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Abstract

Background: The most important antioxidant for eryth-
rocytes is glutathione. In this study, a non-enzymatic
recycling spectrophotometric method was developed to
measure oxidized and reduced glutathione (GSH) levels in
erythrocytes. The newly developed method consists of two
steps. In the first step, the levels of GSH were determined
in the sample. Subsequently, total glutathione levels were
measured by reducing the oxidized glutathione (GSSG)
with sodium borohydride (NaBH,). Half of the difference
between total glutathione and GSH gives the GSSG.
Results: The new method was linear between 0 and 3000
umol/L (’=0.999). The percentage recovery measured by
the developed method was 100.2+2.4%. The total precision
of the total glutathione, GSH and GSSG was 1.26%, 1.02%
and 6.65%, respectively. GSH levels were significantly lower
in patients with type 2 diabetes mellitus (DM), while GSSG
levels were significantly higher (p <0.05). Hemoglobin A,
(HbA,) levels were negatively correlated with GSH levels,
whereas positively correlated with GSSG (p < 0.05).
Conclusions: In conclusion, this method is easy to apply
in routine practice with high accuracy, precision and
reproducibility.

Keywords: antioxidant; erythrocyte; method; oxidation;
oxidized glutathione (GSSG); reduced glutathione (GSH).

Introduction

Glutathione, apart from being an important antioxidant, is
the main low-molecular-weight thiol-containing peptide
with its cysteine residue present in most living cells. Its
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reduced and oxidized forms are indicators of the oxida-
tion-antioxidation status [1]. Intracellular glutathione has
two different forms, one of which is reduced glutathione
(GSH) and the other being oxidized glutathione (GSSG).
Glutathione participates in many metabolic processes
such as quenching free radicals and peroxides, transfer-
ring amino acids into the cell, conjugation of toxic metab-
olites and compounds, cellular signaling and regulation
of proteins [2]. Hence GSH/GSSG homeostasis has been
a consistently attractive concern and is often determined
in many conditions. But so far, there is no cheap, practi-
cal, easy, spectrophotometric method for measuring oxi-
dized, reduced and total glutathione levels, without using
enzymes to reduce the GSSG.

Erythrocytes are exposed to oxidative stress from a
wide range of sources compared to other somatic cells.
As they are O,-transferring cells that contain hemoglobin,
they produce O,” and H,0, with continuous autoxidation
[3]. Furthermore, they cannot synthesize degradable pro-
teins because they are non-nucleated cells. Therefore,
oxidative stress is the main cause of erythrocyte damage
[4]. Besides that, erythrocytes are equipped with strong
antioxidant defense such as GSH [3]. Hence, measuring
GSH and GSSG levels of erythrocytes has been a topic of
interest all the time.

Many methods were described to measure the level of
glutathione since Ellman published an article about the
determination of sulfhydryl groups in biologic samples in
1959 [5]. GSSG levels were first measured by the enzymatic
recycling method described by Tietze [6] and discovered by
Owens and Belcher [7]. These methods depend on oxida-
tion of 5,5’-dithiobis(2-nitrobenzoic acid) (DTNB, Ellman’s
reagent) to 5-thio-2-nitrobenzoic acid (TNB), which is spec-
trophotometrically active at 412 nm. A spectrophotometric
end-point method dependent on the consumption of nico-
tinamide adenine dinucleotide phosphate (NADPH) by
glutathione reductase was introduced [8]. To measure GSH
levels, firstly proteins must be removed from the sample.
For this purpose, acidification with 5-sulfosalicylic acid,
trichloroacetic acid (TCA), trifluoroacetic acid, perchloric
acid or mercaptopropionic acid (MPA), ultrafiltration and
addition of an organic solvent such as acetonitrile are used
[9]. Another step for determination of glutathione is the
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reduction of GSSG. Besides glutathione reductase, many
different reductant molecules were used such as dithi-
othreitol (DTT), dithioerythritol, dithionite, sodium and
potassium borohydride, tris(2-carboxyethyl)phosphine
(TCEP), triphenylphosphine and tributylphosphine [9].
Derivatization with N-ethylmaleimide, 2-vinylpyridine, etc.
[10] or acidification of the medium [11] was used to over-
come the overestimation of GSH which is a consequence of
the self-oxidation of GSH. After protein removal, reduction
of GSSG and inhibition of self-oxidation, various detection
procedures were described using spectrophotometry, fluor-
imetry, high-performance liquid chromatography (HPLC),
mass spectrometry or electrochemical analysis [12].

