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Simultaneous Fluorometric Determination
of Reduced and Oxidized Glutathione by
HPLC with Immobilized Enzyme Reactor
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Fig. 1 Flow diagram of the HPLC system with an
immobilized enzyme column reactor.
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BEE{t GSSG L ¥ 2 —H DA%

SIS T A E—X200mg #2.5% 7 NWVI VT LT EF
Kisw (5 ml) PTIRMBRICKEL, V7 A —XH
DT I/77aNVEBCTATE FELZEALL, 2077
AE—XEHRBRKTLABENRRED I NVE VT LT EF
BV, 0.1M ) CEREHR (pHT7.0) (AR L AL
7eBEFBEM (1 mg/ml) 2 ml 202, 2BERISIRICTR
B ERL SIS 72— ICBEL 2, Ko Tk
RIGOBHEBEEREZ R 2%, BEBEXEL0.1IM ) BR
EH (pH7.0) F 4 CTHREL 2, ZDEHICL THARL
BEE{L GSSG-v 77 ¥ —t %K 4 cm, W&E2.1lmm N
ATV RARF—NBE TR EECBER) T 75 —¢L
LCHERL 2, BROBENEL, BEECAT%DRIGHE
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SR E OB
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i) FFH&0.5g (2 5 mM EDTA %2 & ¢0.5M Bk & &
SmlzMmz, £ b iz TOGKETRES AL XL 2, &k
EUA—F 1 mlickB T2 MKEE# ) 74 %2 T pH
49 4 (2%, 3,000rpm T 5 SR LSBEE TR - 12,
EB®0.5m] #EEAKICT 2B HFRLTRAR & L2
ii) FFi&0.5g 12 5 mM EDTA, 20mM N-zF /=1L
43I F(NEM)*#&40.5M@ERES ml #mz XY bo
ANCTKETRESFA XL, REPA—F 1 mlick
WT2 MKEEEA ) 724%2M2CTpH 246 ICFA%L, 0°C
T107FIGE L 72, 3,000rpm T 5 53R 0o B % 1T 7% -
b, EEKO.Sml #4EL, 1 mlOZ—FT 0T 3 EH
L TRRED NEM 2 Bvwiz, KBcE-cz—T L%
BRI RAERESMHITTHRE, RBKEMZTCL2ES 1 ml
kL7,
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BT EHHEFLY, 0, SIS T A —XIIHE
BENKEC, IERREATRLAREVLHEELERK
ELTERLVELZLDEEZ b/, Tablel iCEE1L
GSSG Vv ¥ 7 #—+ DB IR L BERIEREZRL 12,

B 1L EER L TSR L Tld pH-EHEMRG R Y
A LI LIRS LN D, SEFAR L 22 EEL GSSG
V78— nGA, il pH I$TCOEERER & FRT. 0fF
ETHo72h, pH-EEBMBRIIHLTICT AL ) MTE
EHEERL (Fig.2), BB L UCEZELGSSG Vv 575
—+#%0.1M Y) VEEREE P, 256CTA v X ax—} L7z
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Tablel Preparation and properties of
Immobilized Glutathion reductase

Coupling yield: in% 75
in mg enzyme immobilized 3.0
per g glass beads

Specific activity Units/g 210

Specific activity relative to that of 47

soluble enzyme (%)

EEOMBRNKER LA E 2D, BEBERICHXT
BECERNEENERTEILNEC, BE&IZBEVTY
U NHRFEEZAL Tz, THICHL TRMEBRNE
PEIZI5H%121320% 1K T L7 (Fig.3), 72, 4 CoHfR
FERETIZI»ABICBWTLEEIGSSG V75—
LI395% LL ENEFEEEZF L T 72,
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Fig. 2 pH-activity profiles of soluble and immobi-
lized GSSG reductase.

—— O ——soluble enzyme; —— @ —— immobi-
lized enzyme.

The enzyme assay was carried out under the
standard conditions except for the buffers em-
ployed.

At pH 55-7.0, and pH 8,0-9.0 0.IM phosphate
buffer, and 0.1IM Tris-HCI buffer were employed,
respectively.

NA & GSH OR#E RS

GSHNHKEBEELTANL I TZIALT AT EF

(OPA) itk 2 BHARGZAAT 2 HEIDH 5 A,
GSH-OPA f# ks flE ik &Iz NADPH 0 # ¥tk
REBEEL L1280, BENL ) ICHBENNADPHA
FYLRICIGEATE v, NAZOPA EEBEICA L F
PTNATE FERETLIHAERETH D99 (Fig. 4), kR

_3_

10
e
R
>
=
2
i)
®
o 50+
2
g=]
~
]
29

5 10 15

Incubation time (days)

Fig. 3 Stability of soluble and immobilized GSSG
reductase.

