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Background:

Trauma-induced massive hemorrhage lead to development of tissue
hypoxemia and ischemia/reperfusion injury. Cellular injury and oxidative
stress initiate post-injury priming of neutrophils and subsequent severe
SIRS response. During the hemorrhage shock with or without immediate
resuscitation, rat animal model, we had observed that the up-regulation of
G6PD gene expression disappeared after immediate resuscitation
compared with no immediate resuscitation group. We hypothesize that
G6PD provides reducing power, NADPH for reduction of GSSG to GSH
to eliminate free radicals and reduce oxidative stress. However, G6PD
also provide NADPH to generate more free radicals via Nox pathway. So
G6PD may play an important role in the early shock with ischemia and
reperfusion injury and subsequent immune response, development of
multiple organ failure (MOF).

Methods:

108 mature SD male rats will be randomized into three groups ( Gr.I:
control group; Gr.ll : hemorrhagic shock without resuscitation(HS);
Gr.I11: hemorrhagic shock with resuscitation(HS+R)). Rat hemorrhagic
shock model /c fixed pressure model would be performed . The animals
will be sacrificed by euthanasia and the whole blood and liver tissue will
be collected at 0, 1.5, 4, 8, 12, and 24 hours after the initiation of
experiment. The whole blood sample and liver tissue will be collected
and frozen until further studies. G6PD activity, GSH and GSSG will be



analyzed in blood and liver tissues. The plasma levels of inflammation
cytokine IL6 and anti-inflammation cytokine 1L10 would be tested.
Result and Discussion:

Blood G6PD activity increased early in HS group and HS+R group
rats, compared with control group rats. There is significant difference of
blood G6PD activity between shock group and control group and between
HS+R group and control group. Resuscitation dose not alter the
increasing response of blood G6PD activity. Liver tissue G6PD measured
by Western blot method increased early and sharply in HS group and
lasted for about 4 hours. Then it dropped markedly and it was below the
level of control group latter. Resuscitation suppressed the increasing
response of liver tissue G6PD markedly and it made obvious different
response between the blood and liver tissue.

Shock episode induced change of blood oxidative stress status; whole
blood GSH and whole blood GSH/GSSG ratio responded and went down
early; it lasted for 12-24 hours. Resuscitation improved partial oxidative
stress in blood. Oxidative stress condition also changed by shock episode
in liver tissue and its response to the oxidative stress was differed from
the whole blood. Increase of liver tissue GSH noted but delayed till the
time-8-12-hour point. Resuscitation did not alter or change the liver tissue
GSH in the early 12 hours, compared with the control group.

Inflammation cytokine IL6 and anti-inflammation cytokinelL10
increased markedly after shock episode in the early several hours but they
disappeared after the time-12-hour point. Resuscitation made the increase
of IL6 disappeared after shock episode in the early several hours. But
IL10 still increased but less obvious than shock group after resuscitation

given in the early several hours.



Conclusion:

The traumatic hemorrhagic shock episode changed the oxidative
stress condition in blood and liver tissue. It also changed the blood G6PD
enzyme activity and liver tissue G6PD. However, the G6PD response of
liver tissue was different from the response of blood while confronting
with the traumatic hemorrhagic shock episode. Resuscitation dose not
alter the change of blood G6PD activity. But it dose alter the G6PD
response in liver tissue. Therefore, we supposed that the response and the
mechanism of G6PD and GSH were different between the blood and liver
tissue while confronting with the traumatic hemorrhagic shock episode.

But it needs more studies to prove it.
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» 4 3 7% 102 Cardiomax—IImodel 85(Columbus Instruments
International Co.Ohio, USA)4ZF 4 & BT 98 "R Bk o 3& » 2 WL &5 7% 1Y
ﬁéﬁiﬂ#ﬂiﬁ%iiﬁi%ﬁiﬁ°%$?%@%&?%ﬁﬁ
B Aefe g (10 2/ 27/ pF ) MLk 4 o
LS AT
Uz (Trauma/Hemorrhagic shock/Resuscitation) :

o B (30448): ¢ 453 A 0 (It D& RIp Y A7 B
LG OREIRE SN RS L TG A ) REER 2 B
FIRFEE 0 R A HBLR TP

o FETH (10448) : RABF P, B0 KFEITREALR

MARTL0A b AR

15



o FFMa ik 110~ p A9 REREEH (2.5F2/

%

fo

E) > TIof R A E 4045 F oF AL o

i

o ik ikriFH (604 42): ;ﬁﬁﬂ, e w»ﬁ%l:za_ifsﬂ:i;@sm@
BA40+ —5%F Sk A FH604 48 -
o irLr (Resuscitation) #p :#-f 2w (2.0FH/ 278 <)
be b FER% 5]}2( lactated Ringer’ s solution) ( bE = /= 748
)ﬁ??%@%i%ﬁ°
o AW BEEE L FRE B
o ARG R HIF R AR RS 0, 1.5, 4, 8, 12, 24 /] = 1% &5
PREEETEAD B T TR A0 RUSHET ] S A B
R AT R BT o MR B R E < 9 B 2 @ R AR
2L bk NP R R R TR R AT Y
N e
- ~RERBF LR
z244 4 v & Sprague-Dawley & (%8 € 300-350 25 )"Eds A 2= &

y— e (R i7" < s > Sham operation)

/—LV: l‘,E'_ : ]v} IT\FU:E ( F;.i/ﬁ:r—*_ 4’.\1’_ r/} lﬂ}'\Fu)

N
~

Ji
\

i fpite (RREFEH DR I’,'\Fu_f—ﬁ%l_ﬂ-}‘ﬁ*lll’? - $7)

