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Abstract

Glutathione (GSH) is one of the most important antioxidants that plays an essential
role in detoxification of reactive oxygen species (ROS) which oxidizes to glutathione
disulfide (GSSG). Paraquat (PQ), awidely used herbicide, causes pulmonary injury with
the productionof ROS. Excessive ROS accumulation as a consequence of PQ exposure are
frequently targeted by GSH thereby oxidative stress leads to depletion of cellular GSH by
transforming of GSH to glutathione disulfide (GSSG). A precise method of measuring of
GSSG concentration in plasma as indicator of oxidative stress is needed. Some analytical
techniques such as high-performance liquid chromatography (HPLC), gas chromatography
and capillary electrophoresis have been used for determination of GSSG concentration. In
the present study, a new HPLC method with fluorescence detection based on derivatization
of the amine group of glutathione with 9-fluorenylmethyl chloroformate (FMOC-CI) was
developed. Male Wistar albino rats exposed to different doses of PQ (20-60 mg/kg) and
control group were used and after protein precipitation, their plasma was subjected to
derivatization with FMOC in the presence of borate buffer. The derivatized samples were
injected to HPLC system with C18 column, mobile phase consisting of methanol and
phosphate buffer, A, =315 nm, A_= 260 nm. Among all experimental groups, the rats which
received 60 mg/kg PQ, showed a significant increase in the amount of oxidized glutathione
(GSSG) compared to the control group. In this study, the applied derivatization and HPLC
method made it possible to measure small amounts of glutathione in plasma using a precise
and sensitive technique.
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Introduction

Paraquat (PQ; 1,1°-dimethyl-4,4°-
bipyridylium dichloride) is one of the most used
herbicides that induces oxidative stress (1). It
has been shown that NADPH-cytochrome P,
reductase can produce paraquat radical by one
electron reduction of paraquat. In the presence of
oxygen, paraquat radical would be auto oxidized
and leads to production of paraquatdication and
reactive oxygen species (ROS) such as hydrogen
peroxide, super oxide and hydroxyl radicals (2-5).

These toxic metabolites, will be reduced by
sequential function of two protective enzymes,
glutathione peroxidase (GPX) and glutathione
reductase (GR), in their redox cycle. In this
process, glutathione (GSH) will oxidize to
glutathione disulfide (GSSG) (6-9). Glutathione
(y-glutamylcysteinylglycine) is a unique
tripeptidethiol in most plants, microorganisms
and all mammalian tissues (10). Glutathione
high reducing ability is responsible for cell
protection against oxidative damages (11).
Therefore, oxidative stress leads to depletion
of cellular GSH by transforming of GSH to
GSSG. GSSG concentration in plasma is
very low under physiological conditions, so
measuring the increasing amount of GSSG is
a sensitive tool for evaluation of redox states
(12). Blood glutathione concentrations can
reflect glutathione tissue levels which are
not accessible or less accessible; therefore
measuring blood glutathione is a good index
for pathological evaluation of many diseases.
Many methods such as enzymatic techniques
(13), high-performance liquid chromatography
(HPLC) (14), gas chromatography (15), nuclear
magnetic resonance (NMR) spectroscopy (16)
and capillary electrophoresis (17) have been
used for measuring glutathione in biological
samples.

Enzymatic  techniques don’t  need
advanced equipment but they don’t have a
low enough detection limit and often have a
low reproducibility. These methods are time-
consuming and laborious, so they are not useful
for routine analysis.

NMR and capillary electrophoresis are
used less, as they are expensive. Among
the above mentioned methods, HPLC with
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fluorescence detector is a precise, sensitive, and
selective method and is suitable for measuring
glutathione in samples such as plasma with
low amount of GSSG. FMOC is a fluorescent
derivatizing agent that reacts with primary
and secondary amino groups. FMOC has been
used for the derivatization of polyamines (18),
aminopolyphosphonates (19), glucosamine (20)
and amino acids (21).

In this study, feasibility of derivatization
of glutathione with FMOC as a fluorescence
derivatizing agent and measuring the resulted
derivatizedanalyte with HPLC were studied.

Experimental

Chemicals

Paraquat dichloride salt, 9-fluorenylmethyl
chloroformate (FMOC) and heparin were
purchased from the Sigma Chemical Co. (St.
Louis, Mo). Acetonitrile, reduced glutathione,
phosphoric acid and methanol were obtained
from Merck (Germany). Triethylamine was
obtained from Riedel-de Haén, Boric acid was
purchased from Panreac (Spain) and potassium
hydroxide was obtained from Carl Roth
(Karlsruhe, Germany).

