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fif % BERARIELIE I R AMHSY A I A A (H,0,) FT EL02 A6 20 i A A D H IS I s . SR A 5,57-—
TRAR UG JE 25 FH R (DTNB)ATAE AR, FH s RO 63 (HPLC) 72230 5 LO24T A Py 38 JR R 45 e H K (GSH) IR B, — it
B RE(DTT)IE JFE 40 i 4 A0 B4 I IR (GSSG) Ja il e 4E H 4 S GSHE &, DL S HH 4 M I GSSG & & . HSYA
TRALHELO2 NG AT 40 iE24h, FEMAH,O0, M & 1h)g, FIHHPLCHE 41 N GSHMGSSG/K T & GSSG/GSH L H A%
tho K : GSHTEO.1~2mmol/LyG Bl N LR R RIF, WACEEMR V0. Immol/L, L. LD % /N T
10%, K5I ES I FEOS5 %~ 105% 2 [A] . LLIll e GSH T VAHERf . K% BEE M. fRErts, WH T4+ GSH
FIGSSGHIME « H,0, 4031 5 L0241 N GSSG/GSH LB WA & 7t =1, HSYARES FEIRLO24H i H GSSG/KF, {EGSSG/
GSHIELAE T I, RBTHSY ABENS 1035 H,O0, I EULO2I ML (1 EAL R AS . (54740 M 4 32 S8 A 15455
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Effect of Hydroxysafflor Yellow A on the Oxidation of Intracellular Glutathione Induced by Hydrogen Peroxide in LO2 Cells

WANG Xiao-na', XU Xiao-min', QIU Li-hong', LI Gang’, XU Bo’, MA Cheng-jun’, WANG Zhen-hua'**
(1. Key Laboratory of Xinjiang Endemic Phytomedicine Resources, Ministry of Education, School of Pharmacy,
Shihezi University, Shihezi 832002, China; 2. College of Life Sciences, Yantai University, Yantai 264005, China)

Abstract: The effect of hydroxysafflor A (HSYA) on the oxidation of intracellular reduced glutathione (GSH) induced
by hydrogen peroxide (H,0,) was investigated in L02 cells. 5,5’-Dithiobis(2-nitrobenzoic acid) (DTNB) was used as the
derivatizing agent and the reduced glutathione was measured by HPLC. The total glutathione was measured by the same
method after reduced by dithiothreitol (DTT). Oxidative glutathione can be calculated through reduced glutathione and total
glutathione. The LO2 cells were pretreated with HSYA for 24 hours, and then exposed to H,0O, for 1 hour. The intracellular
GSH, GSSG contents and GSSG/GSH were analyzed by HPLC. The results showed that the standard curve was linear over
the range of 0.1 —2 mmol/L. The minimum quantification limit was 0.1 mmol/L. The precision discrepancy of inter-batch
and intra-batch assays were both less than 10%. The recovery rates at low, medium and high spiked concentrations were
in the range of 95%—105%. The developed method proved to accurate, quick, precise and suitable for the measurement of

glutathione in cells. HSYA can significantly inhibit the increase of GSSG and GSSG/GSH, thus relieving the oxidative stress

induced by H,0,.
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T AR RN R G . BAYRR, ET
B BN L IE DR I 5 AR R A B 1 H AR (O, 0) I
ANE(H,0,)FI52 H 3L (-OH), LA S T A FiRm
SN, FRONVE % (reactive oxygen species, ROS).
ROSH: il I HLAATE R RE 10, S EWLAAR AL T A
(oxidative stress)IRas, FSKEY AN D. OF
78RR R B A a5 N R EFNE NN KA K
MG, MIBATHEGE. OIS E A
Ko BBEH K (glutathione) & A=A FH A Z R « 21 = IR
FHZRG RO EME =Gy, T 2FAETs). H
Yirb, (ETHABERE, N IRZER )P S R AR
HAF LA MRS A VE . Shi ik v i 28 ok H ik 3 22
FH AR 233, RS 25 LA SR B 25 I H IR (GSH) I 7% XA+
1, HnTfE A AL I E S5 E 2 T A R B AR T
HK(GSSG), GSSG/GSH EUAE A2 s W 58 A I JFIR 75 1 =
BHRbR .