16



»
>

Z

IR Y

\\
e
\H
-

B BArdh g oATAGE S AR I R o
Bl RARALH A 60 2 ki, 26 E R &y LA S
Lo ¥ = ek ow BLARILIEBIF 60 A48 R 1S, RE g IR (1Y

diw 4 20 2w 4o AR SR (lactated Ringer's solution) )& #¢; @& &

it n - 0 HPEEFAEIEE I m 220 E R I R

%0 B AN IR B DR SoRA B B T R
(AU AR HELEF 00 150 40 85 12 & 24 [P AAE AL

6 & <0 BB R TP ik ~ 2 2 WWRES R EF &

FoAORAFREF? A= o Pl TEE LR kR TR R

S T
B BRI R R HRT Pl Vg 2 o ¥ 7 EDTA 2
HE B T (R 13000 /4 0 £ 10 A4 et if

ok s g (Lbee) g3 -T0CAk#? 2 2 F kA~ 172

BT o
fmie eE IL-6 2 IL-10 & # B 4402 ELISA = 3N 4kip) > H 3 172

el R T2 s 2 (R&D Systenms, Inc, USA)

17



Z O FRERR AR
L. FR R S B 1 ) BT
BT Pl RIFEP R BRI TR - (£8)> 1
D) X EiTH L 3-0 S e g ko o
2. AT E MR AFIT A EE MR A F ALY R EX-T0CHs
NP L ERE DR AT e
T BB AR A

0B M- EEEE 2 & PR A rdes 1,%”'**&30: R iy S lea
s £ 340 nm 2 T i B/Glucose-6-phosphate #NADPT: & 2 42 & & %
BHER . HifdrT: 2o BHAREILC T LE500x 3 g 410
ke 2 (S L RBE Mok EEEERY (20mM Tris. HC1 (pH 7.5)/
3 mM MgCl9/ 1 mM EDTA/ 0. 02%(w/v)-mercaptoethanol/ 1 mM-ACA) -
A2 A Rip P T BR R B2 R e 2 (8L 112,000 3 gt
A4°C TH10A b Sd P HERR JZ 2 wH(Z50FE L0 T
A2 F % e (50 mM Tris. HC1 (pH 8), 50 mM MgC12, 4 mM NADP+,

4 mM glucose-6-phosphate ) 2 & iT% o & 124 kk A2 A f & 340 nm

2 TR ERRAERTEHEM

18



T~ lmtgcd 2 A

IL-6% IL-10cip] & &4 % 5 £ * oh= R FHELISA ( R&D
system ) > 100 ¢ 1 & 4100 w1 A 4545 R e » F Bwell p
(R&D system ELISA) » /835 & B P o wash Buffer 24 A%
&g B0 oS x BBl 2 dm e ek 0 5 hER200 ¢ 1( conjugated
with Horseradish peroxidase ) >t %835 & B | > 2wash Buffer
I AFETPE o B4 »200 1 substrate solution
[H202+tetramethylbenzidine mixture(l:1)]®]* — Bwell p » 8
W T20 &40 Bis e ~D0 1 Stop solution ( 2N sulfuric acid )
Bab B e kW HpleskE (0D450nm ) 0 RKiF e ik
Btz 0 > L 22 FRPER - F BiRMBIES @A &7
s B3 10%
= :f1* B it % 4p & +7 (High Performance Liquid Chromatography )
Rl E BRI GSH )z g A4 x( 6SSC H)F &

HPLC & - #&f1* # # &4 # 40 (mobile phase)¥? F 2 4p
(stationary phase)s WL F 2 b2 RILK A Jpp Fen> 2, ¥ U E

#2417 HPLC ki A5 &

=i
<l
B
P
o
=
4
=B
W3
]
—
'S
g
et
T

1? B —mlx\p,lcﬂ }L‘m .E-

® A R AP R A7 1§ o Rl (High Performance Liquid

19



Chromatography-electrochemical detection)f|* 4= & # 7
functional group, ¥ Fii B HF45 “RArF o 24 T3
P Bl K T SR LB P i I I PO U

~F 2% i * ESA CoulArray HPLC-ECD sytem ® @ ipl2x @ % it

A (GSH) 2 18 Ja 3] 45 % 4 "% (GSSG) e % £ .

A. % st R 4R & 73 A (HPLC Reagent)

a. L-glutathione reduced form: Sigma G6529

b. Glutathione oxidized form: Sigma G4376

c. S—methylglutathione: Sigma 4139

B. & »xit ik 4p & 47 (HPLC)

a. HPLC-ECD:
Model 5600A CoulArray system/Model 542 Autosampler/Model 582
Pump

b. HPLC-UV detector

HPLC machine ( Water 2695 )/ UV detector ( Water 2487 ).

AY -
—

& »eay e 4p A A (HPLC) 2841 e 9

a. # ¥ 403 7% (mobile phase buffer)

20



C.

N
—

B~ IM Sodium phosphate (12g NaH2P04 “4c-k % 100ml) 10ml “4c »
3mM octane sulfonic acid (0.070287g octane ulfonic acid *c
k3 100ml) & & 353, Sodium phosphate pH E# &3 2.7 & £ 4o
~ acetonitrile ( CAN ), #1{$ 2 (.2um membrane filter i /g,
HEZTZ “,fii Pz 4, == 7 10mM phosphate ~ 0. 3mM octane
sulfonic acid ~10% ACN-~pH 2.7 zZ # & 4pi% %.

5% meta-phosphoric acid

bg meta-phosphoric acid %>t 100ml distilled water ¢ £ =x 12
0. 2um membrance filter iF/g.

