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Fluorescence Off Fluorescence On
@ Near-infrared fluorescent probe / \
@ High sensitivity and selectivity

@ Fast response

@ Application in three living cells
K’ Bio-distribution of GSH in BALB/c mice

In this manuscript, a “turn-on” near-infrared flescent probe was developed
and applied to monitor glutathione (GSH) with el@a sensitivity and selectivitiyn
vitro. The novel probe HCG was successfully applied teaeendogenous and

exogenous GSH in three living cells and the bidrdbigtion of GSH in BALB/c mice.
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Abstract

Fluorescence imaging has become a powerful tool detecting reduced
glutathione (GSH) t@omprehend the physiological and pathological ralt&SH
and the potential clinical diagnosis of GSH-relatlideases, such as AIDS, liver
damage, cancer, and leucocyte loss. High sengitauitd high selectivity remain
challenges for near-infrared fluorescent probesntmitor GSH. Herein, a turn-on
near-infrared fluorescent probe (HCG) was desiged developed in a convenient

synthetic procedure, which had high sensitivity aakkctivity to detect GSH based on
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the red shift of Schiff base. HCG could discrimaagainst amino acid that resemble
GSH to monitor GSHn vitro. The fluorescence emission intensity linearly éased
with an increasing concentration of GSH in the mmj 0-16 pM, with a limit
detection of 252 nM. HCG exhibited a diminutive efgion limit (0.5 uM in actual
experiments), a fast response time (30 s) and Igtotaxicity. The detection
mechanism was confirmed by HPLC and HRMS spectnarthErmore, HCG
exhibited an excellent capacity for fluorescencaging and has been successfully
applied to detect endogenous GSH in three liviig.ceinally, the bio-distribution of
GSH in BALB/c mice was studied by using HCG. Thsutes suggest that HCG has
potential utility in biological science research.
Keywords: Near-infrared fluorescent probe; Reduced glutateiotetection; High
sensitivity and selectivity; Schiff base’s red tshKluorescence imaging; Facile
synthetic procedures.
1. Introduction

Intracellular biothiols, including reduced glutathe (GSH), cysteine (Cys), and
homocysteione (Hcy), act as significant roles imynhiological processes [1-3]. It is
deserved to be mentioned that GSH is widely disted in living organisms and can
serve as a biomarker in the biological system amnotrgcellular bio-thiols [4]. As
reported in literatures [5-8], GSH can contribuwdeat improvement in immunity and
anti-aging among physiological processes and GSikligseat scavenger for reactive
oxygen to maintaithe appropriate physiological redox state . Howeakerrant GSH

levels have been associated with a variety of degasuch as AIDS, liver damage,
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cancer, and leucocyte loss [9-11]. Based on thaseask features, traditional
analytical method has been developed for dete&@ifl by high-performance liquid
chromatography and mass spectrometry [5]. Howelers difficult to prepare
biological samples and monitor GSH in real timeu3hmany new strategies have
been gradually used to monitor GSH in biologicaldels [12-15]. Among these
strategies, fluorescence imaging has been paid gteantion for the detection of
GSH in biological systems [16-18]. Different kindé fluorescent probes have been
developed for detecting GSH on the basis of differeaction mechanisms, such as
Michael addition [19, 20], nucleophilic substitutif?1], cyclization with an aldehyde
[22], Se-N cleavage by thiols [23], the eliminatwindisulfide [24] and others [25-27].
In the reported fluorescent probes for the detactid GSH, there are strong
interference from Cys and Hcy, due to their simitaolecular structures and
nucleophilicity. So, it is still a challenge to ddop a highly specific fluorescent probe
for detecting GSH. [28-31].

In recent years, near-infrared fluorescent prolsg hncreasingly been applied
to detect GSH, due to the reduced biological danaagedeeper tissue penetration of
the light in this wavelength region [21, 28, 31-3Mar-infrared fluorescent probes
contain low photon absorption and can provide hggolution fluorescence intensity
to produce effective fluorescent signais vitro and in vivo without fluorescent
interference. Compared with non-near-infrared #soent probes, near-infrared
fluorescent probes have greater sensitivity andenmextensive applications [35].

