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ABSTRACT

The purpose of this study was to investigate the effects of glucuronic acid (isofated from xylan) on antioxidative defense system in
rat after aerobic exercise. The glucuronic acid was isolated from xylan. Sprague-Dawley male rats weighing 150+ 10 g were
randomly assigned to one normal group and three exercise training groups. Exercise training groups were classified to T (glucuronic
acid free diet), TU (250 mg glucuronic acid/kg bw) and 2TU (500 mg glucuronic acid/kg bw) according to the level of glucuronic
acid supplementation before exercise training. The experimental rats in exercise training groups (T, TU and 2TU) were exercised on
glucuronic acid supplementation or rats in normal group (N) were confined in cage for 4 weeks. And rats were sacrificed with an
overdose of pentobarbital injection just after running. Body weight, food intakes and food efficiency ratio (FER) were lower in the
exercise training group than in the normal group. White gastrocnemius xanthine oxidase (XOD) activity in the T group was 85%
greater than that of the normal group, whereas in the TU and 2TU groups it did not differ from the normal group. White
gastrocnemius superoxide dismutase (SOD) actvity in T group, that was decreased by 22% compared with that of N group, but
those of TU and 2TU groups were increased by 38% and 42%, respectively, compared with that of T group. White gastrocnemius
glutathione peroxidase (GSHpx) activity in T group, that was decreased by 42% compared with that of N group, but those of TU
and 2TU groups were increased by 67% and 68%, respectively, compared with that of T group. Glutathione S-transferase (GST)
activity of white gastrocnemius in N group was not significantly different from that in the T and TU groups, but 2TU group were
increased by 12%. Contents of thiobarbituric acid reactive substance (TBARS) in T group was increased by 54%, compared with that
of normal group but those of TU group and 2TU group were lower 44% and 36% than 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.
(Korean J Nutrition 35(7) . 729~736, 2002)
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730/ 54 A % ¥ 33 9ol A Glucuronic Acidd] 3H4ts} 2Hg-

2

A} AR} F&0) 23 free radical A L AH31E ~EF
A8 Z7IZTHY 229 A3tE 2B 20 42 A
3} wo] A A7} free radical A4S 2HE T S AER
Ashd o gl ® bk A4 &5 A4 TS
ZyA71EE HHAlel vHlas B o &5 Fole free
radical®] A3Ado] Z71At}H® olgA H) WAL free
radicale DNA, ©8d 34k 2 Aot A5 433
&AL 2YAA Z2BAHY A5 AstAiG F
2 free radical® FHW3sh} 42744 (myocardial in-
fraction)& ¥3Hsh AdwA Aga o #HQ, WHE,
7% 5 2o 2y ¥y B He Ao 47A
HA Ao A3z £dvte] P B ATE FET
ol Itk AWM LA=E= superoxide rad-
ical (O,), - hydroxy radical (OH) %9 free radical>
superoxide dismutase (SOD), catalase (CAT), glu-
tathione peroxide (GSHpx)9] ¥#<9] 3hitst siHAH~ol
oM % WolHu 7 ol9dx wElYl E, glutathione
So] QA gatst BFol oM E WolEBR olg itk
A9 84e F/M 715 Ao free radical® 4HaHd &
Ao zXE BET 5 9 Weto] A

SFA Al gl gt d7E B9 Parkhouse
she plo oAl fAA 58 AR ZA3 GSHpx.
CAT 4%o| Z718tctz B.ug vt 9r}. Somani 57
A 1557 Ed=gelA FHAZ A gzl vl
SOD7} 130% Z7Fa& Busict. ol¢} 2o] 2|74 ¥4
& 2o a3t 5L A P oleidt st 5
o] 2o A3k $5A] Atx HFHF] Fuld oF LAEhHe
free Tadicaloll that MZe] F2§ BT 2H4-S onjgit ¥
e 34 A7 50| ksl o] FEel FAAR
Ayme Bud AL ol Laughlin §°& 8539
SakA o] ks HE 58S dFATI 7o FEA
tach. oleldt AXd & o &5 BAE 4
ey A7 Yo o FAHOR o) F
SEA A AEHAE A T
to] @3 H2 ks EFo] &5 vA|
P A7) e A Folo)
L ez nhsg AANIIEA 578
7} Fo] e A ste] BAF A vhso] +FA] S
a3 YAk YT Soliman 5% #okd A 3
uy 2h0A gatstele ekt nusiga, 2 §°
2 gx Z, A 2 7 ] oe@g FE5Eo| IS
vehditka sl o|9h o] M st 2R AAY
ofjAje] gatst Extol] I AT Bol BuHUD E o]
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Qo] A AR Y SFIA2MAAY FHEQ glu-
curonolacton o]43 5% 528 I 2 g
Bue 42A k. BT &EPE 8539 WistarAdldl
AF e 737 EYEEES A71UA glucuronolactone
& AT 2o AL FP5HE PP BR o T
9 =L F NANA L AR ES FUANH
B3yt