——QO—— soluble enzyme ; ——@—— immobilized
enzyme.

The enzyme was incubated at 25°C for the indicated
time in 0.1M phosphate buffer (pH 7.0).
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Fig. 4 Structures of OPA and NA.

100
Ry
D Ex
= ~
Q 1
= \
= I
! 1
] o
= ,’ |
8 [
g 5o Do
g roo
=} 1 \
= ' '
' '
2 i ‘
5 | '
3] ! '
©
m " i
300 400 500 600

Wave length (nm)

Fig. 5 Excitation and emission spectra of NA-GSH
( ) and NADPH (------ ) in 0.1M
phosphate buffer (pH 9.0).
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Fig. 6 Effect of pH on the reaction of GSH with NA.

1041 of 0.1mM GSH was added to the solution (3ml)
of 0.5mM NA in 0.1M borate buffer of appropriate
pH at 25C, and the fluorescence development was
measured at 522nm (ex 465nm).

NA BE L HNREENBFETIE, NABREH 3 ~5 mM T
IF—ENENBEHTF 51 (Fig.8), NABEH 5 mM
UETIINABENEKRE L LITN—2TF74 > /4 X}
BmRL.

Table 2 Analytical condition

Separation condition

Column

Column temp. 25°C
Mobile phase

Flow rate 1.0ml/min

Detection condition
a) NADPH soln.

TSK ODS-80TM (15cm x4.0mm 1. D.)

20mM Phosphate (pH3.6)

0.4mM NADPH in 0.1M Borate (pH9.0)

flow rate 0.4ml/min

reaction temp. 25°C

b) NA soln.

4mM NA in 30% MeOH-0.2M Borate (pH9.5)

flow rate 0.4ml/min

reaction temp. 25°C

Detection

fluorescence (Ex.465nm, Em. 522nm)
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Fig. 7 Effect of NADPH concentration on the re-
duction of GSSG with immobilized GSSG

reductase.
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ig. 8 Effect of NA concentration on the fluore-
scence intensity.
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HEBERACTREBREERL 2L 25, HPLC~DEA
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Fig. 9 Chromatographic profiles of perchloric acid
extracts from rat liver.

Perchloric acid extracts were prepared as de-
scribed under Materials and Methods in the
presence (Panel b) and absence (Panel a) of NEM.
At the arrow the sensitivity was increased eight-
fold.

-7 NEMRAEICL) GSHNSHE% 7oy 7L 72K
BTl GSH b — 7 H'5E£i2il%k+ 5 (Fig. 9-b) = &,
BIELBERA 7 L2MNB<C L GSSGHE— 7 h8Bnt
WZihb, 70t 754k E&E—7HGSH BLU
GSSGIZENEFNHRT 2LDTH B Z LR EINT,

7y FPFFRECA—F 1 mlic GSH #0.2umol % % \»
12 GSSG #0.01umol N2 72 AKHZ DV T E N FNFHME
INHE (n=5) #KkDd2k 5, GSH TI396%, GSSG T
13103% TH - 72,

Table3 icA&%2 7 v FFBRALHICHEAL KR LT
¥

Table 3 GSH and GSSG contents

of rat liver
GSH GSSG Ref.
(umol/g) (xmol/g)
5.72+0.87 0.16+0.06(—NEM) *
— 0.03+0.01(+NEM)
6.5 0.15 (12)
6.28 0.13 (13)
— 0.02 (14)
5.5 0.018 (15)
* This work
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A rapid, sensitive, and selective method for the
simultaneous determination of reduced (GSH) and oxi-
dized (GSSG) glutathione was investigated. GSH and
GSSG were separated by reversed-phase HPLC. After
mixing with NADPH, the column eluent was passed
through an enzyme column reactor packed with glu-
tathione reductase immobilized on porous glass beads,
and GSSG was converted to GSH. GSH was then
reacted with 2,3-naphthalendicarbaldehyde to form a
highly fluorescent product, and monitored with a fluore-
scence detector (Aex465nm, Aem 522nm). The present
method was highly selective for GSH and GSSG and the
detection limit was 50pmol for both GSH and GSSG.
The present method was applicable to the determi-
nation of GSH and GSSG in biological samples.

Key Words: determination of GSH and GSSG, HPLC;
immobilized glutathione recluctase, fluorescence dete-

ction; 2,3-naphthalenedicarbaldehyde ; rat liver tissue.



