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In a previous communication (1) it was reported that the 
products formed by the interaction of fluoropyruvic acid with 
mercaptans exhibit characteristic ultraviolet absorption spectra. 
CX- or /I-aminothiols with an unsubstituted amino group (cysteine, 
etc.) gave products of high absorbancy, with a peak in wave 
length between 295 and 300 rnp (Type II spectrum). Those 
lacking the free amino group (glutathione, etc.) formed com- 
pounds of a much lower absorbancy, with a peak between 265 
and 275 rnp (Type I spectrum). This reaction of fluoropyruvic 
acid was utilized for the quantitative estimation of cysteine 
and related compounds (2). A similar procedure was not 
applicable for the direct estimation of glutathione and other 
thiol compounds possessing Type I spectra because of a relatively 
low absorption intensity. Further studies revealed, however, 
that a conversion of the Type I to Type II spectrum can be 
effected by borate. This effect of borate permitted the develop- 
ment of a spectrophotometric method for the determination of 
glutathione and related compounds. 

MATERIALS AND METHODS 

@Kercaptopyruvic acid (ammonium salt) was a product of the 
Bios Laboratories, Inc. The concentration of stock solutions of 
thiol compounds was checked by iodometric titration (3). All 
other materials and experimental procedures employed are 
described in a previous communication (2) or in the legends. 

RESULTS 

Effect of Borate on Absorption Spectrum-In preliminary 
experiments it was observed that the absorption peak of the 
GSH-FP1 compound at X 275 rnp under the usual conditions of the 
experiment in either Tris, phosphate, or bicarbonate buffers 
increased to X 290 rnp in concentrated borate solution. The 
displacement of the peak was accompanied by an increase in 
light absorbancy; the maximum was reached when the con- 
centration of the borate approached 0.56 M (Fig. 1). Phosphate, 
arsenate, and Tris at the same concentration were ineffective. 
Other thiol compounds that form derivatives with FP charac- 
terized by a peak between 265 rnp and 275 rnp (thiomalic 
and thioglycolic acids) responded to borate in a similar manner. 
Since the products of the interaction of FP with mercaptans can 

* This investigation was supported by a grant from the United 
States Public Health Service. 

1 The abbreviations used are: Tris, tris(hydroxymethyl)amiuo- 
methane; GSH, reduced glutathione; FP, fluordpyruvic acid; GSH- 
FP, the product of interaction of GSH and FP; &mu for the 
millimolar extinction coefficient. 

be presented as derivatives of /3-mercaptopyruvic acid of the 
general formula RCH.SCH&OCOOH (2), it is relevant to note 
that a spectral shift to longer wave lengths also occurred when 
borate was added to a solution of the unsubstituted P-mercapto- 
pyruvic acid (Fig. 2). The location and the millimolar extinction 
coefficient of the peak of some thiol compounds in borate (pH 
8.1) are recorded in Table I. 

E$ect of Concentration of Fluoropyruvic Acid-When the con- 
centration of GSH was kept constant and that of FP was in- 
creased, the maximum light extinction coefficient was reached 
with a 6-fold excess of FP (Fig. 3). 

E$ect of pH--The kinetics of the formation of the GSH-FP 
compound in borate buffer was essentially similar to that ob- 
served with cysteine and GSH in Tris or phosphate buffer (2). 
By using a large excess of FP the course of the reaction was 
found to be pseudomonomolecular, and the velocity dropped 
steeply on the acid side of the pH scale (Fig. 4). The ultra- 
violet spectra of FP, GSH-FP, and cysteine-FP were compared 
at pH 8.1 and pH 2 (Fig. 5). In the acid medium the peak of 
the GSH-FP compound decreased from 290 rnp to 285 mp, and 
concomitantly the absorbancy was increased. At pH 2 the 
peak of the cysteine-FP compound was split in two, and in 
contrast to GSH-FP the height of the peak was lowered. Other 
Type I and II compounds responded as GSH-FP and cysteine-FP, 
respectively. FP has also a peak at X 290 rnp in slightly alkaline 
borate (pH 8.1) with an extinction coefficient 30 times lower than 
that of GSH-FP. At pH 2, however, the peak of FP disappears 
and its absorption becomes negligible over and above the wave 
length of X 280 mp. 

stability-Independently of the prevailing pH, the thiol-FP 
compounds of both Types I and II are very stable in borate. 
In the course of 2 hours no appreciable change was noted in 
the light absorption. In contrast to the stability of the absorp- 
tion peaks of the thiol-FP derivatives, those of the unbound FP 
or @mercaptopyruvic acid declined rapidly in borate buffer, 
pH 8.1. The half-life times were 30 and 15 minutes, respec- 
tively. 