olgid Aol dgow Az FUE HAYL ol &
xylan® 258 23 glucuronic acidg #Fl 4+ F
d3lix E=gL o] 43 fFitd 258 A2 F 12
qA FAEE =575y J23E adE FFH 2
glucuronic acid7t 1+%2¢] FAAE Z3IA71 & 7}
Al olut 7+232 9] glycogendFHE FT7HAIZIE EHE
dEet ot

mEbA B dFoAE Atk 54 Fadt S52F e
2 <8z W2 (white gastrocnemius)ollA glucuronic
acid®] aiskA #stads FE=A 3AFH 9 glucuronic
acidg AT 5oaay EYsLS o8¢ fAkA 25S
A7) T w2 2 Ao FitslA 84S Bt AT

fie R TH

1. Xylan22 £ glucuronic acid®} T3

Glucuronic acid®] @alE AR 9} o] EH5A|
ol AN ZN}F (Quercus mongolica)g Z3ate] d5 328
F AgA2sta A S 7244 553 Amberllite IR-
120 (Sigma, Lot No 47H0428)% Amberllite IRA-67
(Sigma, Lot No 97H0002)& Z+2} BHAIA thA] 554
At 3599 4u]%e] ethanols Z7Ft crude xy-
lang @&)stgdrt. 983 xylane 256 4k 71E-8f 5k
Ba (OH), X8gd0 2 pH 552 T35 3 AAES
AAsGH. F3HS Fol2nEGX|Ql Amberllite IR-
120 (H'3&)o] 239 columnd AHE3lY S/4=2 85
N on o] A F3 & I3 FE AANR
t} o] £&ds SojewEx Amberllite IRA-67
(OH #)o] 228 columndll FF+2 £EAA 4TS
S fE2A)3, FoleuddrAd FHE 2HdgS 0.01
M NH,OH #8902 A4Edozn H43E F3is
t}. 0.01 M NH,OHE ¢33] A|Ag F &5t £ 49
o] AL&-% glucuronic acidE 43Ut

2. 4YFE, Aol ¥ 258
AYEEL AF 150 g A2} Sprague-Dawleyd <



< 7Yt AFel o] &3t Aol 4417171 At
o AdFY 7 AuIALES 3 JdE Y o8 AT &F
TOE UFH 52 A By 2oke TH
(training group), %7 glucuronic acidE 333+
TU+ (training-glucuronic acid), glucuronic acid®
TUT 249 282 FF3 2TUT (training-2 X glu-
curonic acid group) 2.E Ut} (Table 1), 4ol 4
Y A7|HE T3 8 5.3%, DA 24.6%, X 5.4%,

82 54.7%, A 3.5%. 5712 6.5%E T3 =)
o] MR IEREEH YT HEFE] 1HANEE AR A
FEZ 3t} Glucuronic acid (25% glucuronic acid)&
F2 g 5417 1A Aol AlF 100 g7 0.1 mi¥ 73
T Byt 52 24 10417 =hjjollA Azt AY
ATER M EF=T (HF7)A, 3) oA A e
o] 5F21L Table 29 2t}

3. HEF T AoIMA ¥ Acja g

2ol 4% 2 AFL A A7 B v AAGAIZH
24389t} 2o] 88 (food efficiency ratio, FER)& A
ASS7HES 22 71754 o] AHAZLE Yrols
o524 AL

4. B NH

AYFES AP F8Yo FA717] 1417 Aol
glucuronic acidE A+59 & ¥ 50| ¢ 2F pen-
tobarbital (5417}, &) 2 slFAAA BX gisHon &
HE AT F gEFAN NS AHs FAG FAHT
3 A ALE FE FAAA 80Tl EJ&S}‘H‘:}.

