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Abstract

The level of chloride ions (CI) in sweat is a recognized biomarker for the gendisorder cystic fibrosis (CF).
The accurate quantitation of chloride ions in swisaherefore a vital diagnostic tool for this liflereatening
disease. In this work, a fluorescent, chloridedbemosensor was developed by exploiting the stirtegaction
between silver (AD and chloride ions. Using the concept of ligandpticement, six Agbenzimidazole
complexes were prepared as candidate chloride itvemosensors. The A@-(Furan-2-yl)-H-
benzofllimidazole (Ag-FBI) complex was identified as the optimal sensor gwto its Ag-FBI high
sensitivity (limit of detection = 19M), short response time (< 3 min), and remarkahleréscence turn-on
response across a broad pH range (pH 6-9). THeFBg complex exhibited high selectivity for Clions and
was successfully used to quantify chloride ionsiiificial sweat samples containing multiple ionmslaother
biological constituents. This unique, simple, arfteative probe thus shows great potential for clii

diagnostic applications.

Keywords: Metal-ligand exchange; Ligand displacement; Clderiion; Fluorescent chemosensor; Cystic

fibrosis; Sweat test
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1. Introduction

Chloride ions (Cl) are the most abundant ions in biosystems [1]y e ubiquitous in agricultural,
environmental, industrial, and physiological systeand are extensively used in organic chemicalsdtural
fertilizers, and even as food additives [2#4]clinical settings, chloride ions in sweat aredigs a biomarker
for the genetic disorder cystic fibrosis (CF), whis caused by mutations in the cystic fibrosisgsraembrane
conductance regulato€FTR) gene [5-9]. The CFTR protein functions as a ddeion channel and abnormal
proteins result in increased levels of chloride sidpeing present in sweat, making the detection and
guantification of sweat chloride an invaluable tdol diagnosing CF [10]. Although several analytica
techniques exist for detecting and quantifying gd® ions, including ion chromatography and eleatalytical
chemistry methods involving potentiometry and coudtry, they are limited by the accessibility andnpdexity
of the instrumentation [11-16]. A potential altetima to these systems is chemosensors, which liéreefi both
ease of use and faster detection. Unfortunatelpitiethe development of multiple chloride ion closensors
over the past two decades, few have been applifabiee analysis of biological samples owing te thck of a

specific recognition unit for the chloride ion [BD.

Silver ions (Ad) strongly bind to chloride ionK¢{AgCl) = 1.77 x 139, making them a valuable
reagent for the specific recognition of chloridasd31]. The strong interaction between silver ahidride ions
was exploited for the development of the estabtisehr method for chloride ion detection. This teicjue is
based on precipitation titration of AgCl using silvnitrate (AgNQ) as the titrant and potassium chromate
(K,CrO,) as the indicator [32,33]. While this method i#l stidely used to analyze halide ions, it sufférsm
requirements of large reagent volumes and alkalingking conditions. Despite the limitations of tMohr
method, the strong interaction between silver dnidrizle ions presents a clear opportunity for teeeopment

of a sensitive and selective chemosensor for aléaon detection.

A great number of chemosensors have been develagirg the concept of ligand displacement [34-
41]. This design relies on the change in the opticaperties of a free and metal-complexed fluogaeswor
chromogenic dye. Analyte detection is based onig@d exchange reaction between the metal-dye mmp
and an analyte with a strong binding affinity fbletcomplexed metal ion. Herein, we developed actede
fluorescent chemosensor for chloride ions basetigamd displacement from Agbenzimidazole complexes.

Six benzimidazole derivativedd1c, 2a-2¢) were synthesized as fluorescent ligands basquterious reports
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describing N-heterocycles, and particularly bendsmbles, as good ligands for silver ions [42-46].
Fluorescence-quenched Agenzimidazoleomplexes (Afla-1c, 2a-2c) were prepared and investigated to

determine their ability to detect chloride ions kgand exchange-induced fluorescence recoveryegi@ehl).