LA AR BHEYI LA (Carthamus tinctorius L.)F 15
16, HAWGMERh™. a2z lin 24, B
HHFRRPAOIEHE O R LA FEEGZGHEA, BArc
TENRIREBMOERTZNH. ORI EERSN
BEAFEOARAY, FARY, REAEORARY
P PR ) A S AR O DA i e ot 5 A
o O SCHR Z R0 i 32 s 4L R GSHIF & &Y, X T
1B 2 GSSG/GSH LB B SR D o A SIG T e R0
M B (HPLC) 8 &2 NG IF 40 IL02HGSH. GSSG
T8 N GSSG/GSHILE AL, SR IEL LT RA
(HSYA) XS4 45493 FRTLO2.40 B 45 IO H IR /K ST 1y 5 i
R 5 B A DT LA S A I SRR 3 B 4L 98 B R (1) & B
F PR A o

1 ME5HE

1.1 Mk

PRI O RAGIE =95%) e = ||, FHE
TR AR, RFLIPH R e 4 B alifb i vk & A
G022 ERE R R AR ar R T B A
JHO 2

I JE RS e H R AR AE S (GSH,  46% =99.0%). 5.5°-
TR AU R M ES(DTNB, 4l =>99.0%). i b
BE(DTT, #4if=99.0%) F[HSigma-AldrichA#]; HIE
(Baigal) RN RSN AA R AR RgES
MiEFBS) WL RBAEDEH AR AR ; RPMI 16405
Fiedk  EEGibcoAF]s HARFNIL MNE =/ b4l .
12 {XEFHWE

Agilent1100 Series = B0BAH (1% R (LA AT AR B
LLAMG I 2 FICAG Bootp Serverff il T/EuE) & 24

AT TGL-16G-A-EiEAEE O B2l
AR ALI04BA G HT R MR -FTR) 22 (i) s
HRAT; BCM-100084Y3tb TIEG 7 MEtb ik

HBAHMAT; MCO-15ACHICO IG5+ = TFHaa R
Ay IXTUREAMAHZ RS HAOlympusAH].

1.3 ik
13.1  Bisgst

BilFE: XB -C 0 ii4£(250mm X 4.6mm, Sum); {f
it CE@mmX 2mm); JAzIAH: 0.05mol/L pH5.6/1]
B BN - TP EE(93:7, VIV); VEO0.8mL/min, il
£:320nm, AE#E40°C; HEFEE20uL.
132 s H KA

FLO2H iU %4 X 10°AN/mL I 25 JE 7 B & 15% iR 4
MiEFBSHRPMI164035 77, 4fa 7 M IEH 4, H,0,
WA, HSYAR . . KAVEAFEL, $F12h
Ji, HSYAMFEA K IIANLHKE N10°, 107, 10°mol/L
FIHSYA, ##24h)5, HAAS5HSYALEAMA
100pmol/L H,0,, L& 1/, UK HEEgn .
1.3.3  4ifgkbE

B AL S B T 100ul PBSHY, InA40pL
0.3mmol/LIJEDTAM100uL 2% TrironX-100, JAHEVE &
Imin, {FHRMF. 2B W0, — 0 LALowry ikl & 48
REASE", B 100uL 0.15g/mLI = 2%
FRALVTIE A I, 9700r/min 25 0r 10min, U4E FiE .
1.3.4  AMH K2
1.3.4.1  JFERA B HIK(GSH) & 2 e

H130uL bBiE#, MIA0.5mL 500pmol/L, pHS8.9
B Tris-HCUA R, RAIE, MA20uL4iK, FHIA
350pL 10mmol/LIIDTNBIE W, #¥FIRE], =R M
5min, FAIA100uL 7.0mol/L#JH PO, A W & ¥R AL «
9700r/min &5 /0> 10min, FiHWHIL0.45um I FLIERE )5,
HEAT AR AT o
1342  SBRMEHKGCGSH) & &R

HY130uL_E3&EW,  MA0.5mL 500umol/L A Tris-HCIV
W (pHS.9), VR2J, JA20uL 10mmol/LADTT, =ik M
5min, [A{AZ P IIA350uL 10mmol/LEIDTNBIAE W, 1F
FH5min, FHIA100uL 7.0mol/LIH,PO, % i B #r il .
9700r/min 5 0> 10min, FiEWIT0.45umMIHILIERL S,
BEAT AR AT

AT B H BR(GSSG) 1) & 242 AR A U5

GSSGH E=(tGSH& B —GSHE B)2
135 HdEac

Bl Llx +s%or, FHSPSS 17.080F b FE ¥ s, &4
B F L BCR B R & 7 Z 0 i, P<0.05F 4uil %
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2SR5 JEH I N200L PBS, 4% “4iMALEE " TALEAN, e

2.1 HPLCH LM 5 s 5 1

DTNBJE & & #i £ &% H AT A7, H5GSH
S AE AT A YIGSH-TNB M 1 3 FTNB. GSH-TNBHJ
B UL E R GSHI & . ASLi6 44 FTNB. GSH-
TNB. DTNBIP LR AN E 2585, 19, 27min/ 45,
GSH-TNB R B I [H] [ 5 , W% R AF, TG 2% ot i T4 il
E, WEL.