Animals

Thirty male Wistar albino rats (200-250 g),
from the animal colony of Tehran University of
Medical Sciences, department of pharmacology
were used. The animals were maintained in
single cages at an ambient temperature of 22—
25°C at humidity of 50%—60%, with a 12 h light/
dark cycle with access to standard food pellet
diet and drinking water ad libitum. All the ethical
issues as proposed by the Tehran University of
Medical Sciences Animal Ethical Committee
were strictly followed during the maintenance
of the animals as well as killing the animals.
The rats divided into 5 groups of 6 animals per
each group. One group considered as a control
(received water) and the other groups received
different doses of paraquat (20, 30, 40 and 60
mg/kg,intraperitoneally; IP), respectively.

Sample preparation and derivatization
procedure

PQ dissolved in deionized water and was



Figure 1. HPLC chromatogram of FMOC and its related
compound, FMOC-OH in borate buffer (FMOC reacts with
water to yield FMOC-OH as a hydrolysis product).

injected intraperitoneally (IP) (22) at doses of
20, 30, 40, 60 mg/kg and after 4 h blood samples
were collected. Rats were anesthetized with
ether and then 2 mL of blood was collected with
a syringe coated with heparin from rat heart
ventricle and blood samples were transferred
into tubes containing heparin.Tubes containing
blood samples were centrifuged immediately
at 4000 rpm for 15 min. Then 100 pL of
supernatant (plasma) was transferred to the other
tube and mixed with 300 uL of acetonitrile for
precipitation of plasma proteins. After vortexing,
tubes were centrifuged at 5000 rpm for 10 min.
Resulted supernatant was dried in a water bath
at 40°C under air flow due to air pump. Dried
supernatant were mixed with 50 uL tap water, 50
uL borate buffer (0.5 M, pH 9) and 100 puL of 500
mg/mL FMOC and kept in room temperature for
15 min for completion derivatization process.
Stock solution of glutathione were prepared
by dissolving of 10 mg glutathione in 10 mL
tap water to obtain a concentration of 1 mg/
mL. Standard solutions were prepared by serial
dilutions of stock solution in distilled water.
Serial dilutions of this solution were prepared.
Derivatization was started by adding 50 uL
borate buffer (0.5 M, pH 9) and 100 pL of 500
mg/mL FMOC to 50 pL of each of the standard
solutions in room temperature for 15 min,
therefore, the final concentrations of solutions
were 0.813, 0.407,0.203, 0.102 and 0.025 pmol/
mL, respectively. 20 pL of these derivatized
glutathione solutions and plasma samples were
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Figure 2. HPLC chromatogram of FMOC and its related
compound, FMOC-OH in borate buffer (FMOC reacts with
water to yield FMOC-OH as a hydrolysis product).

injected to HPLC system with mobile phase
consisting of methanol — phosphate buffer with
volume ratio of 40:60, column C18 (ODS-3 5
um 250 x 4.6 mm), isocratic elution system at a
flow rate of 2 mL/min, and GSSG was detected
using excitation and emission wavelengths of
260 and 315 nm.

Statistical analysis

All results are expressed as mean = SEM .For
comparison between the experimental groups
one-way ANOVA followed by Tukey-Kramer
multiple comparison test were used. P-values <
0.05 were considered statistically significant.

Results

As shown in Figure 1 the amount of total
glutathione is equal to GSSG because GSH
has totally reduced to GSSG (1> = x). Figure 2
shows chromatogram of blank solution (borate
buffer + FMOC); Figure 3 shows chromatogram
of standard glutathione solution (glutathione
+ borate buffer + FMOC) and Figure 4 shows
chromatogram of plasma sample (plasma +
borate buffer + FMOC).

Paraquat dose response

Figure 5 shows the increase in the amount
of total glutathione in the plasma of control rats
(received water) and rats exposed to different
doses of paraquat (20-60 mg/kg). The amount
of total glutathione in the group exposed to 60
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Figure 3. HPLC chromatogram of GSSG fluorescent derivative
in borate buffer ( standard solution of glutathione in water was
derivatized with FMOC in presence of borate buffer, pH 9).

mg/kg of paraquat is significantly increased
compared to control group. Limit of detection
(LOD) and limit of quantification (LOQ) values
for GSSG was 15.26 and 25.42 uM, respectively.

Discussion

Measurement of low concentration of
oxidized glutathione in plasma after oxidative
stress conditions such as exposure to paraquat
requires a sensitive and reliable method
with low detection limit. Various methods
of detection have been used (23) and in this
study glutathione derivatization method with
FMOC is used for derivatization of primary and

Figure 5. Effect of different doses of paraquat on the oxidized
glutathione quantity of rat plasma. All data are given as
mean + SEM; n = 6. ** Significantly different when compared
with control.
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Figure 4. HPLC chromatogram of GSSG fluorescent derivative
in rat plasma ( after exposure of rats with paraquat and

derivatization of plasma GSSG with FMOC ).