Cl- Ag* CI
Ag* 1a, R=H, X=S
\ 1b, R=CN, X=S
N X /@: 1c, R=0OMe, X=S
/@: \>—§\J N 2a, R=H, X=0
R N H 2b, R=CN, X =
2c, R=0OMe, X=0
Fluorescence OFF Fluorescence ON

Scheme 1Chloride ion chemosensor based on ligand displaoéfrom Ag-benzimidazole complexes.
2. Experimental
2.1. Materials and instrumentation

Chemical reagents were purchased from commeroigices (Sigma-Aldrich, Alfa Aesar, Duksan,
Daejung, and Tokyo Chemical Industry) and, unléhsrise stated, were used without further purifira *H-
and**C-NMR spectra were recorded on a JEOL 400 MHz Ni&someter. Mass spectra were obtained using
an Agilent ESI-Q/TOF (quadrupole/time-of-flight) ssspectrometer. Melting points were measured using
BUCHI Melting Point M-565. FT-IR spectra were olmad using a Thermo Scientific Nicolet iIS10 FT-IR
spectrometerlUV-Vis and preliminary fluorescence spectra wereorded on a BioTek Cytatidl 3 Cell
Imaging Multi-Mode Reader. Fluorescence spectraevedatained using an Agilent Cary Eclipse fluoreseen

spectrophotometer.
2.2. General synthesis and characterization

2.2.1. General procedure for the synthesis of Z8ulied benzimidazold47]

1a, R=H, X=8
NH, NaHSO; N\ X 1b, R=CN, X=8
/@ B [/)—\\ >—@ 1c, R=0Me, X=S
R NH, o) HZO reflux R N 2a, R=H, X=
2b, R=CN, X =
3c, R=0Me, X=0

Scheme 2General synthesis of benzimidazole derivatidesl(c, 2a-2¢).
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A mixture of aldehyde (10.00 mmol) and NaHS@1.0 equiv., 11.45 g) in 4@ (30 mL) was heated
to reflux. A solution of am-phenylenediamine derivative (10.00 mmol) igCH(10 mL) was added dropwise to
the solution and the reaction was further refludddon completion, the reaction mixture was cooledaom
temperature and the precipitate was collected bywa filtration. The residue was washed witfOHand dried

under vacuum.
2.2.2. Characterization of 2-substituted benzimides

2-(Thiophen-2-yl)-1H-benzo[d]imidazoléd) [47,48] (1.67 g, 84%) pale yellow solid. mp 327233; *H-NMR
(400 MHz, DMSO-¢) 6 12.95 (s, 1H), 7.84 (dd,= 3.7, 1.2 Hz, 1H), 7.72 (dd,= 5.2, 1.1 Hz, 1H), 7.56 (d,=
3.0 Hz, 2H), 7.24-7.17 (m, 3H}*C-NMR (100 MHz, DMSO-g) § 147.6, 139.7, 134.2, 129.3, 128.8, 127.3,

122.7, 115.4.

2-(Thiophen-2-yl)-1H-benzo[d]imidazole-6-carboriiri(lb) (0.35 g, 42%) pale yellow solid. mp 245-248
'H-NMR (400 MHz, DMSO-¢) & 13.47 (s, 1H), 8.08 (s, 1H), 7.92 (b5 4.5 Hz, 1H), 7.79 (dd} = 5.0, 1.0 Hz,

1H), 7.68 (d,) = 8.3 Hz, 1H), 7.56 (dd] = 8.4, 1.5 Hz, 1H), 7.24 (dd,= 5.0, 3.8 Hz, 1H)*C-NMR (100 MHz,

DMSO-d;, at 90°C) 4 150.2, 141.9, 139.6, 132.7, 129.9, 128.4, 12&8,7, 120.1, 119.8, 115.6, 104.3; ESI-
HRMS: m/zcalcd for G,H;N3S + H: 226.0433, found 226.0434.