Determination of GSH-In order to obtain a satisfactory rate, 
the reaction between GSH and FP has to be conducted in a 
slightly alkaline medium (Fig. 4). At pH 8.1, however, the 
excess of FP reagent contributes considerably to the light 
absorption (Fig. 5A). It was therefore desirable to minimize 
its influence. This was achieved by acidifying the medium 
after the completion of the reaction. The higher extinction of 
GSH-FP (Fig. 5) in acid also increased the sensitivity of the 
method. 
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FIG. 1. Effect of borate on the absorbancy of GSH-FP. The 

reaction mixture contained GSH (0.1 mM). The concentration 
of all the other components and the condition of the reaction 
were as described in the “Standard Procedure (Stage l).” The 
concentration of borate was varied as indicated. 

220 300 
Wave Lengfh(mb 1 

FIG. 2. Ultraviolet spectrum of fl-mercaptopyruvic acid (3 mM) 
in 0.05 M Tris (0) and in 0.56 M borate (A.) buffer (pH 8.1). 

TABLE I 
Locution and EmM of the absorption peaks of some thiol-FP 

compounds in borate solution* 

Compound 

FP . . . 
GSH-FP . . . 
Thiomalate-FP . 
Thioglycolate-FP. 
Cysteine-FP. 

Location of peak 
- 

m 

290 
290 
290 

. 290 
300 

ElllY 

0.1t 
2.2 
2.5 

1.9 
5.2 

* The concentration of borate was 0.56 M, at pH 8.1. The con- 
ditions of the experiment were as described under the section on 
“Standard Procedure.” 

t Extrapolated to zero time. 

Standard Procedure-To obtain the standard curve, 2.0 ml. 
of borate, 0.1 ml. of FP, varying amounts of 1 mM GSH 
and water to a total volume of 3 ml. were pipetted into a 
Beckman silica cell. The control cell contained all the com- 
ponents with the exception of GSH. The reaction mixture was 
incubated at room temperature for 5 minutes (Stage 1). Then 
0.2 ml. of 5 N HCI was added. The final pH was approximately 
2 (Stage 2). The difference in light extinction coefficient between 
the cell containing GSH and the control cell at X 285 rnp was then 
registered. No correction was applied for the absorption of 
GSH, since it is negligible at the concentration range used. Reagents 

Fluoropyruvic Acid (FP)-An aqueous solution of 0.1 M was The procedure for the determination of GSH solutions of 
used (for its stability, see Avi-Dor and Mager (2)). unknown strength was analogous to that for obtaining the 

Standard GSH Solution-A stock solution of 0.1 M GSH standard curve. A linear relationship was obtained in a wide 

I .I,. 
I I 
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Concentration of 
Fluoropyruvic Acid CmM) 

FIG. 3. Effect of the concentration of FP on the absorbancy of 
GSH-FP. The concentration of FP was varied as indicated. 
The concentration of borate was 0.56 M, other conditions of the 
experiment were as in Fig. 1. 

I I 
6 

7pH8 ’ 
FIG. 4. Effect of pH on the velocity of the reaction between 

FP and GSH. The pH of the borate (0.56 M) was adjusted by 
HCl or NaOH as indicated. Other conditions of the experiment 
were as in Fig. 1. 

was prepared daily. It was diluted to the required strength 
before the experiment. 

Bu$er--1 M borate buffer at pH 8.1 was used. 
Acid-5 M HCl (perchloric or metaphosphoric acid of equal 

strength can also be used). 
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FIG. 5A and B. Ultraviolet absorption spectrum of GSH-FP 

(0, l ), cysteine-FP (A, A) and FP (0, W) at pH 8.1 (0, A, Cl) 
and at pH 2 (0, A., n ) . The thiol-FP compounds were produced 
as described under the section on “Standard Procedure (Stage I)” 
in 0.56 M borate buffer, pH 8.1. To obtain the absorption spectra 
at pH 2 the products of the reaction were acidified with 0.2 ml. of 
5 N HCl. 

range of concentrations (Fig. 6). Results were reproducible 
within the limits of 5 per cent. 

Intwjerence-The same substances which did not interfere 
with the determination of cysteine (salts, protein hydrolysate) 
were found also not to affect the estimation of GSH. This 

. method does not distinguish between GSH and other Type I 
thiol compounds and therefore their presence will interfere with 
the assay of glutathione. 