To the best of our knowledge, there is no spectro-
photometry-based, non-enzymatic recycling method to
measure GSSG and GSH. This study aimed to develop a
spectrophotometric method based on sodium borohy-
dride (NaBH,) as a reductant.

Materials and methods

Chemicals

NaBH,, 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB, Ell-
man’s reagent), methanol, hydrochloric acid (HCl),
ethylenedinitrilotetraacetic acid (EDTA), Trizma base,
TCA, sodium hydroxide (NaOH), L-glutathione reduced
(GSH), L-glutathione oxidized (GSSG), 2-mercaptoetha-
nol, DTT, hydrogen peroxide solution (H,0,) and sodium
chloride (NaCl) were purchased from Sigma-Aldrich
Inc. (Taufkirchen, Germany) and Merck Co. (Darmstadt,
Germany). All chemicals were ultrapure grade, and type-1
reagent-grade deionized water was used.

Apparatus

A Cobas c501 automated analyzer (Roche-Hitachi, Man-
nheim, Germany), a Shimadzu UV-1800 spectrophotom-
eter with a temperature-controlled cuvette holder (Kyoto,
Japan), an Inolab WTW 730 pH meter (Weilheim, Germany),
a Lab Companion BS-21 water-bath (Seoul, South Korea)
and a Thermo Scientific Varioskan Flash multimode reader
(Waltham, MA, USA) were used.

Samples

Whole blood samples were drawn from healthy individu-
als and patients with type 2 diabetes mellitus (DM) into
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commercially available EDTA-treated tubes by a trained
phlebotomist. Venous blood samples were washed with
0.9% NaCl solution 3 times. Then, erythrocytes were lysed
with distillated water and proteins were precipitated with
20% w/v TCA solution (three parts erythrocyte lysate and
one part 20% w/v TCA solution, final concentration 5%
TCA in the medium). After the precipitation procedure, the
supernatant of the samples was collected. If the samples
were not used instantly, they were stored at -80 °C. The
research related to human use has complied with all the
relevant national regulations and institutional policies,
is in accordance with the tenets of the Helsinki Declara-
tion, and has been approved by the by the Local Ethics
Committee of the Ankara Yildirim Beyazit University
(approval number: 26379996/144). Informed consent was
obtained from all individuals included in this study.

Assays
Principle of the new assay

GSSG in the samples treated with TCA solution was
reduced with reagents including NaBH, and NaOH to form
GSH. NaOH was used to increase the pH, which was low
due to the utilization of TCA solution, to enable the reduc-
tion of the GSSG molecules. NaBH, was used as a reduct-
ant. After the reduction was completed, HCI solution was
added to remove the remnant NaBH, in order to prevent
extra-reduction of DTNB molecules and re-oxidation of
GSH molecules. GSH levels were measured using the
Ellman method that was modified by Hu [13] using 500 mM
Tris solution (pH: 8.2). In this method, thiol residues of
GSH reduced the DTNB molecules to 2-nitro-5-benzoic
acid which has an absorbance at 412 nm spectrophoto-
metrically. GSH was measured before and after the reduc-
tion process. After dilution factor multiplication, the GSH
content was subtracted from the total GSH (GSH + GSSG)
content and divided by two equals to the GSSG amount.

Assay reagents
The assay depends on two measurements of GSH before
and after reduction of GSSG.

Reductant reagent (for reduction of GSSG)

Reductant reagent (RR) was formed by dissolving 132.4 g
of NaBH, and 60 g of NaOH in 1000 mL of water-methanol
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solution (50% v/v). The final concentration of NaBH ,and
NaOH was 3.5 M and 1.5 M, respectively. The reagent was
produced freshly and used day-to-day.

Stopping reagent

Twelve molar HCl solution was used as the stopping
reagent (SR) to remove and stop the NaBH, reactions.

Reagent 1

Reagent 1 (R1) was formed by dissolving 3.8 g EDTA (final
concentration: 10.0 mM) in 1000 mL Tris buffer, 500 mM and
PH 8.2. This reagent is durable for at least 6 months at 4 °C.

Reagent 2

Reagent 2 (R2) was formed by dissolving 3.963 g of DTNB
in 1000 mL of methanol (final concentration: 10.0 mM).
The reagent was produced freshly and used day-to-day.

Measurement of GSH, GSH+ GSSG and GSSG
levels

The supernatant of the precipitated erythrocyte lysate
by TCA was used as the sample. The amount of superna-
tant of GSH was measured directly. The procedure for the
reduction of GSSG was conducted before measurement of
GSH + GSSG.