6-Methoxy-2-(thiophen-2-yl)-1H-benzo[d]imidazoléc) (1.15 g, 50%) pale yellow solid. mp 70-78
(decomposed)*H-NMR (400 MHz, DMSO-¢) 6 12.80 (s, 1H), 7.78 (dl = 3.8 Hz, 1H), 7.68 (d] = 5.3 Hz,
1H), 7.45 (dJ = 5.3 Hz, 1H), 7.21 (q] = 2.8 Hz, 1H), 7.05 (s, 1H), 6.83 (dbiz 9.2, 2.3 Hz, 1H), 3.80 (s, 3H);
3C.NMR (100 MHz, DMSO-¢) & 156.4, 134.5, 128.7, 126.6, 112.0, 56.0; ESI-HRMS8z calcd for

C1H10N,0S + H: 231.0587, found 231.0593.

2-(Furan-2-yl)-1H-benzo[d]imidazole24, FBI) [47,48] (1.8236 g, 99%) brown solid. mp 271-2Z3'H:NMR
(400 MHz, DMSO-@) 6 12.99 (s, 1H), 7.96 (gl = 0.8 Hz, 1H), 7.56 (q) = 3.1 Hz, 2H), 7.23-7.19 (m, 3H),

6.74-6.72 (m, 1H)**C-NMR (100 MHz, DMSO-¢) 5 145.8, 145.3, 144.0, 139.2, 122.9, 115.5, 11219,3

2-(Furan-2-yl)-1H-benzo[d]imidazole-6-carbonitrilgb) (1.67 g, 80%) pale brown solid. mp 226-229H:
NMR (400 MHz, DMSO-g) 6 13.46 (s, 1H), 8.07 (s, 1H), 7.99 @& 0.8 Hz, 1H), 7.68 (d] = 8.2 Hz, 1H),
7.56 (dd,J = 8.5, 1.5 Hz, 1H), 7.31 (dd,= 3.4, 0.6 Hz, 1H), 6.74 (d,= 1.7 Hz, 1H);*C-NMR (100 MHz,

DMSO-d;, at 90C) & 146.6, 145.4, 144.9, 141.6, 139.5, 125.7, 12018,8] 115.8, 112.5, 112.2, 104.4; ESI-
3



100 HRMS: m/zcalcd for G,H;N3;O + H: 210.0662, found 210.0664.

101  2-(Furan-2-yl)-6-methoxy-1H-benzo[d]imidazol€&c) (0.62 g, 29%) pale brown solid. mp 142-145
102  (decomposed)H-NMR (400 MHz, DMSO-g) 6 12.78 (s, 1H), 7.91 (g} = 0.8 Hz, 1H), 7.45 (d] = 7.9 Hz,
103  1H), 7.13 (dJ = 4.0 Hz, 1H), 6.98 (s, 1H), 6.83 (db= 8.9, 2.4 Hz, 1H), 6.70 (d,= 1.7 Hz, 1H), 3.79 (s, 3H);
104  C-NMR (100 MHz, DMSO-¢) & 170.9, 156.5, 146.2, 144.8, 112.8, 112.3, 11G®;ESI-HRMS:m/zcalcd

105 for CioHigN,O, + H: 215.0815, found 215.0819.
106  2.3. Fluorescence-based screening of Agenzimidazole complexes
107  2.31. Identification of excitation and emission wavgths e, Aen) Of candidate fluorophores

108 Solutions ofla-1cand2a-2cin DMSO (25uM, 10% DMSO) were added to pH 8.0 HEPES buffer

109 (20 mM). Excitation and emission spectra of alldidates were recorded using a microplate reader.
110  2.3.2. Fluorescence-based screening of benzimidalarivatives as ligands for silver ions

111 Solutions of benzimidazole derivativiks-1c and2a-2cin DMSO (25uM, 10% DMSO) were added
112  to pH 8.0 HEPES buffer (20 mM). Agolutions (0-2.5 mM) in deionized distilled watgere then added to
113 give a final sample volume of 2QQ and 10% DMSO. The samples were mixed, incubate@® min at room
114  temperature, and used for fluorescence intensitgsomements. Fluorescence spectra were obtained th&@n
115 X measured in section 2.3.1a( Aex = 315 NM,1b: A = 323 NMAC Ay = 316 NM2a: Agy = 307 NM2b: Ay =

