
Optimization of a fast screening method for the assessment of low molecular
weight thiols in human blood and plasma suitable for biomonitoring studies

Ivan Dukaa, Marko Geri!cb, Goran Gajskib, Maja Fri"s"ci!ca, "Zeljan Male"sa, Ana-Marija Domijana, and Petra Tur"ci!cc

aDepartment of Pharmaceutical Botany, Faculty of Pharmacy and Biochemistry, University of Zagreb, Zagreb, Croatia; bMutagenesis Unit,
Institute for Medical Research and Occupational Health, Zagreb, Croatia; cDepartment of Pharmacology, Faculty of Pharmacy and
Biochemistry, University of Zagreb, Zagreb, Croatia

ABSTRACT
An adequate level of low molecular weight thiols (LMW-SH, especially glutathione (GSH)) protects
cellular macromolecules against toxic agents, and is used as a sensitive biomarker of exposure to
toxic compounds. During sample collection, storage and preparation, non-enzymatic and enzym-
atic oxidation of LMW-SH can occur leading to analytical inaccuracy. The aim of this study was to
optimize a fast and reliable screening method for the determination of LMW-SH, mainly GSH, in
blood and plasma samples as well as to investigate the impact of storage conditions on the LMW-
SH stability. Based on our results, the described spectrophotometric method allows fast and reli-
able determination of LMW-SH in blood and plasma samples. Results on incubation of samples at
37 !C imply that synthesis of LMW-SH (probably GSH) as well as dynamic interexchange among
various thiols forms can be induced in blood cells in in vitro conditions. Importantly, the level of
LMW-SH in blood and plasma stored at "20 !C was constant, indicating that they can be stored
at "20 !C for at least 30 days. Therefore, the method is suitable for assessment of LMW-SH in
long-term human biomonitoring as well as environmental field studies, especially those involving
a large number of samples such as epidemiological studies.
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Introduction

Low molecular weight thiols (LMW-SH) present in human
plasma comprise homocysteine (HcySH), cisteinylglycine
(CysGlySH), cysteine (CyaSH) and glutathione (GSH).[1,2]

GSH is considered the most abundant LMW-SH in the cell
(up to 91%).[3–5] LMW-SHs are characterized by a sulf-
hydryl group (-SH) that is responsible for their func-
tions.[4,6] In the presence of free radicals, the reversible
oxidation of sulfhydryl group occurs, resulting in the forma-
tion of disulfides i.e. oxidized LMW-SH.[6] Due to the easy
and reversible oxidation of the sulfhydryl group, LMW-SHs
present the body’s redox buffer and are important factors in
protection from oxidative damage[2,6–9] as well as drivers of
posttranslational regulatory mechanisms.[10]

Numerous studies have confirmed that an adequate
LMW-SH level protects cellular macromolecules against
toxic agents and their lower level is related to pathological
conditions.[11–16] Therefore, the level of LMW-SH is used as
a sensitive biomarker of human and animal exposure to
toxic compounds. When dealing with multiple samples, as is
the case in large-scale human biomonitoring and epidemio-
logical studies as well as in field studies, a fast and accurate
method for determination of LMW-SH is required. During
sample collection, storage and preparation, non-enzymatic

and enzymatic oxidation of LMW-SH can occur leading to
analytical inaccuracy.[3,4,17] Thus, a pre-analytical step is a
crucial part of LMW-SH analysis.

The aim of this study was to (i) optimize a fast and reli-
able method for the determination of LMW-SH in blood
and plasma suitable for biomonitoring studies and to (ii)
investigate the impact of storage conditions on the stability
of LMW-SH in blood and plasma samples. For the first part
of the study, control blood and plasma samples were used to
establish optimal conditions for determination of LMW-SH.
In the second part of the study, blood samples were ali-
quoted and stored either in an incubator at 37 !C in humid
atmosphere with 5% CO2 for 24 h, or in a freezer at "20 !C
(for up to a month) to establish the impact of storage condi-
tions on LMW-SH levels in blood and plasma.

