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ABSTRACT: Maintaining tissue homeostasis necessitates the coordi-
nated efforts of various cell types to regulate inflammation. Endoplasmic
reticulum (ER) stress, a hallmark of inflammation, exacerbates tissue
pathology in various human diseases. Glutathione (GSH), a pivotal
regulator of cellular redox balance, controls disulfide bond formation in
the ER, thereby shielding cells from oxidative stress. In this study, we
developed a two-photon fluorescent probe, ER-GSH, with specific ER
targeting and demonstrated its high sensitivity and rapid response to GSH.
Experiments conducted on BV2 cells and a mice model of neuro-
inflammation induced by scrap leather revealed that inflammatory
reactions led to ER stress and a substantial reduction in GSH levels.
Notably, the anti-inflammatory drug NS-398 effectively inhibited cell
inflammation and ER stress by maintaining GSH levels. These findings
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underscore the potential therapeutic significance of modulating GSH levels to alleviate the impact of neuroinflammation.

B INTRODUCTION

The endoplasmic reticulum (ER) is a pivotal organelle in
eukaryotic cells, responsible for vital biological processes such
as protein synthesis, folding, and modification. Within the ER,
newly synthesized proteins undergo folding processes to attain
functional conformations."”> However, the functionality of the
ER can be compromised when cells encounter external
pressures or internal perturbations, such as oxidative stress,
nutrient deprivation, or drug influences, leading to dysregula-
tion of protein folding and aberrant accumulation.” The
occurrence of ER stress triggers a cascade of intricate signaling
pathways within the cell, including IRE1, PERK, and ATF6
pathways. Activation of these pathways instigates the unfolded
protein response (UPR) aimed at restoring ER function and
shielding cells from stress-induced damage.4 Nevertheless,
when stress becomes excessively severe or prolonged, the UPR
may fail to effectively alleviate the stress, culminating in cellular
apoptosis or disease development. Hence, accurate and timely
detection of ER stress is paramount for a comprehensive
understanding of cellular responses to environmental changes.

Cells contain glutathione (GSH), consisting of glutamic

role in maintaining the cellular redox state and shielding
against oxidative stress.” Hence, this study focuses on
accurately assessing changes in GSH levels within the cellular
ER. Fluorescence probes offer various benefits, such as high
sensitivity, selectivity, simplicity, low cost, and accuracy.'*”"*
They facilitate the detection of changes in fluorescence
intensity or maximum emission wavelength before and after
a reaction, enabling specific analyte recognition.l3 Utilizing
two-photon confocal imaging technology with fluorescent
probes allows the real-time, in situ detection of specific target
15 This technology
facilitates high-resolution, depth-enabled monitoring of phys-
iological and pathological processes in vivo, providing an
effective approach to observe GSH level fluctuations during ER
stress.'©

With this research we devised and synthesized a two-photon
GSH probe named ER-GSH, incorporating an ER-targeting
group. ER-GSH also incorporates a naphthalimide derivative as
a two-photon fluorophore, methyl sulfoxide as the GSH

substances in a biological system.
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Figure 1. (a) Design, synthesis, and sensing mechanism of the probe ER-GSH. Reagents and conditions: (i) N-(2-aminoethyl)-4-
methylbenzenesulfonamide, ethanol, 80 °C, 8 h. (ii) Sodium thiomethoxide, K,CO;, anhydrous DMF, 90 °C, 12 h. (iii) m-CPBA, anhydrous
dichloromethane, 0 °C to room temperature, 2 h. (b) Optimized DFT molecular orbital plots (LUMO and HOMO) of ER-GSH (left) and ER-f-
GSH (right) (c) absorption and (d) emission spectra of the probe ER-GSH before and after reaction with GSH. (e) Two-photon activity cross

section of the probe ER-GSH before and after reaction with GSH.

recognition group, and p-toluenesulfonic acid as the ER-
targeting group.'” The observed results confirmed the
outstanding GSH responsive nature of ER-GSH, with two-
photon active cross sections (6®@) of 37 and 180 GM
(Goeppert-Mayer, unit of two-photon active cross section)
before and after reaction, respectively (4, = 830 nm).
Additionally, the one-photon fluorescence intensity increased
by 304-fold within 40 min. Hence, with this research, we could
use ER-GSH to investigate an ER stress model induced by
scrap leather. The findings revealed that ER stress resulted in a
reduction in cellular GSH concentrations, while the
fluorescence intensity significantly increased following the
introduction of the nonsteroidal anti-inflammatory agent NS-
398. These outcomes highlight that scrap leather induces ER
stress in cells due to inflammation, causing a disturbance in the
ER’s redox balance.