Table 1. Classification of experimental groups

Glucuronic acid

Groups Treadmill -
(250 mg glucuronic acidlkg bw)
Normal” - -
TZ) + —
TU? + +
2TY? + ++

1) Normal: basal diet 2) T: basal diet + training
3) TU: basal diet + training + glucuronic acid (250 mgkg bw)
4) 2TU: basal diet + training + 2 X TU (500 mg/kg bw)

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
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5. 42 X559 xanthine oxidase (XOD)

XOD 4% ZHL xanthine& 7|22 3t 30ToA
1083 ¥EA1A AR uric aicdE 3¢ 292 nmoA &
BEZ ZA81= Stripe ¢ Della Corted] ME®S ol &
ok AR ges W2z o gila | meo] 17 &
ot wkg-8le] 7142 RE AAE uric acid¥E nmol Fx=
Z EAFAH.

6. W2 ZA3F9Y superoxide dismutase (SOD), glu-
tathione peroxidase (GSHpx), glutathione S-transferase
(GST) 8% 5

SOD &4 ¢zt AelollA] pyrogaroll®] AHgts}e] 9]

3w o] 43 Marklund®} Marklund®) #i>el wa}
ZA35l9 .08, GSHpx 42 2319 glutathione (GSSG)
o] glutathione reductase®} NADPH©l| olsf = o
340 nmelAX] NADPH® F4=7 hshe 3& o83
Lawerence ¥ Burke] ¥®¢l wlgt 243t a8z
GST ¥4 &A%< 2, 4-dinitrocholoro-benzen (DNCB)%}
293 glutathioned 7)1A=Z 3} 25CoA 2083t w83}
= &9l AAE GSH-DNCB conjugates] 4 §35%=
A (E™/sm = 9.6 mM ‘cm )E o]-&5le] EABHE A
2% 31= Habig 579 Wil olsld 24811, o] 2484
o 99E 187 1 mge ©@¥do| whg3le] A& con-
jugate DNCBZ nmolZ “ERHAT}

7. 92 ZNF HMA|H (TBARS) B 5%

Fslx] A o) QRS thiobarbituric acid (TBA)9} ¥-&
3to] AA=E malondialdehyde® 245 Satohd” &
o]t}

8. BN o1F 5%

7Hz21e] gelz glake hovine serume albumin
(Sigma, &5, USA)& Ev:%"—‘i_.i 3t Lowry i®
off ofs At

9. BHANY

RE A¥Ad g FANEE 74 APedE 334
ol7t AE7HE AAd] Hstd BAHEA (ANOVA A%)
& s on, BARA AT froldo] wHd s 21
9] #9)%E Tukey's-HSD testol] 28] 24515},

it @

1. U2 NZT T R 4o Bd

A7 7 B¢ AEEske Fig 13 23, Ao] A3,



732 /A A 5 F 3F W24 Glucuronic Acid®} A3} 2H&

AF S71F 4 2o} A&L Table 33 Zt}. £54 glu-
curonic acid T W& AFF7IEY Wshs A4
H8 &5 BF 497 (p <0.05) 02 #idlgoen &
ST A3 E F9HQ Aol AT, Aol AHAFL
Aol vla) &7 T TUTANA 24 (p <0.05)
H2lo v glucuronic acidZ 28] Fol3 2TUTAAE A
At FEoIAT Yol 8L AT ETF F94
Q) Aol ANt

2. Xanthine oxidase 2§}

Xanthines 7122 3t QA4S A st AN su-
peroxide radicalg& 43k &4 &, free radical A4
A B4 €27 XODY &4 W A4 #3g 2
7= Fig. 29 2}, Bl vlsl] &5 Tkl A 85%
2 f9% (p <0.05)2=2 7=} 2, glucuronic acid®
+ET TU, 2TUZAAE B4 &0l

3. Superoxide dismutase (SOD) 23}
AU itstA wol7) T FollA F4F WolAe 3}

400
350 |
'
g 300 f
7]
E3
> 250 |
E _o— Normal
b
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Fig. 1. Changes of body weights of experimental rats during 28
days. Normal: basal diet, T: basal diet + training, TU: basal diet +
training + glucuronic acid (250 mgkg bw), 2TU: basal diet +
training + 2 X glucuronic acid (500 mg/kg bw).