Materials and methods

Chemicals and standard preparation

5,50-ditiobis-(2-nitrobenzoic acid) DTNB, GSH and
Na2EDTA were procured from Sigma (St. Louis, MO, USA).
KH2PO4, K2HPO4 and trichloroacetic acid (TCA) were
obtained from Kemika (Zagreb, Croatia). All chemicals were
of pro analysis grade. GSH stock standard solution
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(0.308mol/L) was prepared by dissolving 0.284 g of GSH in
3mL of 1mol/L phosphate buffer (with 0.1mmol/L
Na2EDTA), pH 7.4. GSH working standards (at a concentra-
tion range of 14.0 to 156.0lmol/L) were prepared by a dilu-
tion of the GSH stock standard solution (0.308mol/L) with
phosphate buffer.

Blood sample collection

For the purpose of optimizing our method and testing the
stability of LMW-SH, blood samples were collected from
healthy blood donors (n# 4) who voluntarily participated in
the study. After signing a written consent, the blood donors
filled out a questionnaire. Blood donors were of both gen-
ders (age 25–40) and were previously not exposed to diag-
nostic or therapeutic irradiation, or medication that could
interfere with the results. Blood was collected in sterile con-
ditions by venepuncture in vacutainers (Becton Dickinson,
Franklin Lakes, NJ, USA) with heparin as anticoagulant.
After blood withdrawal, blood samples were immediately
placed in a freezer at "20 !C or in an incubator at 37 !C in
humid atmosphere with 5% CO2. The in vitro study was
approved by the Institutional Ethics Committee and fol-
lowed the ethical principles of the Declaration of Helsinki.

Determination of LMW-SH in blood samples

To 500 lL of blood sample, 1500 lL of 5% TCA was added
and the sample was homogenized. After centrifugation
(4000 rpm, 15min), the supernatant was collected. To
500lL of the blood supernatant, 350 lL phosphate buffer
(1.0mol/L, with 0.1mmol/L Na2EDTA, pH 7.4) and 50 lL
DTNB (1mmol/L) were added. After 5min of incubation
absorbance was measured with a UV-Vis spectrophotometer
(PG Instruments, Lutterworth, UK) at 412 nm against
blanks, and the concentration was calculated based on an
absorbance coefficient (e) of 14.15$ 103 M"1 cm"1 and
expressed in lmol/L.[18]

Determination of LMW-SH in plasma samples

Plasma samples were first treated with equal volumes of 5%
TCA and then centrifuged (4000 rpm, 15min). Afterwards,
to the plasma supernatant (500lL), 350lL of phosphate
buffer (1.0mol/L, with 0.1mmol/L Na2EDTA, pH 7.4) and
50 lL of DTNB (1mmol/L) were added. After 5min of incu-
bation, absorbance was measured as described for
blood samples.

Biological experiment set-up

The procedure with blood and plasma samples for testing
the impact of storage conditions on the stability of LMW-
SH was performed as stated in Figure 1, according to the
description presented in Table 1.

Statistical analysis

The results are expressed as mean ± standard deviation. The
normality of data was achieved using histograms,
Kolmogorov–Smirnov and Shapiro–Wilk tests. The differ-
ence among groups was tested using t-test for dependent
samples. Probability values of P< 0.05 were considered stat-
istically significant. For statistical analysis, Sigma Stat 3.0
(Stat Soft, Tulsa, OK, USA) was used.

Results and discussion

Optimization of the method for determination of LMW-
SH in blood and plasma

The most commonly used method for determination of
LMW-SH in biological samples is Ellman’s method.[18] The
sulfhydryl group of LMW-SH reacts with DTNB (5,50-
dithiobis-2-nitrobenzoic acid, Ellman’s reagent) which pro-
duces a yellow colored 5-thio-2-nitrobenzoic acid (TNB).[3]

Since the method is based on the reaction of DTNB and
sulfhydryl groups the method does not detect disulfides.[3,6]

The optimal conditions of the reaction of DTNB and sulf-
hydryl group of LMW-SH are mild alkaline (pH 7–8) and
room temperature.[3] As much as 99.8% of TNB at pH 7–8
was in the form of the intensely colored dianion, TNB2".
The obtained yellow color of TNB2- can be measured at
412 nm and the concentration of LMW-SH can be calculated
based on the molar absorption coefficient of TNB at
412 nm, which is 14.15$ 103 M"1 cm"1. In comparison to
HPLC methods, the spectrophotometric determination of
LMW-SH level is simple, fast and cost-effective.[3]