116 315 nm,2cC: dex = 323 NM).
117  2.3.3. Fluorescence-based screening of-ige complexes as Qrobes

118 Solutions of benzimidazole derivativéa-1c and2a-2cin DMSO (25uM, 10% DMSO) were added
119  to pH 8.0 HEPES buffer (20 mM). Ag125uM) in deionized distilled water was added to thmgkes to give a
120 final volume of 200uL and 10% DMSO. The samples were then mixed andbized for 30 min at room
121  temperature. Solutions of CI(0-1 mM) in deionized distilled water were addedtltie samples, which were
122  then mixed, incubated for 10 min at room tempemtand used for fluorescence intensity measurements
123  Fluorescence spectra were obtained using.dhmeasured in section 2.3.1a( Aex = 315 NM,1h: A = 323 Nm,

124 1C hex = 316 Nnm2a Aey = 307 NM2b: Ay = 315 NM2C: Ay = 323 NM).

125  2.4. Optimization of conditions for preparing the Ag*-FBI complex

4
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2.4.1. Preparation of AgFBI complexes and fluorescence analysis

A solution of FBI in DMSO (25uM) was adjusted to a pH of 7.4 using HEPES buffed {.4, 20
mM). Individual samples of the Ag-Bl complexes were prepared by addibgNOj; solutions (0-1 mM) in
deionized distilled water to give a final sampléwoe of 1 mL and 10% DMSO. The AgBI complexes were
then incubated for 30 min at room temperature. &lesmditions were employed for the preparatiorhefAg -

FBI complex across all the experiments with only thecentration of the AgNgsolution being varied.

Fluorescence spectra.{ = 307 nm) were recorded in triplicate, normalizedd the average value

and error were calculated. This procedure was faettie remainder of the experiments unless othterstated.
2.4.2. Job’s method (Job plot) [49,50]

To determine the binding stoichiometry, the bigdimode of the AGFBI complex was investigated
using the method of continuous variation (Job’shad). The Job plot was obtained by plotting théedéfnce in
the fluorescence intensity at 344 nmF(. = (R — F) x [FBI]) against the mole fraction of the probe
[Ag™V/([FBI] + [Ag']). The resulting curve was fitted with non-lineamve parameters using OriginPro 2018b

software.
2.4.3. Structural determination of the A§BI complex using FT-IR and NMR studies

For FT-IR analysis, AgFBI complex samples were prepared as previously destuising different

equivalents of AgN@(O, 0.5, 1, 3) and then lyophilized. FT-IR speatexre obtained using KBr pellets.

For NMR analysis, AGFBI complex samples were prepatadmixing FBI (100 mM) in DMSO-¢
with different equivalents of AgNE0, 0.5, 1, 2, 3, 4, 5) in DMSOs@nd incubating for 30 min at room

temperature.
2.5. Study of Ag-FBI complex as a fluorescent chemosensor of Cions
2.5.1. Effect of Cl ions on fluorescence

The Ag-FBI complex was prepared as described in section.uding a 125uM AgNO; solution.
The mixture was stirred, incubated for 30 min atmotemperature, and Clsolutions (0-10 mM) in deionized
distilled water were added. The chloride ion-camitag solutions were mixed and incubated for an taithl 10

min at room temperature. The final sample prepamatspectral measurements, and data work-up were

5
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performed as previously described.
2.5.2. Fluorescence response of chloride ion-ligardhanged solutions at various pH

Ag'-FBI samples were prepared as described in sectioh. 2Mer adjusting the pH (pH range of

4.0-9.0), fluorescence spectia,(= 307 nm) were recorded.

Samples were prepared as described in section. 2&rlg a 1 mM CI solution. Measurements and
data analysis were performed as previously destribee pH of the final samples was adjusted to eetw4.0
and 9.0. Fluorescence spectra were used to exaheneffect of ligand exchange on the fluorescerfcth®

Ag*-FBI complex.
2.5.3. lonic constituent selectivity tests

Sample preparation, measurements, and data analgsés performed as described in section 2.5.1.

with the following changes:

(a) Instead of a 1 mM Clsolution, samples were prepared using 1@0of 1 mM solutions
containing the following ionic constituents:ClI- , Br , F , PQ™ , HCG;y , CH,COO SO~ , NO,

NO; , CIOs ,C&*, K*, Mg*, cd*, CU/*, F€*, and Nf".