Table 3. Effect of glucuronic acid on body weights gain, food in-
take and food efficiency ratio (FER) in exercise training rats

U2 superoxide radical® F9AIA HO0,2 AZAF)
2R 250 ZRE AAE Hisle SODEAEE B2
gt A7}= Table 49 2o At vl&| &5 Tl
A 22%E 7944 (p <0.0502 ZAaHY oY, glucu-
ronic acid® FH% TU, 2TUTNA 4 AT 52
2 3] EHYT

4. Glutathione peroxidase (GSHpx) 2813t

Selenium< -3k d4itsl 42 vjElR E9 7
RS AATe 2N Axete] £4S woJsh= GSHpx
/32 (Table 4) SOD¢] A#HAH A4 vl&) 5T
9l TZAA 42%2 @A 3] ZAHA 2} glucuronic acidE
FFE TU, 2TUTANAME T H8) 22}t 67%, 68%
Fol3 (p <0.05) 22 Z7HE A

5. Glutathione S-tranferase (GST) &4 3}
Wz 22 M9 GST 8423+ Table 49 o] A4

091 b
= a a
£
£
% 0.6 | a
a
=23
£
g
£ 03}
Q
@]
B3
0 i L 1
Normal T TU 2TU

Fig. 2. Effect of glucuronic acid on xanthine oxidase (XOD) ac-
tivities of white gastrocnemius in exercise training rats. Bars with dif-
ferent letters are significantly different at p < 0.05 by Tukey's-HSD
test. Normal: basal diet, T: basal diet + training, TU : basal diet +
training + glucuronic acid (250 mgkg bw), 2TU: basal diet +
training + 2 X glucuronic acid (500 mgkg bw).

Table 4. Effect of glucuronic acid on antioxidative enzyme ac-
tivities of white gastrocnemius in exercise training rats

SOD GSHpx GST
Group Body weight gain Food intake FER Group (unitimg. protein) (nmol DNCB./min (nmol NADP}.I/mjn
(8) (g/day) /mg protein) /mg protein)
Normal  245.6 + 6.01° 22.52 + 0.80° 0.389 + 0.01™ Normal  1.33 + 0.09° 62.51 + 7.64° 114.3 + 3.4°
T 216.0 + 8.18° 20.10 + 0.72°  0.383 + 0.01 T 1.04 + 0.14° 36.09 + 6.80° 122.6 + 4.3°
TU 2158 + 8.62° 20.52 + 0.64° 0.375 + 0.01 TU 1.44 + 0.13* 60.42 + 8.40° 1259 + 7.6°
2TU 217.0 + 12.49°  21.19 £ 0.58® 0.377 + 0.01 2TU 1.48 + 0.15* 60.64 + 4.85° 1276 + 6.1°

Al values are mean * SE (n = 10)

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

Normal: basal diet

T: basal diet + training

TU: basal diet + training + glucuronic acid (250 mg/kg bw)

2TU: basal diet + training + 2 x glucuronic acid (500 mg/kg bw)

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.

Normal: basal diet

T: basal diet + training

TU: basal diet + training + glucuronic acid (250 mg/kg bw)

2TU: basal diet + training + 2 X glucuronic acid (500 mg/kg bw)



o H3 &5F¢Y TEFH glucuronic acidg F58
TUZ A F93Q Xpol7t gl.ey, glucuronic acid
g on] 5% 2TUTOME 12%E +293 (p <0.05)2
2 F7HEA.

6. 92 ZAF9 A1 A (TBARS) &3

AR z2 9 ksl o] B2 LA de A2
AsE 243 49 (Fig. 3)& A4dwd 98 &57
TToA 54%2 F93 (p <0.05)22 Z7HEUoY, glu-
curonic acid® FH3% TU, 2TUTAAE Tl H&
97 (p <0.05)2.2 F71H] BAE FElUt

B A3E xylane 2% @Ed glucuoronic acid9
s 25 T A2 A X9 FisHA AeERE B
Z317] ) FAEA 2559 free radical A L AA
A AAES €4 Nstel 2 AiskA &4 AxE BF
s

Az

g

ofN
tlo

VS Aol A A3 7IbEet ASHA St
W EEFTL BT 4942 24 24t olggt

A= % A& AR Fo] 74t 1 8210 AL
2 A R8T ol i 570 nud A
SEH3hrAA S5 TR vl AFol AT
Axte} YA g}

