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Abstract: A rapid and highly sensitive high-performance liquid chromatography method with
fluorescence detection has been developed for determination of glutathione and related thiols in rat
tissues. A simple pre-column derivatization procedure with the thiol-specific, fluorogenic reagents
4-fluoro-7-sulfamoylbenzofurazan (ABD-F) and 4-fluoro-7-sulfobenzofurazan ammonium salt
(SBD-F) were employed. The separation of the derivatized glutathione and related thiols was
performed using a mobile phase consisting of 75 mM sodium citrate (pH 2.9) — acetonitrile gradient
(1-15 %) flowing at 1.0 mL/min. The eluted derivatives were fluorometrically detected at an excitation
wavelength 380 nm and an emission wavelength 510 nm. Under the optimum chromatographic
conditions, the calibration curve was linear over the range of 0.5 to 10.0 nmol/mL with the correlation
coefficient of 0.9998. This method has been used to determine glutathione and related thiols

concentrations in normal rats and streptozotocin-induced diabetic rats tissues.
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Fh % 50 pL 12 0.2% ABD-F &% (5 mM EDTA
i 07 M AR UEEF b U U AFEER (pH 9.3)
\ZVAfR) % 250 uL Nz, 60°C, 5 4ride S
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fRezrE (min)

SBD-Cysteine (Cystine) 5.2

SBD-Homocysteine (Homocystine) 7.2

SBD-CysGly (oxidized form) 8.9

SED- v -GluCys (oxidized form) 10.5

&8 SBD-GSH (GSSG) 13.4

ABD-Cysteine 14.0

ABD-CysGly 194

ABD-Homocysteine 204

ABD- v -GluCys 25.2

~ ABD-GSH 29.0
#Z 1. INEFFACRUVEEATT FEER O FRSEE

= "R
P BRSPS 2~ p 5D TNETF A,
Cysteine, Cysteinylglycine (CysGly),

v-Glutamylcysteine(y-GluCys) & U8 Homocysteine
DA 2 BT, WAL OREREKESIK %, ABD-F
Je O SBD-F ALEE U TZfRYERS I 7 m~ b 7T A
B 1Rz, FT2, K% OFER DOk
FiRE 2 £ 1 1R L7z, X TOE—2 % BAT
WZOTHET D 2 L AR

1. EWEEERDO 7 v~ N7 T A
1:Cystine, 2:Homocystine, 3:CysGly
(oxidized),4:y-GluCys(oxidized),
5:GSSG,6:Cysteine, 7:CysGly,
8:Homocysteine,9:y-GluCys,10:GSH
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(x10%) ABD-Thiols (x10%) SBD-Thiols
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©  ABD-GSH ©  SBD-GSH (GSSG)
® ABD-Cysteine ® SBD-Cysteine (Cystine)
0O ABD-CysGly 0O  SBD-CysGly(oxidized form)
- ABD-_Homocysteine B SBD-Homocysteine (Homocystine)
A ABD-vy -GluCys

2. INAAFI L KEOEE~NTTF Ko ABD-F KO SBD-F FHEAR O &
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BER: X2 \THRERE R LT, &2 TOHE Mean * S.D. (%)
BT SOV THIBEIR 203 0.9998 TH -7, GSH ws= 66
Cysteine 100.5 + 1.1

. o | -
F7o, MMERIL, &b BV CysGly(oxidized CosCl oo~ 40
form) T 30 fmol, F 72 HEELVY Cysteine TH v -GluCys 993 = 59
13pmorﬁ&y9% Homocysteine 95.8 + 4.8
o GSSG 992 + 11
TEWIEIYR FEE - T~ b RISk H i & A ot L

ystine 95.7 + 8.3
THINEINEEBRZIT->7-. 2 2 ICENEIER % CysGly (oxidized form) 1002 = 1.9
i_\‘ L/f: b‘fh@%ﬁﬁﬂﬂlﬁ%%ﬂi%b‘f %)E&;Z} v -GluCys (oxidized form) 95.7 =+ 2.0
Homocystine 102.9 + 31
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Fy MNP DI NS Fa e ROBE T e TERE
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v~ 77 aoR L. WmEkICBWNT, 7
WA FA L ROZOHENTF RPLHEKT D
=7 3or—7r L BRIt pife s Lo, F
7o, MPEEZRE LR, a2 be—LJy
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Cystine (x1.1), #cf CysGly (x1.1) & OVFE(b

B REE a2
(@) P (b)

10
10

ly (oxidized form)
IWCys (oxidized form)

1%

COONONAWN -
oOx £0
gagag
é <
3

«
w

Jd L,;JJ“ _J::L\_Mjah

= = & S = = & 8

-

Time (min) Time (min)

B 3. &R (a) AT (b) MELVGEONTLI7n~ b7 T A

36



BEFRRZFIAMEEE 1% (2014)