Taking advantage of these near-infrared fluoresqgeobes, several turn-on and
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ratiometric near-infrared fluorescent probes hagenbdeveloped for detecting GSH
[32-34]. The detection moieties of these near-neflafluorescent probes still utilize
the nucleophilicity of GSH to lead to low selectyfor discriminating against amino
acids that resemble GSH. Moreover, these probetbitedh slow response time and
their synthetic routes were complicated. Basedhenshortcomings of the existing
fluorescent probes, it is still of great importartcedevelop a more sensitive and
selective near-infrared probe to detect intracatluGSH through a convenient
synthetic procedure.

As reported in the literature [36-41], non-N-alkg@d cyanine dyes include a
protonatable amino group with an indole group. Whiee indole nitrogen atom
deprotonates, it absorbs in the short wavelengfiome The dye will have a strong red
fluorescence when the indole nitrogen atom hasotopr This change occurs over a
very short time, which means that a more sensgrebe with an indole nitrogen atom
moiety may be designed to detect GSH, and suggastexcellent spectroscopic
window to monitor the turning off or on of a visugptical signal (Scheme 1). This
strategy offers a new way to design near-infratedréscent probes. Encouraged by
this mechanism, we hope to develop a highly semsiéind selective near-infrared
fluorescent probe with a similar structure to det@gH.

Herein, making use of this shift strategy, we répgbe turn-on hemi-cyanine
fluorescent probe HCG with excellent sensitivitydaselectivity based on a Schiff
base redshift reaction for the detection of G®Hvitro. Moreover, HCG was

successfully applied to three living cells and B®LB/c mice to detect GSH by
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fluorescence imaging. The fluorescent images shah&tdusing HCG to detect GSH
is helpful to understand the possible biogenesmagethes of endogenous G$H
vivo. The results indicated that HCG was an effectiva for monitoring GSH in

bioscience research.

1.Non-N-alkylated cyanine dyes:
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Scheme 1. Schiff base redshift

2. Experimental
2.1 Reagents and apparatus

All commercial chemicals were of analytical reaggndde and used without
further purification. All reactions were monitordy TLC and the TLC plate was
detected by ultraviolet light (254 nm or 365 nfijica gel column chromatography
was used to purify the compound. A reduced glubaii (GSH) assay kit was
obtained from Jiancheng Bioengineering Institutar(g, China).'H-NMR and
13C-NMR spectra were acquired on a Bruker NMR 400Migectrometer. The high
resolution mass spectra of all compounds were decbby FT-MS (Bruker Daltonics
SolariX 7.0T). The UV spectra were obtained with /M\5 (Jena, Specord 210)

spectrophotometer in 1 cm quartz cells. Fluoress@xcitation and emission spectra



107 were measured on a Hitachi F-4600 fluorescencetrgpdmtometer. Fluorescent
108 images of cells were obtained with a confocal |@&s@anning microscope (Nikon Al).
109  Fluorescent images of BALB/c were recorded by allsammal in vivo imaging
110  system (IVIS).

111 2.2 Synthesis of HCG

112 The synthesis procedures of the other compoundshanen in Scheme S1. Cy7
113 (300 mg, 1.037 mmol) and 2-nitrobenzene-1,4-diantir® mg, 1.244 mmol) were
114  dissolved in 5 mL of anhydrous DMSO. Then, N,N-giieopylethylamine (100 pL)
115 was added to the reaction mixture. The reaction kegg at 60°C for 24 h under
116 nitrogen atmosphere. Next, the solvent was remowelér reduced pressure to obtain
117  the crude product, which was purified by columnochatography on silica gelith a
118  gradient of ethyl acetate ; petroleum ether fromL 16 3:1 (v/v), and the black solid
119  HCG was finally obtained (153.3 mg, 32%)-NMR (400 MHz, CDC}) & 8.91 (s,
120  1H), 8.02 (d, J = 2.4 Hz, 1H), 7.65 (d, J = 12.7 Hd), 7.41 (dd, J = 8.8, 2.4 Hz, 1H),
121 7.26 — 7.18 (m, 2H), 6.95 — 6.83 (M, 2H), 6.70X¢& 7.8 Hz, 1H), 6.13 (s, 2H), 5.47
122 (d, J =12.7 Hz, 1H), 3.22 (s, 3H), 2.77 (t, J £z, 2H), 2.67 — 2.60 (m, 2H), 1.91 —
123 1.83 (m, 2H), 1.69 (s, 6H}*C-NMR (100 MHz, CDCJ) § 160.8 (s), 158.5 (s), 144.8
124 (s), 142.8 (s), 142.8 (s), 141.9 (s), 139.1 (sp.23s), 130.8 (s), 128.9 (s), 127.8 (s),
125  124.5(s), 121.7 (s), 120.3 (s), 119.3 (s), 113)1106.3 (s), 92.9 (s), 46.1 (s), 29.3 (S),
126 28.3 (s), 26.7 (S), 26.6 (S), 21.4 (s). HRMS (&Sin/z found [M+H] 463.1889.
127 molecular formula gH2sCIN4O,", requires [M+H] 463.1895.

