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Abstract: Glutathione is a tripeptide natural product characterized by a non-canonical peptide
bond with an amide moiety linking the nitrogen of cysteine to the γ-carboxyl of glutamate, and is
found ubiquitously in nature, in animals, plants and microorganisms. One of the most abundant
biological matrices is represented by erythrocytes, being glutathione the only sulfur-containing
mechanism for the red blood cell oxidative protection. Several analytical methods for glutathione
determination from different samples are described in the literature and most of these methods are
based on the use of high-performance liquid chromatography. HPLC equipment is not available in
all the biochemical laboratories, and, moreover, displays lot of economic and ecological limitations,
including organic solvent consumption and time-consuming analysis. Here, an organic-free high-
throughput fluorometric methodology for the analysis of total glutathione in erythrocytes is reported,
avoiding the use of time-consuming and not-sustainable techniques.

Keywords: glutathione; ortho-phthalaldehyde; erythrocytes; spectrofluorometry

1. Introduction

Erythrocytes are the blood cells with one of the most important roles for living beings,
which is oxygen transport to all the districts of the organism. They are free of nuclei,
and are unable to perform the transcription process and protein synthesis. The most
important defense and chemical weapon of erythrocytes against oxidative damages and
toxic compounds is glutathione (GSH). GSH is a tripeptide (γ-L-glutamyl-L-cysteinyl-
glycine) characterized by a non-canonical peptide bond, with an amide moiety linking the
nitrogen of cysteine to the carboxyl in the γ-position of the glutamic acid, and is found
ubiquitously in nature, animals, plants and microorganisms. GSH in the red blood cells is
present in the millimolar (mM) concentration range and plays a focal role in the thiol-based
cell redox signalling and defence [1].

In human blood, glutathione levels are much higher in erythrocytes than in plasma
and are often difficult to measure because of the presence of ferric ions (Fe3+), which
accelerate the oxidation of GSH to GSSG (disulfide oxidized glutathione) [2]. There are
several methodologies, mostly HPLC-based, for the determination of GSH in different
biological samples (GSH, GSSG, total GSH) [3–7]. The most common methods for HPLC
determination of GSH utilize pre-column derivatization of the molecule to produce a
chromophore of fluorophore moieties. A lot of derivatizing agents, with different chemical,
physical and spectroscopic features, are described in the literature [8–10].

Several methods utilize differential quantification of the reduced GSH and the oxidized
GSSG to evaluate the molar ratio between the two forms [11,12]. This procedure implies
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the protection of SH moiety with alkylating agents such as N-ethymaleimide (NEM) or
other SH-blocking agents.

The determination of total glutathione (reduced and oxidized) content in red blood
cells (physiologically in the range between 0.4 and 3 mM) is very important data, which
indicate the amount of synthetized and transported GSH by the erythrocytes, and it is
indicative of their functionality and of particular oxidative stress conditions such as diabetes
and other oxidative metabolic pathologies [13,14]. The analysis of total GSH content is
based on previous reduction in all oxidized glutathione (GSSG) and all protein-bound GSH
(GS-Sprotein).

In this work ortho-phthalaldehyde (OPA) was used as a derivatizing reagent, which
forms a sensitive and stable fluorescent isoindole product with GSH, avoiding the addition
of other co-reacting thiols for the reaction to occur (Figure 1) [15,16].
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fluorophore (right).

The aim of this work was to set up and optimize a rapid and simple microplate
fluorometric method for total GSH determination in red blood cells, avoiding the use of
HPLC chromatographic separation and allowing the analysis of a high number of samples
simultaneously with minor costs, shorter analysis time and no extensive sample processing.

