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ABSTRACT

The purpose of this study was to investigate the effects of glucuronic acid on antioxidative defense system and recovery of muscle
fatigue in rat after aerobic exercise. Sprague-Dawley male rats weighing 150 + 10g were randomly assigned to one normal(N)
group and three exercise training groups. Exercise training groups were classified into glucuronic acid free intubation group(T
group), 250mg glucuronic acid/kg bw intubation group(TU group), and 500 mg glucuronic acid/kg bw intubation group(2TU
group) according to glucuronic acid supplementation level. The glucuronic acids were administered to rats by oral intubation before
exercise training. The experimental rats in exercisc training groups(T, TU and 2TU) were exercised on glucuronic acid
supplementation or rats in normal group were confined in cage for 4 weeks. And rats were sacrificed with an overdose of
pentobarbital injection just after running. Liver xanthine oxidase(XOD) activities were not significantly different among four groups.
The activity of superoxide dismutase(SOD) in T group was no significant difference from N group, but those of TU and 2TU
groups were increased by 9% and 18%, respectively, compared with that of T group. Liver glutathione peroxidase(GSHpx) activites
of T and TU groups showed a similar tendency to that of normal group, but increase 17% in 2TU group compared with normal
group. The ratio of GSH/GSSG in liver of T group was lower than that of normal group, but those of TU and 2TU groups were a
similar tendency to that of normal group. Contents of thiobarbituric acid reactive substance(TBARS) in T group was increased by
47%, compared with that of normal group but those of TU group and 2TU group were lower 27% and 35%, respectively, compared
with that of T group. The contents of glycogen in soleus muscle significanty lower in all three trained exercise groups than that of
normal group, but there were no significant differences among the trained exercise groups. Contents of hepatic glycogen in T group
were decreased 27% compared with those of normal group, while those of TU and 2TU groups were the same as normal group
levels. The contents of serum lactic acid in T group were increased 240% of normal group, but those of TU and 2TU groups were
decreased 38%, 39%, respectively, by glucuronic acid supplementations, compared with that of T group. In conclusion, the effects of
glucuronic acids in exercise training rats would appear to reduce peroxidation of tissue as an antioxidative defense mechanism and
promote recovery of muscle fatigue. (Korean J Nutrition 34(8) : 872~ 880, 2001)
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1. Xylan 225 glucuronic acid® 22}

Glucuronic acid®} @21 $iste] FFFAIA N+
g Z43td 4 F5¢ ¥ AGHsia AAAE 1% F
Z31 Amberllite IR-120% Amberllite TRA-672 Z}2t
BHAA A FEAAT FH A 481949] ethanolS 3
7}8te] crude xylang dEaldt @l 3 xylano 2 5-H
Ab 7pRalste] Ba(OH) 238902 pH 558 53}
3 T AHEE AASAY 53 B& Fo) 29l
Amberllite IR-120(H"8)°] %1€ columng AHg3}o]
SHTE $EA72Y o] YoM FE Fol| BEI
4g AANRHY o] §EHE Fol 2w A2l Amber-
llite IRA-67(OH &)o] 529 columndl| FHT2 4%
AA FA FE T BEATIL, Fol2u Ao 2
RS 0.0IM gRYol F8Aos ZE&TFozH 4
A3E sttt 0.01M gRYols& S43) AAS §
£Z8to] B A¥o) A28 glucuronic acidE U}

2. 4SS, Mol W 2FH%

AEFEL AT 150g W99 Sprague-DawleyF <A
S st Aol o] &3kt EH el H-EA1717] Y13t
A+ T uALE S T o) ojsf B E L.
2 U $EEE o EFSULET Boe TR (tra-

ining group), +% v glucuronic acid® &F3% TUT

N

(training—glucuronic acid), glucuronic acidg& TUT B
g 28l FH3 2TUF (training-2 % glucuronic acid
group) 2.2 WA tHTable 1), Hole A8 ©7zke £}
of 8 5.3%, DA 24.6%, AE 54%, T3 54.7%,
A 3.5%, #7148 6.5%F Tie Sulle] Al ey