B RESULTS AND DISCUSSION

Rational Design of Probe ER-GSH. Herein, we
synthesized ER-GSH, a GSH fluorescent probe, with
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naphthalimide as the two-photon fluorophore and methyl
sulfoxide as the trigger group. The sulfoxide group present in
ER-GSH can quench the fluorescence of the fluorophore via
photoinduced electron transfer (PeT).'® The mechanism for
the interaction of ER-GSH with GSH was confirmed using
high-resolution mass spectrometry (HRMS). The peak at m/z
= 700.1735 was ascribed to the characteristic peak of the
reaction product ER-f-GSH [M + H]", and the peak at m/z =
457.0833 associated with the reactant ER-GSH [M + H]*
disappeared (Figure SS).

To explore the response of ER-GSH to GSH, we used
density functional theory (DFT) and time-dependent DFT
(TDDFT) methods by employing a B3LYP hybrid functioal
with the 6-31+G (d) basis set to calculate ER-GSH and its
analogue, ER-f-GSH. Vibration frequency calculations were
carried out to make sure that the optimized structures were
true energy minima. All calculations were modeled by applying
the self-consistent reaction field (SCRF) under the polarizable
continuum model (PCM) incorporating water as the solvent
and were carried out using the Gaussian 16 program.'” The

https://doi.org/10.1021/acs.analchem.4c04157
Anal. Chem. 2024, 96, 18132—18140


https://pubs.acs.org/doi/suppl/10.1021/acs.analchem.4c04157/suppl_file/ac4c04157_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.analchem.4c04157?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.analchem.4c04157?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.analchem.4c04157?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.analchem.4c04157?fig=fig1&ref=pdf
pubs.acs.org/ac?ref=pdf
https://doi.org/10.1021/acs.analchem.4c04157?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Analytical Chemistry

pubs.acs.org/ac

a b 00 C 6000
60007 -

- 3 -

3 S 40001 = 40001

S 40007 2 bt

$ § H

c . <+ 20001 $ 20004

% 2000 E ‘_é R?=0.998

= o - =

z o o e o4 y=48.65x+229.2

v v v T T T T T T T T T T T T T
350 450 550 650 750 0 30 60 90 120 150 0 20 40 60 80 100 120 140
Wavelength (nm) Concentration (M) Concentration (uM)
d 8000 e 8000 f 8000
~e— without GSH e~ with GSH ~®~ without GSH  —e— with GSH

3 3 3

3 6000+ : 6000 e SUEPREEE S S = 6000-

E 4000 E 4000 £

g 2 2 4000-

2 8 2

£ 20004 £ 20004 £

o B i 2000+

04 0
x x : ————————— v
0 20 40 60 2 3 4 5 6 7 8 9 S RGE G RO WU FISEE S S
Time (min) pH

Figure 2. (a) Fluorescence spectra of ER-GSH (10 uM) with an increase in GSH concentration (0, 0.05, 5, 10, 20, 35, 50, 65, 80, 100, 110, 120,
and 130 uM). (b) Calibration curve for the determination of GSH. (c) Liner relationship of fluorescence intensity with different concentrations of
GSH. (d) Time-dependent emission of ER-GSH (10 #M) with and without GSH (110 uM). (e) Fluorescence emission of ER-GSH (10 uM) with
or without GSH at different pH. (f) Fluorescence intensity of ER-GSH (10 zM) with 1.0 mM biomolecules (Cys and Hcy), 100 uM reactive
oxygen species (-OH, O, ", and HOCI), 100 #M active nitrogen (NO,”, ONOO~, and NO), 100 M reactive sulfur species (SO, and H,S), and 20

UM metal ions (Fe®*, Fe*, Ca®*, Mg*, Zn*, Ag*, Cu?*, and Cd**).

