
CXROM. rzJ74 

Note 

Estimation of gfutathi0r.e in at liver by reversed+ase high-performance 
liquid chromatography: separation from cyrteine ad y-+tamykysteine 

J. ?REEVE and J. KUKL~iMP 

Gar-troez~erohgy Sectin, Meakal a& Research Services, Whortir Veferam AdhihXm?fon M&&i 
titer ami i!Xe Unirersiry of California, Los Air&es, CA (U.S.A.) 

snd 

N. KAPLownz* 

69Z.fZZZC. Wuhvortir VA Hospitd, Los Angeles, CA m73 (U.S.A.) 

(First nxzived Deozmbcr 28th. 1979; revis& mmushpt reazivai F&-wry 2Znd, 1980) 

Endogenous thiol peptides such as cysteine, &utamyIcysteine and glutathione 
are generally determined non-spec&aIly in protein-f&e acid extracts by their rextion 
as a goup with the Ellman reagent (5,5’4ithiobis(2-nitrobenzoic acid)) to form a 
mixd distide liberating a product measured at 412 nM’. Methods with greater 
specikity for glutathioae involve enzymatic reactions (such as glutathicne red~ctase)~*~ 
or Euorometric adducts with o-phtbalaldehyde4. However, all methods have the disad- 
vantage of not quantitatively separating the three endogenous thiols in a direct fashion. 
We have modified the reaction of these sulmydryl compounds with Ellman reagent 
to a high-performance Iiquid chromatographic (HPLC) method which quantitatively 
separates derivatives of the three compounds. The thiols are first reduced, then 
reacted with Ellman’s reagent to form mixed distides which are separated and 
qua&tat& by peak height in HPLC. This method should be readily adaptibk to the 
determination of specific radioactive and glutatbione turnover studies and the 
enzymatic assays for the e-es of glutathione synthesis. 

METJXODS 

High-performance liquid chroma?ogrcqhy 
An Aitex Scientific (Berkeley, CA, U.S.A.) Model 312MP liquid cbromato- 

graph equipped with a 210 sample injector and an Altex Hikzchi 1554 variable- 
wavelength detector was employed. All separations were performed on a LiCbrosorb 
RI?-18 colmnn (10 pcm, 250 x 4.6 mm) also from Altex Scientik 2U-~1 samples were 
injected- 

All substances were eluted with ammotium formate (O-023 M, pH S)-methanol 
(90: LO), at a constant flow-rate of 2 ml/n&. The ammonium formate was filtered 
through a 0.5,%m Millipore filter (Millipore, Bedford, MA, U.S.A.) and degassed for 
10 min under vacuum. Methanol was used directly. All runs were performed at room 
temperature. 
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Ammonium hydroxide and formic acid were from Mallinckrodt (St. Louis, 
MO, US-A.); HPLC-grade water was from Baker (Phillipsburg, NJ, U.S.A.) and 
glass-distilled methanol was from Burdick & fackson Labs_ (Muskegon, MI, U.S.A.). 
Cysteine, reduced glutathione (GSH), and oxidized ghuatbione (GSSG), coenzyme A, 
dithioerythritol (DIE), 5,5’-dithiobis(2-nitrobenxoic acid) (DTNB), NADPH and 
glutathioue reductase were obtained from Sigma (St. Louis, MO, U.S.A.). y-Glutamyl- 
cysteine was prepared from GSSW. Ail reagents and thiol compounds gave single 
peaks in HPLC. The concentration of thiol compound standards was qmfkmed with 
a routine spectrophotometric method’. 

Tissue preparation 

20% homogenates of rat liver were prepared in 0.01 M sodium phosphate- 
0.25 M sucrose pH 7.4 buffer. To 4 ml of the homogenate, 4 ml 8 % sulfosalicylic acid 
(SSA) was added, giktig a 10% homogenate in 4% SSA. Extract was centrifuged at 
2504) g for 15 min and 0.051 ml of 10 N NaOH was added to 2.0 ml of the supematant 
giving a pH of approximately 8.0. DTE (0.05 ml of a 200 mM solution) was added to 
the neutralized extract and incubated at room temperature for 30 min- DTNB (0.2 ml 
of 200 m&f solution) was then added, yielding a final S-75 y0 homogenate; 20 1.11 of 
the mixture was used for HPLC. Thiol mixed disulfides with Ellman’s reagent were 
monitored in the effluent at 280 mu. 

Preparation of star&r& 
To 2-ml aliquots of standards of cysteine, y-glutamylcysteine, and ghnathione 

in 0.1 M sodium phosphate pH 8.0,0.05 ml DTE and 0.2 ml DTNB was -added as 
above and 20 p! of the resultant solution used for HPLC. 

Recovery experiments 
The recovery of glutathione was determined by adding slightly greater than 

physiological concentrations to liver extracts and then determining by HPLC the 
change of glutathione in the liver extract_ ,411 recovery experiments were with liver 
extracts from four tiff&rent rats_ Glutathione was determined also by the method of 
Cohn and Lyle’ and GSSG by oxidation of NADPH in the presence of glutatbione6. 