2. Results
2.1. Optimized Fluorometric Method

After collection, whole-blood samples were centrifuged, and the plasma and the buffy
coat layer of white blood cells was removed. The erythrocytes pellet was lysed in four
volumes of water by freezing and thawing for three times, and treated with 1:5 volume of
tributylphosphine (10% solution in DMF) for the reduction in GSSG and the protein-bound
GSH. Free proteins were precipitated with two volumes (2:1) of 10% metaphosphoric acid
at 4 ◦C for 30 min. Samples were centrifuged at 15,000× g for 30 min at 4 ◦C, and 20 µL of
supernatant (sample or analytical standard) was diluted with 300 µL of 0.1 M phosphate
buffer pH 8.0 (containing 0.1% EDTA) and derivatized with 20 µL of o-phthaldialdehyde
(OPA) solution (1 mg/mL in methanol). After incubation in the dark at room temperature
for 15 min, and subsequent fluorophore formation, 200 µL of each sample or standard were
placed in a 96-well dark plate and analysed by a spectrofluorometric multiplate reader
(Appliskan, Thermo Fischer, Waltham, Massachusetts, USA; Lex: 340 nm, Lem: 450 nm),
and the remaining aliquot was used for HPLC determinations. GSH intracellular levels
were expressed as millimolar concentrations (mM), which referred to the initial volume of
red blood fraction.

The GSH calibration curves display a good linearity in the range 0.5–5 mM (R2 = 0.9919)
(Figure 2). An aliquot of each sample after OPA derivatization was withdrawn and analysed
via HPLC for comparative evaluation of GSH concentration with the chromatographic
validated quantification. The limit of detection (LOD) and limit of quantitation (LOQ) were
determined by calculating the signal-to-noise (S/N) ratio by the analysis of samples with
decreasing concentrations of GSH. LOD, with this direct fluorometric method, corresponds
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to 0.15 mM, and LOQ to the lowest concentration values used in the calibration plot, which
is 0.5 mM.
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2.2. HPLC Glutathione Determination

The previously described OPA reaction mixture (50 µL) was analyzed by HPLC. The
chromatographic system was equipped with a Waters 600F pump and controller, and a Wa-
ters 717 auto-sampler. The reverse phase column was an X-Bridge C18, 5 µm, 4.6 × 150 mm
column associated with a C18, 3.9 × 20 mm guard column (Waters Corporation, Milford,
MA, USA). The mobile phase consisted of 15% (v/v) methanol in 25 mM Na2HPO4, pH 6.0.
Figure 3 shows the isocratic elution of the GSH-OPA derivative at 37 ◦C, with a flow rate
of 0.6 mL/min (Figure 3). The excitation/emission wavelengths were set to 350/420 nm in
a Shimadzu RF551 spectrofluorometric detector. A calibration curve was performed in the
same conditions of the real samples, as previously described (Figure 4). The instrument
control and data acquisition were carried out using the Waters Millennium32 software
(Milford, MA, USA). As known from literature, OPA derivatization of GSH and HPLC
chromatographic analysis are validated methods with total recovery and high stability of
the indole fluorescent analyte [15,17].
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2.3. Method Comparison

The comparative analyses of different RBC samples evidenced that the results obtained
with the optimized fluorometric method are in agreement, and with a very good correlation,
with the validated HPLC method. In Table 1, the GSH quantification results obtained by the
two methods are shown, and in Figure 5 the correlation graph with an R2 value of 0.9809.

Table 1. GSH concentrations of different RBCs samples obtained by the direct optimized method and
the validated HPLC one. RSD for all reported values was ≤5%.

Sample HPLC (mM) Fluorometric Method (mM)

1 0.58 0.55
2 1.83 1.96
3 1.45 1.59
4 0.78 0.86
5 0.84 0.91
6 0.91 0.98
7 1.02 1.08
8 1.15 1.22
9 1.23 1.24
10 1.48 1.53
11 1.61 1.71
12 1.72 1.66
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3. Discussion

The optimized fluorometric method reported here allows the determination of 96 sam-
ples per analysis, with respect to the well-established HPLC methods for total GSH deter-
mination in erythrocytes. In this work, the sample preparation and the derivatization were
optimized for direct fluorescence detection of the GSH-OPA isoindole derivative. As re-
ported in the literature, the advantage of OPA-GSH analytical determinations is the higher
stability of the fluorescent derivative, with respect to other fluorophores [15,17]. HPLC
still represents the best reliable technique that gives precise, accurate and validated results;
however, the procedure has a lot of economical/ecological and time-consuming limitations,
such as organic solvents consumption and larger chromatographic times. Erythrocytes
are a rich biological matrix of GSH at the millimolar scale, and the method reported here
compared to the HPLC validated method is demonstrated to be a suitable and convenient
alternative for the analysis of total GSH in red blood cells.
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