Ji ik E#Z v b VERPZ >~ b
GSH 503 + 0.36° 6.04 +  0.21°
GSSG 042 + 0.02° 063 +  0.02°
Cysteine 1951 + 1.22° 2259 + 233
Cystine 2922 + 097° 3266 + 174
CysGly 461 + 0.36° 522 + 0.87°
CysGly (oxidized) 009 + 0.01° 012 + o001
v -GluCys N.D. N.D.
v -GluCys (oxidized) N.D. N.D.
Homocysteine 436 + 157 485 + 1.14°
Homocystine 233 + 086 247 + 098

N EW®T vk WERI Z > K
GSH 095 + 0.02° 078 + 003
GSSG 019 + 0.01° 021 + 0017
Cysteine N.D. N.D.
Cystine 0.057 + 0.002° 0.056 +  0.001°
CysGly 118+ 012° 039 + 005
CysGly (oxidized) 039 + 001° 032 + 0.03°
v -GluCys
v -GluCys (oxidized) N.D. N.D.
Homocysteine 145 + 037 129 + 0.25"
Homocystine N.D. N.D.

T fik E®Z v b VEIRIEZ » b
GSH 1.02  + 021° 140 +  015°
GSSG 005 + 0.01° 007 + 0017
Cysteine 010 + 0.01° 015 +  001°
Cystine 0.005 + 0.001° 0.045 +  0.008
CysGly 682 + 123 6.00 + 1.77°
CysGly (oxidized) 012 + 001° 007 +  001°
v -GluCys N.D. N.D.
v -GluCys (oxidized) N.D. N.D.
Homocysteine 052 + 0.09° 063 +  0158°
Homocystine N.D. N.D.

#3@) EXMTAMLT MY FUHERIFT v Migds O, O, Big) fosvyF4 0 RO
AT T R N.D.: Not Detectable ?:pmol/g w.w. °: nmol/g w.w.
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ENGE] EEZ > b BREHEZ 2k

GSH 073 + 011 L2+ 0210
GSSG 0.03 + 0.00° 0.03 <+  0.01°
Cysteine 0.058 =  0.009° 006 +  0.01°
Cystine 0.038 + 0.007° 0036 +  0.010°
CysGly 173  + 045 255+ 0.95°
CysGly (oxidized) 007 + 001° 0.10 =+ 0.01°
v -GluCys N.D. N.D.

v -GluCys (oxidized) N.D. ND.
Homocysteine 018 + 007 0.13 + 0.09"
Homocystine N.D. N.D.

s\ R EEZ7 v b BEREZ v b

GSH 052 + 005 072 + 0107
GSSG 002 + 001 003 +  0.00°
Cysteine 0072 + 001° 006 <+  0.00°
Cystine 002 + 000° 0.014 +  0.003°
CysGly 071 + 0.06 .18+ 0.10°
CysGly (oxidized) 0.02 + 0.00° 003 + 0.00°
v -GluCys N.D. N.D.

v -GluCys (oxidized) N.D. ND.
Homocysteine 011 + 005 019 =+ 0.03"
Homocystine N.D. N.D.

PRGN EEZ v b EERE7 v b

GSH 1.82 + 016 190 + 033
GSSG 0.22 £ 004 018 £+  0.02°
Cysteine N.D. ND.
Cystine 0.091 + 0015 0.084 =+ 0.011°
CysGly 1.13 + 026 042 + 0.06"
CysGly (oxidized) 0.09 +  0.01° 011 + 0.01°
v -GluCys N.D. N.D.

v -GluCys (oxidized) N.D. N.D.
Homocysteine N.D. N.D.
Homocystine N.D. ND.

F3(b) EHEOA LT MY M UBERFT v Mgy CRIN, /MK, KEE) ForrzF4 s
K OB E AT T R N.D.: Not Detectable 2:umol/g w.w. °: nmol/g w.w.
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R EEZv b BEEZ7 v b
GSH 1208 + 134 794  + 0.65°
GSSG 9.02 <+ 205 6.22 + 1.33°
Cysteine N.D N.D
Cystine 029 + 0.02 0.32 + 0.03°
CysGly N.D ND
CysGly (oxidized) 902 + 203 58 + 1.54¢
v -GluCys N.D ND
v -GluCys (oxidized) N.D N.D
Homocysteine N.D ND
Homocystine N.D N.D

#3(c) EFKOARVT MY P UBERIST v Miidgs () To 72 F4 0 kOB E

N N.D.: Not Detectable

A CysGly (x1.3) IZ>W T LEH L=, LaL,

y-GluCys & T" Homocysteine (22 CIIZEhH 7
Motz (3£ 3(a))

Ui : GSH J ONE e/ CysGly 7345 % 86%, 32%
(I Lz, LasL, y-GluCys X OF Homocysteine
ITEBN 2o 72, (3 3 (a)

i : GSH (x1.4), GSSG (x1.4), Cysteine (x1.5),
Cystine (x9)23 LA L7=. LU, E3CHE KO
{B#! CysGly (ZoWTiEd LTz, Lol
ES/ A UPRPAS