frontier molecular orbital plots of ER-GSH and ER-f-GSH are
given in Figure 1b. For ER-GSH, the highest occupied
molecular orbital (HOMO) is situated on the methyl sulfoxide
group, whereas the lowest unoccupied molecular orbital
(LUMO) and HOMO-1 are located on the naphthalimide
moiety. The transition of HOMO — LUMO, which is the
main transition of the S, state, is a full electron-transfer process
(from the methyl sulfoxide group to the naphthalimide
moiety); thus, there is no overlap between the HOMO and
the LUMO. These results indicate that the S; state is a dark
state and that ER-GSH is probably nonfluorescent. The
optimized geometric structure confirmed that the excitation
wavelength of the Sy to S, state with the highest oscillator
strength was 340 nm (Table S1), thus correlating with an
absorption of 346 nm in the UV—visible absorption spectrum.
After the addition of GSH, the sulfoxide group is converted to
ER-f-GSH. Significantly, both the HOMO and LUMO in ER-f-
GSH are primarily situated on the naphthalimide group, thus
preventing the PeT process and generating strong fluorescence
in the naphthalimide. Calculations demonstrated that the
emission wavelength was 454 nm (Table S2), which is
consistent with experimental results at 488 nm. Furthermore, it
should be noted that the methyl sulfide’s contribution to the
HOMO and LUMO is different; it can be found that the
electron densities of methyl sulfide decrease when transitioning
from the HOMO to LUMO. This demonstrates that the
charge is transferred from methyl sulfide to naphthalimide via
the HOMO to LUMO transition process, indicating that the S
to S; state of ER-f-GSH has ICT characteristics. Our
calculations demonstrate that ER-f-GSH undergoes a strong
transition from S, to S; at 413 nm, with a maximum oscillator
strength of 0.3335 (Table S1). This result agrees with the
experimental value of 388 nm. These results rationalize the
PeT and ICT mechanisms for ER-GSH and ER-f-GSH,
therefore confirming our assumptions about the response
mechanism of ER-GSH.

18134

Figure 1c,d shows the spectral results for ER-GSH in PBS
(10 mM containing 40% EtOH). Upon reaction with GSH, the
PeT was removed and the ICT increased; thus, ER-GSH (10
uM) exhibited a remarkable red shift from 346 to 388 nm, and
the fluorescence intensity of ER-GSH increased 304-fold at
488 nm. The two-photon active cross section (§®) of ER-f-
GSH with added GSH, as can be seen in Figure le, is 180 GM
at 830 nm, indicating that ER-GSH can use two-photon
confocal imaging technology to analyze GSH concentrations.
All compounds synthesized were characterized using 'H and
BC nuclear magnetic resonance spectroscopy, and the relevant
data and experimental procedures are provided in the
Supporting Information (Figures S1—S4).

Spectroscopic Changes with the Addition of GSH. At
first, we determined the solubility of ER- GSH at
concentrations of 0.25, 1, 2, 5, 8, 10, 15, and 20 #M. The
results revealed that even at a concentration of 20 uM, the
solution had not attained saturation, confirming the suitability
of ER-GSH for use in aqueous solutions and cell experiments
(Figure S6). Subsequently, the concentration response of ER-
GSH to GSH was investigated. As the GSH concentration
increased, the fluorescence intensity of ER-GSH exhibited a
linear increase from 0 to 110 M at 488 nm (illustrated in
Figure 2a,b). ER-GSH exhibited a detection limit of 37.8 nM
for GSH (Figure 2c). At a GSH concentration of 110 yM, the
fluorescence intensity of the reaction system reached a plateau
within 40 min. Additionally, in the absence of GSH, the
fluorescence intensity of the reaction solution remained
constant (Figure 2d).

The effects of different pH on ER-GSH and its response to
GSH were also determined by measuring the fluorescence
intensity before and after reaction with GSH under various pH
conditions (Figure 2e). The fluorescence intensity of ER-GSH
remained constant over a pH range from 3.0 to 8.0, indicating
that the reaction between ER-GSH and GSH is not sensitive to
changes in pH, which confirms that ER-GSH is a suitable
choice for the fluorescence imaging of GSH in living cells since

https://doi.org/10.1021/acs.analchem.4c04157
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Figure 3. (a) Fluorescence confocal microscopic imaging of BV2 cells under different incubation conditions (Bref.A, Thap., Thap. + Ceapin-A7,
Thap. + GSK2656157, Thap. + Toy). (b) Fluorescence intensity histogram of figure (a). The difference was analyzed by one-way ANOVA and
Bonferroni post-test. *P < 0.0S vs control group. (c) Flow cytometry analysis after incubation under different conditions according to figure (a).
(d—f) Fluorescence confocal microscopic imaging of BV2 cells incubated in different ways (control, Thap., Thap. + Toy) for a period of time (0—
2.5 h). (g) Line diagram of fluorescence intensity during incubation according to (d—f). Scale bar: SO pm.