128 2.3 Cell culture and fluorescent imaging
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MCF-7, HT-29 and HepG2 cells were incubated in DMEdpplemented with
10 % (v/v) FBS, penicillin (100 U/mL) and streptoony (100ug/mL) at 37C under
a humidified atmosphere containing 5 % £®or fluorescence imaging, cells were
pretreated with varying concentrations of GSH dreotanalytes in 12-well plates (1x
10° cells/well) at 37) for the appropriate time. Then, the cells were hedswith
HEPES (10 mM, pH=7.4) and incubated with a mixtofefresh DMEM and an
administered the probe HCG (10 uM) at 37 °C fomib. Fluorescence images were
acquired with a confocal laser scanning microscofiee fluorescence detection
setting were kept constant throughout all imagixgegiments.
2.4 General flow cytometry methods

In general, for flow cytometry, the cells were ibated with different
concentrations of GSH, and GSH scavengers in 1Pplates (1x 16 cells/well) at
3701 for a certain amount of time. Then, the cells weashed with HEPES (10 mM,
pH=7.4) and incubated with a mixture of fresh DMBEthout fetal bovine serum
and administered HCG (10 pM) at 37° C for 15 minbstquently, the cells with
HEPES were analyzed by flow cytometry (BD, AcE¥riC6) equipped with 640 nm
excitation laser light line source.
2.5 Fluorescence imaging in BALB/c mice

BALB/c mice were divided into two groups. The camtgroup mice were
pre-injected with saline for 5 min and GSH groupceniwere pre-injected with
concentration of GSH (1 mM) for 5 min. Next, allaaiwere injected with HCG (10

uM, 100puL in 1:99 DMSO/saline, v/v). The probe was inculdate BALB/c mice for
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30 min and the fluorescent images of the BALB/c enwere obtained by
small-animain vivoimaging system (IVIS).
2.6 High-performance liquid chromatography (HPLGalgsis

The HPLC technique was employed in the reaction haism experiment.
HPLC was used to monitor the process by which ttoeg HCG (10uM) reacted
with 500 uM GSH for 15 min. The retention time of each compbwas confirmed
so that a better understanding of the reaction ar@s could be obtained.
3. Results and discussion
3.1 Design and synthesis of probe HCG

Because protonatable amino groups can undergo shittgdwe hoped to design
a similar structure. The Schiff base also contaipsotonatable nitrogen atom and can
produce a red emission optical signal. Meanwhite, Echiff base moiety can be
synthesized conveniently. Thus, for the purposeowistructing a turn on fluorescent
probe, 1,2,3,3-tetramethyl-3H-indole and
(E)-2-chloro-cyclohex-1-ene-1-carbaldehyde werettssized by known conditions
initially. Next, compoundS1 reacted with compoun&2 under aldol condensation
conditions to give Cyanine 7. The probe HCG wasaioled in one step by the
combination compound Cy7 and 2-nitrobenzene-1,#itia [42, 43]. HCG contains
a Schiff base structure, which is the core of ttabp and can serve as the recognition
group for GSH. Moreover, the withdrawing group ablpe HCG is beneficial to
produce a large red shift emission in the fluoraseespectrum signal. Compared with

traditional synthetic approaches, this procedurs mare convenient. (Scheme 2).
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Scheme 2. The synthetic procedure of probe HCG

3.2 Spectroscopic properties asehsitivity of the probe HCG

Our studies began by examining the UV/Vis absorp#ind fluorescence spectra
of HCG and 10 uM HCG reacted with 500 uM GSH. Tésutts indicated that the
maximum absorption wavelength of HCG was located58&t nm. Interestingly, after
reacting with GSH, its maximum absorption wavelengts observed in the 653 nm
region (Fig 1a). In the fluorescence spectra, thera weak fluorescence emission
from HCG at 720 nm. After 500 uM GSH was addedofgétd by incubation for 1
min, the fluorescence intensity increased 8-fold72a0 nm (Fig 1b). This result
indicated that HCG is a turn on near-infrared fasment probe and has a short
detection time. The fluorescent quantum yield ofGi@acted with GSH was 17%
relative to Oxazine 1d,x,=0.14 in EtOH) [44]. To test the sensitivity of HCGe
fluorescence spectra of HCG (10 uM) reacted wittyimg concentrations of GSH
(0-1000 uM) were recorded by fluorescence specttmphetry. The results showed
that the fluorescence intensity increased and eshalgradual plateau with increasing