secondary amines and functional groups such
as -OH, -SH. Glutathione in its structure has
functional groups of —SH and -NH, which are
capable of derivatization with FMOC. In this
process thiol groups (-SH) would be oxidized
to disulfide (-S-S) very fast, so using a reducing
substance such as sodium borohydride (NaBH,)
before derivatization of thiol group is essential.
Moreover a solution of 4 mM of EDTA was
used in order to remove interfering ions such
as Ca*, Mg*, Na" and Fe*" which facilitate the
oxidation process of thiol group to disulfide.
10% trichloroacetic acid (TCA) solution was
also used in order to precipitate the plasma
proteins. In this study acetonitrile instead of TCA
was used for precipitation of plasma proteins.
Different acetonitrile volumes were used for
one plasma volume and after vortexing and
centrifuging for precipitation of plasma proteins,
supernatant was transferred to the capped vials.
25 pL of NaBH, solution in NaOH was added to
100 pL supernatant and mixed in 50°C for 0.5
h. In this procedure, both thiol group and amine
group of glutathione reacted with FMOC. But as
thiol group is very susceptible to oxidation (24),
in spite of using reducing factor, intensity of
glutathione peaks did not show this process, so
thiol group was removed and just derivatization
with amine group was done in order to create
a peak with known molecular characterization
by derivatized glutathione. For removing thiol
group, glutathione solution was prepared in tap
water which contains various ions such as Ca*".



These ions would change -SH group to disulfide.
Thiol group is very susceptible to oxidation and
can be oxidized in room temperature during
several minutes, so GSH would change to GSSG
immediately. In order to optimize condition of
derivatization various pH ranges from 4 to 10
were applied. The results showed that acidic and
neutral pH is not suitable for derivatization with
FMOC so triethylamine was used for alkalinizing
reaction medium. Triethylamine solution in
acetonitrile in various volumes (10-50 uL) was
added to reaction medium, but chromatograms
did nothave suitable repeatability and linear trend
according to various glutathione concentrations.
Finally, borate buffer with alkaline pH were used
for alkalinizing. Borate buffer with pH of §, 8.5,
9, 9.5 and 10 were prepared for evaluation of
the best alkaline pH. Resulted chromatograms
showed that glutathione peak in pH = 9 has
more intensity. Therefore, pH = 9 was used
to follow the process. Temperature factor
was another variant which was evaluated for
derivatization improvement. For this purpose,
derivatization was done in temperatures of
40, 60, 70, 80°C and room temperature. It was
observed that derivatization with FMOC in
room temperature has the best result because
derivatization in high temperatures makes lots of
peaks in chromatogram which probably resulted
from FMOC decomposition. For determining
optimized time for derivatization, various times
from 5 to 45 min were considered. It was showed
that derivatization can be done during 15 min in
room temperature. Mobile phase was a mixture
of methanol and phosphate buffer. This buffer
was prepared by solving 3 mL of triethylamine
in 1000 mL of water and then the pH adjusted to
3.2 with phosphoric acid. In addition in isocratic
elution with mobile phase flow rate 2 mL/min
were used and then various ratios of mobile
phase were evaluated. First, 75% of methanol
and 25% of phosphate buffer were used. Then,
ratios 15:85, 20:80, 73:27, 86:14, 12:88, 83:17
were evaluated in which higher percentage was
related to methanol and lower percentage was
related to buffer. None of these ratios could
separate the FMOC derivative of GSSG from
FMOC well. In mentioned conditions, FMOC
related peaks involved FMOC peak and FMOC
-OH peak (resulted from reaction of FMOC
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with water) were overlapped with derivatized
glutathione peak and these peaks formed a
crowded area in 8-10 min range. Volume ratio
40 : 60 was used for better separation which
included 60% methanol and 40% phosphate
buffer. In this condition, derivatized GSSG
related peak was separated from FMOC peaks
quietly and because of greater polarity, left the
column sooner and placed in suitable space from
FMOC peaks in chromatogram. In this situation,
glutathione peak retention time was about 12
min, retention times of peak FMOC - OH and
FMOC were around 16 and 24 min respectively.
As FMOC is a suitable reagent for primary and
secondary amines derivatization (25), so in this
study we removed thiol group derivatization
and just amine group derivatization was done.
Therefore, what was derivatized and was
separated and detected by HPLC was GSSG.
Paraquat is an oxidative stress inducer factor
and causes oxidizing GSH to GSSG (26-27).
Therefore, measurement of increase in the
amount of GSSG, which in normal condition is
very low rather than GSH, is a sensitive tool for
measurement and evaluation of redox state. In
this study, feasibility of derivatization reaction
of amine group of glutathione with FMOC was
evaluated for measurement of changes in the
amount of glutathione due to paraquat in rat
plasma by HPLC method. Figure 2 shows the
effect of 4 dose paraquat on increase amount of
GSSG. As shown in this diagram, just at the dose
60 mg/kg, there was a significant difference with
control group and the other groups have shown a
small increase in the amount of GSSG compare
to control group. This study, offered a semi
quantity evaluation of GSSG changes resulted
from paraquat and more researches are needed
in order to obtain results with higher quality and
quantity, to optimize derivatization condition and
also optimization of chromatography method.
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