Reduction procedure

Six hundred microliters of supernatant was added into
10-cm secondary tubes (reaction of NaBH, causes bub-
bling, so it is important to use long tubes to prevent
sample loss). Then, 150 uL of RR was added. After 15 min
of incubation, 70 uL of SR was added and then measured
according to the automated measurement procedure.

Automated measurement procedure
R1volume: 110 pL (R1: 10 mM EDTA in Tris buffer, 500 mM,
pH: 8.2)
Sample volume: 10 puL
R2 volume: 10 pL (R2: 10 mM DTNB in methanol)
Wavelength: The main wavelength is 415 nm, and the
secondary wavelength is 700 nm (optionally dichromatic)
Reading point: End-point, increasing measurement;
the first absorbance is taken before the mixing of R1 and
R2 and the last absorbance is taken when the reaction
trace draws a plateau (assay duration is about 10 min).
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Calibration type: Linear (GSH is used as the calibrator
for the assay)

The results must be multiplied with the dilution
factors resulting from dilution with TCA for GSH and
TCA, RR, and SR for GSH + GSSG. If the all volumes of the
samples and reagents are arranged in the same ratio, the
assay can also be applied manually using spectrophotom-
eters. Use of a secondary wavelength is optional.

GSH and GSSG measurement with the
commercial enzymatic recycling
colorimetric kit

Enzymatic recycling of GSSG measurement was con-
ducted using the commercially available GT40 GSH/GSSG
microplate assay kit (Oxford Biomedical Research, MI,
USA). Briefly, GSH is determined directly by DTNB, and
the GSSG molecules are measured after reduction with
glutathione reductase enzyme to GSH molecules.

HbA, measurement

Hemoglobin A, _(HbA, ) levels were measured by using the
commercially available turbidimetric inhibition immunoas-
say (TINIA) kit (Roche Diagnostics, Mannheim, Germany).

Statistical analysis

Distribution of variables was evaluated by using the Sha-
piro-Wilk test. Parametrically distributed variables were
compared with paired Student’s T test or Student’s T test.
Non-parametrically distributed variables were compared
using the Wilcoxon rank test or the Mann-Whitney U test.
Comparison tests, variance analysis, correlation analyses
and linear regression analyses were performed using the
IBM SPSS Statistics (Version 20) computer program (IBM,
Armonk, NY, USA, 2011).

Results

Optimizations of NaBH,, NaOH and HCl
concentrations

While preparing the supernatant, 20% TCA was used
and this provides the acidity of the supernatant. The
concentration of this TCA solution in the sample was
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approximately 306 mM. NaBH, can reduce the GSSG mole-
cules at alkaline pH. Therefore, the pH of the supernatant
was increased by using NaOH. Optimization of NaOH
concentration was firstly evaluated with a pH meter, by
changing the concentration of NaOH while other chemi-
cals’ concentrations were kept constant. The optimal
concentration of NaOH was found to be 1.5 M in solution.
NaBH, concentration is important because all the GSSG
molecules must be reduced and the remnant NaBH, must
be removed from the media. If it is inadequate to reduce
all the GSSG molecules, this causes false low results. If
NaBH, is not removed completely, it causes the reduction
of the formed GSH-TNB bonds and false results, eventu-
ally. If GSSG solution was used as a sample, 35 mM NaBH,
was adequate. However, in supernatant samples, this con-
centration was insufficient to reduce all the GSSG mole-
cules. The optimum NaBH, concentration was 3.5 M in the
solution. To remove the remnant NaBH, from the media,
HCI was used. Twelve molar HCl was used to not increase
the dilution factor. The optimum HCI volume was 70 uL
for 150 pL of the reductant reagent, although the optimal
time of adding HCl was important to ensure that NaBH,
reduced all of the GSSG molecules. In addition, NaBH ,was
consumed spontaneously and permitted the re-oxidation
of the GSH molecules because of alkaline pH. The optimal
time of adding HCl was found to be 10-20 min after RR was
added. Optimal concentrations of the solutions used were
determined by changing the concentration of one chemi-
cal at once while other chemicals were kept constant, or
by the dynamic change of concentrations of all chemicals.