Determination of GSH and Cysteine in Mixture of Both Com- 
pounds-In acid medium (pH 2) at X 285 rnp the Emad of GSH- 
FP (!$F) = 3.0) and that of cysteine-FP (E$$ = 3.5) are of a 
similar magnitude, whereas at X 320 rnp the light extinction co- 
efficient of GSH-FP (Es{=) = 0.3) is only a small fraction of that 
of the cysteine-FP compound (Eyg = 3.6). This large difference 
in the contribution to light absorption by the two compounds al- 

FIG. 6. Standard curve for the determination of GSH. The 
conditions of the experiment were as described under the section 
on “Standard Procedure.” Each mark on the plot represents the 
mean value obtained from three determinations. 

lows the computation of their respective concentrations from two 
simultaneous equations. 

Procedure-Proceed exactly as described under the section on 
standard procedure for the determination of GSH. Measure the 
light extinction coefficient of the acidified reaction product at the 
wave lengths of 285 and 320 mE.c. Calculate the concentration of 
GSH and cysteine from the following equations: 

Es6 = EF$r[GSH] + Eyg[Cysteine] 

EaZO = Ezan[GSH] + Etg[Cysteine] 

The brackets denote millimolar concentrations. In mixtures in 
which the concentration of GSH varied from 0.05 to 0.15 IllM 

and that of cysteine from 0.03 to 0.10 mM this method gave 
satisfactory results (Fig. 7A and 7B). 

DISCUSSION 

The most widely used methods for the determination of thiol 
compounds, like the reaction with sodium nitroprusside (4) 
or with p-chloromercuribenzoate (5)) do not distinguish between 
glutathione and other mercaptans. The present method which 
is based on the interaction between FP and GSH in borate solu- 
tion compares favorably in its sensitivity with the above methods. 
It also allows a quantitative estimation of GSH and cysteine, 
within certain concentration limits, in a mixture of the two 
compounds. It is surpassed in specificity by the alloxan method 
(6) and the enzymatic glyoxalase test (7). It has, however, 
the advantage of being rapid and simple and of allowing in one 
determination the estimation of both the concentration of 
cysteine and GSH. 

The effect of borate on the spectrum of GSH-FP resembles in 
many respects that reported recently for p-hydroxyphenylpyruvic 
acid (8). In the latter case, borate was shown to shift the 
equilibrium between two tautometric forms in favor of the enol 
form due to complex formation. Concomitantly with the 
enolization, the absorption peak was displaced from 260 to 300 
rnp. The similarity between the spectral response to borate of 
p-hydroxyphenylpyruvic acid on the one hand, and of SH-FP 
compounds (of the general formula RCH2SCH&OCOOH) and 
,&mercaptopyruvic acid (SHCH2COCOOH) on the other hand, 
suggests that in all three cases a common reaction mechanism, 
enolization of the cr-carbonyl with the formation of a system 
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FIG. 7A 

FIG. 7A and B. Correlation curves between the actual con- 

centration of GSH and cysteine in a mixture of the two and the 
concentration measured in the assay (the conditions of the ex- 
periment and the method of calculation are described in the test). 

The actual concentration of the component was estimated by 
iodine titration of the stock solutions. In Fig. 7A (left) the 

(RCH=C(OH)COOH), with a conjugated double bond, might 
be involved. The slight differences in the location of the peaks 
might be attributed to the dissimilarity of the substituents 
(-R groups). It is of interest to note also the resemblance 
between the spectrum of the above compounds and that of the 
glutathione-alloxan complex (6). In the case of cysteine and 
related compounds, that produce, with FP, compounds with a 
high absorption peak also in the absence of borate, the a-amino 
group could be responsible for the enolization. The possibility 
that the amino group exerts its effect by an intramolecular 
interaction with the enol-hydroxyl is being investigated. 

SUMMARY 

1. Addition of borate to the product of interaction between 
fluoropyruvic acid and thiol compounds, which have no free 

Actual concentration of GSH(mM) 
FIG. 7B 

actual concentration of GSH is indicated on the abscissa and that 

of cysteine as follows: 0, no cysteine; A, 0.033 mM; 0, 0.066 mM; 
0, 0.100 mM. In Fig. 7B (right) the actual cysteine concentra- 
tion is indicated on the abscissa and that of GSH by the following 

marks : 0, no GSH; A, 0.050 mM; n , 0.100 mM; and q , 0.150 mM. 
Each mark represents the mean value from three experiments. 

amino group in the (Y or fl position, produced a shift in the 
absorption peak from 275 to 290 rnp with a concomitant in- 
crease in absorbancy. 

2. The high extinction of the resulting borate complex was 
utilized for the spectrophotometric determination of reduced 
glutathione. 

3. The spectral differences existing between the glutathione- 
fluoropyruvic acid and the corresponding cysteine derivative, 
made possible the determination of both mercaptides in a 
mixture of the two. 

4. Some aspects of the mechanisms of the reaction are dis- 
cussed. 

Acknowledgment-The author is grateful to Prof. E. D. 
Bergmann for his advice and for the samples of FP. 
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