GSH 2 GSSG #%-# & ( GSH 100mM; GSSG 100mM)

% w)#-GSH 30. 733mg/ml 2 GSSG 61. 26mg/mloned2. 125mg #& & &-

4v ~ 5% meta-phosphoric acid * .

* —

® A iR 40 & 47 F S 0F i (HPLC experimental condition)

a. Column: Intersil ODS-3, HuM, 4.6%250mm.

b. Mobile phase:A:10mM NaH2P04

0. 3mM actane fulfonic acid
pH2. 7

B:10mM Nal2P04

21



0. 3mM octane sulfonic acid
10% ACN pH2. 7

A:B 49%:51%

c. Column oven: 35°C

—h

N
—

®

a.

b.

. Injection volumn: 20 A

. Running time: std. 20min. sample 30min.

. Flow rate:1.0 mL/min.

. UV detection: 200nm.

N

s iy 7% 4p & 47 (HPLC) # %8 /02

Ean X R

#-2>n 48 100ul *v45¢ ¢ ¢ 4 » Sl meta-phosphoric acid 300ul
FREEI R A kiEY 1630 A 4E; 2 (s RH BT B
(13000rpm, 4°C, 10min. ); #w s B8+ F%;41* filter (0. 2um)
Wgim et 4 (HPLC-ECD).

AT e

%

TR 5 0.2g 4~ 9 BHAE S Trisbuffer (88 7 amiaf
B, B~32 {6 2. 1iver suspension 200ul 4v » 5%

meta-phosphoric acid 200ul ¥ /& £323, 8 » /Rip? 15-30 » 4&;

22



2 {442 B g (13000rpm, 4°C, 10min. ); & (2B~ ¢ iR

F1* filter ( 0.2um )iBigfe i 5 + % (HPLC-UV detector).
= § > g &2 (Westernblot) 2 £ "5 § § - -Bifed & i+
= .- @ 3 BE 2 (Western blot)

1L A e
e 44T 2 R SR &0 12% SDS-PAGE & 7 % A 4 A

(Amersham Bioscience SE 250 Mini-format Vertical Gel
Electrophoresis Units) o & % A % &% 20 » 4 > F L ® §
Hybond-P PVDF (polyvinylidene difluoride) membrane (Amersham
Bioscience) %2 4 3 3 MM /g (Whatman) > @ PVDF membrane 3
L2 100% 7 ARiEie ) 10 fidhfs o £ 0 I ke d e h Ao
d >t PVDF membrane £ 3 {%5s chj-o T &4 » Fpkiepre <
BNk 2R - B Red Frens o 2 18 #-H %2 3t Transfer buffer
(25 mM Tris-HCI » 0.2 M Glycine > 20% methanol) ¢ > & 3 MM /&
A+ 322 Transfer buffer o #-7 A & 3 is 2. ¥ %22 PVDF
membrane — B r#F o+ &P o P T A LAA%R JM JpAE AR
MZ s N A de > Bt A % (Amersham Bioscience TE 22
Mighty Small™ Tank Transfer Unit) ® - * 300 mA & /& =

(Amersham Bioscience Electrophoresis Power Supply EPS601) i&

23



#-# 4 14 2. PVDF membrane %> % 5% blocking reagent 2

TBST (20 mM Tris-HCI1 » 0. 15 M NaCl - 0. 1% Tween-20 > pH 7. 6) buffer

FRTHMBR TR 2 X F D A4 iR 2% PVDF
membrane i=7e > 3000 & A - &3t G6PD Antibody * ° &
T i gRg 1 )P £ v TBST F%& PVDF membrane » % % T ii#
JFFiR= Z 0 E= D A4 kxS PVDF membrane & e *t
2000 & FF1¥ o Bdnl (Anti-Mouse IgG HRP Conjugate) ¥ » %%
T dRg 1 o 2 f6 £ TBST % PVDF membrane » ** % E T
MiERFFE- = b A L FkZx AR b Ao R E K
PVDF membrane == % *% ECL plus detection reagents (Amersham
Bioscience) * 1 4 43 > B~ PVDF membrane ¥ *t %" K¢ » #g

wARA SR o1 ~ 30 A& R o

24



% w2 Rrent i H_# % one-way analysis of variance (ANOVA)
PR N dT o g o T e E + — % L (Means+SD) % 7 o P
B<0.00 &7 5 AFHF g & o AR Y F & 4 SPSS

LR AT HE

25



3
I
il
k|
o
4F
N

E#ZWE(E-)
TR hEWRZ @gg‘__tg&ﬁpg&?ﬂ‘éﬂ .

(-) ez 8E

e ki e ke
£85 (i) 9-12 9-12 9-12
wE(Dn) 328.2+21.0 324.4+18.1 328.0+19.6
(range) (300-372) (300-358) (300-364)
p & 0.663

A9 BRI R S SR B I R L T e Ee g

R A0+-5mmHg # 5 & ] PN F o RaeF 111 £ v B dpdlEae

7368 @m - B hikeEiF408 53580 s HP G 2

12.5%; k2 fpiteiei 35 & > @~ E#co
(£2) 2w = X

OHr 15Hr 4Hr 8Hr 12Hr 24Hr - ¥
FilE 6 6 6 5 6 7 0/36 (0%)
R 7 6 6 6 6 6 5/40 (12.5%)

#itE 6 6 6 6 6 5 0/35 (0%)
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HSgroup 40 & F %+ BLE P 3 b S g - 58P 3 287 R