(b) Samples were prepared using 10of the following ionic constituents: Il = 1 uM, [Br- ] =1
uM, [F- 1=1uM, [PO> ]=20uM, [HCO; ]=200uM, [CH,COO ]=20uM,[SO* ]=20uM, [NO; ]=
1 mM, [NO; ]=1mM, [CIO; ] =1 mM,[Ca™] = 250uM, [K*] = 500uM, [Mg?'] = 20 uM, [Cd*] = 1 uM,

[Cu”] = 1uM, [F€”'] = 1M, and [NF] = 1 uM.
2.5.4. Competing effect of ionic constituents

To determine the competing effects of other ionglaoride ion binding, the experiments described in

sections 2.5.3. (a) and (b) were repeated with 1@iMion solution added to the samples.
2.5.5. Quantitative determination of chloride iansartificial sweat

Sample preparation, measurements, and data analgsisperformed as described in section 2.5.1.
using 10ulL artificial sweat solution containing differentlohide ion concentrations (20 mM, 50 mM, 100 mM).
Artificial sweat solutions were prepared as presipudescribed [51-53]. Quantitation was performed b

comparing the fluorescence recovery of the artifisweat treated samples with the results obtafreed the
6
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experiments in section 2.5.1. Chloride ion recoweag calculated by comparing the results with stareted

concentrations obtained from the experiments itiGe®.5.1.

3. Results and discussion

3.1. Selection of optimal fluorescent chemosensarfchloride ions

To identify the optimal Cl ion fluorescent chemosensor, six different bendamole derivativeslg-
¢, 2a-C) with varying substituents at the C2 and C6 posgiwere synthesized and used as fluorescent kgand
prepare A§ complexes. The fluorogenic response of the bewmsintle derivatives to Agions and the Ag
benzimidazole complexes to chloride ions was tmestigated (Figure 1). We first examined the cleaing
fluorescence intensity of the six benzimidazolew@dives upon the addition of Agin the absence of Agall
benzimidazole derivatives showed strong fluoresegreaks around 350 nm to 400 nm (Figure 1, Dyeejlon
Following the addition of Af fluorescence intensity decreased, with saturaimmurring for 2-5 equivalents of
Ag” within 30 minutes (Figure 1, AgDye w/o Ct and Supporting Information). The quantum yiek®3 6f the
benzimidazole derivatives and the *Agenzimidazole complexes were also determined €T®l). To
investigate the recovery of fluorescence intensitpg’-benzimidazole complexes in the presence of ©hs,
Cl- ions were added to solutions of the complexesiltieg in a notable increase in the fluorescencAgtla
(~ 8 fold), Ag-2a (~ 11 fold), and A§2c (~ 7 fold) (Figure 1, AGDye w/ Ct ). This indicated that the
fluorescence of the benzimidazole derivatives, Whiad been quenched upon complexation with, Agps
recovered through ligand exchange between thedfg complex and the chloride ions. This excharaye lwe
attributed to the strong affinity of Ador CI ions forming AgCl. Based on these results, thé-2gcomplex

(Ag'-FBI complex) was chosen as the optimal probe for éteation of Cl ions.
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Figure 1. Fluorescence intensity of benzimidazole derivatifie-1c, 2a-2¢) complexed with Ag and in the
absence/presence of Clons. Ag-Dye complex: red bar, [Dye]:[A§= 25 uM:125 uM, 20 mM pH 8 HEPES,
10% DMSO. Ag-Dye complex with Cl : blue bar, [Dye]:[Ad]:[CI” ] = 25 uM:125 uM:1 mM, 20 mM pH 8

HEPES, 10% DMSO. Measurements taken at the spégifiof each benzimidazole derivative.
3.2. Ag'-FBI complex as fluorescent probe for chloride ions