In the literature, methods for the determination of LMW-
SH in blood are rather scarce. Therefore, the first step of this
study was to optimize a method for the determination of
LMW-SH levels in blood samples. In order to deproteinize
blood samples and precipitate an interfering sulfhydryl group
containing proteins, several acids such as 5-sulfosalicylic or
hydrochloric acid were used.[19,20] However, Stempak et al.[20]

found that the use of TCA leads to the lowest interference in
supernatant and thus, TCA is more effective in protein
removal comparing to 5-sulfosalicylic acid or hydrochloric
acid. Since the reaction of the sulfhydryl group and DTNB
requires mild alkaline conditions to avoid the low pH of

Figure 1. The experimental design of the study for testing the impact of stor-
age conditions on the stability of low molecular weight thiols (LMW-SH) in
blood and plasma.
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samples due to the use of acid to precipitate proteins, 1%
TCA and 5% TCA were tested. Low concentrations of TCA
(1%) did not manage to precipitate proteins from the blood.
When 5% TCA was applied, after centrifugation, a clear
supernatant was obtained, and therefore 5% TCA was selected
(data not shown). To obtain alkaline conditions in a reaction
mixture (required for reaction of sulfhydryl group and
DTNB), 1mol/L phosphate buffer was used. Also, EDTA was
added to the phosphate buffer as a metal chelating agent to
prevent oxidation of LMW-SH.[3,4] Similarly, to deproteinize
plasma samples and enable determination of LMW-SH in
plasma, plasma samples were treated with 5% TCA.

To find optimal conditions of the method, the stability of
TNB product was tested. The oxidation of TNB was reported,
probably due to a highly reactive aromatic sulfhydryl
group.[21] Blood sample supernatants were prepared as
described under determination of LMW-SH in blood samples,
and absorbance was measured in 5–15min intervals. A slight
decrease of absorbance was observed 30min after the reac-
tion. However, the decrease of absorbance was insignificant
(Figure 2; P> 0.05). To assure reliability, it can be suggested
that measurements need to be performed within the frame of
15min period. Testing the stability of TNB in plasma samples
confirmed this observation. These results indicate that the
described conditions for sample preparation are optimal for
the stability of the product since only a minimal oxidation of
TNB occurred, and after prolonged time at that.

Validation of the method

The linearity of the method was tested by using a GSH
standard. GSH was selected since it represents the most
important LMW-SH.[3,6] Working standards were prepared
with phosphate buffer, while the concentration of GSH in
the reaction mixture ranged from 5 to 60 lmol/L. Working
standards were prepared with phosphate buffer for several
reasons. All biological samples (as well as blood and plasma)
contain LMW-SH as well as GSH, and a LMW-SH-free sam-
ple for a spiking experiment is hard to obtain. Additionally,
by adding a standard to the blood supernatant or plasma,
dilution will occur in a biological sample. Another advantage
of preparing working standards with phosphate buffer is
that the volume of phosphate buffer added to the reaction
mixture is constant. Blood samples were treated with 5%
TCA, centrifuged and a clear supernatant was used for this
experiment. Also, the plasma sample was treated with acid,
centrifuged and a clear supernatant was used for the experi-
ment. Phosphate buffers spiked with different GSH concen-
trations and DTNB were added to blood or plasma
supernatant samples to obtain a final concentration of GSH
in reaction mixture within the range from 5 to 60lmol/L
and then absorbance was measured. A calibration curve was
constructed by linear regression of GSH concentrations in
reaction mixture vs. measured absorbance. The calibration
curve for blood supernatant was linear and the correlation
coefficient (r2) was 0.9991 (Figure 3a). The limit of detection
(LOD) was calculated as 3.3 times standard deviations of the
intercept divided by the slope of calibration curve, and
the limit of quantification (LOQ) was calculated as 10 times
the standard deviation of the intercept divided by the slope of
calibration curve. The LOD and LOQ for blood supernatant
were 2.4lmol/L and 7.4lmol/L, respectively. The calibration
curve prepared in plasma supernatant was linear and r2 was
0.9986 (Figure 3b). The calculated LOD was 3.1lmol/L and
the LOQ 8.0lmol/L.

Precision of the method was established by calculating
intra-day and inter-day precision for blood and plasma
supernatants at three concentration levels (5, 15 and
60 lmol/L). Calculated relative standard deviations (RSD)
for intra-day and inter-day precision for blood and plasma
supernatants were below 6% (Table 2).

Table 1. Experimental set-up for testing the impact of storage conditions on stability of low molecular weight thiols (LMW-SH) in blood and plasma samples.