Reaction kinetics of blank, GSSG and
supernatant samples

Reaction kinetics of various samples and 5% TCA solu-
tion (as blank) which were measured before and after the
reduction process in the automated analyzer are shown in
Figure 1.
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Monitoring GSH-GSSG exchanges of samples
by auto-oxidation

Pooled and equally separated whole blood samples
were left for auto-oxidation at 37 °C in water-bath from O
to 3180 min. Until 540 min, there was no change in the
GSH+GSSG levels, while increase in GSSG levels and
decrease in GSH levels were observed. After 540 min,
advanced oxidations of GSSG and GSH were seen
(Figure 2).

Linearity

The linearity of the assay was generated with serial dilu-
tion of GSSG solution and with the pool of the superna-
tant. The upper limit of the linearity of GSSG was 3000
uM. The regression formula of the concentration of
diluted GSSG solution and measured levels of GSSG was
conducted. The slope was calculated as 0.9997 + 0.0014
and the intercept was calculated as 0.395+ 0.848. Also,
the linearity of diluted supernatant pool samples was
conducted. The correlation coefficient (r2) for GSH,
GSH + GSSG and GSSG was calculated as 0.999, 0.999 and
0.963, respectively.
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Figure 2: Alteration of GSH, GSH+GSSG and GSSG levels in whole
blood let to sample auto-oxidation at 37 °C.
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Figure 1: Reaction kinetics of the assay pair of 5% TCA solution as a blank, GSSG solution, GSH solution and supernatant pool samples.
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Lower detection limit

The detection limit of the assay was determined by meas-
uring the zero calibrator 10 times. The detection limit,
defined as the mean value of zero calibrator + 3 standard
deviations (SDs), was 2.96 uM.

Analytical recovery

The percentage recovery of the new method was
determined via the addition of 60 uM GSSG to super-
natant samples. The mean percentage recovery was
100.2£2.4%.

Analytical sensitivity

The analytical sensitivity was 10.12x10™* absorbance/
amount, [A x (uM)™] for GSH calculated from the calibra-
tion line.

Precision

Precision of the new assay was determined by serial
testing in three sample groups: the supernatant pool, 100
uM and 500 uM of GSSG solution. Total precision was cal-
culated between 1.02 and 6.65% for samples, as shown in
Table 1.

Method comparison

The commercial kit was used to compare with the new
method. Correlations of GSH, GSH + GSSG and GSSG were
calculated as 0.901, 0.913 and 0.603; respectively (p <0.001
for each). Also, auto-oxidized samples incubated in water
bath at 37 °C were used to compare the two methods. Mean
GSH + GSSG levels and precision of the two methods were

Table 1: Precision of the new assay in sample groups.
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Figure 3: Comparison of the new method and the commercial kit in
the alteration of GSH, GSH+ GSSG and GSSG levels in whole blood
let to sample auto-oxidation at 37 °C.

calculated as 1189.3+75.7, 6.36% and 1084.3 +1433, 1.32%
for the commercial kit and the new method, respectively
(Figure 3).

Comparison of type 2 DM patients with
healthy volunteers using both the novel and
the commercial kits

Samples of patients with DM and healthy volunteers
(control) were measured with the new assay and the com-
mercial kit. GSH were decreased and GSSG were increased
significantly in the DM group compared to control
(p<0.05, Table 2, Figure 4). A positive correlation was

Interassay CV% Between-run CV% Between-day CV% Total CV% Mean £ SD
500 uM GSSG solution 0.80 0.49 0.83 1.25 499.6 4.9
100 uM GSSG solution 1.18 1.42 1.81 2.58 99.8+£2.0
Supernatant pool GSH+GSSG 0.48 0.34 1.11 1.26 815.8£9.5
Supernatant pool GSH 0.49 0.15 0.88 1.02 670.5+£6.2
Supernatant pool GSSG 2.57 3.37 5.13 6.65 64.1+3.7

CV, coefficient of variation; GSH, reduced glutathione; GSSG, oxidized glutathione; SD, standard deviation.
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Table 2: Comparison of demographic characteristics, hemoglobin
and HbA levels and levels of glutathione parameters of the DM
group with the control group.

Control (n=25) DM (n=25) p-Value
Age, years 50.92+9.16 56.7+11.9 0.060
Gender, female/male 11/14 13/12 0.571
GSH+GSSG, umol/L*  1004.0+154.0 969.2+140.7 0.408
GSH, umol/L? 865.6+147.8 767.9+£127.3 0.016
GSSG, umol/L? 69.2+33.4 100.7+24.1 <0.001
GSH+GSSG, umol/L®  1101.4+200.1 1052.7+182.4 0.373
GSH, umol/L® 1061.8+203.8 946.2+172.7 0.036
GSSG, umol/L> 19.8+23.4 53.3+14.2 <0.001
Hemoglobin, g/dL 13.9+1.5 13.6+3.0 0.641
HbA, , mmol/mol 73.81£19.0
HbA. , % 8.9+1.7

1c?