Fif 8] /min

1.TNB; 2.GSH-TNB; 3.DTNB.

1 Lo24uHarh 2 BeH ks ik
Fig.1 HPLC chromatogram of glutathione in L02 cells

22 MRR

L0240 g 9% T 100uL PBSH, H(80pLT1.5mL
HOE PR, IMAN200L GSHAER#E 28 T /F W som A
20puL PBS(E AT B X HR), & “40fab 2~ T kb 21
qUHE, W GSHKEE . LLGSHIE [ FL X 3k #F i i 4
il bs 1 e, A3 Btk Bl VA U7 A y=376.25x—1.2523
(R*=0.9990). 7E0.1~2mmol/Ly5 [ W &1t B, AL
€ &R 0. Immol/L.
23 MENE

e CEMERRT TR AR, 193317 GSHARE M 43
N 0.1, 0.5, 1.0mmolV/LEME. "\ 3N EE 40 f s
f, BEANFESIESI, M E3d, HE bR h 2 A
17, HbRAE M ZRTH B SR SR RS, TH 5 A bR A
. &85 AR H N . HIR % ERSDE Y /N
10%, VEHIARTTERG R, SR IEL.

#1  BGSHFRER A& EEEN SR

Table1  Results of precision tests for cell samples spiked with GSH standard
s3] i H iR Z (n=5) i H A% % (n=3)

- W 5Ef/(mmol/L)  RSD/% W %E 5 /(mmol/L)  RSD/%
fRIRFEEAL 0.247+0.011 436 0.244+0.016 6.63
FIRIEAH 0.64610.010 1.54 0.645+0.022 3.42
TR A 1.1394+0.035 3.07 1.141+0.032 2.84

24 InFEREIER

K40 T VE B3 T4mL PBSHY, 43 %IHL200. 300
400, 500. S00(fENZAJE). 600. 700, 800uLF 1.5mL
EPE 1, .0, K EH B T100ul PBSH, HUSOHL
F15mLELE S, IA20uL Immol/LIGSHARER, 74

SEJEA I HARGSHA R, TR e AIRERI /%

W — A

’*j}\—éixmo, N AT e e E ST
==X

95%~105% 5[ P, REMINEMETTRE, SR NR2.

#2 mReE R e R

Table2 Recovery rates of the developed method
S/ (mmol/L) e b/ (mmol/L) %1%
0.302 0.109 96.4
0.356 0.163 96.7
0.427 0.218 104.6
0.477 0.272 102.5
0.528 0.326 101.3
0.587 0.381 102.8
0.642 0.435 103.9
25 FaEME

251 WA R IR E T

W 3BT IC 1] B i 46 TUIE —20°C A7, 0 WITE30. 60,
90dHX i, FHPBSHIE K 73l 90.2+ 0.5+ 1.0mmol/L
B e W, BN IR EEPATEC I3 HEAT I e, R3ILR &
I i 8 VUM B T 3 AR B2 1) R X o YA O 22 70 1) 249579 %
3.41%M5.20%, #/NF10%, VEWIGSHE3IN H AFaE.

£3  EEENREEEBRER(K s, n=3)

Table3  Stability of stock solutions (x s, n=3)
mmol/L
i []/d IR Rk 2 A
0 0.2004+0.012 0.500£0.019 1.000£0.024
30 0.192£0.005 0.493£0.032 0.97240.047
60 0.187£0.008 0.487£0.021 0.94940.034
90 0.17440.007 0.462+0.028 0.88440.053

252  fiftEAL/EGSHI R E M

FAEAL G FIGSHI AR & T 34N K P 3R AT 52 BPLO2
B £70.2+ 0.5mmol/L GSHFRVE & (L0240 S L H: o
FERIEAET —20°CHA R, 707420, 0.5. 1. 2. 5 dillE
GSHE &, 445 R R HINIKT-GSHFIFH X Ax v (i 2 5
WINTA8%. 6.59%. 4.86%, ¥9/NTF10%.