Table 1. Classification of experimental groups

Glucuronic acid

Groups Treadmill
P I (250mg glucuronic acid /kg bw)
Normal” - -
TZ] + —
TU? + +
27U + ++

1) Normal: basal diet

2) T: basal + training

3) TU: basal + training + glucuronic acid(250mg/kg bw)
4) 2TU: basal + training + 2 X TU(500mg/kg bw)
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3. 2 R BNNA

ARFES APV T8 25471 1AMz Aol
glucuronic acidg Z7% & § &5o] Fd AF pen-
tobarbitalZ PFHAIA BF digmos HAg A1
2.000rpmoll A 2087t 4l ¢ F AAS dof ¥ A
7 B Bt 7P Az Mojula A&
ZA% F AA A4 35 FAAA 80Tl BB

4. #2859 xanthine oxidase(X0OD)

7EAZF] XOD 8AE 24& xanthined 712 = 3}
o 30ColA 1087 WA A AR uric alcdE HF
292nmell A FF 55 Z43k= Stipe Della Cortes] #™
S o] &3tk EAE @Y= 72 YA Imge] 1E
Bt Hhe-sted 71A 25 E] AAH uric acidBE nmol &
2 FAIEHC

5. 2R 39 superoxide dismutase(SOD), glutathione

peroxidase(GSHpx) 24 &%

SOD &4 gz el A pyrogaroliel 2-g4ts}el
o3 WAl S 0] 88 Marklund$t Marklund®] ¥*S,
(GSHpx @4 Lawrencest Burk®) W'l osle] &
EEsi=s

6. #ZA 59 glutathione &7 &%

Glutathione®) 3242 Bernt9t Bergmeyers] ¥d"”
of @A A8t AF8HY glutathione(GSSG)2 glu-
tathione reductase 9H3-& |83 01, o] ¥hgollA] AR
¥ NADPH#E 340nmellA ZA43te] ekt on, g3
glutathione(GSH)2 glyoxalase ¥H8-3- ol&3slo] A4
S-lactosyl-GSHE 240nmell A &8t st

7. UZANZ HMSIA|A(TBARS) &F &3
1k o] A g thiobarbituric acid(TBA) % ¥H-

Table 2. Exercise training schedule of experimental rats.

Duration(week)

1 2 3 4
Speed(m/min) 10 20 25 28
Grade(degree) 7 7 7 7
Time{min}) 10 20 25 30

Frequency(days/week) 5 5 5 5

&tod AAEE= malondialdehyde® Z431= Satoh'™
< o83t}

8. MADI2 U 4 ZX9 I8 FN &AF £
Ze]37A g3 phenol®} NaSO, 58 #7sle 3%
490~492nmel A Z451= Lo2] Wy Mol mhe} AAsksie)

9. A3 lactic acid &3 &%

% lactic acid % 4 Brin? Dunlop® ¥3"®
o] M2} heparin®.2 A& FAIZ dAe AHF &
8% perchronic acid 848 2843221 ¥ 3000rpme
A 1087 94 BEste] 4E5Ae S48 AsR o83}
o cocktail £<4(0.33M glycin, 0.27M hydrazine buff-
er, 0.83mg of NAD, 5 unit LDH(lactic dehydrogenase)
& 7}3ka perchronic acid®} lactic acidE 2}z} Aol 713t
% 37T shaking water bathollA} 4587} incubationdt &
340nmeilA A8k

10. B9 A ¥y 3%
3 ZZ o] ghla kS hovine serume albuming
F5go 2 sl Lowery By ol 98 A8

11. WA=

2E AdAged g AXEE 7 AdeEE 3F3}
oj7} AE7FE FAA3I] st EAFEM(ANOVA %)
S FYsi o, BARAAY ool dhd A w3t
9] #-2)%3= Tukey's-HSD test™l] 2l&) £A13t%c.