BRETH R EREI - HF

A%

5 PPEFARFRRAI 2L FEB - BRI APFEEES
s R P PER PR BEATR 22 GOPD B AT £

B oo GOPD B ANOVA SR B fc it ez w2 £ B > = o fF
PRI EFLE p=0.000 (I#le vs thsode D p=0.02: ¥
Hle vs fpite: p=0.08 : ke vsfpite: p=0.94)-

W &% GOPD FEpER s> 2 (0 PF 1.5 ~4 -8
S PEST2 b PFE 24 o pF ) @k ANOVA 2 B dem 7l s 2 4
B8 (p=0.027)~24 ] (p=0.008) &7 & A i3t}
Frugdiy 2327 Tukey s¥ i 0 w8 ] P drdle vs
R s il vs Rl M EEFALR; 24 FiE- B

Lirdlle vs huleg S P EFAL R irdlle vs Rl dE

B 2% ANOVA % 2 A 47+t o & GOPD 7Bz ¢ 7 I 8L

AR R EE Rl dRc > L X AEHI P RFLER o

27



(%2 )7 FEFARPFRFZR T § 54 R I s

i ER-BRE I (u/ghb )

BT #dle 5 A thite P i
10.21+0.45 9.05+1.61 10.30+1.57
0 0.200
(9.58-10.74) (6.72 -10.82) (8.01-11.95)
10.05+1.23 10.64+1.31 11.42+2.82
15 0.482
(8.70-11.92) (9.38-12.65) (9.14-17.03)
9.72+0.95 11.03+1.36 10.37+1.55
4 0.255
(8.96-11.48) (9.97-13.44) (8.57-12.95)
9.33+1.01 11.37+1.69 11.30+0.75
8 0.027
(8.34-10.77) (10.01-14.57) (10.00-12.07)
9.74+0.67 10.47+2.66 10.26+1.89
12 0.800
(8.54-10.36) (5.52-12.83) (6.93-11.96)
8.74+1.82 11.45+1.28 10.86+0.62 0.008
24
(6.19-11.03) (10.25-13.61) (9.98-11.42)
P& 0.257 0.150 0.741 0.005

(TO-T8:0.176)

(TO-T24:0.151)

FodlE vs R E
0.02

Pod) e vs 4p e
<0.01

R e vs g it

0.94
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B TR e BE R pE I BE2. GOPD B %

Hemorrhagic

A8 shock ()

#H % Control

R 0. e

Hemorrhagic shock
%4 Resuscitation (R)

15 4 8 12 A4 0 15 8 12 24

12 24

GBPD"'-"" Rl L I “i'“ﬁ b

AN ————— - — Loy - - 0

Bl =

™ Gel-Pro Analyzer 4.0 % SPSS xR % 2 & »47;= 4

B I PR PR BT S BLE 2P ROTHR A 2

GOPD ¥ % T B & %

S0 AEMFLEC D 0.0D) -
(2w ) "FHGOPDE % & & B ik X B2 %
VREGOPD it 4 0 S BRE A B %

kR 5 R it
0 430.66 276.53 309.43
15 496.61 1471.00 121.14
4 300.64 575.93 73.89
8 328.13 156.89 100.77
12 296.50 170.09 139.04
24 320.70 86.59 102.39
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L SR fe BE A PR 89T 7.2 GSH 2 %

ZESFREA PR R R AR 22 GSH S S 40T £

W OSF5GSH @ * ANOVA $# B st = o2 £ B2 2 P4 A
BT FEALAR o

o GSH e pr Ry A & o (0] P~ 1.5 P~ 4 [ B~ 8] pF

12 P pF~24 -] pF)> i@ % ANOVA R R e 7t o= o2 £ 8 7 A4

JPE (p=0.046) iz stz b 7 or g 05 £ 8 > 267 Tukey s %

T 4R EvSEEE G NP P HEFLR  rdlE vs

R le BT P EELR -

W% ANOVAS R Sl $7 5 GSH = 2@ 7 e R gL2 £ B > 47
FlekRERTAE > B PREF AR o R BRI 4

(p<0.001) > 4k B % % 15+ = (p=0.033)> & &+ s+
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(%3 )7% I A P BRGR] 209582 GSH % %

WHGSH (uM )

P R (T) e R TR e P&

0 5006+1445.6 4714.51+116 5424.95+791 0.560
(2640.6-7032) (3220.4-6816) (4752.80-6903)

1.5 5374+1689.1 4414.94+155 4384.95+168 0.510
(3230.8-8343) (2752.8-6933) (1424.30-6187)

4 4426+1713.1 2514.11+116 4850.28+174 0.046
(2097.2-6671) (1279.9-4319) (2556.90-7462)

8 4640+2004.1 3349.77+134 3653.2+789 0.330
(1573.8-6857) (1965.8-5494) (1985.74-4728)

12 5354+1668.3 4997.65+152 5038.73+164 0.917
(2968.0-7189) (2300.2-6273) (3486.38-8093)

24 5438+1616.0 6694.88+163 6640.91+136 0.293
(3937.9-8130) (4481.5-8793) (5086.22-8345)

P i 0.857 0.000 0.033 0.265

(TO-T4:0.081)

(T1.5-T24:0.082)

(T4-T12:0.047)
(T4-T24:0.000)
(T8-T24:0.003)

(TO-T24:0.151)

(T8-T24:0.016)
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M FER PR G PR RSB 2. GSSG B %
= EAFEEA fe PR P R ATR] %2 GSSG g k4o T 4