concentration of GSH (Fig 1c and S1c). Moreovewas found that the fluorescence
9



190 emission intensity linearly increased with the atcation of GSH in the range of
191 0-16 uM and the detection limit (DL) of HCG was amdhted to be 252 nM
192  (signal-to-noise ratio (S/N) = 3). In the real aeiten experiment, the DL of HCG was
193 0.5 uM (Fig 1d). There is a reduced glutathione H&ssay kit from Jiancheng
194  Bioengineering Institute (Nanjing, China), whose B1451 nM and the real detection
195 limit is 1.5 uM (Fig S1). Compared with this commiat kit, HCG has higher

196  sensitivity.

0.5 —ﬁgngH 2500 - ——
= —— HCG
0.4 & 2000
Z
8 E
£ 0.3 s 1500
= =
- -
2 g
% 02- S 10004
3
3
0.1 £ 500
0.0 . - . T ) 0 r T T T )
400 500 600 700 800 700 720 740 760 780 800
Wavelength (nm) Wavelength (nm)
a b
2500 - 700
1000 pM Y =20.841X + 266.95

6004 RZ=0,9927

2000+
500

1500~ 400

1000 3007

200

Fluorescence intensity (a. u.)

500 4

Fluorescence intensity (a. u.)

100 4

700 720 740 760 780 800 0 4 8 12 16
Wavelength (nm) GSH Concentration (pM)

c d
197

198 Fig 1. The UV spectra and fluorescence emission gpea of HCG in response to GSH a)
199  Black: Absorbance spectrum of HCG (L®l) in DMSO/HEPES buffer (10 mM, 1:10, v/v, pH 7.4)
200 at 25 °C, Red: Absorbance spectrum olMDHCG reacted with 500 pM GSH in DMSO/HEPES

201 buffer (10 mM, 1:10, v/v, pH 7.4) at 25 °C for 1%nnb) Fluorescence emission spectra of HCG,
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and 10uM HCG with 500uM GSH in DMSO/HEPES buffer (10 mM, 1:10, v/v, pH4Y at
37 °C for 1 min; c) Fluorescence emission spedtid@G (10uM) with various concentrations of
GSH (0, 10, 20, 40, 60, 80, 100, 200, 500, 10D at 377 for 15 min; d) Linear correlation of

fluorescence emission intensity towards GSH comaton and the real experimental detection

limit. (Aex = 653 NmM).
3.3 Selectivity of the probe HCG

To examine the selectivity of HCG, different amen@ds and other species were
introduced to HCG, such as Cys, GSH, Ala, Pro, ys, His, Val, Tyr, Ser, Phe, Arg,
Trp, Met, Leu, Asp, Gly, lle, GIn, Hcy and othefs shown in Fig 2a, only GSH can
be monitored by HCG among all the amino acids tedtes worth mentioning that
the fluorescence intensity of the reaction of HCithwCys, Hcy and GSH showed a
large difference, indicating that there is good-arierference and high selectivity for
HCG to react with GSH compared with similar amincida. In addition, the
time-dependence was measured to explore the timereel for HCG to respond to
GSH. Excitingly, when GSH was added into the HCGHdsu solution, the
fluorescence intensity increased immediately arideaed a balance within 30 s (Fig
2b), suggesting that HCG has a great response td &®l exhibits excellent
sensitivity. A possible interpretation is that Behiff base redshift emission leads to a

rapid response to GSH.
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Fig 2. The selectivity and kinetics of the HCG regmnse to GSH a) Fluorescence responses of

10 uM HCG to 500 uM of biologically relevant specia DMSO/HEPES buffer (10 mM, 1:10,
vlv, pH 7.4) at 37 °C for 15 mirj1) probe, (2) GSH, (3) Cys, (4) Ala, (5) Pro, (§sL(7) Thr, (8)

His, (9) Val, (10) Tyr, (11) Ser, (12) Phe, (13)0A(14) Cystine, (15) Trp, (16) Met, (17) Leu, (18)

