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ABTS** +GSH — ABTS +GS- +H"

ABTS-* + GS- — Non-radical product

GS-
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(d

— :ABTS-*
—— :ABTS-"+ GSH

Incubate at 37°C for 20 min

Fig.1 The reaction mechanism of ABTS+* and GSH
(a) Chemical structures of ABTS*" (2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid radical cation)). (b) Mechanism of oxidation of GSH by
ABTS*" to form GSSG. (c¢) Reaction of different concentrations of GSH with ABTS+* (150 pmol/L), the first 1 min of the reaction is not recorded as

the time is needed to transfer the sample into the resonator. (d) EPR spectra of ABTS+" in the presence (—) and absence (—) of GSH.

Ph B GSSG b2z it it Lt (3% ) 1 H ABTS =" X}
GSH/GSSG M EEIR LAF]) k534515 % GSH #l
GSSG ) LOD., 1T ABTS* ) EPR {5 5 17 4E K
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(K 3c, d) myfb2=itgt, K 3b, dhalaEEm
LT B IR 2 A A 3. A TR 2 430 2
H T ABTS« %f GSH Al GSSG 1k 2¢ i1+ b iy 144 it
B, RZOTHH EPR BN GSH #i1 GSSG 5 LOD
435174 0.50 nmol/L F114.99 nmol/L .
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Fig. 2 Assessment of the detection limit for ABTS+* using EPR spectroscopy

(a) Determination of EPR signals of ABTS+" at different concentrations. (b) EPR spectra for ABTS*" with different concentrations (20, 40, 60, 80,

100, 120 umol/L). (c) PBS buffer as blank sample (error bars: standard deviation, n=3).
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Fig.3 Determination of stoichiometric ratios in GSH and GSSG reactions with ABTS**
(a) Incubation at 37°C involving different GSH concentrations (0.1, 1, 5, 10, 15 pmol/L) interacting with ABTS*" (150 umol/L) for 20 min, followed

by UV-Vis spectrum analysis. (b) Linear regression analysis of data at 734 nm to define the GSH concentration and EPR signal intensity correlation,

calculating stoichiometric ratio in GSH and ABTS+" reaction. (c) Incubation at 60°C involving different GSSG concentrations (5, 10, 20, 30, 40,
50 umol/L) with ABTS+" (150 umol/L) for 60 min, followed by UV-Vis spectrum analysis. (d) Linear regression analysis of data at 734 nm to define

the GSSG concentration and EPR signal intensity correlation, calculating stoichiometric ratio in GSH and ABTS*" reaction.
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Fig. 4 Sensitive detection of GSH and GSSG by ABTS-*
(a) EPR spectra for ABTS*" in the presence of different concentrations of GSH (0.05, 0.1, 0.5, 1, 5, 10, 15 umol/L). (b) Plot of EPR signal vs GSH

concentration and its linear fit. Each experiment was conducted three times, the error bars represent standard deviation. (c) EPR spectra for ABTS*" in

the presence of different concentrations of GSSG (0.1, 0.5, 1, 5, 10, 20, 30, 40, 50 umol/L). (d) Plot of EPR signal vs GSSG concentration and its

linear fit. Each experiment was conducted three times, the error bars represent standard deviation.
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Table 1 Comparison of analytical performance of our work with other publications for the detection of GSH

Method

Principle

LOD (linearity range) Reference

Centri-Voltammetric
luminescent probe
HPLC-UV
UV-Vis
Nanozyme
Hyper-dendritic rolling circle amplification

This work

Cu/PTH/GCE
Ir(IIT) complex
ABTS
2-Chloro-1-methylquinolinium tetrafluoroborate
Fe,0,/N-HCS
Circular nucleic acid template

ABTS

20 nmol/L (20x1073~1x10° pmol/L) [12]

1.32 pmol/L (20-300 pmol/L) [15]

0.93 pmol/L (4.54-31.8 umol/L) [10]

5 umol/L (5-100 pmol/L) [30]

9.3 nmol/L (0.02-250 pmol/L) [31]