W S5 GSSG @ ANOVA 2 B e 47 = 22 GSSG £ 2> = 2P &
Tt P aEF LR (p=0.051) (F#le vs Rz 1 p=0.012;
el vs fpikte: p=0.066: ke vsfpite: p=0.96)-

W PF5CGSSG R pER s 22 (0 N1 P4 ES8 ) PE S
12 /] p% ~24 -] pF) > & * ANOVA % B e~ 7+t = 2 GSSG Ik R
3. 4P (p=0.103) 24 FF (p=0.062) = % A st
FRETRFPEFLE 27 Tukey sESH T 4 | FhA
Frdle ve Rt gt P BEF AR . 24 ) i B A
Fovs Rt P BEE LR o

B 2w o47GSSGER ez 2P ¢ 2 R EBER L B & * ANOVA
BRH A RE - B2 GSSCIER Z R e it kR &
KPP EFLR R P EEFERFF TN ¥ LR

(p<0.005) -
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(44 )7 b B A P hip] 207502 GSSG % %

955 GSSG (UM)

R (T) e e it P&

504.67+208.78 474.14+111.12 415.27+267.77

0 0.740
(258.40-79258)  (292.32-640.88)  (126.32-742.82)
333.99+137.50 387.99+119.03 382.52+281.42

15 0.869
(124.96-511.80) (252.98-592.00) (173.60-875.66)

419.31+194.23 381.51+55.10 254.88+97.13

4 0.103
(262.82-782.18)  (326.62-453.72)  (143.54-422.24)
295.72+116.06 246.26+93.41 267.57+147.94

8 0.801
(178.64-478.34)  (144.66-401.48)  (171.52-535.58)
450.76+181.45 266.38+114.71 344.20+176.92

12 0.171
(22384-706.42)  (155.78-463.82)  (189.64-675.28)
514.75+142.71 299.04+176.59 347.42+153.85

24 0.062
(304.30-742.92) (171.38-650.04) (247.04-615.28)

0.051

FodlE vs R E
0.012 0.115
P& 0.857 (T0-T8:0.017) 0.704 Pl vs fp ke

(T0-T12:0.035)

0.066

R s vs 4 Lhie

0.958
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o YRR e PE A PE I EROTR) 2. GSH/GSSG ratio B %
= TR e pF R pF R RER) T 20 GSH/GSSG ratio % 40T £
B 757 GSH/GSSG ratio % » @ % ANOVA % 8 #ich 454 2= 2.2
AR e AER R EEFLE (p=0.277)-
B "5 GSH/GSSG ratio @A &= w2 (0] FF~1.5/] P 4
o PE S8 BE 12 PE 240 FF )0 i ANOVA 2 B Bl 470t i
= » GSH/GSSG ratio £ 8. # 4 ] (p=0.01)~24 | p*
(p=0.024)ia o szt P P ¥ £ 8217 Tukey’
ST T Al P FARLE vs ATEEEIN VHEEF LR
24 | PEFiz- A dllevs R e at P REE LR o
B % %o 47 GSH/GSSG ratio e= 2® 2 FRERFEER LR - &
ANOVA % 8 fca 471t die=® — %2 GSH/GSSG ratio £ & » # 4l
FREE RN P EFALAR R e BRI 2 Ea

T EFZE (p<0.005)-
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(4= )7 I pFA P I BEiR] 20982 GSH/GSSG ratio & %

3+5% GSH/GSSG Ratio

#F(T) flE kR 7 it P iz
12.44+8.21 10.53+3.5 20.24+14.28
0 0.188
(3.33-27.22) (5.03-14.27) (6.4-41.99)
20.77+14.42 11.78+3.93 15.55+9.8
15 0.343
(7.21-44.07) (7.17-16.86) (4.88-29.08)
13.4348.69 6.76+3.66 19.76+5.67
4 0.010
(2.68-24.67) 3.72-13.22 (12.41-24.41)
18.76+10.84 16.11+10.70 17.10+8.76
8 0.908
(3.29-32.95) (5.92-35.74) (5.94-26.84)
14.91+9.24 22.15+12.00 17.97+9.11
12 0.484
(4.20-28.51) (6.78-40.27) (5.16-28.24)
11.28+4.64 28.23+14.02 22.1849.77
24 0.024
(6.51-19.33) (6.89-48.9) (8.77-30.88)
0.002
T1.5-T24:0.036
P& 0.486 TO-T24:0.015 0.893 0.277
T4-T12:0.058
T4-T24:0.003
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FH: 2RI AR BATR 22 GSH %
i 9 e k2 FEFARPFREZ TR 22 GSH 2% 40T £
B oo GSH @ * ANOVA R R fic 7t o= 2L B> = g 53t
BEAR p<0.001 (F4lie vs ks 2 :p<0.001; £+ 2 vs 4
frie: p=0.88; kil vs fpikie: p<0.001)>
W oo GSHRpER A = 2o (0 1.0/ FF~4 [ 8] P~
12 ] P ~24 -] p%F)> i@ * ANOVA % B #ca 47  #= 2 /& GSH £
2. 1.5 )P (p<0.001)~12 )} pF(p<0.01)~24 -] P (p<0. 05)
B EAMRFPEN PR F LR A4 FipER P REITR
P rEEFAR (p<0.1); &7 Tukey sE s> = 1.5 P

FrdlEvs ok s kLl vs fp it st

1 -—
3 Sid
iy
f
e
P
ﬁ‘
ps

Bovs RtE TSR P EFAR S AL YR vs R
Eoeoikile vs AR EE NG P EF AR A2 i Bik
FoE Vs RIEEE MM P HFALR A4 )i EidlE vs
HS group #1753 P EEF AL B o