Experiment with blood Experiment with plasma

Eppendorf tubes
marked 1

Blood samples from n # 4 different donors; level of LMW-SH
assessed in blood samples immediately after collection; baseline
level of LMW-SH in blood

Plasma samples of n # 4 different donors; level of LMW-SH
assessed in plasma samples immediately after collection and
separation of plasma; baseline level of LMW-SH in plasma

Eppendorf tubes
marked 2

Blood samples of n # 4 different donors; samples placed in
incubator at 37 !C in humid atmosphere with 5% CO2 for 24 h;
LMW-SH assessed in blood samples; impact of in vitro
environment on level of LMW-SH in blood

Blood samples of n # 4 different donors; blood samples placed in
incubator at 37 !C in humid atmosphere with 5% CO2 for 24 h;
separation of plasma; LMW-SH assessed in plasma samples;
impact of in vitro environment on plasma LMW-SH level

Eppendorf tubes
marked 3

Blood samples of n # 4 different blood donors; blood samples
placed on ice at "20 !C; LMW-SH assessed in blood samples
after 8 days; impact of storage at 220 !C for 8 days on blood
LMW-SH level

Plasma samples of n # 4 different blood donors; plasma samples
placed on ice at "20 !C; LMW-SH assessed in plasma after 8
days; impact of storage at 220 !C on LMW-SH level in plasma

Eppendorf tubes
marked 4

Blood samples of n # 4 different blood donors; blood samples
placed on ice at "20 !C; LMW-SH assessed in blood samples
after 30 days; impact of storage at 220 !C for 30 days on
blood LMW-SH level

Plasma samples of n # 4 different blood donors; plasma samples
placed on ice at "20 !C; LMW-SH assessed in plasma after 30
days; impact of storage at 220 !C for 30 days on plasma
LMW-SH level

Figure 2. Stability of the reaction product, 5-thio-2-nitrobenzoic acid (TNB),
monitored for 45minutes. Results are presented as % of the first reading.

JOURNAL OF ENVIRONMENTAL SCIENCE AND HEALTH, PART A 277



Concentration of LMW-SH in blood and plasma

Available studies mainly report on the level of GSH in the
whole blood, while a study by Raijmakers et al.[22]

reports levels of LMW-SH in whole blood. In Raijmakers
et al.,[22] the level of LMW-SH (cysteine% homocysteine%
cysteinylglycine%GSH) in the whole blood of healthy sub-
jects (n# 50) was reported to be in the range from 577.5 to
1770.3 lmol/L. The authors used 12% perchloric acid to pre-
cipitate proteins in whole blood and the level of LMW-SH
was assessed using HPLC with a fluorescent detector and 7-
fluorobenzofurazane-4-sulfonic acid as probe. In this study,
the baseline level of LMW-SH in whole blood was
861 ± 67 lmol/L (Table 3). Our results are comparable to the
values reported by Raijmakers et al.[22] indicating that the
described method achieves reliable detection of LMW-SH in
whole blood.

The level of LMW-SH in human plasma was reported to
be in the range of 0.1 – 20lmol/L.[1,2] In a study by
Giustarini et al.[1] plasma was treated with 5% sulfosalicylic
acid, and for detection of LMW-SH a method using HPLC
with a fluorescent detector was used and derivatization of

sulfhydryl group was accomplished by monobromobiamine
(mBrB). In this study, the baseline level of LMW-SH in
plasma was within the reported range (Table 3) confirming
that the described method enables a reliable detection of
LMW-SH in plasma.

Several studies observed a decrease of plasma LMW-SH
level due to aging, implying that age does have an impact
on the level of LMW-SH.[1,12] Since the age of participants
of the study has an impact on the results, when planning a
study in which the level of blood and/or plasma LMW-SH
is assessed, the age of the study participants should be noted
and taken into account.

Impact of incubation at 37 !C on the level of LMW-SH in
blood and plasma

In the present study, stability of LMW-SH in in vitro envir-
onment was checked. Immediately after collecting, blood
samples were placed in incubator at 37 !C in humid atmos-
phere with 5% CO2 for 24 h, and afterwards the LMW-SH
level was assessed. 24 h incubation at 37 !C lead to an
increase of LMW-SH levels in blood samples (before storage,
861 ± 67 lmol/L; after 24 h, 866 ± 66lmol/L; P< 0.05; Table
3). Although statistically significant, the small difference was
physiologically not relevant. Still it has to be taken into
account that LMW-SH can be boosted in a physiologically-
mimicking environment. Also, the effect of an in vitro envir-
onment on the level of LMW-SH in plasma was checked.
Blood samples were kept in an in vitro environment, and
afterwards, plasma was separated and the level of LMW-SH
assessed. In the plasma of blood samples kept for 24 h in
in vitro conditions, the level of LMW-SH increased (before
storage, 18.3 ± 1.6 lmol/L; after 24 h, 23.1 ± 2.1 lmol/L;
P< 0.05; Table 3).