it Q0%

1. Xanthine oxidase 2%%13}

Xanthine& 7|2 & gto] Q48 BAs= B su-
peroxide radical& 4433t &4 F, free radical A4
A E42 487 XODY 848 7 24 Bag A9
& Table 35 2ok, AT T fol4 Aol A
o} Tito] Aol vls) tha w3ttt =3 T |3
glucuronic acid® §3& TUT I 2TUTNA tha 24
s Aol ot 7oA & oAt Table 3).

2. Superoxide dismutase(SOD) R glutathione perox-
idase 22t
ARl gt wo)7] 1 Foll g4 woAle] st
24} superoxide radicals $HIAIA HOZ A7 22 H
AR50 ZHE AHE W I3 SODEA S #23 Ade
Table 42} 2} Glucuronic acidE 8] &2 5



Tl H]8] glucuronic acidE F43 TUT#H 2TUTol
A 242} 9%, 18% o)A o g 7 EAtHp < 0.05).
28]3 selenium$ EHahe @4tst 42 HE] B¢
g7 SRS AT Axete) EAE wWolshkes
GSHpx &42(Table 4) A4l H3) glucuronic acid
E Fo3x] &8 T+ glucuronic acidg $9% TUH
oAM= A F=Fol 2, glucuronic acidE 24 Fo
g 2TUN A & Aol vlsh 17% Z7HE AcHp < 0.05).

3. & XA F9 glutathione BF

H & o7 F9] sl 1k 22 #9F gluta-
thione(GSH) &r&3} 418l glutathione(GSSG) &2
Table 59 Zth GSH 32 Adrd &5w7l 794
o) Zpoli= glQlth. GSSG ke Aakatol 0.34umol/gllH]
H]3) glucuronic acid® FoishA] &L $&5w¢] T2 0.59
pmol/go 2 A 74% F9l3d F7Hp <0.05)8 EH2v ) glu-
curonic acidg Foi3t 5wl TU, 2TUTE 217} 042
pmol/g, 0.40mmol/go 2 A1 o)A o2 F71EYrkp < 0.05).
3t GSH/GSSG ratio= Aol Hl&l) T4 32% #
Ao g FAaHA Y (p <0.05), glucuronic acidg F
o3 TUZ 2TUTANAM & At ol (Table 5).
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AEVE A8 A3 (Fig. 1) AR B8 glucuronic
acid® Fo3A ¥ $E5FY TS 471%2 F9do
Z7HE 23, glucuronic acid® 598 TUZT 2TUR
A s o] At TR SEHUL

5.tA0p 2 90t XA 22U AP

$EE ¥R FRIA L7 AW A" 238
FAFE BFAAS 7 U] Q48 AZE F23hA o
o} 2822 $% F glucuronic acid®] FFo2 A3 2

2 3E-g gotry] Y3} Sz FFE 33 A
Table 69} 2t}
7k 2 Fo] Selaa gEe AT viE &5

T, TU % 2TUTANA Z+z} 26%. 22% 2 17%% w3
(p <0.05) 2.2 #2529 glucuronic acidell W&
g2 AUk 7 2245 S84 e (Table 6) A4
ol 8]3] glucuronic acidg F98HA] ¥ TFolA 27% =
T4 (p <0.05) 22 #HAaHA2™ glucuronic acidE
28] g 2TUTS At FTolAdnt mebA &5o0A
glucuronic acid9 Foe 7t 24%9 =4 gFE
F7HRE & F AR

Table 5. Effects of glucuronic acid on hepatic glutathione contents
in exercise training rats