the results would not be affected by changes in the intracellular
pH. We then evaluated interferences for the reaction of ER-
GSH with GSH, including 1.0 mM biomolecules (Cys and
Hcy), 100 uM reactive oxygen species (-OH, O,7, and
HOCI), 100 yM active nitrogen (NO,”, ONOO~, and NO),
100 uM reactive sulfur species (SO, and H,S), and 20 uM
metal ions (Fe', Fe*', Ca®, Mg*', Zn*', Ag®, Cu’*, and Cd*").
Figure 2f confirms that these interferences did not lead to a
significant fluorescence enhancement, whereas GSH caused a
remarkable fluorescence enhancement. These results indicate
that ER-GSH exhibits high selectivity toward GSH.
Two-Photon Fluorescence Imaging of Cells. The
toxicity of ER-GSH toward BV2 cells was determined to
demonstrate its applicability for two-photon excitation mode
live cell imaging. A 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) assay was employed to assess
cytotoxicity in BV2 cells cultured at different concentrations
(0—30 uM) of ER-GSH. As depicted in Figure S7, even at a
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concentration of 30 uM, ER-GSH exhibited low toxicity to
cells, resulting in a 95% survival rate, rendering it suitable for
imaging of living cells. Figure S8 illustrates the continuous
excitation of ER-GSH with two photons at 830 nm for 60 min.
The fluorescence intensity of ER-GSH, postreaction, remained
relatively stable for 60 min, indicating its good photostability
and providing an opportunity for extended cell imaging.
With demonstrated low toxicity and good photostability,
ER-GSH could be used to detect both endogenous and
exogenous GSH in cells. The fluorescence observed in the
green channel (450—550 nm) of BV2 cells incubated with ER-
GSH for 30 min, as shown in Figure S9, confirms the excellent
cell permeability of ER-GSH and its ability to image
endogenous GSH in cells. Initial treatment of BV2 cells with
30 M N-ethylmaleimide (NEM) for 30 min, followed by a 30
min incubation with ER-GSH, rendered the fluorescence
intensity of the green channel (Iy;.,) negligible. However, BV2
cells preincubated with NEM, followed by a 30 min incubation

https://doi.org/10.1021/acs.analchem.4c04157
Anal. Chem. 2024, 96, 18132—18140
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Figure 4. (a) Schematic illustration of the scrap leather and probe treatment. (b) Two-photon fluorescence imaging of BV2 cells after different
treatments: Control group (untreated), Untreated FA leather (FA tanned leather without finishing treatment), Untreated FA leather + NS- 398
groups (FA tanned leather treated without finishing section was incubated with NS-398). (c) Histogram of the mean fluorescence intensity of (b);
the data are expressed as mean + SD, A, = 830 nm, A,,, = 450—550 nm, scale bar: 50 ym. (d) Western blot of the expression of BiP, ATF6, PERK,
IRE-1, and GAPDH in BV2 cells in (b). (e—h) is (d) quantitative statistics of protein expression. The difference was analyzed by one-way ANOVA

and Bonferroni post-test. *P < 0.05 vs Control group.

with ER-GSH and subsequent treatment with 500 M GSH,
Cys, and Hcy, exhibited a significant increase in cell Ly, with
only GSH. This suggests that ER-GSH is capable of detecting
both endogenous and exogenous GSH.

Conducting an experiment to assess the intracellular
distribution of ER-GSH allows us to determine its potential
in specifically targeting ER stress. Co-staining ER-GSH with a
commercially available red colocalization dye was used to
explore the dye’s localizing efficiency within diverse subcellular
organelles. Various red colocalization dyes, such as Lyso
Tracker Red for lysosome, Mito Tracker Red for mitochondria,
and ER Tracker Red for the endoplasmic reticulum (ER), were
used alongside ER-GSH for a comprehensive examination of
the probe’s subcellular targeting capabilities. To achieve this,
BV2 cells loaded with the ER-GSH probe were incubated with
60 nM Lyso Tracker Red, Mito Tracker Red, and ER Tracker
Red for 30 min, followed by confocal imaging. As illustrated in
Figure S10, a pronounced overlap in fluorescence was observed
between ER-GSH and ER Tracker Red, yielding a high
Pearson coefficient of 0.93. However, in the case of the
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mitochondria and lysosomes, the Pearson coefficients were
0.44 and 0.31, respectively. This indicates that ER-GSH
exhibits a specific affinity for the ER, thereby establishing a
theoretical foundation for its utility in the in situ detection of
cellular ER stress.

