE 50 kmE U 523k S7F (P<0.05)8 X
Atk ASTE 7] A (220 + 45ET} 50 km (31.1 + 5.0)
°} 100 km (82.0 £ 25.5)°14 2§ F7} (P<0.05)E =
2o, 100 kmi= 50 kmE T} 728 F7} (P<0.05)E X
ATh ALTE 7Z7] A (190 + 7.1)2T} 50 km (20.8 + 7.4)
€} 100 km (30.0 = 11.0)°l14 23 571 (P<0.05)5 H
o™ 100 kmi 50 kmXoF f-23k F71 (P<0.05)E B
2t} Tbilirubine 7] A (0.69 £ 0.17)l14] 50 km (0.79
+ 0.197H4] gk zte]7k §lek7} 100 km (0.95 + 0.31)
T7ke] 7] A3 50 kmELF F2 8 T (P<0.05)F X
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Fig. 2. Changes of serum AST and ALT concentrations by the
ultra-marathon race. *, significant difference compared to the Pre-
race (P<0.05); §, significant difference compared to the 50 km
(P<0.05).
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Fig. 3. Changes of serum total- and direct bilirubin concentrations
by the ultra-marathon race. *, significant difference compared to
the Pre-race (P<0.05); §, significant difference compared to the
50 km (P<0.05).

At} D-bilirubin 7] A (0.12 £ 0.03)2.t} 50 km (0.19
+ 0.03)¢} 100 km (026 £ 0.04)°4 F93F Z7} (P<
0.05)E H32H, 100 km 50 kmH.t} f2]3k Z7} (P<
0.05)2 Hch

il

2

AT 100 km EE2} vhbE 7] 4, 50 km A1,
A5o] 73 25 Yl 33 dE AYsiet

| o]st ¥4 £ (myofibrillar disruption)©l]
TAT &L 2AEe) Wy SAZ W 5
=9 94 U F5& S7M1Zt} (Amstrong, 1986; van
Rensburg et al,, 1986). =3k AH3 5o 23k 2% 21

<4 A E 2+ CK, LDH, aldolase, myoglobin, troponin,

O:
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AST S©°] 212™ (Clarkson et al., 1992; Kuipers, 1994;
Brancaccio et al., 2010), A2 4AHFd #Ho] ATk
(Rose et al,, 1970). L 5 t3x4 &4%1 CK& IAE %
Al £ EE tiathlon 22 F7174e] BAA &5 &
o &2 448 JER™ (Nuviala et al,, 1992; Denvir et al.,
1999), vjel AABh FAL B CK DS 274
) (Kratz et al,, 2002). Z=3F &% CK S7H= Edlold 4
T, v A% 9 AEA BRIo] 1o (Lippi et al,
2008; Brancaccio et al., 2010), A& 3+ 5ol 2] S0l
R A PR 58 8315 (exertional
rhabdomyolysis)oll 2|3t FZAL2 UAIZHQ P CK
48 =771t} (Phaneuf et al., 2001).

= Cq:rLOﬂ}\ﬂ CKE= 747] 2B} 50 km, 100 kmoll A4 -

S7Fe ®olem, 100 kmi= 50 kmH.oh A S}
At} Skenderi 5 (2006)2 246 km S E&} wletE
CK 49 2712 Byagon, Kim 5 (2007)
200 km =Ez} nlebEol| A CK &4do] 100 km 771}
200 km TZre A 2|21 F7HE BT Noakes (1987)
T 2% T (K 37k &6 derts AEA3 o
o] glom, B7] el Folgk aAgd SV &

2 oA At ganE wlio
T} (Nagel et al,, 1990). A 2 I5tol A b}E]r‘ﬁ}
Hﬂ CK-/] 17]-“ /K‘]chﬂ?—ﬂ. 71—0] OEH %1—
o] E4e] T7kehs Ao ® YEsith

LDH %38k 14kl X # o™ (Brancaccio et al., 2010),
nhebEst 2o AT ATY 2 o5 20
713t} (Kobayashi et al., 2005). & <1504 LDHE 4
7] AR} 50 km, 100 kmol| A frol gk S7FE ®.lAL, 100
kmi 50 kmEth f2ld F7ME Bolth I3 LDH:
half v}2}E, S E2} vlehE, triathlon $-0| 574 (van
Rensburg et al., 1986; Kim et al., 2007; Lippi et al., 2011),
Kobayashi 5 (2005)2 "lElE & 25 &< g AR
71k s A st e Baskelth LDH a4 o)
= F2= gl dojupal &8 s Stk
(Foll en et al., 1999; Brancaccio et al., 2010), LDHS] <7}=
=245 o]9foll kERE] FF 7Fe S 2n| gt (Follen
etal., 1999).