! Group CSH GSsG GSH/GSSG
AR ) A £abe] B2 gelA e A (pmol/g) (pmolg)
NS a a
Table 3. Effects of glucuronic acid on hepatic xanthine oxidase ac- Normal 319+ 029 034 + 0.05 1026 + 1.31
tivities in exercise training rats T 3.76 + 0.31 0.59 + 0.06° 6.99 + 0.08°
o XOD TU 3.78 + 0.38 0.42 + 0.05° 9.51 + 0.09°
0 .
roup (nmol/mg protein/min) 2TU 361 £ 030 040 + 0065 972 + 0.85°
Normal 443 + 0.44" All values are mean + SE(n = 10)
T 515 + 0.63 Values within a colum with different superscripts are significantly
T different at p < 0.05 by Tukey's test.
TU 492 + 035 The experimental conditions are the same as Table 1 and 2.
2TU 4.66 + 0.15

All values are mean + SE(n = 10)

Values within a column with different superscripts are significantly
different superscripts are significantly diffdrdnt at p < 0.05 by Tu-
key's test.

The experimental conditions are the same as Table 1 and Table 2.

Table 4. Effects of glucuronic acid on hepatic superoxide dismu-
tase, glutathione peroxidase activities in exercise training rats

SOD GSHpx
Group - - - -
(unit/mg protein)  (nmol NADPH/mg protein/min)
Normal 3907 + 0.412° 204 £ 1295
T 4073 + 0.357° 216+ 10.40®
TU 4.458 + 0.157° 236.5 + 19.18%
2TU 4819 + 0.312° 239.5 + 1267°

All values are mean + SE(n = 10)

Values within a column with different superscripts are significantly
different at p < 0.05 by Tukey's test.

The experimental conditions are the same as Table 1 and 2.

TBARS
(MDA nmol/mg protein)

2TU

Fig. 1. Effects of glucuronic acid on hepatic TBARS in exercise
training rats. Bars with different letters are significantly different at p
< 0.05 by Tukey's-HSD test. The experimental conditions are the
same as Table 1 and 2.
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6. 8% lactic acid &3

A EF 2YREE FH3) A dF lactic
acid &3S 233 A7 Fig. 29 2. Ak sy
glucuronic acidg FsAl & 579 Tl 240%
Z7Hp <0.05)5H%en Tl 48] glucuronic acidE
Folg TUT# 2TUTANA z+2t 38%. 39%4 o3
(p <0.05) 22 Ziro] 5% glucuronic acid ]

Table 6. Effects of glucuronic acid on soleus and liver glycogen
contents in exercise training rats

Glycogen(img/g)

Group

Soleus muscle Liver
Normal 3.46 + 0.13° 30.84 + 3.7%°
T 2.57 + 0.10° 2241 + 1.93°
TU 271 + 0.09° 2411 + 2.69%
2TU 2.86 + 0.14° 25.10 + 4.15°

All values are mean + SE(n = 10)

Values within a column with different superscripts are significantly
different at p < 0.05 by Tukey,s test.

The experimental conditions are the same as Table 1 and 2.

Y% lactic acid S LA
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A 7

tio
e
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%2
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v

7. =l
2 439 9 parameter£7+e] A #HAEL Fig. 3

-
n

Lactic acid{mmol/L)

0.5

Normal T

Fig. 2. Effects of glucuronic acid on serum lactic acid concentra-
tions in exercise training rats. Bars with different letters are signifi-
cantly different at p < 0.05 by Tukey's-HSD test. The experimental
conditions are the same as Table 1 and 2.
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and GSH contents in exercise training
rats.
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Glycogen(iiver) Glycogen(soleus)

r= -0.654
p < 0.05

50 - ® r= -0437 4.2 =
3.8
40 =
34
30
3.0
20 — 26
10 - 2.2
1 I I 1 i I |
0.0 0.5 1.0 1.5 20 0.0 0.5
Lactic acid

Fig. 4. Correlations between serum la-
ctic acid contents and hepatic glyco-
gen or soleus glycogen in exercise tr-

Lactic acid aining rats.