To evaluate the efficacy of ER-GSH in monitoring ER stress,
we employed a range of ER stress inducers, including Brefeldin
A (Bref. A) and Thapsigargin (Thap.), as well as inhibitors
such as Toyokamycin (Toy), Ceapin-A7, and GSK2656157.*°
As illustrated in Figure 3, a notable decrease in the
fluorescence intensity (Iye.,) was observed in the Bref. A
and Thap. groups compared to the Control group, indicating
that Bref. A and Thap. induced ER stress, leading to GSH
depletion in the cells. Conversely, the Thap. group exhibited a
significant increase in Iy, upon the addition of Ceapin-A7,
GSK2656157, and Toy compared to the Bref. A and Thap.
groups. This observation can be attributed to the ER stress
inhibitory effects exerted by Ceapin-A7, GSK2656157, and
Toy, resulting in a decrease in intracellular ER stress levels and
subsequent elevation of GSH levels. Furthermore, comparison
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Figure S. (a) Schematic illustration of scrap leather and probe treatment. (b) In situ TP fluorescence imaging of the brains of mice and (c) averaged
fluorescence changes of ER-GSH loaded (100 yL, 200 M) brains when subjected to different treatments: Sham group (untreated), Untreated FA
leather treatment, and Untreated FA leather + NS-398 treatment. 4., = 830 nm; A, = 450—550 nm. Scale bar: 200 ym. The difference was
analyzed by one-way ANOVA and Bonferroni post-test. *P < 0.05 vs Control group.

between the Thap. group and Thap. + Toy group revealed that
the fluorescence intensity of the Thap. + Toy group, as well as
the Control group, remained relatively stable within the 0—2.5
h time frame, whereas the Thap. group experienced a
significant reduction in Iy..,. These findings underscore the
efficacy of ER-GSH as a precise ER-targeting tool, capable not
only of detecting ER stress in cells but also of monitoring the
ER stress process over an extended duration owing to its
fluorescence stability.

Scrap Leather-Induced ER Stress Model. Previous
studies have highlighted the role of formaldehyde (FA)
found in scrap leather in inflicting damage.”’ ™™ In this
study, we employed the ER stress inhibitor Toy and designed a
biological model using free FA leather (nonformic acid
tanning), FA leather (formic acid tanned and has undergone
treatment to reduce emissions), and untreated FA leather
(formic acid tanned and has not undergone treatment to
reduce emissions), as depicted in Figure S11. Compared to the
control group, a slight decrease in fluorescence intensity was
observed in the Free FA leather group, whereas the decline was
more pronounced in the FA leather group and Untreated FA
leather group, with the latter exhibiting the lowest fluorescence
intensity in Iy, These experimental results suggest that the
presence of FA in leather may lead to a reduction in
intracellular GSH levels. However, pretreatment of cells with
Toy resulted in no significant differences in fluorescence
intensity regardless of the treatment applied, indicating that
fluctuations in GSH levels induced by FA may be attributed to
ER stress.

Following this, our study investigated the mechanistic
analysis of ER stress induction by Untreated FA leather, with
results depicted in Figure 4a—c. As anticipated, compared to
the control group, the I, signal in the Untreated FA leather
group was negligible, whereas pretreatment of cells with NS-
398 (an anti-inflammatory drug)24 resulted in a significant
increase in Iy, signal. Western blotting was employed to
analyze the expression of various ER stress-related proteins in
the Untreated FA leather group and Untreated FA leather +
NS-398 group. As depicted in Figure 4d—h, compared to the
Control group, the Untreated FA leather group exhibited
elevated levels of immunoglobulin binding proteins (BiP, a
pivotal regulatory molecule of ER stress), protein kinase such
as ER kinase (PERK, a marker for detecting ER protein
misfolding), and ER stress proteins (ATF6, IRE-1, both crucial
molecules in the three signaling pathways of ER stress).”
Upon administration of the anti-inflammatory drug NS-398,
the Untreated FA leather + NS-398 group displayed a
reduction in the content of associated proteins. These results
indicate that NS-398 can effectively suppress the expression of
ER stress-related proteins, suggesting its potential as a
therapeutic agent for ER stress induced by leather products,
possibly owing to its anti-inflammatory effects.