RESULTS 

A representative chromatogram demonstrating the separation of cysteine, y- 
glutamykysteine and glutathione is shown in Fig. 1. The retention times were 3.5, 
4.8 and 6.6 min respectively, and were highly reproducible. GSSG (unseduced) and 
the uxnzyme A product appeared in the solvent front. Standard curves for peak 
height (&,,I versus concentration of the three compounds is shown in Fig. 2- The 
lines were determined by least squares regression. A typical liver homogenate is shown 
in Fig. 3. Note that the sample was injected as a 6nal 8.7S”A homogenate. Studies of 
the reproducibility of a single sample and variation of multiple analyses of different 
single samples demonstrate a high de_me of reproducibility (Fable I). Total glu- 
tatbione (8.2 pmole/g) concentrations are in ciose agreement with determinations by 
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Fig_ 1. cllmmatogram &a roIxhrrc of thiol standards. c)rdiixte nzprazi~ts Am 2nd abscissa rc- 
tedion tine. me cunantratiof~~ of tke respcaive .sadxds wxfx cysttine 6% 0.1 miUh mWamY~- 
qainc (F%, 0.075 m&f) and giutathioe (C, 0.075 mMI. 

an independent method using Ellman’s reagent and NADPH glutathione reductase 
for total glutathione (8.1 rmolejg)). Recovery of y-gbGamyky&ine (1 pmole/g) and 
glutathione (3 ynolefg) added in the physiologic c~ncenttation range to liver samples 
was 97 and 98% reqxctiveiy. We are not aware of published y-.&tamykysteine 
concentrations in liver and, therefore, cannot be certain of the homogeneity of the 
substance in that peak. The cysteine peak in liver sample is siqxcted of being 



NOT&s 

OaS- 

Qos- 

&7- 

QO6- 

00 

2 

0.03 - 

002- 

QO1- 

0t 

6 ,‘LL 
. 4 ( 

I LJ 
x) 

Time Cmin) 

Fig. 3. Represattatiw cbromatogran of endogenous thiol peptides in 8.75 oA liver homogenate. 

heterogenous since the v&es are an order of magnitude greater tbm published. 
Therefore, we did not pursue recovery experiments. Furthermore the cysteine peak 
was often obliterated by the solvent front in bioiogc samples. The coefiicient of 
variation of hcpatic glutathione determinations (four determinations) was 1.2% 
whereas it was 9.3 yO for hepatic y-glutanylcysteine. 

TABLE I 

DEFERMINATION OF TOTAL -/-GLU-i-AMYLCYSTEINE AND GLUTATHLONE IN RAT 
LIVER 

Rnt No_ A-’ Tot& GSH’” Total GSLI”’ 
concentra~tk concenlratian 

6~ HPLC ~moleslgl ImW& 

1 0.073 8.6 8.8 
2 O-070 8.3 8.6 
3 O-063 
4 O-069 :: 

7.3 
7.8 

Means & S-D. 0.069 & o_OfM 8.2 i 0.4 8.1 i 0.7 

Total y-ghzmyleystefire,’ 
conceniration &nwresJg~ 

1 0.011 0.86 
2 0.010 0.79 
3 0.008 0.61 
4 0.007 0.53 
I’kaus & SD. 0.009 f 0.002 0.50 f 0.15 

l Absarbanas with S-7.5 % homogenate injected into HPLC- 
l * -A%ese ~tratians are corzcwi for dihtion of liwzr samples. 

“‘TotalGSH=reducedGSHt2x GSSG&eMethods~ 
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DISCU!%SION 

Our data demonstrate tbatcystein~ y-gbztainykysteine and glutatbione mixed 
disul6des with Ellman’s reagent can be separated and quantitated by reversed-phase 
HPLC. The de’&rmina tions are highly reproducible and the recovery of sfadards 
added to liver homogenates is excellent. We are aware of two other reports of HPLC 
methods for determinin g glutatbione; both involve ionexchange with electrochemical 
detection, one with a mercury+letector electrode’ and the other with a graphite paste 
deteaoP. With the htter method giutathione in liver was one hidf of the literature 
value. No attempt was made to reduce oxidized gluta*&one or account for y-glutamyl- 
cysteine. 

Glutatbione is synthesized in sequence from constituent amino acids by two 
enzymes: y-glutzmylcysteine synthetase (rate-limiting) and glutathione synthetas$. 
This method of separation of the precursor, cysteine, the intermediate, y-glutamyl- 
cysteine, and the product, glutathione should offer a very useful approach to the 
detection of eeatic activities for glutathione synthesis in vitro. Moreover, 
another very important application of this method currently in progress in our 
laboratory is &tat&one turnover studies which involve determination of radioactive 
precursor incorporation into intermediates ud products and degradation of gluta- 
thione in GINO. SpeciGc radioactivity and pool size of glutathione precurs OSSCank 

determined from HPLC with liquid scintillation spectrometry of collected effluents 
fractions. 
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