B 254247 GSH Az 2?2 R R A B8 % ANOVA % B &
AfrtgeE - w2 GSHERZ B #Hillefh T st By
LB otk e BT st 2 (p<0.001) 4 Thim kg

T REE LA (p0.05) 0 B FraE s P REF LR o
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(% ~)% e pF A P A BRI 2 a i 2 GSH 5

Kil>

-

7% GSH ( uM )

AT e ik it P &
1085.67+176.74 916.00+211.99 906.67+221.26
0 0.256
(848.00-1272.00) (644.00-1244.00) (570.00-1168.00)
1071.00+83.99 758.33+83.55 1221.33+165.67
15 <0.0001
(948.00-1160.00) (652.00-842.00) (1090.00-1548.00)
979.00+107.38 705.33+89.14 852.00+301.77
4 0.077
(794.00-1096.00) (566.00-824.00) (432.00-1104.00)
856.80+164.52 592.33+115.54 759.67+288.69
8 0.131
(628.00-1004.00) (486.00-738.00) (318.00-1138.00)
999.33+268.66 545.67+189.44 1017.33+285.57
12 0.008
(522.00-1264.00) (308.00-792.00) (470.00-1280.00)
1041.14+151.54 812.00+282.23 1182.00+240.20
24 0.046
(806.00-1248.00) (354.00-1112.00) (1050.00-1610.00)
0.000
Prajmovs ki e
0.008
0.026 0.00

(TO-T12:0.009)

(T1.5-T8:0.042)

0.88
ks e vs4p e

0.000




i &R H e PR PR BROTR) 22 GSSG B &

S g R PR A PR REARR 22 GSSG Ak AeT £

M oo GSSG @ % ANOVA g B etz e X 8 » = B FFEITIL
FrEFALE (p=0.053) (4l vs ket p=0.058 ; ##1
Evsipitie: p=0.151 ; ke vsfpitie: p=0.91)-

W % GSSG RpER A =~ (0] PF~1.5 P~ B8] B s
2/ FF~24 - pF ) i@ * ANOVA % 8 e 470t = 2 GSSG £ B .
A pERFELISE St P B LR o

B w47 GSSG = 2? 2 R ELL B > @ % ANOVA % 8 &~

J s - w2 GSSCERLZE bR bT VHFLE -
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(4 )% b P 8 O BRIRD s % 2 GSSG 4 %

&% GSSG (uM)

(T e [ S it P&
11.35+4.48 12.14+5.34 13.06+6.38

0 0.894
(4.56-16.24) (4.36-18.16) (7.84-23.8)

12.01+6.43 12.67+4.55 9.92+4.38

15 0.642
(2.66-19.94) (6.12-18.26) (6.52-17.92)
8.95+5.50 14.09+5.12 17.19+10.36

4 0.183
(2.54-16.14) (7.84-22.00) (9.22-37.00)
7.74+3.90 14.19+8.15 11.44+5.58

8 0.268
(2.40-11.98) (3.14-25.60) (2.36-19.14)
12.16+5.07 14.19+5.89 14.03+12.39

12 0.899
(6.58-20.20) (9.22-24.60) (4.58-38.60)
8.56+4.80 13.90+5.75 11.48+2.53

24 0.155
(2.58-15.46) (5.68-21.40) (8.22-14.94)

0.053

Pl vs kR e
0.058
P i 0.537 0.979 0.677

Pd e vs g b
0.151
SRV XN

0.910
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#: 2R F AT TR 22 GSH/GSSG ratio ¥ %

ZERRH I pER PR RSP 2 2. GSH/GSSG ratio 4 % 4™ £

W o ANOVA % B #ich 49 = 2w % GSH/GSSG ratio £ 8 » =
R R EFALE p=0.001 (¥4l vs ks e :p=0.001;
Prale vsqp it p<0.1 ; ki ysspit®: p=0.212)-

B ;% GSH/GSSG ratio PR & == % > (0P ~1.5 ] 4
PS8l EE 12 ] BE S 24 ] ) @ % ANOVA % B dlos 471
= 2w ;% GSH/GSSG ratio £ 8. # 48 (p=0.63)~12 | p*
(p=0.094) &5 izt BT F LR 27 Tukey sE

T 4ol FEREdE vs R~ Bl vs 4R TR ALt b RGT

4=

4L 2L

BE LR A 12pF- PFRFEL KL B vs R TEE S P BTk

%

ZB o
B % ANOVA % 8 #cs 7 2w % GSH/GSSG ratio o= 27 7

7 2 .

]
=)
&

b

\_
l=
=if
s
i
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(£+)%

e pF R P A BhR] 2 % 22 GSH/GSSG ratio % %

= & GSH/GSSG Ratio

/() Foug VL kR 7 it P &
111.70+52.01 102.90+75.42 84.74+44.82

0 0.734
(74.75-185.96)  (36.34-210.55)  (31.93-138.01)
146.58+141.24 67.62+27.22 136.23+39.42

1.5 0.257
(4754-41429)  (40.55-111.44)  (86.38-177.30)

174.48+145.00 55.82+20.99 66.61+40.50

4 0.063
(49.19-431.50) (34.06-85.20) (13.84-114.97)
164.61+148.15 72.79+81.33 119.88+152.39

8 0.521
(52.42-418.33)  (21.25-235.03) (16.61-427.12)
98.87+50.96 47.50+29.89 117.95+71.40

12 0.094
(25.84-173.25)  (12.52-85.90) (12.18-213.97)
186.96+152.49 71.31+40.84 104.89+19.04

24 0.133
(65.96-410.14)  (16.54-136.97)  (84.64-133.09)