Asp, (19) Gly, (20) lle, (21) Gln, (22) HSD(23) SQ7, (24) HO., (25) Hey; b) Kinetics of 500

uM GSH detected by 10M HCG at 37°C in HEPES (pH 7.4)cx = 653 nm).
3.4 Flow cytometry analysis of GSH and confocalmyscopy images in living cells
using HCG

Based on the good fluorescent properties of HCBuiifer, HCG was applied to
detect GSH in living cells. The cytotoxicity of HC®as established firstly, using
MTT assays with MCF-7, HT-29 and HepG2 cells. Thk wiabilities exceeded 92%
when incubated with 10 uM HCG. In the range of O-ud/1 HCG, the cell viabilities
were still over 82%, demonstrating the low cytotityi of the probe HCG in living
cells (Fig S2). Furthermore, the fluorescence sitgrof HCG was weak and stable in
the range of pH 5-10. When added GSH into the molutf HCG, the fluorescence

intensity of HCG response to GSH had a significangrovement in the range of pH
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5-10 (Fig S3). As shown in Fig S2 and S3, the tesalbove demonstrated that HCG
was stable and suitable for cell imaging underdgimal conditions. On the basis of
these results, flow cytometry was used to analyizéhe fluorescence intensity of
HCG in response to GSH in MCF-7, HT-29 and HepGRscéiT-29 cells were
pretreated with different concentrations of GSHZ00, 500, 1000 uM) for 30 min,
followed by, incubation with 10 uM HCG for 15 mincanalysis by flow cytometry.
As shown in Fig 3a, the fluorescence intensityhef HCG response to GSH improved
with increasing GSH concentration. N-ethylmaleim{t&EM, 2 mM), a well-known
scavenger of biothiols [45, 46], was pretreatechwiT-29 cells for 30 min, and then
subsequently, incubated with 10 uM HCG for 15 mmd analyzed by flow cytometry.
The flow cytometry data showed that the fluoreseemtensity of HT-29 cells
incubated with NEM decreased to half that of thate® group (Fig 3b). The flow
cytometry results in MCF-7 cells and HepG2 cellsen@nalogous to those in HT-29
cells (Fig S4). Encouraged by the results abovafooal microscopy imaging was
applied to HT-29, MCF-7 and HepG2 cells. HT-29 £@llere incubated with different
concentrations of GSH (0, 200, 500, 1000 uM) forr8ih. Next, the cells were
treated with 10 uM HCG for additional 15 min, afubfescent images were acquired
by confocal microscopy. As shown in Fig 3c, theofescence intensity of the HCG
response to GSH gradually increased in a GSH caratem dependent manner.
When the control group only was incubated with M HCG, it was obvious that a
red fluorescence was observed in HT-29 cells. Téssilt indicated that HCG could

detect endogenous GSH in living cells. When 2mM Ntk introduced in HT-29

13



260 cells prior to, and all other procedures were csirst with the above mentioned
261  conditions, only weak red fluorescence was obsetiwedconfocal microscopy image
262  of HT-29 cells. These results were consistent wWithflow cytometry results. Similar
263  results were achieved with MCF-7 cells and HepG#fs cg-ig S5). Therefore,
264  according to these results, it has been suggesidtiie probe HCG can be an
265 effective tool for detecting GSH in living cells.

A Dot et b:
Gate: P2

Fluorescence intensity (F/Fg)

o Py .
10} 02 a3 wd 25 ot 2 control NEM 200 pM GSH 500 pM GSH 1mM GSH
FL3-A

Control 200uM GSH 500uM GSH 1mM GSH
h ..

HCG

Merge

267  Fig 3. Flow cytometry analysis of GSH and confocal microspy images of GSH in HT-29

266

268  cells using HCG.a) Cells were pretreated with GSH (0, 0.2, 0.8,mM) at 377 for 30 min and

269 then stained with 1uM HCG for 15 min before flow cytometry analysis; Blormalized
14
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292

fluorescence intensity of flow cytometry data; c)ll€ were pretreated with varying
concentrations of GSH or NEM at 37or 30 min, and then treated with 1M HCG for 15 min
before obtaining the confocal microscopy imagesleébar: 2Qum. Representative images from
replicate experiments (n = 5) are shown.