Incubation of blood in in vitro environment for 24 h
resulted in an increased level of LMW-SH in blood and
plasma. Besides the liver and kidney, as the major organs
involved in GSH synthesis, GSH can be synthesized in blood
cells, erythrocytes and leukocytes.[3] It is stated that erythro-
cytes contribute to the extracellular GSH pool, and

Figure 3. Glutathione (GSH) calibration curve prepared in (A) blood super-
natant and (B) plasma supernatant.

Table 2. Intra-day and inter-day precision of blood and plasma supernatants
spiked with known glutathione (GSH) concentrations.

GSH added/lmol/L

Intra-day precision Inter-day precision

Blood RSD/% Plasma RSD/% Blood RSD/% Plasma RSD/%

5 lmol/L 3.6 5.1 3.9 5.4
15 lmol/L 1.2 2.3 1.2 2.0
60 lmol/L 1.1 1.5 1.3 1.4

Table 3. Levels of low molecular weight thiols (LMW-SH) in blood and plasma
after incubation at 37 !C in a humid atmosphere with 5% CO2 for 24 h. Results
are presented as mean ± standard deviation.

Low molecular weight thiols/lmol/L

Blood Plasma

Baseline level 861 ± 67 18.3 ± 1.6
After 24 h incubation 866 ± 66& 23.1 ± 2.1&
&P< 0.05.
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cooperate with liver and other tissues to the dynamics of the
inter-organ GSH metabolism.[4] Therefore, a higher level of
LMW-SH detected in blood and plasma after 24 h incuba-
tion in an in vitro environment can be partially attributed to
GSH synthesis in erythrocytes and leukocytes. Additionally,
the reduction of disulfide to thiol form (oxidized to reduced
form) of LMW-SH was expected. A rapid reduction of oxi-
dized to reduced form catalyzed by enzyme glutathione
reductase has only been reported for GSH (reduction from
GSSG to GSH).[22] Thus, GSH synthesis, and interexchange
between the oxidized and reduced form of GSH could con-
tribute to a higher level of LMW-SH detected in blood
and plasma.

Impact of storage at 220 !C on the level of LMW-SH in
blood and plasma

Difficulties with the accurate determination of LMW-SH
arise from non-enzymatic and enzymatic oxidation, thus the
level of LMW-SH in biological samples can be affected by
improper sample collection and storage.[3,4,17] Oxidation of
LMW-SH in plasma occurs with a half time of about 5min
at room temperature.[2] Another issue is that the level of
GSH in erythrocytes is 500 times higher than that in plasma,
and even microhaemolysis can result in a higher level of
GSH in plasma.[2,4]

The results of tests with regard to the impact of the stor-
age conditions of blood samples at "20 !C for 8 and 30 days
on LMW-SH level in blood are presented in Table 4.
Storage of blood for up to 30 days at "20 !C did not affect
LMW-SH levels. Similarly, storage of plasma samples for up
to 30 days did not affect the level of LMW-SH detected in
plasma samples. Information on the stability of LMW-SH in
blood and plasma is important for long-run epidemiological
studies, in which a large number of samples are collected
within an interval of at least one month.

Conclusion

The described spectrophotometric method allows a fast and
reliable determination of LMW-SH in blood and plasma
samples. Therefore, the method is suitable for assessment of
LMW-SH in long-run biomonitoring as well as field studies,
especially those involving a large number of samples such as
epidemiological studies. Results on the incubation of sam-
ples at 37 !C imply that synthesis of LMW-SH (probably
GSH) as well as dynamic interexchange among various thi-
ols forms can be induced in blood cells in in vitro condi-
tions. Importantly, the level of LMW-SH in blood as well as

in plasma stored at "20 !C was constant, indicating that
blood and plasma samples for LMW-SH analysis can be
stored at "20 !C for at least 30 days.
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