0.001

Frd e vs ki e
0.001
Pig 0.770 0.519 0.650

ol vs 4 b
0.098
ks e vs4p e

0.212

4



#E LRI PEFAPFTBATR T weE IL6 RS
iR H PR PFREATR 22 e R L6 B AT
W oie* ANOVASR B &7 o= en 2 wiejed IL-6 48 > =
BRI IEFALE p=0.021 (4dlevs Rk p=0.042;
edle ovs fpirE: p 1.0 5 ksl vs fpitx: p=0.044)-
W o2 ek L6 @A X 2 (0] 1.5/ 4]
PFF~8 P PFF~ 12 FF~24 -] pF ) &% ANOVA % 2 #ics 470t fie =

a2 i L6 AR > 1.5 (p=0.007) sttt &

o

THFLE
W% ANOVAR R #crrit e 2 wie ez IL6 =z 2? 2 P&

N A S E T T

ok
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(2L-) 7 o PR P A 8L 2k i 2 %% e L6 5 %

& % g% IL-6 ( ng/ml )

P R (T) e 5 it P i
1.12+2.54 8.26+13.81 0.28+0.55
0 0.21
(0.00-6.29) (0.00-38.17) (0.00-1.37)
0.96+1.50 15.39+19.13 0.56+1.19
1.5 0.057
(0.00-3.28) (0.00-39.41) (0.00-2.96)
1.59+2.04 136.99+227.51 2.65+4.45
4 0.156
(0.00-4.69) (0.00-582.67) (0.00-11.41)
0.38+0.71 67.30+135.59 0.85+1.02
8 0.300
(0.00-1.65) (0.09-342.88) (0.00-2.44)
0.00+0.00 4.55+8.22 0.15+0.29
12 0.203
(0.00-0.01) (0.00-20.78) (0.00-0.73)
0.00+0.00 0.06+0.15 0.09+0.20
24 0.51
(0.00-0.00) (0.00-0.36) (0.00-0.44)
0.021
Frale vs ki e
0.042
P i 0.346 0.203 0.250

Fodle vs fp e
1.0
R e vstp it

0.044




R 2RI PELRFET AR T wie it [L-10 5%

iR FPEEAEPFRFEATR 22 i IL-10 % 40T

W% ANOVAS R Hcr b= o Rz w2 [L-10 £ 8> =
AP REFLE p=0.008 (4l vs ksl ip=0.005;
rdlEvs fpire: p 0.282 5 kil vs fpikE: p=0.242)-

W ooz fwve i IL-10 &R L == 2 (0] ~1.0 B4
S PE S8 BE 12 PF ~ 24 ) FF ) o i ANOVA 2 R fics 470t i
2 A8, A8/ (p=0.078) s+ T FLE > A 1.0
p (p=0.008) % 4 -} p% (p=0.028) %3+ s g F L & o

W 2% ANOVASE 2 #icm 470 fenm R 2 wie ek IL-10 o= 2@ 72

PERELE R e e h T RFLR -
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(2L-) 7 PR PFRY BLR] sk 2 2

e grd 1L-10 2 %

& s g% ILI0 ( pg/ml )

7 B(T) prle Fi e ke P i
790.80+1521.65  867.68+1246.07  2530.83+3757.63
0 0.377
(0.00-3844.44) (5.71-3308.25) (0.00-9900.00
1558.23+961.15  4449.3+2047.04  2393.47+859.22
15 0.008
(316.84-2748.88)  (1319.90-7522.22)  (1441.84-3529.50)
568.58+386.65  3938.94+3233.17  1395.19+1227.88
4 0.028
(145.75-1241.38)  (1155.87-8172.22)  (346.35-3139.50)
386.22+262.24  1862.05+1700.90  637.86+533.02
8 0.078
(36.19-620.13) ~  (175.26-4425.00)  (318.88-1715.75)
215.55+236.19 493.84+867.17 283.13+275.46
12 0.659
(19.74-650.13)  (30.39-2247.63) (75.75-743.88)
104.40+186.63 237.29+435.34 87.45+94.00
24 0.617
(0.00-507.00) (0.00-1119.50) (0.00-206.38)
0.000 0.008
T0-T1.5:0.014 Pl vs o
0.030 T0-T4:0.049 0.005
P& T1.5-T12:0.05 T1.5-T12:0.008 0.076 Pl vs b

T1.5-T24:0.021

T1.5-T24:0.004
T4-T12:0.027
T4-T24:0.015

0.282
R e vstp it

0.242
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H2 24 Pz A o B2 2 5 3F* AL T4 Micro-array = %
BOR Al B o Mok AR A E T (Dr MR
NSC91-2314-B-182A-106, Aug. 2002 ) e % & - R¥ o "5 F § -
AR AP A T A AR A e PR P R A A ki
(AR T RIT e b B VR B R & R end F1A R

DGR T BF REATHRY A8 R ¥ § - B2

)

PpFaE T Ak o CitekRlz ) e
S0 BUFRY FER- R AL 9 7 E A A R
(63 ATRLIIP A EF oo 2 20 A1 AL R 4 B
v EE Rl T % R R R IR BB R E A R
PR - TP AR AR L Rk R e AP

B4 o

B 46 BN E R TREE R (GSH )& § KT A
( GSSG )z xS (B = , )
BRAEE ARMCGSH )E- /87 p o arfhenzsirk; s FFgd
TR AL B ARSI EF CABRY M F Ak E A
((GSSG )  Fp B RAIsE AF( GSH )T 5 (F7Fmw% L § i+ &