\Z2WWTC

v-GluCys } T8 Homocysteine (22T}
Motz (£3()
K - GSH K& U
L& L7z, y-GluCys &% UF Homocysteine (22T
IZEBN o7, (33 (b))
/I GSH (x1.4), GSSG (x1.5), Cystine (x2),

1 CysGly 234 4 1.4 {512

1=t CysGly (x1.6) & OMiz{b7R! CysGly (x1.5) 7%
EHL. WAL,
F 72, y-GluCys } T Homocysteine (22U CTIEZe
BT, (%3 (D)
KBt & e CysGly 73 37%

L72>L, Cysteine iX 83%

WD L7228,

¢ : nmol/mg protein
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BT

¢+ pmol/mg protein

TRESMTIEFR EEENIT o T2, (R 3 (D)

MBI : GSH, GSSG K UN#E{L7 CysGly (oW
CHEIZRED L.
L2 L, FFlsFEAE y-GluCys & O Homocysteine (2
EEN o7, (£ 3(c)

T % 66 %, 69 %M 1N 65 %!

DUV TIE

ER

JNHEF A I Y, HPLC ik 9%,
fli 2 OPEEPHRE SN TND., —KIZTVH
F A OERDEE L TE DTNB & V54036
FEVENIES VSR TWS Y. L, Zokik
1T GSH KX U GSSG % MIET 5 72 D12 DHEAE
MULETHY, BIBEEETHD L) RED
o, Flo, SFETHRESNTVD HPLC £l
53 6O EE R & RER TR o K OV B &
B2 ERET D0 EOBENLETH-
7o Al BT MR ORI O 7V Z F A4 Kk
OZ OFERTF FOREFE &BIEIC OV TRET
L7oAB R, AERIEITA 30 49 BANT 10 FE O
TNEFF v I OE DR iy 3
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O B OFRRERENFRETH Y, /3L
DR 100 FEORETHETE 5 Z LB BHnE
ol

wIZ, ZOEREEEZHNTARN T MY by
CHERIE T v REMBET O VS F A RO
DOR#EATF ROPEIISH Lie. —ic, 5
RIFGIZEWTIZZ v a— 20 dEiE{k T4
5:0H Ik & RTEOF LN 5. Hib
2N BIFMBFELROGL Oy AR L, AT
OH KO O IZIREMm{b G 2 & T 5. 20
MRMEx DEEZIEEIT ZENMBATY
59 AL RV RUUBERIET v b T, BT
Wi, 'R, M, MK VKSR TIER T o b &
L LC GSH M5 2L 9, &£z Z ol
1% GSH DRIBEIE L 7257 X/ BROELY IAZ D
PIZEBHbDOTHD ZERRESNTEY 1,
ZIE OBFED B KEIRIZIIT D Cysteine 7' —
IV DOFEVE D GSH OFGVEIZEIH- L T % Al REMEDS
RIBEEN TN,

Alal, ARV R by rEBICESTELD
% -OH } N Oy DB 2 32 1T 0 WA IZ DU T
TNV F I O OBEEATF RO &
OIBETRIOEBIC OV THE L2, 2 OfEE,
Pl N, KA OVINIEC GSH 23 BE&-L7-.
F7-ZDORE, GSSG KUV % bR < £ s T
Cysteine I[ZHIMEM N L bz Z &2k Y, GSH
B R E AL S IE MRS OBREDTEFITE
ZoTWDH MR RSN, ZiE, A b
VIR R BRBICEVATLTZ-OH Y O
IR DB EME & LT, BB T E ofitE
CBEETHDLINETF Ay SSEHEBEERR
NAD(P)H 3/ o2 TlE R O S IE R R,
TNEBFHERERONNLAF T —E 1
FOMALA b L ARG EEAR T RES 2 — RIS
4% Nrf2/Keapl %40 L 7= BhifggAE 3 ML &
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N2 A M LA T DIRERRZ o7
EEZLND M. ), WEIETIL GSH, GSSG
7205 72 < BR{LAY Cysteine K O CysGly Db ¢
Aoz, -OH KOt O, DfEfb A N LA GSH
HaPW S, ORISR Nrf2/Keapl 235EMEAL =
, EO®HMEZIZCO LT DMl & Rk
IZGSH D EABNEZ 5 LHRIND. ERET &
N7 R 72 G L ARMIFEE I, T
i GSH OV #% D GSH & EF-N#HE ST
AT

L [ElfEST LTm ERIEIC k> T, ARV R
N UBERIF T v MBI DN TV Z T A
YROBEERT T ROEBE M D Z &R
ZORERN D, FERIFIS T B AR b %
TN FF 2 DFFOTALER OmN b B2
D ENHR. TAETFATERTOR D
BELBIEHWEO—DTH Y, EKICBITS
BHEHERE 2 BT B 22T 5 5 2 TARE RIEN HE
ThnrZl, ESHITMEA N LRITKT DIV
BF A B RO LI TE 5 2 &
MRS T,
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