#4  AMEAREREROREELRER

Table 4  Stability of the developed method for cell samples after derivatization
mmol/L
N [F)7d N GSH 20.2mmol/L GSH _#0.5mmol/L. GSH
0 0.275 0.482 0.769
0.5 0.271 0.476 0.763
1 0.258 0.448 0.745
2 0.244 0.426 0.716
5 0.229 0.415 0.683

2.6 HSYAXFEACH A RILO24H A Py 458 bt H K 52

sula, SIER4AMEL, BAHKMGSSGE & L
JH(P<<0.01), GSSG/GSHLEL{H I & T+ & (P<0.01). HSYA
. EA RS EBAA AL, GSSGHI A &I & R R,
GSSG/GSH U Af 2 3 FE1I
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®5 HSYAMWH,O,#i65/5L024 M BB H L WI(x £5, n=4)
Table 5 Effect of HSYA on glutathione in L02 cells with oxidative
damage induced by H,0, (x 5, n=4)

Eikl GSSG £ i/(umol/(mg pro)) GSHE &/(umol/(mg pro))  GSSG/GSH

EwA 0.097 £0.006% 275140085 0.03540.003**

BN 0.562£0.1074» 21374023 0.26310.043 4
HSYAMH AL 0.484£0.142 2.276£0.283 0.213+0.048
HSYA i &4 0.263£0.115* 2.529+0.264 0.10420.021%
HSYAR7IE4 0.088 £0.019%* 2.778£0.247 0.0320.009%*

WA HIEFALE, FRFEEER P <005 ; AN S5IEFALE,
A REEZER (P <0.01);« S, HREEER (P <0.05);
s, IR ELAS, HEEMNZER (P <0.01).

3 & #®

DTNBJZ & ®HiIE WA H I ATER], H5GSHR
I AE AT AEYIGSH-TNB & 25 TNB.  TNB7E412nmi &
AT BRI, PRI 2 BT E I o e A B TNB, - [1E2 %
BEGSHI & &L, (HZ 5 70 I K R A R it A 4
JRFHE, AR AR e, U LR R OB i R 3L
RUFEIE B, RS A TGSHME, HFHREAER
U5 B ThEE, e AEATAEYGSH-TNB S H & FTNB >
JF, BT GSH-TNB BB ' GSHIF & . GSSGHIMIE
FIFHEJEAIDTTHGSSGIE JF il GSH, Wl & GSH, 5
PRI JE RTINS IGSHE:, B AGSSGHIE: .

BT A R G R, VRS R AR R
FICET, FEM PR AR A S R R R
TCAREBS BR 22 FE S 1) & A5 BB TE 1 _B3E, 1A 30WAHE
Iy HTEIARE . REMRGSHI E [ — AN HZ 1 R Rt /£ GSH
(AL, GSHEAIEGSSG, Mifike 5 il 75 i GSH
S PR E A . BRAGFE St B 0% PH 1L GSH A I 57 2k 25 1
T B8 25 5 i S AL I SR L B 5, AT k> GSHIFF) 4L
tho 54k, TERFARM R & — SRR ARGSHINEE, B ay-15
GG K, GSHZ AL R N K, &2 5GSHP%
RIS — B0 Rk, BRIGAE S S UK I B 1 7T DLPRAIR
V- R KB AT 1 98D GSHIVFE i -

X EPRE AT IR A AR L B, (HDTTHE R
J1%pHAE M, WA pHE K T78, —SHML AT
R —S A B RMIEME. BIMTAELRFIDTNBLE +
PSRRI S L R RS e ME EL R M S N U . R A BB
i B X R A REAT T RA, BT DATERE SR AT AR A 2 BTN
Tris-HCIZE MR, 44 2215 21 ) B 1) e FEpHAE -

H,0,i8& i f E AL i 2 4 i AL B AL, HL0,
MV RE E A AR AR B e, i HLBE E B g
YR ARIE AT, AEAHARIRE T LA R K g it
PR R A EEA(E . GSHAE4NM P EE I FTE T, ©
SR kIS ALY GSH-PX) Y, ZBEE FEGSHIT
H,O,i8 JF K, BRARH,O 5 A Wik AL IR 1, fEIX A
SR GSHEAL KGSSG, M L 4 IGSSG/GSH L A7
B . H,O, 8 B B 2 5 R . (E AR 1], 41l
A [ BB JEAT P AR SEEG % 4 X 10°AN/mL % JE FIL02
giH, A 100pmol/LIH,O0,/F H 1his, wJ 212 mGSSG

[1I7KF, HGSSG/GSHIfELE T . A7 T Tise A
HSY AREE 2 2 B0 LO24H A 9 48 It H KRk, BRI A
MNGSSG/GSHLEUAE, /4 Auaits, ORI 4H.
KRITiEME, R, G RRRE, Raeta, o
T 20 GSHII 2 - I H 7 i Re e A I 128 &%
b F A I8 2% A L0240 i R GSSG/GSH LU H (142 1k,
AR R 0 A B ST R B R I vk —, AR
PUAMTI R TR 2%
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