(anti-oxidant ) it # &g ie " o & § A E KA GSSG )
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T R MEERRE VB S Y G-BERLF F Ak f2ps ( GBPD ) T A 4 ch
NADPH, ¥ £ A4t + B R A145% Aa( GSH ) -
Fok? Y ke B RAEE AFACGSH )P By bw | pFEL
I MY R R MR P AipF e FREE YA B(RTEEZ )
E)F PR G AARZ LR 2 1 ik e TRGR R AR AR
A e 24 EEER RS T rR TR KR RS [ F o AP
HE A FEBAIG N Rou 2 8 24 ) FenlARY o dpd BT o
BRI A I RIS P R o RLReTRY R R34
Rris TOAPST ;7 B A5 8 BT LAp stz R
RAEE AP A3k mrpdlws ¥ o
Bolx o BOFERY gl g Ampr 3£ 974 R o 2 B R R
AR ¥EF p I AAARE LA F MR AR A F LA A
ok p R A B3R (T ROBERRL VBT 6-BRpLE § oK EpE T
A4 NADPH) » 42 ¥R R+ B RAIEE Arr o Flot o R R 3K
ey o34 g Aenent 5 ( GSH/GSSG ratio ) 2B R A% &
Fr- kAL G 4B F Y A& ( anti-oxidant ) & 4 odpik; E"ﬁ’#ﬁﬁ& K
Brwmre § RS i o RARAFHR? Z 9 RO B R AR
raner g A4 4 Aeiant @ ( GSH/GSSG ratio ) PFA i s > #

i H R R A E ARE( GSH ) #F & T chps B 1L o R 4B

49



23 ke o 72i8 GSH/GSSG ratio A = eeni B 5 AR H HIF5GER

G M ko R e s 0 BUFRRY R R A 44 AA( GSH)
fH BRI Aagy - 34g At E( GSH/GSSG ratio ) & 4
JOPER P RE MOTAR LR 2 e RoAE Rl e s 9 BUTERY hg 1t
B4 LAl RS Wl PER P AT A R IR R Fd e o G A
Bk RS A - B G T o RS A PR R R A
FAAHRA L F g A A A R iR T R R
A BCMRRY i B 0 A2 2 AT L, KB VAR g AAA
ZEARESRBAAEE Ao FITREEL PR e 0 BFRRY
Fif Al 45 4 A#( GSH )2 RAIEEE Arrg s MAE At B
( GSH/GSSG ratio )t 4 -] FFph P A2 1 o £]iF i Ths S 2 PR e
R WA BRI IR A BG HRLS B eng RS
FPFERv G A el & 0 T FEF T AR AR R A4 AR
(GSH )T A2 PFB At o o @ &7 UfEH 5L P AL G I R % 8 o

itz gl 0 BB R4 L AA(GSH )R % R AR E A

/

ery it Al g et m( GSH/GSSG ratio )B4 | PPN AR % % o
<0 BUFEHA ARG R PF(4 ) PE? ) nE REFERF R H 3

R4 g2 2 FE B R AR AA(GSH ) TehE o Fl 0 ih
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sode s d BUFERY R R AlE g AA(GSH) S F R R4 Ams s
alg g AFt 5 ( GSH/GSSG ratio Vi 4 [ B i AE L D o AP 5%
24 o] PEELL P ik Y B R A4 f Ae( GSH )& B Al 4%
i Aamy A% g Asv @( GSH/GSSG ratio )i 3|8 2-¥ 1303
R E R e o A RIPeITFRR R Ay Ay Ak A
Frvt 8 ( GSH/GSSG ratio ) &g P PEBEY LT e e

<0 BUFRRETAIG Ma R, § R4 G T U g Ak
e k¥ O-EEpLE FoAE-kfEEFE M ( GOPD )2 & B A2 oo
o 4-8 /| P chd B K o MU 6-RRfA R § MR R A1 da
ot 1.5-4 P& A 5 @ (Fpfps NADPH (700 e b i 0 £.F 7
BOFR I GSH e 12-24 ] PRiS A 2 o #RrLaR - H w S 4R 6
FATLE MK RpE 0 A f 12-24 ) PRISOFUR O-BAFL B Ak R

&F"‘L‘ LE= S

L~ 46 KA e Bhie BRI (GSH)#F L 2KE A

( GSSG )2 3¢ % (" 45

\4.\

)
EAlB MR iR, Rk B p BRI AR
B dpgerd i FHAM, af %k 12 ) PFEL T MEL o dp ¥ i

A Hehn R B RARE RS AR T 2 PR o R
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AR ERY TR AT 4-8 ) PRI KA AR BE
EEFB e RETY LT P LR o

ApESY L e g Al g AR (GSSG), BRI E AA(GSH) e
FirARS e R R A Aagy Al g At @ GSH/GSSG
ratio ) VAR R L - R o ke xv Henn B R AL E A

g - A1z a0 @ ( GSH/GSSG ratio )ik ;L,F?wﬁp{} AR

paxl)

FHEILE; BRRL SR TP ELR ok, fite 9§
chn B R A E A LA F Aeot @( GSH/GSSG ratio )%
R E e o dpite, Rlte A9 Beaw B RARE
AL EEFEL R AP ELR  FLETRIER ~ <9 HAG D
o itkiomin g, MERIAKETAMBEF CAKLTAnE
( GSH/GSSG ratio )k H w jz® if LB R/ERS W EBY &g
BRALE AR RT3 o A BREIRLR » 29 L5 0

MR AYS R T L B 24 ) PEIRG R eng CRRRA o

B~ 46 SR N Bk Rk IL6 2 IL-10 2 s %
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