The chemical structure of the A§BI complex was determined by FT-IR altttNMR spectroscopy.
The FT-IR spectra of free and complexell showed a shift of the(C=N, benzimidazole) from 1420 ¢hio
1385 cnit in the presence of Agindicating the involvement of the benzimidazoiegrtertiary nitrogen in
coordination (Figure S23) [54,55]. A comparisonvietn the'H-NMR spectra of the free and complexeal
showed a downfield shift for the benzimidazole —Mém 12.95 ppm in the presence of ‘Agrigure S24). In
addition, the aryl and furanyl moieties signal &-7.0 ppm also shifted and displayed a distinkittgyg pattern
(Figure S24). These results suggest that the bétemmle —NHemains intact during Agcomplexation and
indicate that the furanyl ring is involved in tharhation of the complex (Scheme 1, Fluorescence §fi€ture)
[56,57]. This was further confirmed by a Job plehich revealed a 1:1 binding stoichiometry betwégfi and

FBI (Figure S25).

To determine the Cl-sensing capacity of the AdrBlI complex, the change in the fluorescence
intensity of the complex was measured in the presef various chloride ion concentrations (FiguyeSince
the decrease in the fluorescence intensitif®f by Ag"” was saturated with 5 equivalents of"/Ag5uM FBI
and 1251M Ag” were used to prepare the AgBI complex in a pH 7.4 HEPES buffer solution contagni 0%

DMSO (Figure S26). The fluorescence intensity &f thg'-FBI complex increased linearly with increasing
8
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chloride ion concentration up to 1.5 mM (Figure .2ibhe limit of detection (LOD) for chloride ions wa
determined to be 1AM based on thedslope (Figure 2bs 3.441), which is lower than for the majority of
previously reported Cl probes. Most importantly, this detection limittislow the maximum concentration of
chloride ions in sweat, indicating that our ’AgBI complex could be used for quantifying chloridesiam sweat

without interference from the biological matrix.

(@ ~ (b)
S 600 4 600 4
& —_ P i
> 5004 3 5004 e
‘® o . 300 | R? = 0.9960 i
c . 8 - ¥ = 537.5062 X [CI] + 35.0237
& 400+ 400 equiv. £ 400 3 20
£ s
£ < i E 200
@ 300 S 3004 & 3
& ® &
O 200 . 2004 i LOD =19 pM
I - . wo
o w
O 1004 100 4{* 0
2 0.0 0.1 02 03 04 05
o — F [CI] (mM)
04 — 0 T T r r T
320 340 360 380 400 420 440 460 480 500 0 2 4 6 8 10
Wavelength (nm) [CI'T (mM)

Figure 2. (a) Fluorescence spectra for incremental increasesloride ion concentration FBIJ:[Ag*] = 25
uM:125 uM). (b) Plot of the fluorescence intensity at 344 nm of -A8| ([FBI]:[Ag’] = 25 uM:125 uM)
versus the concentration of ‘ClI(20 mM pH 7.4 HEPES, 10% DMSQ,, = 307 nm). F.l.: Fluorescence

intensity. LOD: Limit of detection.

Since sweat is composed of various ionic consitjeit is essential that the A§BI complex
displays a high selectivity for chloride ions to a@pplicable for sweat-related applications. Botioas and
metal cations are constituents of sweat, and tfeetedf these ions on the detection of Qlvas examined. It
should be noted that, in physiological conditidihg, concentrations of these other ions in sweatrareh lower
than the level of chloride ion [15,51]. Though soofiéon species at high concentrations were founidterfere
with the response of the AgrBI complex (Figure S27), in physiological conditionther ions except for Cl
induced negligible change in fluorescence intensitpg’-FBI complex. These results demonstrated that Ag
FBI complex exhibits high selectivity toward Gl suggesting that AgFBI should be applicable for detecting