Two-Photon Fluorescence Images of Mice Brain
Tissue. In preparation for applying ER-GSH to tissue imaging
in living organisms, a comprehensive evaluation of its
biocompatibility in various tissues is essential prior to mouse
imaging experiments. Following the injection of the probe into
the tail vein of mice, organs such as the brain, heart, liver,
spleen, lung, and kidney were scrutinized using Hematoxylin
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Figure 6. (a) Hematoxylin and eosin (H&E) staining (organ damage) analysis, IL-6 immunohistochemistry staining, immunofluorescent staining,
and DHE staining of brain tissue when subjected to different treatments. (b, ¢) Quantification of IL-6 and ROS-positive cells from samples shown
in (a). (d) Western blotting illustrating the expression of BiP, ATF6, IRE-1, and PERK from the samples in (a). Quantification data of the Western
blot results of (e) BiP, (f) ATF6, (g) IRE-1, and (h) PERK from the samples in (d). Scale bars: 200 ym. The difference was analyzed by one-way

ANOVA and Bonferroni post-test. *P < 0.05 vs Control group.

and Eosin (H&E) staining. As depicted in Figure S12, ER-
GSH did not induce significant tissue or organ damage,
underscoring its biocompatibility for in situ imaging in mice.
Consequently, ER-GSH holds promise for the subsequent
experiments involving mouse tissue imaging. To investigate the
ability of ER-GSH to monitor the ER stress process induced by
scrap leather in the mouse brain (visual schematic for model
construction shown in Figure Sa), with this research, we
employed two-photon confocal Z-stack analysis and the results
indicated that ER-GSH exhibited an impressive imaging depth
within brain tissue, reaching depths of up to 220 um (as
depicted in Figure Sb). This observation underscores the
effectiveness of two-photon confocal imaging in capturing ER-
GSH dynamics. Subsequently, we delved into the fluorescence
imaging capabilities of ER-GSH in mouse brain tissue. As
evident in Figure Sc, the Untreated FA leather group exhibited
a significant decrease in Iy, compared to the Control group.
This decline is attributed to leather products inducing ER
stress in cells, depleting intracellular GSH, and resulting in a
diminished fluorescence intensity of ER-GSH due to a
reduction in the GSH content. Conversely, the I, levels in
the Untreated FA leather + NS-398 group was substantially
higher than that of the Untreated FA leather group owing to
the anti-inflammatory action of NS-398, which alleviated the
ER stress in cells, thereby increasing the GSH content in brain
tissue. This implies that NS-398 effectively impedes FA-
induced ER stress in mouse brain tissue.

The H&E staining results vividly illustrated a discernible
hippocampal structure of mice in the Control group,
showcasing normal cell morphology. In contrast, the Untreated
FA leather group exhibited an abnormal hippocampal tissue
structure characterized by increased nuclear consolidation and
cell count. Notably, the Untreated FA leather + NS-398 group
displayed a mitigated effect, featuring less nuclear consol-
idation and a reduced presence of inflammatory cells (Figure
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6a). The expression of IL-6 and ROS, as evidenced by
dihydroethidium (DHE) staining, agreed with the immuno-
histochemistry staining results (Figure 6a—c). Furthermore,
the data derived from the Western blotting analysis,
exemplified in Figure 6d—h, substantiates the outcomes of
the preceding investigations. The experiments revealed that the
FA present in Untreated FA leather can induce ER stress in
mouse brain cells. However, the administration of NS-398
exhibits a protective effect, shielding the mice from the harm
caused by ER stress.

B CONCLUSIONS

With this research, we have evaluated the two-photon
fluorescence probe ER-GSH, designed specifically for the
turn-on detection of GSH. Composed of a naphthalimide
fluorescent group, a GSH-triggered group, and an ER-targeting
group (p-methylnenene sulfonamide), our probe exhibits rapid
response, high selectivity, and sensitivity to GSH. The removal
of the PeT effect, facilitated by the reduction of the sulfur—
oxygen double bond, enhances the ICT effect, resulting in a
remarkable 304-fold increase in fluorescence intensity and an
impressive detection limit of 37.8 nM. Noteworthy for its low
cytotoxicity and precise ER targeting, ER-GSH proves ideal for
exploring the intricate relationship between living cells, ER
stress induced by scrap leather in the mouse brain, GSH levels,
and neuroinflammation. To the best of our knowledge, ER-
GSH represents a pioneering two-photon fluorescence probe
for the visualization and evaluation of cell ER stress triggered
by scrap leather. Our research suggests that scrap leather may
incite an inflammatory response within cells, culminating in
diminished GSH levels and subsequent initiation of the ER
stress pathway. Encouragingly, NS-398, an anti-inflammatory
medication, can suppress cellular inflammation and ER stress
progression by safeguarding cellular GSH levels. This
investigation elucidates the intricate interplay between GSH
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and ER stress in neurons, offering profound implications for

the early diagnosis of degenerative neural conditions.
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