2jo] gL Aol g ET (TH)IM Felxe
2 7+4¥9 24 glucuronic acidE 28] FoJ 2TUTS A
Aol o) $EFshrelA glucuronolactone &
FAl Ao] AF o] Frtdthe BT K579 Bag o
23}, Ao] 88 AT SFTI FF Abo|7t
UERER] 92ttt o]& glucuronic acidE F93F oA
Aol dHFgFe TR oY Aol ZAEHIY] HEL

-

Mo

Y,
i

o~

25

TBARS (MDA nmol/mg protein}

Normal T TU 2TU

Fig. 3. Effect of glucuronic acid on thiobarbituric acid reactive sub-
stance (TBARS) of white gastrocnemius contents in exercise training
rats. Bars with different letters are significantly different at p < 0.05
by Tukey's-HSD test. Normal: basal diet, T: basal diet + training,
TU: basal diet + training + glucuronic acid (250 mg/kg bw), 2TU:
basal diet + training + 2 X glucuronic acid (500 mg/kg bw).
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AR f287] BAAS sh4<l XODE purine, py-
rimidine, aldehydes 2 heterocyclic compound 5] ©f
Aboll FABR= ¥ E0)A FA2A AAWdE F2 purined
9] WAMHE<] hypoxanthine2 xanthine® 2, xanthine$-
A AEAA QAR Agsle whee) Evig Zgd”
B Agoxe $579 TadA Al v XOD &
Zo| oMoz =159 eH, glucuronic acid® FEE
TU, 2TUTIAE 242 AFol7t giltt. ol Laugh-
lin $7¢ B3dA £5F FZAINAM xanthine ox-
idase o] F7ta ks A7 Al

SOD+= superoxide radical® 8YAIA H0.2 AEA|
7184 olm AR H,O. = GSHpx, catalased] 289l
o8} HOZ 753 goay rso 2R AAE S
e Eaolth ™™ Ji Yo ATARIME 25F A
ok ozl zkxz, Aoz SOD&EAe] S7HthaL
sl ot B AgeMs ATl vlF] 5T 238 7
25994, glucuronic acid® F53 +E2
T FFOE FJEHYLY. oT Ae g &
A2 SOD &4e] #ad A7 Rt 158
AA 21 o8 &5 F SOD 847 448
T3 fARSeE®

GSHpxe AAelA HO.8 893 glutathione (GSH)
o 23E A543 glutathione (GSSG)# H,08 A48k
ukg-3} 71ek #MEHE (ROOH) 2% alcohol (ROH) B
H,0%8 A4stc whe-g S930.® 2 d3M GSHpx
g8 SOD &4 Ane} go] Adwel vis) FE LA
foAel A2 Bgov glucuronic acidE FaatolAl
AT FEoE B ol BN KFP B
19} 7o) glucuronolactone 2 U3 2+ S AAZ Q)
3 AW H52eS AT F duee Buek {FARI
o} webr B aFolME FAHA uE e AT &
ArslE o] Z7tste] FAMNLE ZaA ¢ = 7FedH
glucuronic acidg Fegto e Aatre] digh o8-8
€ =Y F USE FIE F AU

a3 YA SAE Tl 1A B4 Tl #d¥
glutathione2 E3AA glutathione thicester (R-S-G)
2 PAsl= vhg-g Sujse GST 84 Age A
]3] glucuronic acid& FF3HA &L T = AT
FZF0| A9, glucuronic acidE 2v) FF& 2TUTIA
£ oz ez F718 ). Vendittish Di Meo™ 2 Jor-
not$ Junod®) Bu¥s} o] &5 F FA oA AbatH 2
EYXE Wojstr] Y& FAsHA 549 E4do] Frkdnh

S}
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=
e
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734 /$AA % F 33 9ol A Glucuronic Acid?] 3H4ks} =g

A dAF. =3 Ji¥e 1 7|He B A
5ol o] A ik} g4 BHE F/ME ¢
Attn o, %59 I 71 ATHtE FAINA
&3] actx skdeh. 22lY Hong# Johnson™2 €7 &
%3} o] 4ta An|7F S5 oxygen stress7t EobAA
2, 2%, BAE, A dats 401 ZAEYa 84

il
Alggth =3 B Ao glucuronic acidE Fo4d &+
ol A AAatel vla FAkst aaxdAdo) Tk AFE U
EllE Ao g u]Fo] glucuronic acid®] FHE s) A
AW FAsA Y AstsElE AL 4 5 ARG