0.72 pmol/L (1x107°~1 pmol/L) [32]
0.50 nmol/L (5x107>~15 umol/L)

2.4 FE37CEMTGSSGXTGSHAR M AT
57 PEAE 37°C T GSSG X GSH #6: #Y T4t
BT T P2 5256 DLtk — 25 Bk i 4 Hh (9 EPR 757
PIATEEE . FESR—d1Seme T, DIHRREAS R B 1
GSSG (0. 5. 10, 20, 50 pmol/L) 5 ABTS"
(150 umol/L) 7£37°C F ¥ & 20 min, A Jil GSSG
(LA %t R ZH o THEE S 0 20 XS B2 EPR 15 5
AIAR T s B (1 Sa), RELLE SRR 514 F,
GSSG X GSH M Ir &5 A W& sg . & sbfifi
FH Goriistik 55 1 £ H A 05 sk i A A DA
GSH 1 GSSG XF ABTS " st i %, #f 44~ i
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Fig. 5 Interference studies of GSSG on GSH and ABTS ** responses at 37°C

(a) Determination of the effects of different concentrations of GSSG (5, 10, 20, 50 pmol/L) on EPR signals. (b) Determination of the correlation

between GSH and ABTS " intensity in mixed samples of GSH and GSSG.
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Spiked GSH/ Found GSH/ Recovery/% RSD/% (n=3) Spiked GSSG/  Found GSSG/ Recovery/% RSD/% (n=3)
(umol-L™") (umol-L™) (umol-L™") (umol-L™")
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Fig. 6 Application of GSH detection methods in biological samples
(a) Qualitative assessment of redox state in HCT116 cells: analysis of total antioxidant capacity in the blank control group, within cell lysates, and in
cell lysates post-VK3 induction. (b) Detection of GSH in whole blood supernatant of mice. Comparison of analytical performance of the work with

other publications for the determination of GSH in whole blood supernatant of C57BL/6J mouse.
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Abstract Objective Glutathione (y -glutamyl-L-cysteinylglycine, GSH) is the most abundant non-protein
compound containing sulthydryl (—SH) groups in cells. It serves as a source of reducing equivalents, effectively
neutralizing harmful reactive substances, and playing a crucial role in maintaining cellular redox balance.
Therefore, sensitive detection and accurate measurement of GSH levels in tissues are of great importance. In this
work, we presents a novel method for GSH detection utilizing electron paramagnetic resonance (EPR)
spectroscopy. Methods Initially, ABTS (2, 2'-azino-bis(3-ethylbenzothiazoline-6-sulfonate acid)) solution was
mixed with K,S,0O; solution and reacted in the dark for 12 to 16 h to prepare ABTS+" solution, which was then
quantified using UV-Vis spectroscopy. Subsequently, the concentration of glutathione (GSH) was determined
based on the changes in the EPR signal of ABTS<". On this basis, the optimal reaction time and temperature were
explored to establish a standard equation correlating the EPR signal intensity of ABTS+" with GSH concentration.

Finally, the derived standard curve was employed to quantitatively analyze the GSH concentration in whole blood
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from C57BL/6J mice, and the results were compared with those reported in the literature to verify the accuracy of
the method. Results The experimental results demonstrate that this method has a linear detection range from
50 nmol/L to 15 pumol/L for GSH, spanning two orders of magnitude, with a limit of detection (LOD) at
0.50 nmol/L. The measured GSH content in mouse whole blood is (10 660+706) nmol/g Hb, which agrees with
the value of (11 200+237) nmol/g Hb as previously reported. Furthermore, a similar method was developed for
detection of glutathione disulfide (GSSG) at higher reaction temperature. Conclusion This article presents a
novel assay for the rapid detection of GSH using the intensity of EPR signal from ABTS*" as indicator. This
method demonstrates enhanced detection sensitivity and a broader linear range compared to conventional
colorimetric methods. Furthermore, we have extended the application of this method to detect GSH content in
blood samples efficiently and accurately, offering valuable information for assessing tissue redox balance, thus

holding significant potentials.
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