New method. "Commercial kit. DM, diabetes mellitus; GSH, reduced
glutathione; GSSG, oxidized glutathione; HbA , hemoglobin A, .
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Figure 4: Comparison of DM patients with the control group.

Table 3: Correlation of HbA _levels with the GSH and GSSG
parameters.

HbA , % HbA, , mmol/mol

r p-Value r p-Value

GSH, umol/L? -0.313 0.049 -0.332 0.036
GSSG, umol/L? 0.357 0.024 0.359 0.023
GSH, umol/L® 0.050 0.759 0.041 0.799
GSSG, umol/L® -0.349 0.027 -0.351 0.026

aNew method. *Commercial kit. GSH, reduced glutathione; GSSG,
oxidized glutathione; HbA , hemoglobin A_; r, Pearson correlation
coefficient.

1c’ 1c?

observed between HbA _and GSSG in the new method,
whereas a negative correlation was observed in the com-
mercial kit (r=0.357 and r=-0.349; respectively) (Table 3).
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Discussion

Glutathione is one of the most important antioxidants of
the intracellular compartment [14]. It has various impor-
tant metabolic functions such as detoxification, signal
transduction, synthesis of DNA and protein, cell prolifera-
tion and apoptosis, mitochondrial function, neurodegen-
eration, and protection of cognitive function of the brain
[2]. Therefore, it may play a role in the pathogenesis of
many diseases such as neurological disorders, fibrosis of
organs, cardiovascular disease, DM and liver diseases [15].

The first method was to measure sulfhydryl groups,
as described by Ellman in 1959 [5]. Since then, many new
methods have been described to measure plasma, tissue
and/or intracellular levels of reduced and oxidized levels
of glutathione. Most of these methods require sophisti-
cated devices, including high-performance liquid chro-
matography (HPLC) methods, bioluminescence methods,
fluorometric methods, nanosensor methods, liquid
chromatography-mass spectrometry (LC-MS) and gas
chromatography-mass spectrometry (GC-MS) [9, 16, 17].
Nowadays, all described spectrophotometric methods to
measure GSSG levels demand enzymes as reagents [6, 8,
18]. This new assay is a spectrophotometric method using
NaBH, as a reagent. Basically, total and reduced levels of
GSH were measured, and GSSG levels were calculated.

To date, several reducing agents have been used to
reduce GSSG in the GSSG/GSH measurements, such as
DTT, 2-mercaptoethanol, sodium and potassium borohy-
dride, tris(2-hydroxyethyl) phosphine, TCEP, and trime-
thyl-TCEP [19]. However, in colorimetric methods using
DTNB and 4-dipyridyldisulfide (4-DPS), reducing agents
may falsify these measurements by reducing these mole-
cules [9, 19]. Furthermore, the reducing agents (especially
DTT, 2-mercaptoethanol, etc.) which contain the sulfhy-
dryl group also affect the fluorometric measurements [20].
Therefore, these molecules must be removed from the
media after all GSSGs are reduced. To date, many methods
have been used to remove NaBH,, such as the dialysis
system [21], acid addition to the medium [22] or the use
of formaldehyde [23]. In the novel method, HCl was used
to remove NaBH,. The formation of foam and gas after the
reaction of NaBH, with acid is another problem [20]. This
problem is handled by performing the operations in long
tubes.

The reduction property of NaBH, varies depending on
its concentration, the time of application and the sample
itis applied to. Erel and Neselioglu [23] used 10 mM NaBH,
and incubated for 2 min to determine the disulfide in the
serum sample. Hansen et al. [24] incubated the sample
with 7.9 M NaBH, (0.93 M in the reaction medium) for
30 min using the HPLC method. In the novel method, the
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minimum NaBH, concentration required for the GSSG
solution was about 35 mM in the reaction medium and
higher levels of NaBH, (about 500 mM) for the hemolysate
supernatant pool. It was thought that, this situation was
due to the different matrix of hemolysate supernatant
pool compared to the GSSG solution prepared using pure
water and GSSG.