O

2 Fig. 49 JeRIRAT. fitd &5 F 7 =39 A&
AH87HTBARS) ¢F 8.3 AdAAENY 438AE B
H XODEA (r = 0479, p <0.05)3+= A A4HHAAE U
ERfgl o} SODEA(r = -0.051, p <0.05)% GSHpx&
A(r= -0.413, p <0.05) o= ¥ ABAE veRY
Ach(Fig. 3).

E3 8% lactic acid FH 7+ =3 (r = -0.437,
p <0.05) € 71 2(r = - 0.654, p <0.05)F 9 248
A dFe 4 5L Fo dRaAE JeERiY
(Fig. 4).
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¥ 47 Xylane 2 58 @2l§ glucuronic acid®] &
Ad &5 F A A9 sikslA el gzel Su 2 3

S FEAEY] Al FAt2 5T free radical B4
L AAA AT &4 wisle} o]F ®isle upE xz9
A &4 Ar 9 Surxe gAY ZFead §E
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AAY fel7] d4dAe el XOD+E purine, pyri-
midine, aldehyde 2 heterocyclic compound 5¢] o
Alell Bojale H|Eo|A FAEAM AAWdlE F& purine
Ae} thAMAHE<Ql hypoxanthine® xanthinel 2, xan-
thineg Al AHBHAIA 84HS A3k §HS9) a2 7}
43 Laughlin 579 B3olMe £5F 24204
xanthine oxidase $tgko] Z7tdrtin g ot B AF )
A% glucuronic acidg ¥53H4 &2 530 TToNA
Bkl vlal) ta Frkshe Agold oy oA =&
< oAt

AA2] $8l7) (superoxide radical, hydroxy radical 2
singlet oxygen)& AAsh= 4IstAIZ = SOD9 GSHpx

59 ®2A7} 9t} SODE superoxide radicals S941A
HOZ A8A7|9 o] Ad¥ HO~L GSHpx, catalase
9 A8 93 HOR F53F §o2A Arso 2 NE
AAE B3EA B JI, L. L®9 d7dgoxe
TEF P 23 B9 ole} FAE, AFNAM T SODEA
o] F7Igtta st oy & AYol A= Aol v]#) glu-
curonic acidg Fd3H &L EE5FAME Ao)7t ¢l
. 28y glucurenic acid® 83 TUTH 2TUTES
Toll vl8f FoH o2 F7tEA. ol BFE—3 48
F27?9 Bue} 2o] glucuronolactoneS & QU3 7+ =
A AAZ A& AW A5AE-S g F Aokeks vu
o FARHAT wetA B AFodE A uE o%
& T AL o] kst 844AE AaAd F
A= 75433 glucuronic acidE Fo3toza @A
oA g &3S Y 5 ASS FF & AN

GSHpxe AAWAA HO2 898 glutathione(GSH)
o2 5E 438 glutathione(GSSG)3 HOS AAdsh= 1t
£33 71t Ik (ROOH) 22 alcohol(ROH) 2 H.O
B3 whe-g Fujgitt ® 2 AdolA GSHpxEA
Adaoll ¥ls) glucuronic acid® FHsHA) & T2l
M AT FEoldAIw glucuronic acidE 2vk 3T
2TUTAAE oA og F7HEic) olgzto] fatk &
Al glucuronic acid®} ¥+ AAW 28 A 7 78t
HE Aog ¢ T AU ole} 2o] GSHpxe SODEA
< ZA 9 TBARS#HHAE JaddAE Yehlo] glucu-
ronic acid®} &d°] 23|9] AtslH &3S AspAlL = 9l
£o] AU

Glutathione glutamic acid, cysteine, glycine.g
H tripeptide® cysteined] - SH7|dl 71915 o} 8A4-S
7H GSHE ¥t} GSHE 444 4+8t=)o} hexapeptide?!
A3 GSSGE WahH, o] §hg-2 7ldxoz QA

flo
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