3.5 The plausible mechanism

To gain insights into the mechanism of the HCG risgent response to GSH,
HCG (10 uM) was reacted with GSH (500 uM) in 5 nfLneethanol. The reaction
mixture was measured by high-performance liquidoctatography (HPLC). The
retention time of the HCG, GSH and the reactiondpod were recorded. As it is
shown in Fig 4, the retention time of the HCG was8in (Fig 4a), and the retention
time of GSH was 2.5 min (Fig 4b). However, the teecproduct has a strong signal
at 6.0 min (Fig 4c). Additionally, the reaction rmixe was surveyed with a
high-resolution liquid chromatograph mass specttem@R-LC-MS). In positive ion
mode of the HRMS analysis, the thiol-imine Michadtluct was found to have a m/z
of 770.27025 (Fig S6) and HCGS was found to han®zof 463.19006 in the mass
spectra. However, in negative ion mode of the HRaMalysis, the HCGS wasn't
found in mass spectra and the probe HCG could lredfto have a m/z of 461.17547
in the mass spectra. This indicated that HCG relaeith GSH to form a thiol-imine
adduct and then the thiol-imine adduct decompostm a protonatable Schiff base,
which couldn’t be measured in negative ion moddehenmass spectrometer (Fig S6
and Fig 5). The plausible mechanism was specul#ited firstly, the non-red
fluorescent HCG reacted with GSH to gain a thiolRenadduct [47]. Because the

thiol-imine Michael addition were unstable, the otiimine adduct was easily
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decomposed into a protonatable Schiff base of HO®. protonatable Schiff base of

HCG was generated in the reaction mixture anddeal ted shift in the optical signal

(Scheme 3).

— HCG

150004 t= 8.0 min
= 10000
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200004 —— HCG+GSH
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15000 - ™~
Z 10000
E

5000 1

0
0 2 4 ] 10 12
Time (min)

Fig 4. The reaction between 50@¢M GSH and 10 uM HCG was tracked by HPLC. a) the

retention time of HCG; b) the retention time of 8&H; c) the retention time of the reaction

product.
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mode of the reaction product.
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307 3.6 The application of HC@® vivo

308 To investigate the application of HCG to respond>t8H in vivo, the BALB/c
309 mice were pretreated with GSH (1 mM) and saline5Sfanin, and then injected with
310 HCG (10uM, 100uL in 1:99 DMSO/saline, v/v). After 30 min, fluoresace images
311 were obtained bya small-animalin vivo imaging system (IVIS). There was a
312 fluorescence signal in the control group. GSH wdioduced into the mice ahead of
313 time, and the fluorescence signal was greatly inmguian the liver of the mice (Fig 6),
314 indicating that the probe HCG can detect endogesid by the blood circulation in
315 mice. Because GSH is gathered and metabolizedirinste liver of the mice by the
316  blood circulation [48-50], the probe HCG enterslitier and detects GSH to lead to a
317 fluorescence signain vivo. In GSH group mice, the liver had a more obvious
318 fluorescence signal than the other organs, beddgskver contains abundant GSH.
319 In this regard, HCG is an effective probe to detdwnges in the concentrations of

320 GSHin vivoand can provide a visual signal from IVIS.

321
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vivo fluorescence imaging: the separated organs frorsdbegficed GSH group mice; d) Relative

fluorescence intensity of the separated organs theniSSH group.

4. Conclusions

In summary, the near-infrared fluorescent probe H@@s designed and
developed successfully based on the Schiff baseshidtfor the detection of GSH.
HCG shows high selectivity to discriminate betw&e8H and similar amino acids,
shows a fast response time (30 s) and has a lavalagétection limit of 0.5uM in
vitro. Due to the low cytotoxicity and great near-iné@rproperties, HCG was
successfully applied to the fluorescence imagingenflogenous GSH in HT-29,
MCF-7 and HepG2 cells. Last, we studied the bidridhistion of GSH in BALB/c

mice through fluorescence imaging of HCG. With lagreparations, this strategy

18



336 can provide an effective tool to detect GSH levélse results suggest that HCG has
337  potential utility in biological science research.
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10

Highlights
A turn-on near-infrared fluorescent probe was developed for monitoring
reduced glutathione (GSH) by facile synthetic procedures
The probe can detect GSH based on the red shift of Schiff base, which had
high sensitivity, high selectivity, low detection limit and fast response time in
vitro.
The probe served as bioimging tool for detecting endogenous and exogenous
GSH in threeliving cells.
The bio-distribution of GSH in the BALB/c mice was studied through

fluorescent imaging of HCG