NaBH, completed the reduction reaction in minutes
at high concentrations; however, in order to complete
at lower concentrations (40-100 mM), either heating
or waiting for longer than 30 min is necessary [24].
After making sure that it reduced GSSG, the remnant of
NaBH, solution used (in the newly developed method)
was removed with HCl. When the time of adding HCl
is between 10 and 20 min, it is shown to be consistent
in the results. Early addition of HCI causes differences
among measurements. This difference was reasoned to
the removal of NaBH, from the environment before pro-
viding adequate reduction of all GSSG in all samples.
In addition, delayed addition of HCl resulted in lower
results. It was detected that this is due to the re-oxidation
of GSH. It is known that GSH is not re-oxidized in acidic
medium [25]. Therefore, once the reduction is complete,
the reaction medium should be re-acidified.

Proteins containing other thiol groups in the samples
should be removed in GSSG measurement methods. Acids
such as TCA and MPA are used for this purpose [26]. TCA
is used for this purpose in the novel method, causes the
samples to be acidic, and this acidity leads to depletion
of NaBH,. NaOH was added in the NaBH, solution to solve
this problem.

Another problem in GSH and GSSG measurement
methods is that auto-oxidation of GSH causes false high
GSSG results [9]. In order to prevent this, assays have used
thiol-masking agents, such as N-ethylmaleimide, 2-vinyl
pyridine, 1-cyano-4-dimethylamino-pyridinium [27], or
acidification [25]. The newly developed method used
acidity to prevent this situation.

GSH, which is the most important antioxidant of the
cell, returns to GSSG by oxidation in the presence of an
oxidant [28]. An auto-oxidation study was performed by
allowing whole blood samples to oxidize at 37 °C over
time. In these whole blood samples, which were left to
auto-oxidation, GSH+ GSSG levels remained stable,
whereas GSSG increased with the decrease of GSH levels
as expected. However, after 9 h, it was observed that irre-
versible oxidation started with a decrease in GSH + GSSG.
In addition, this auto-oxidation study was repeated,
comparing with the commercial kit. The newly devel-
oped method showed oxidation from the beginning,
while the commercial kit did not exhibit oxidation until
irreversible oxidation occurred. Furthermore; in the time
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interval that % coefficient of variation (CV) is expected
to be constant, the % CV of the commercial kit was 6.36,
while the % CV of the newly developed method was 1.32.
As the upper measurement limit of the commercial kit
is 6 umol/L of GSH, this is thought to be due to dilution
of samples with a very high dilution rate of about 500
times.

In the literature, GSH and GSSG levels have been
studied in many diseases. Delmas-Beauvieux et al. [29]
found the levels of GSH and GSSG from whole blood of
AIDS patients to be 520 and 180 pumol/L, respectively; in
healthy volunteers, these parameters were measured to be
1100 and 90 pumol/L, respectively. In a study conducted by
Navarro et al. [30], patients with lung and breast cancer
were compared with healthy individuals. GSH and GSSG
levels were 1037 and 26 umol/L in lung cancer, 995 and
26 in breast cancer, and 930 and 26 umol/L in the control
group, respectively. Spickett et al. [31] measured GSH
and GSSG levels in preeclampsia patients to be 562 and
344 pumol/L, respectively, while the levels were 756 and
322 umol/L in the control group, respectively. Samiec
et al. [32] determined the GSH and GSSG levels in DM
patients to be 713 and 135 umol/L, respectively, whereas
in the control group, they were measured to be 962 and
84 umol/L, respectively. In another study, lower GSH
levels were found in DM compared to healthy individuals
[33]. In another DM study, GSH levels were significantly
lower in the DM group (5.14+0.17 umol/g Hb) than the
control group (6.22+0.13 umol/g Hb). Also, they found
a negative correlation between HbA, and GSH (r=-0.42,
p<0.001) [34]. De Mattia et al. ascertained the erythrocyte
GSH concentrations of DM patients to be lower than the
control group, whereas the GSSG levels were higher [35].
Similarly, a preliminary study, conducted with the newly
developed method, comparing DM patients with a control
group, demonstrated higher GSSG levels and lower GSH
levels in the DM group. Similar to the previously reported
values, a negative correlation between the levels of GSH
and HbA and a positive correlation with HbA, levels
and GSSG levels was established by our newly developed
method.

Conclusions

In conclusion, most of the current methods that measure
the GSH and GSSG require sophisticated devices such as
HPLC, fluorometer, GC-MS and LC-MS. Moreover, spectro-
photometric methods which are currently being utilized
are expensive methods due to the enzyme and coenzymes
used as reagents. This newly developed method is easy to
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apply and cheaper, showing similar accuracy, precision
and repeatability to the values with currently existing
spectrophotometric methods.
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