LEZ wlglE 47] F<tol CK, AST, ALT, LDH®} %
Y Ghe 3 S AR B = AR
NEds rdshkeAled dsixe of4

ollen et al., 1999). H=3F o]} 72 G4E
A 8] ARl A& AR

i\
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1% of 1o FlO
N
-
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&
> L
-~ 3

bl
i

A5k ol& Eiﬂ S7H7F A
ot} (Kim et al., 2007).

VA5 é*o*gl ‘?—-lﬂw‘ﬂ A EE AHEEE AST, ALTE
67 km, 200 km, 1,000 km &Ez2} nl2lEoA] Az S
75 Bt} (Nagel et al., 1990; Rehrer et al., 1992; Kim et
al,, 2007). &+ A7AFH M= A7) A ASTF ALT= 4
2 w91 ot 47] AR} 50 km, 100 kmol| A #-2]8F
71 B9om, 100 kmi 50 kmBE T F43 SIS Ho
| Fubol] 253} M EREE Tk &

Aow vEhst olof 2 Ay 1
FF (workload)¥ 2l d24 o &2 Hl#gths ¢
J3HC} (Wu et al., 2004). ALTE =4
7H) oAt o g EA e HAE &4
Ql A x= &efA 312 (Lindena et al., 1986; Spiropoulos
& Trakada, 2003; Skenderi et al., 2006), Nagel ‘5 (1990)>
1,000 km =Ee} vlebEol A ALTS] S7ke= IHAIE &4
of ot Row HAYsigith £ A= HF ALT7F
oJ&HAl S7HIAIRE, o] Wsk= CK9 LDH 22 4

Ae) Wekg 7|

o pal

==
rr

N

s

e - ¥° o
Ol

}]v

el wskeo] A4t @gkom, ol AZuL
£ A U 2 o] 98 drshs AoR AR
).

PRl T F AR woie Y7 @4
uf FEFEre] sy g AT (Giannini et al., 2005),
A AT sl o8] da i 899 A8 =
2> AAESY A7 F7FH (Wu et al, 2004). =3 2
FTE 2 B 92l ok &3 (foot strike hemolysis)
o] 1o 2 AAE L T} (Follen et al., 1999; Shaskey &
Green, 2000).

ATl e B Hslol7lE sHAYE T-bilirubin
100 kmellA 7] A3} 50 kmEt}h 748t o, D-
bilirubin> 7] A XL} 50 km, 100 kmol| A f+2]8+ Z7}
£ How, 100 kmE 50 kmH.t} FosHA F7Fsk
ot Wu 5 (2004)2 24A17F 2] 7|9l A Tbilirubin} D-
bilirubin®] 7] A$-ell= F7FekGlaL o5 Foll A%
A& ®Belom, FAE A7 wE 83 o] ok
3 Baskgith B A543} bilirubin &l o3 F
7Val= LDHO| =7} del ) n)Z=dk AEAS Kol Q)
©oH De Paz % (1995)< 100 km 2 E2} nlaEoA 7
@7‘4 bilirubin 8o Z7}=2 {dW oz}
& 7S AABEATE B3 A7 7
Z23% XAl BUN, R{AF (uric acid)¥} Fgo}E]d
F57F vlgkE 50 km 2 100 km -7F o

7] Z_E

(creatinine)2]
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vleHE Aol Bl Skl dale] @pavhs ol

Azbe] AE lEkEe] AAY)se] A &4 oA

ST} (Petersen & Pedersen,
2005). Kim 5 (2009)2 wl2}E 7] 23] hs-CRP2]
ot S7F giley 200 km & EZ}F vhEtE A7)
2% hs-CRP®] 23 S7H5 Halstqlet & AgollA
hs-CRPE 7] A3} 50 km -7+ Abolol= %218k =)o)
7} 9l9lo, 100 km= 7] AF} 50 km TIFET) 9
Els 7k—ﬂﬁ7ﬁ]ﬂiﬂﬂQ%1§J;odzm#
= }” Ao w2 YEhE

o] A7 ZA3= 100 km EZ} nlgtE &
SR opet A5 IR gl A1)
Ae Aow yeporn, da W 89
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