A3 g2 og) 7HR] 54 sijtEolu kg =
A &4 1Az AEY AslA ~EgA2 Q13 free rad-
ical A449¢] 571 2 FAHA o] T 7HAR QIg Ao
2 Ru=EP, ol2g 22 st &4 AR He A
A HEE (TBARS) #8k2 A4l vl& glucuronic
acid® T334 %2 5T foF¥oz FrkEsen
glucuronic acidg 9% TU, 2TUTL A4 FFL
FAH A, o] Alwssio”9] B9} o] 5 F 4k3H3
2EH 20] F7HE S 2329 XAtsHE0] F13
t 23et 9A3ch a2y Salminens} Vihko"& 3
NMRAH & e 353 A4 542 § F439
22wt W] 2 Ftslrt AEBER A7 F-b 9
A AA A"E A7l AAIRSE AN e
24 At did 23758 D F S 9
gty s ajes FEE e FAEA &L
Ao gdo2 R e o waA TBARSE AAE + L
oo 43A Qe Ty B dFdME &5 8 A%
A AR3HE0] F7kelg o glucuronic acidE F9%
o2ZH #FAgMA gz g3ES Y 7 USS Y
F 9t °l¥ cummiss FATAA &F F AW AL
Ao A BAH free radical?l BAMNAE AA= A&
glo] H)Fo ol H|a] @dstE o] &4datadl o A4 7
Ashte-g Abdel Al 29E JYeRiLr] dEelEt
= Roh¢t Kim®9] B 19} AL},

ol ARg T B o B AFolA fAth 5T
o glucuronic acidg€ Fogl ozt digFo Baz3
oA free radical AL kA7 AAAA FAits)
qro BA4L F/MNPo2A Ad8lA &4 dig] By
S FET T U3 2 ASH &40 AEE & F

AT

[n]
29 o

d4E

EAdFE fite 5 F 87 92 24449 A
Patsld s =2h4-o i@ glucuronic acidel 9T B3
2 A=At AFe] 150 g N9)9] Sprague-Dawley
Z A AT EYeU S o] 83 SFETFORE UYE $
5T A xylano2FE E& F&F glucuronic
acidE A% 100 g2 0.1 m1¥ "IY FFsIHA 25
315t TUZ 2 glucuronic acid9] %2 24 (0.2 ml/100
g bw)2 FFEEA &5 F31% 2TUZ LR YFiith
Glucuronic acide &&3A AT FAsg9on &5
EY=LS o]83te] F 54 Fal AF|HEA 453 3Pt
At

D AFZ71e Al vlg] £57 BFAA 93
o2 ZAaFor AT T Fr9F ztol= ULt A
o] M T FATol ula] LB BF #ZaEHE Aol
o glucuronic acid® 28] 1§ 2TUT A= AT
FEoIUT}. Ao F&2 FTH SFT F4HY 2
o7} VERA] gttt

2) ¥ 2329 XOD 42 Al v3] glucuronic
acdE 35314 @22 257 TolAE 793 (p <0.05)
o2 ZrEAe, glucuronic acidE 3% TU, 2TU
FoAAE AT FEINTH

3) ¥ 229l SOD T4 Al vl& glucuronic
acids T8 &2 TElAE 2%2 194 (p <0.05)
o2 ¥ e, glucuronic acidE &3 TU, 2TU
FAME AT FEIAUH

4) N2 2A 9] GSHpx 42 ATl vl TTolA
42% 94 (p <0.05)2= #ZA2HNoH, glucuronic acid
& F5% TU. 2TUTAA = BT FFo)cth

5) Wz 229 GST &AL AT vl glucuronic
acidg &d3I4 %<& T## glucuronic acidg 338

UTAE #93 2pol7t §lley, glucuronic acid®
28] FFd 2TUTAME 73 (p <0.05)22 715
Act.

6) W2 229 AAISE FFE Aol vl glu-
curonic acidg FF34] FL 5T TFoNAM 54%=
o34 (p <0.05) 22 F7tH 2, glucuronic acidE
FFE TU, 2TURANME A4 #3202 Hoh

olae] AxF wjFo] Hol glucuronic acidd Foe
EY=dES A7l 87 diERe] wlE 2264 free

=



radical B8A= stA71 2 AAAQ A Z 23pA)
Aoz FalE &8 AANAS & 5 AT oe
A glucuronic acide §4t4 502 Qg 4313 ~E
H2E 437 A BdEA 9 JHsAL A Aol
2} shAct.
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