chloride ions in sweat, despite its contaminatidtiwther biological constituents.
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Figure 3. Change in fluorescence intensity of ‘AgBI ([FBI]:[Ag] = 25 uM:125 uM) in the presence of
biologically relevant ions, [CI] =1 mM, [ ] = 1puM, [Brr ] = 1uM, [F ] =1uM, [PO> ] = 20 uM,
[HCOs; ]=200uM, [CH,COO ]=1mM, [SQ* ]=1mM, [NO, ]=1mM, [NO; ]=1mM, [CIO; [=1
mM, [C&"] = 250uM, [K*] = 500uM, [Mg?'] = 20uM, [Cd*] = 1 uM, [Cu*] = 1 uM, [Fe*] = 1 uM, [Ni?] =
1 uM, (20 mM pH 7.4 HEPES, 10% DMSQ@,, = 307 nm). F: fluorescence intensity: ffuorescence intensity

of Ag™-FBI in the absence of ions.

The effect of pH on chloride ion detection was shigated in the pH range of 4.0-9.0 (Figure 4)s It
worth noting that while the AgFBI complex functioned well across a pH range of 6@-&e strongest
response to chloride ions was observed at the ity relevant pH of 7.4. This finding suggestattthe Ag-

FBI complex is applicable to chloride ion detectiomphysiological conditions.
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Figure 4. Change of fluorescence intensity Bl with silver ions (black bar;ABI]:[Ag*] = 25 uM:125 pM).
Change of fluorescence intensity of ‘AgBI complex in the presence of chloride ions (red bar;
[FBIJ:[AgT:[CI- ] = 25 uM:125 uM:1 mM). Conditions: 20 mM pH buffer, 10% DMSQ,, = 307 nm. F:

fluorescence intensity.oFfluorescence intensity of control.
3.3. Quantitative determination of chloride ions inartificial sweat

To evaluate the suitability of the AgBI complex to detect chloride ions in sweat samptesttie
diagnosis of CF, the chloride ion level of artificisweat samples was determined (Table 1). Thréfeciaf
sweat samples with different chloride ion conceidrs were prepared following the British StandéBb
EN1811-1999). Chloride ion concentrations were cteld with respect to the diagnostic reference Ildoel
cystic fibrosis in adults: < 40 mM (negative), 40-+8M (possible), and > 60 mM (positive), with sliyHower
values for infants. Chloride ion recoveries ranffedn 98 to 114%, with the relative standard deviat{fRSD)
ranging between 4.55 to 7.22% (Table 1). Theselteeguicate that the AgFBI complex accurately detects
chloride ions in complex artificial sweat samplegggesting that this probe has great potentiauger in the

sweat test diagnosis of cystic fibrosis.

Table 1.Detection and quantitation of Cin artificial sweat samples.

[CI Recovery (%) RSO (%) (n=3) Relative error (%)

20 mM 109+3 4.55 2.63
11
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50 mM 114 +5 6.97 4.02

100 mM 98+4 7.22 4.17

& Relative standard deviation.
4. Conclusions

We developed an Agbenzimidazole complex-based chloride ion chemasensg'-FBI, by exploiting the
strong interaction between A@nd Cl ions. The fluorescence intensity of the”AgBl complex increased in
the presence of Clons and allowed for the sensitive (LOD = {®l) and rapid (response time < 3 min)
detection of Clions. In addition, the AgFBI complex showed high selectivity toward Cions and was
unaffected by other common ionic constituents ieawNotably, the chemosensor worked effectivelthanpH
range of 6.0-8.0 with peak performance at the licklly relevant pH of 7.4 and chloride ions in quex
artificial sweat samples were quantitatively meaduiThe Ag-FBI complex is a simple and effective chloride
ion chemosensor and is expected to have clinigaligtions for quantifying chloride ions in diagticssweat

tests.
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Highlights
« Ag'—benzimidazoleRBI) complex was developed as fluorescent chemosensor

for CI .

« The probe exhibited high selectivity and sensgivibward Ct (detection

limit 19 uM).

« The probe was successfully applied to the detectidi™ in artificial sweat.



Declaration of interests

. The authors declare that they have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

LIThe authors declare the following financial interests/personal relationships which may be considered
as potential competing interests:




