
Europäisc:hes
Patentamt

European
Patent Office

Office européen
des brevets EP 4 467 974 A1

EUROPEAN PATENTAPPLICATION

(43) Date of publication:
27.11.2024 Bulletin 2024/48

(21) Application number: 23175726.1

(22) Date of filing: 26.05.2023

(84) Designated Contracting States:

AL AT BE BG CH CY CZ DE DK EE ES Fl FR GB
GR HR HU IE IS IT I-I LT LU LV MC ME MK MT NL
NO PL PT RO RS SE SK SM TR

Designated Extension States:

Designated Validation States:

KH MA MD TN

(71) Applicant: Karlsruher Institut für Technologie
76131 Karlsruhe (DE)

(72) Inventors:
, PICCHETTI, Pierre

76131 Karlsruhe (DE)

(51) International Patent Classification (IPC):
GOIN 27/48 (2006.01)1N 27/327

(52) Cooperative Patent Classification (CPC):
GOIN 27130; GOIN 27/307

, MANOJ KUMAR, Nilima
76131 Karlsruhe (DE)

, GRUHS, Patrick
76131 Karlsruhe (DE)

, BIEDERMANN, Frank
76131 Karlsruhe (DE)

(74) Representative: Gille Hrabal

PartnerschaftsgesellschaftmbB
Patentanwälte
Brucknerstraße20
40593 Düsseldorf (DE)

(54) NOVEL CHEMOSENSORS AND THEIR USE IN ELECTROCHEMICAL DETECTION METHODS

(57) The invention relates to novel chemosensors

comprising a metal-based indicator and a macrocyclic
receptor and their use in analytical detection methods for

electro-inactivecompounds in an IndicatorDisplacement
Assay (IDA).

Processed by Luminess, 75001 PARIS (FR)

Memo


Biblio




5

10

15

20

25

30

35

40

45

50

55

EP 4 467 974 A1

Description

INTRODUCTION

[0001] The invention relatesto novel chemosensorscomprising a metal-based indicator and a macrocyclic receptorand
their use in analytical detection methods for electro-inactive compounds in an Indicator Displacement Assay (IDA).

BACKGROUND OF THE INVENTION AND PRIOR ART

[0002] Current analytical methods for detecting and quantifying electro-inactive compounds in biofluids and liquid
medical preparations or administration forms, rely on complex, time-consuming, and costly separation techniques, such

as high-performance liquid chromatography (HPLC) combined with mass spectrometry. HPLC-based assays for the
detection of analytes involve laborious sample pre-treatment and relatively long assay times. In addition, these analysis
techniques have limited potential to be miniaturized. Thus, their implementation in commercial sensors for home use or
wearable sensors is a long-term vision with uncertain success.

[0003] Such novel analytical test systems are in particularof high interest for the analysis of electro-inactive compounds
from the group of drugs, biomolecules and antimicrobial agents. As a specific class of electro-inactive compounds
quaternary ammonium compounds are to be mentioned of particular relevance.As a particular example fromthe group of

quaternary ammonium compounds drugs like pancuronium bromide (PB), which act as muscle relaxants, can be
mentioned. Pancuronium bromide drugs are broadly used in clinics for general anaesthesia. However, their extensive
use is not without controversy, in particular,as improperand unauthorizedadministration has led to casesof non-functional
anaesthesia and the drug has been used by criminals to immobilize their victims. Chromatography and mass spectro-
metric methods are not an option for the rapid detection of misuse of such a class of compounds for the reasons stated
above. Therefore, molecular diagnostic tools for the detection and quantification of such electro-inactive compounds,
including such quaternary ammonium drug compounds, must be simple, inexpensive, and rapid to perform so that they
can be used at the pointof care and operated by non-specialistswith minimal sample pre-treatment. Indeed, such sensors
could revolutionize drug detection and advance personalized medicine and wearable sensor technologies. The devel-

opment ofa rapid, easy-to-use, miniaturized, and low-cost sensor that can be used at the point of care, i.e., at home, in

clinics, or in crime scenes and law enforcement for analysing electro-inactive compounds, such as drugs like pancuronium
bromide etc., is of high interest.

[0004] Electrochemical sensors (also called &quot;chemosensor(s)&quot;)have emerged as a powerful tool for developing
miniaturized, disposable, and portable molecular diagnostic instruments with relatively inexpensive components.
[0005] Generally,chemosensors are macrocyclicmoleculesthat producea recordablesignal after bindingto an analyte.
In this context, host-guest type chemosensors are considered promising candidates to accomplish the above-mentioned
ambitious goals. At their most basic, chemosensors are macrocyclic molecules (also designated as

&quot;receptors&quot;
or

&quot;host(s)&quot;),
which act in combination with an indicator (also designated as

&quot;dye&quot;)
or as a host-dye complex, and produce a

spectroscopic readout, such as a change in absorbance or fluorescence, after bindingto the analyte (also designated as

&quot;guest&quot;).

[0006] Known macrocyclic receptors with the capability to bind small organic molecules in aqueous media include e.g.

naphtotubes, cavitands, calix[n]arenes, as well as cyclodextrin-, cucurbit[n]uril- and pillar[n]arene-based macrocyclic
receptors.
[0007] Cyclodextrin-based chemosensors are available that apply the principles of an IDA for the electrochemical
detection of electro-inactive analytes, such as cortisol and cinchonine. However, cyclodextrins are suboptimal because
their binding affinity for many biomolecules and drugs is too weak to achieve relevant detection limits. For example,
quaternary ammonium compounds, like well-known drugs such as muscle relaxants, cannot be detected at low

micromolar, i.e. biologically relevant concentrations using cyclodextrins. In addition, cyclodextrins are receptors that
tend to aggregate in solution, e.g., triggered by temperature changes, rendering their use suboptimal for electrochemical
sensors. Therewith, cyclodextrin-based methods are far from applicable to aqueous solutions and biofluids because to
date such methods require chemical immobilization processesofthe cyclodextrin-based chemosensors on the surface of
the electrodes or other parts ofthe sensor device. Such surface immobilizationsare expensive and complexto implement
and difficult to reproduce, all factors that are detrimental to the development of commercial sensors based on cyclodextrin
receptors. Better receptors that are also compatible with IDA formats are needed.

[0008] Host-guest type bi- and unimolecular chemosensors are considered promising candidates for the development
of simple and low-cost sensors and among the above-mentioned macrocyclic receptors, in particular cucurbit[n]uril- and

pillar[n]arene-based receptors have been identified as suitable. Cucurbit[n]urils (hereinafter also designated as &quot;cucur-

biturils&quot;, also abbreviated as
&quot;CBn&quot;)

exhibit excellent binding affinity for many biomolecules and drugs, including
quaternary ammonium compounds. In addition, they are chemically robust and biocompatible, and their synthesis is

inexpensive. Pillar[n]arene based receptors (hereinafter also designated as &quot;pillararenes&quot;) are macrocyclic receptors
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consisting of hydroquinone or dialkoxybenzene and are structurally similar to cucurbit[n]urils.
[0009] By the virtue of their binding affinities, cucurbiturils and pillararenes are prominent receptors of fluorescence-
based chemosensor assays, including so-called indicator displacement assays (IDA), that are compatible with biofluids,
and they are therefore commonly used in fluorescence-based indicator displacement assays for the optical detection of

drugs and biomolecules.

[0010] However, while useful, fluorescence as the signal output can be a disadvantage if the sample being analyzed
contains other fluorescent components or larger particles that scatter light, which results in a suboptimal signal-to-noise
ratio. In addition, miniaturization of the optical components that are required to produce and record the fluorescence of
chemosensors is expensive and still difficult to accomplish.
[0011] For example, cucurbit[7]uril (CB7) has been described as a receptor used in fluorescence-based chemosensor

assays in biofluids, e.g. in the form of an indicator displacement assay (IDA). However, for the reasons mentioned above a

fluorescent signal readout is disadvantageous for analyzing samples containing other fluorescent components or larger
particles that scatter light, resulting in a suboptimal signal-to-noise ratio.

[0012] Macrocyclic receptors have been used as recognition elements to accumulate electroactive analytes on the
surface of electrodes, thereby contributing to an improved signal-to-noise ratio of electrochemical sensors. Such

strategies are useful if the analyte can be electrochemically oxidized or reduced within the electrochemical window of
water. However, to detect electrochemically inactive analytes by using chemosensors, other design strategies are

required.
[0013] In voltammetric or amperometric sensors, the measured signal is a current resulting from direct or indirect
electrochemical oxidation or reduction ofanalytes closeto the surface ofthe working electrode.To date, chemosensorsfor
voltammetric detection of analytes require the use of custom electrodes that are not commercially available. As a result,
each chemosensor reported in the past required a specific protocol for manipulating the electrodes before the chemo-
sensor could be immobilized on their surface. These procedures involve complex and costly fabrication steps. As a result,
the reproducibility of such electrodes and thus their reliability are low. All in all, the use of such customized electrodes

complicates the successful use of supramolecular chemosensors in diagnostic devices. Screen-printed electrodes

(SPEs) are commercially available that require minimal sample volume and are compatible with biofluids and aqueous
solutions. However, no chemosensor has been successfully used with such SPEs.

[0014] The commercial success of electrochemical sensors is reflected in their good signal response time to sensitivity
ratio and their low-cost components, with commercially available screen-printed electrodes available for sensing
purposes that can be further functionalized according to specific needs. Therefore, the development of new chemo-
sensors that are compatible with commercially available SPEs is of great importance.
[0015] The electrochemical properties of organic molecules can be modulated when they form an inclusion complex
with macrocyclic receptors. For example, it has been shown that the redox current peak for organic molecules decreases

significantly when they form an inclusion complex with a macrocyclic receptor, because the macrocyclic host can be
considered as a protective shell surrounding the guest, inhibiting and/or altering the electrochemical processes or

properties of the guest [Ong, W.; Kaifer, A. E., Unusual Electrochemical Properties of the Inclusion Complexes of
Ferrocenium and Cobaltocenium with Cucurbit[7]uril. Organometallics 2003, 22 (21), 4181-4183]. For example, it has

been described that when ferrocene (Fc) forms an inclusion complex with CB7 (CB7DFc), lower current levels are
observed in voltammetric experiments, which can be attributed to a decreased effective diffusion coefficient of CB7DFc

compared to Fc. In addition, a complexation-induced shift in the half-wave potentialvalue for Fc when complexed by CB7
was reported[Jeon, W. S. et al., Complexation of Ferrocene Derivatives by the Cucurbit[7]uril Host: A Comparative Study
of the Cucurbituril and Cyclodextrin Host Families. J. Am. Chem. Soc. 2005, 127 (37), 12984-12989].
[0016] As for the competitive guest-displacement from macrocyclic receptors that can be followed electrochemically, it

has been described as a conceptual example that the oxidation potential of Fc that is immobilized on the surface of gold
electrodes (Fc@surface) is shifted to more positivevalues when an inclusioncomplexwith CB7 is formed (CB7DFc@sur-
face). By direct cyclic voltammetry (CV), it was shown that the potential shift is indicative of the amount of CB7DFc@sur-
face formed in the presence of a competing guest. However, the need for a meticulously uniform self-assembled

monolayer on gold electrode surfaces is a major drawback for the development of novel electrochemical chemosensors

(e-CS), because the preparation of monolayers is not straightforward, and they have limited electrochemical stability in

aqueous solution. Furthermore, the presence of a monolayer on the electrode surface can lead to nonspecific adsorption
of analytes [Qi, L.

; Wang, R.; Yu, H. Z., Electrochemical Quantitation of Supramolecular Excipient@DrugComplexation:A
General Assay Strategy Based on Competitive Host Bindingwith Surface Immobilized Redox Guest. Anal. Chem. 2020,
92 (2), 2168-2175; Beulen, M. W. J. et al., Electrochemical Stability of Self Assembled Monolayers on Gold. Langmuir
1998, 14 (26), 7463-7467].
[0017] It is well known that cucurbit[n]uril and pillar[n]arenes have a high binding affinity to quaternary ammonium

compounds. Cucurbit[7]uril has already been used with ferrocene to definethe binding affinityof electro-inactive analytes.
[0018] The use of (CB8) in combination with electrochemical sensing has been described, wherein CB8
was immobilized on the surface of modified electrodes and used to detect the amino acid tryptophan IMaria del Pozo et al.

,
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The use of cucurbit[8]uril host-guest interactions in the development of an electrochemical sensor: characterization and

application to tryptophan determination; J. Mater. Chem. 2011, 21, 13657; DOI: 10.1039/CIJM12063H]. Therein, the
chemosensor did not function accordingto the principlesof an indicator displacementassay (IDA), butthe CB8serves as a

container to capture and accumulate the tryptophan on the surface of the electrode, where tryptophan is directly oxidized

electrochemically.
[0019] Another electrochemical detection method using CB8-immobilized electrodes has been described to measure

dopamine, which is an electroactive analyte [Maria del Pozo et al., Cucurbit[8]uril-based electrochemical sensors as

detectors in flow injection analysis. Application to dopamine determination in serum samples; Sens. Actuators B Chem.

2014, 193, 62; DOI: 10.1016/j.snb.2013.11.074].The method described therein also does not operate in an IDA-based
format.

[0020] It has further been described to use modified electrodes on which a cucurbit[7]uril (CB7)-methylene blue host-

guest complex is immobilized to detect enzymatic activities. Therein, peptide fragments that form in the presence of

enzymes bind to CB7 and simultaneously displace methylene blue. The free methylene blue is detectedelectrochemically,
and the measured current is an indicator of the presence of the enzymes and allows qualitative and quantitative analysis
[Wang et al., An electrochemical peptide cleavage-based biosensor for matrix metalloproteinase-2 detection with
exonuclease Ill-assisted cycling signal amplification, Sens. Actuators B Chem. 2014, 193, 62; DOI:

10.1016/j.snb.2013.11.074].Although this electrochemical sensor follows the principles of an IDA, therein immobilization
on electrodes is required.
[0021] A further method describes the use of a CB7-based monolayer prepared on gold electrodes, where the
immobilized CB7 can bind ferrocene (Fc). Therein it is described that the ferrocene is immobilized on the electrode
surface via binding to the CB7 monolayer and therefrom is displaced by the presence of the compounds denatonium
benzoate (DB), alagebeium (ALA), or adamantanol (AdOH).The displacementwas monitored by oxidationoffree Fc at the
electrode. This displacement offerrocene was used to determinethe bindingaffinityofthe above compounds to CB7 [Qi et

al.
,
Electrochemical Quantitation of Supramolecular Excipient@Drug Complexation:A GeneralAssay Strategy Based on

Competitive Host Binding with Surface-Immobilized Redox Guest Anal. Chem. 2020, 92, 2168; DOI: 10.1021/acs.anal-

chem.9b04803]. The method described therein was not used for sensing purposes but relates to the thermodynamic
characterization of the binding of ferrocene as the indicator on CB7. The method described therein requires the
immobilization of the receptor and the ferrocene on the electrode surface.

[0022] A similar approach is described in CNOOOI 13671002A, which relates to a method for detecting bioactive
substances based on gold surface modified cucurbit[7]uril.
[0023] Further, low-cost and high-performance acetylcholine electronic sensors based on ion-selective electrodes

(ISEs) functionalized with cucurbit[6]uril (CB6) derivatives have been described,wherein a membrane in which CB6was

immobilized, rather than an electrode, was used to detect acetylcholine. Therein, the membrane forms a functional
element of the ISE device and the CB6 simply traps the analyte, which in turn changes the ion activity in the solution that
can be detected by the ISE in a potentiometric analysis [Zhao et al., Cucurbit[n]uril Derivatives Soluble in Water and

ANIE4233>3.O.CO;2-D].
[0024] As for cucurbit[n]urils, also the use of pillararenes as receptors / chemosensors in electrochemical detection
methods has been described, however, only by immobilization thereof on electrode surfaces.

[0025] The so far described methods using IDA-based chemosensors with electrochemical readout require the use of

cyclodextrins with the disadvantages described above, and/or they require modification of electrode surfaces and/or
surface immobilization of chemosensors on electrodes or other parts of the devices, making them less suitable for rapid,

easy-to-use, miniaturized, and low-costsensors that can be used at the pointof carefor the desired applications described
above.

OBJECT OF THE INVENTION

[0026] It was the object of the invention to provide new methods for detecting electro-inactive compounds, such as

quaternary ammonium compounds, which avoid the above discussed disadvantages. The new method should be able to
circumventthe drawbacksof optical-based IDAs and existing IDAs with an electrochemical signal readoutfor the detection
and quantification of biologically relevant analytes. The new methods should, in particular, avoid fluorescence-based
detection methods. The new methods should be applicable in aqueous test samples, in particular, directly in biofluids and

samples derived from body fluids. The new method should not require the use of cyclodextrins as chemosensors, which
are suboptimal for the detection of bioanalytes or drugs but should be based on robust and stable chemosensors being

applicable in biofluid-samples.The new method should be broadly applicable and easy to prepare and should not require
modification of electrode surfaces and avoid the problematic surface immobilization of chemosensors on electrodes or
other parts. The method should be applicable by using commercially available electrodes and detection equipment to
allow low productioncosts, to offereasy-to-use chemosensordesignwith electrical signal readoutand ideallyallowthe use
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of readily available screen-printed electrodes.

SUMMARY OF THE INVENTION

[0027] To avoid the above-mentioned disadvantages of the prior art and solve the objects described above, the
inventors of the present invention developed a new electrochemical detection method for the detection and quantification
of electro-inactive compounds, like quaternary ammonium compounds, using cucurbit[n]uril or pillar[n]arene based bi-

and unimolecular IDA (Indicator Displacement Assays)-based chemosensors with metal-based indicators.

[0028] The new method is based on trapping a metal-based indicator, e.g. in the form ofa metal-based complex, in the

cavity ofthe receptor. When the analytes (e.g. quaternary ammonium compounds) to be detected displacethe indicator in

the cavity of the receptor, it can be electrochemically oxidized, which can be measured via voltammetry or amperometry.
[0029] With the new method of the present invention, it is possible to provide reliable, rapid and cost-effective methods
for the detection of electro-inactive compounds, such as quaternary ammonium compounds, offering new options for

detecting e.g. drugs in biofluids.The new receptors of the invention enable a wider range of analytes that can be detected
at biologically relevant concentrations when compared to previously used cyclodextrin receptors.
[0030] The invention provides a new assay using bi- or unimolecular chemosensors based on cucurbit[n]urils and

pillararenes or derivatives thereof with a variety of electrochemically active indicators, such as a variety of metal-based
indicators. The chemosensors as described herein are water-soluble and form stable solutions in buffers and biofluids,
e.g. urine. Further, the chemosensors described herein are not adsorbed onto carbon screen-printed electrodes. The
chemosensors of the invention can be used with various electrochemically active and metal-based indicators.

[0031] The new method and the new assay of the invention offers the advantages that a minimal number of sample
manipulation steps is required, because the chemosensor can directly be assembled in the sample, i.e. body fluids.

Further, the samples to be analysed, e.g. buffers or body fluids like urine, need no purification or separation procedures
before analysis. The working procedure using the new assay of the invention is user-friendly in that it can be easily
operated by untrained personnel, is inexpensive,quickto perform, requires minimalsamplevolumes, and has the required
sensitivity for biomedical applications, including e.g. detection of drug abuse. A further advantage is that the chemo-
sensors of the present invention do not need to be immobilized on the surface of electrodes, nanomaterials, or any other

part ofthe testing devices. In contrast, they can be applied (e.g. dropped) directlyto commerciallyavailable screen-printed
electrodeswithout manipulatingthe electrodes,which makesthem compatiblewith commerciallyavailablescreen-printed
electrodes (SPEs). The new method and assay is suitable to be implemented and provided in the form of miniaturizedand

supramolecular chemosensor devices, making them suitable as point-of-care diagnostics and portable sensors. There-
with the new methods can easily be used at a broad variety of settings, including home-use, in clinics, etc. or as wearable

(portable) sensors.

[0032] The present invention includes, without being limited thereto, the following aspects:

[1] A method for the detection and quantification of electro-inactive compounds in an Indicator Displacement Assay
(IDA) by voltametric or amperometric detection using chemosensors comprising a metal-based indicator and a

macrocyclic receptor, wherein the chemosensors are present in the test environment in the form of a solution or

dispersion.

[2] The method according to [1], wherein the electro-inactive compounds are selected from biologically relevant

analytes, including drug compounds like muscle relaxants, biomolecules, and antimicrobial agents.

[3] The method according to [1] or [2], wherein the electro-inactive compounds are quaternary ammonium com-

pounds, including N,N,N-trimethyl-1-adamantylammonium hydroxide, pancuronium bromide, vecuronium bromide,
scopolamine butylbromide (buscopan), acetylcholine, benzethnium chloride, oxyphenonium bromide, glycopyrro-
nium bromide, and cetyltrimethylammonium bromide.

[4] The method according to [1] to [3], wherein the chemosensors are bi- or unimolecular chemosensors.

[5] The methodaccording to [1 ] to [4], wherein fromthe groupof chemosensorscyclodextrin-based chemosensors are
excluded.

[6] The method according to [1] to [5], wherein the macrocyclic receptors of the chemosensors are selected from

cucurbit[n]uril and pillar[n]arenes and derivatives thereof.

[7] The methodaccording to [1 ] to [6], wherein macrocyclic receptorsfromthe groupof cucurbit[n]uril are selectedfrom

cucurbit[7]uril (CB7) and macrocyclic receptors fromthe group of pillar[n]arenes are selected from sulfonated pillar[5]
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arene (P5AS).

[8] The method according to [1] to [7], wherein metal-based indicators of the chemosensors are selected from

platinum- or iron-based indicators.

[9] The method according to [1] to [10], wherein the metal-based indicator and the macrocyclic receptor form a

complex.

[10] The method according to [1] to [9], wherein the chemosensors are selected from platinum-cucurbit[7]uril,
ferrocene-cucurbit[7]uril and ferrocene-P5AS.

[1 1 ] The methodaccording to [1 ] to [1 0], wherein the detection and quantification is carried out in an aqueous medium,
comprising aqueous test samples, buffer solutions or biofluids, including water, physiological saline, PBS, artificial

CSF, urine, saliva, blood (comprising blood serum/human serum (HS) and human serum albumin/human serum
albumin (HSA)), CSF, amniotic fluid, semen and sweat.

[12] The methodaccordingto [1 ] to [1 1], wherein the chemosensor is directly assembled in the aqueous mediumofthe
test sample.

[1 3] The method according to [1 ] to [12], wherein the voltametric or amperometric detection is carried outwith screen-

printed electrodes (SPEs).

[14] The method according to [1] to [1 3], wherein the chemosensor is applied or dropped directly to a screen-printed
electrode (SPE).

[15] The method according to [1] to [14], which is carried out without sample preparation by addition of co-solvents,
purification and/or separation steps.

[16] A chemosensor device or diagnostic kit for the detection and quantification of biologically relevant analytes,
comprising

a chemosensors comprising a metal-based indicator and a macrocyclic receptor,
screen-printed electrodes (SPEs), and

an electrochemical signal readout operating via voltammetry or amperometry.

[1 7] The chemosensor device ordiagnostic kit according to [1 6], wherein the chemosensor is characterized as defined
in one or [1] to [10].

[18] The chemosensor device or diagnostic kit according to [16] or [17] for the detection and quantification of

biologically relevant analytes, e.g. as defined in [11], which is a miniaturized portable and disposable device.

[19] Chemosensor comprising a metal-based indicator and a macrocyclic receptor and which are selected from

platinum-cucurbit[7]uril, ferrocene-cucurbit[7]uril and ferrocene-P5AS.

[20] Use of the chemosensor according to [19] for the voltametric or amperometric detection and quantification of
electro-inactive compounds in an Indicator Displacement Assay (IDA).

[21 ] Use of the chemosensor device or diagnostic kit according to [16] to [1 8] as ready-to-use sensors at the point of

care, comprising home-use, clinic-use, use in crime scenes and law enforcement and use as wearable sensors.

[22] Use of the method according to [1] to [15] in the detection of drug abuse.

[0033] The present invention is described in more detail as follows.

DETAILED DESCRIPTION OF THE INVENTION

[0034] In a first aspect the present invention relates to a method for the detection and quantification of electro-inactive

compounds in an Indicator Displacement Assay (IDA) by voltametric or amperometric detection using chemosensors
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comprising a metal-based indicator and a macrocyclic receptor, wherein the chemosensors are present in the test
environment in the form of a solution or dispersion, which means the chemosensor is not bound or immobilized but can

freely move or flow in the test sample.
[0035] As used herein, the terms &quot;detection&quot; or

&quot;analysis&quot;
in relation to the test method or assay described herein

includes identification, i.e. qualitative measurement, as well as quantitative measurement, i.e. quantification tests.

[0036] The analytes to be evaluated with the method of the present invention belong to the group of so-called electro-
inactive compounds, which are all analytes that do not show a pronounced electrochemical oxidation or reduction peak
signalwithin the electrochemicalwindow ofwater (in which the water is not electrolyzed).Generally,direct electrochemical
detection of analytes that show a distinct oxidation or reduction current peak in the range of-O. 9-1.2 V is generally possible
(as can be seen with the many glucose sensors on the market). Any other analytes that show an oxidation or potential
current peak outside this window (e.g., ammonium compounds) can no longer be detected directly by voltametric
measurements in water. This is because beyond 1.2 V or -0.9 V, water decomposition (electrolysis) begins, making it

impossible to detect a redox current of the analyte.
[0037] The electro-inactive analytes to be detectedwith the methodofthe present inventionare preferablyselectedfrom

biologically relevant analytes, including drug compounds like muscle relaxants, biomolecules, and antimicrobial agents.
As a preferred class of electro-inactive analytes according to the invention quaternary ammonium compounds can be
mentioned. This class of compounds is characterized by tetrasubstituted nitrogenthat carries a pH-independent and thus

permanent positive charge in aqueous solutions and biofluids. The presence of the permanent charge and the carbon-
based backboneofthis classof compounds providesa particularly high bindingaffinityfor cucurbituril and pillararenes. For

example, N,N,N-trimethyl-1-adamantylammonium hydroxide (TA) has a binding affinity of log Ka
= 12.23 for CB7, while

pancuronium bromide has a binding affinity of log 10.23. In comparison, amino acids (log Ka,CB7
neurotransmitters such as serotonin (log Ka,CB7

= 4.8) or dopamine (log K = 5.0) that might be present in bodya,CB7
fluids like urine samples do not interfere in the detection of quaternary ammonium compounds like TA or pancuronium
bromide.

[0038] Examples of quaternary ammonium compounds as target analytes according to the invention comprise N,N,N-
trimethyl-I-adamantylammonium hydroxide (TA), pancuronium bromide, vecuronium bromide, scopolamine butylbro-
mide (buscopan), acetylcholine, benzethnium chloride, oxyphenonium bromide, glycopyrronium bromide and cetyltri-
methylammonium bromide. N,N,N-trimethyl-1-adamantylammonium hydroxide and the muscle relaxant pancuronium
bromide are preferred target analytes. Some structures of preferred analytes are shown below:

o o

o
o

o OH

oo

vecuronium bromide

o

o

oxyphenonium bromide

scopolamine butybromide
(buscopan)

o

o

glycopyrroniumbromide

o

acetylcholine

HO
o

.i\OH

cholesterol

benzethonium chloride

13

cetyltrimethylammoniumbromide

[0039] Theterm chemosensoras used herein is used in accordancewith the general meaningofchemosensors as used

in the analytical field. As used herein, the chemosensors are understood to refer to the combination of a receptor
component and an indicator, which together allow to produce a recordable signal when getting in contact with the target
analytes (&quot;guest&quot;). Accordingly, the chemosensors used herein comprise as the

&quot;receptors&quot; (&quot;host&quot;) macrocyclic
molecules and as the &quot;indicator

' a metal-based compound. The two components can be but are not necessarily present
in the form of a complex. It is also possible, to provide the two components separately to the test environment and allow

self-assembling in vitro after addition to the sample.
[0040] The receptorsofthe chemosensors ofthe present inventionare non-cyclodextrin-based receptors,which means
that cyclodextrin-based chemosensors are excluded from the group of chemosensors according to the invention.

[0041] The chemosensors have a macrocyclic structure (like a ring) and therewith provide a cavity, into which smaller
molecules (analytes or indicator / dye molecules) can penetrate. Therefore, such macrocyclic receptors can act as
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synthetic receptors by binding the analyte in the cavity. The macrocyclic receptors being suitable in the methods of the
inventioncan be bi- or unimolecularchemosensors. In both cases, the cavityofthe receptorcan be filledwith an indicatorto

perform the so-called &quot;Indicator Displacement Assay&quot;, which is the underlying method for the detection of the target
analytes of the present invention.

[0042] The macrocyclic receptors ofthe present invention must exhibita suitable size ofthe cavities and suitable affinity
to bind the target analytes. Suitable cavity sizes can be defined by a range of cavity diameter (d) of 5.8 < d 8.8 angstroms
(A), preferably of 6.5 < d 8.0 angstroms (A). For example, the cavity size of CB7 is 7.3 A.

[0043] Moreover, the macrocyclic receptors of the present invention must have a high binding affinity to the target
analytes,which is achieved due to the hydrophobiceffect and various noncovalent interactionswith the charged portalsas
well as the non-charged &quot;innerwalls&quot; of the cavity.
[0044] Preferably, the macrocyclic receptors ofthe chemosensors are selected from and pillar[n]arenes
and derivatives thereof.

[0045] The group of cucurbit[n]urils relates to cucurbiturils in the sense of their general meaning and describes

macrocyclic molecules made of glycoluril monomers linked by methylene bridges (-CH2-). The oxygen
atoms are located along the edges of the band and are tilted inwards, forming a partly enclosed cavity (cavitand).
Cucurbiturils are commonly written as cucurbit[n]uril, wherein n is the number of glycoluril units. Common abbreviations
are CB[n], or simply CBn, which may also be used herein. Examples in accordance with the invention comprise
cucurbituril-homologueswith n=5 to 14, such as CB5, CB6, CB7, CB8, CBI 0, and CB14, amongwhich the most preferred
cucurbituril is CB7:

o

N N

o

o

o

N

o

o

No

N

o

[0046] The group of pillararenes relatesto pillararenes in the sense oftheirgeneral meaning and describes macrocyclic
molecules madeof hydroquinoneor dialkoxybenzene units (5 to 1 0) linked in the para position by methylene bridges. They
are structurally similar to the cucurbiturils. In the case of sulfonated pillararenes, a strong electrostatic attraction between

positivelycharged analytes and the negativelycharged sulphone groups at the portalsexist. Examples in accordancewith
the invention comprise pillar[n]arene-homologues with n=5 to 10 as well as 1,4-dimethoxypillar[5]aren and sulfonated

pillar[n]arenes (n=5 to 10), such as in particular sulfonated pillar[5]arene (P5AS):

oso:z
ogot

OSOS*

oso;OS03
oso;

P5AS

oso;
osoa

oso;
OSOH*

[0047] In a preferredaspect of the inventionthe macrocyclic receptors fromthe group of are selected from

cucurbit[7]uril (CB7) and macrocyclic receptors from the group of pillar[n]arenes are selected from sulfonated pillar[5]
arene (P5AS).
[0048] The chemosensors further comprise an indicator (also called

&quot;dye&quot;).
A suitable indicator for the method of the

present inventionmust be able to self-assemblewith the macrocyclic receptoror form a complex,as illustrated in Figures 1 ,

2 and 3. Further, the indicators must offer modulated electrochemical propertieswhen they are bound insidethe cavity of
the receptors.
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[0049] However, as soon as they are displaced fromthe cavity, the electrochemical properties are restored.Thus, when
the indicator is inside the cavity of the macrocyclic receptor, they are protected from electrochemical oxidation, which is

reflected in the lower current measuredwhen a positive electrode potential is applied. In contrast,when the indicators are

displaced from the cavity of the receptors by the analytes, they can be easily oxidized and measured.

[0050] The indicators used in the present invention are metal-based indicators. Preferably, metal-based indicators are
selected from platinum- or iron-based indicators. For iron-based indicators, the cyclopentadienyl iron complexes, also
called ferrocene complexes, are the most suitable class of compounds. For platinum-based indicators, one could in

principle also use other small Pt(ll) complexes such as cis-platinum, carboplatin, oxaliplatin, or derivatives ofthe platinum
complexes used here that carry other pyridinyl triazole ligands.
[0051] A particularly preferred platinum-based indicator is

ethoxy)ethan-l-ol)dichloroplatin(ll) (PtC). Such indicator forms a complex with the macrocyclic structure to provide a

preferred chemosensor of the invention. Such preferred chemosensor can be obtained by mixing the receptor like

cucurbituril, e.g. CB7, and the indicator PtC in equimolar amounts leading to the formation of an inclusion complex
(CB7DPtC), wherein PtC resides inside the cavity of the receptor (e.g. CB7). CB7DPtC is a bimolecular chemosensor.

[0052] A particularly preferred iron-based indicator is 6-(ferrocenyl)-N,N,N-tirmethylethaneammonium (Fc). Such
indicator binds to the macrocyclic structure to provide a preferred chemosensor of the invention. Such preferred
chemosensor can be obtained by mixing the receptor like cucurbituril, e.g. CB7, and the indicator FC in equimolar
amounts and allowing Fc to bind to the receptor to form a unimolecular chemosensor (CB7-FC).When the chemosensor
self-assembles the FC enters the receptor cavity wherein Fc is not oxidized.

[0053] Particularly preferred chemosensors used in the method of the present invention are selected from platinum-
cucurbit[n]uril, ferrocene-cucurbit[n]uril and ferrocene-P5AS, in particular from platinum-cucurbit[7]uril, ferrocene-cu-

curbit[7]uril and ferrocene-P5AS.

[0054] The method of the present invention is based on the principles of the so-called Indicator Displacement Assay
(IDA). The IDA method is a well-known method based on the principle ofa competitive displacement reaction ofthe bound
indicator fromthe receptor by the analyte,whereby this displacement reactioncan be analytically determined and followed

by suitable measurement methods. In the IDA the analytes changethe intensity of a spectroscopic signal. In the methodof
the present invention,two modificationsofthe general principleofthe IDA methods are applied, using either bimolecular or
unimolecular chemosensors as described below in more detail. The two modifications, underlying the present invention,
are illustrated in Figures 1 ,

2 and 3. In both the electrochemical oxidation occurs after displacement of the indicator by the

analyte, which can then be detected.

[0055] The new bi- and unimolecular chemosensors according to the present invention, using cucurbit[n]urils and

pillararenes as the macrocyclic receptor are surprisingly suitable to overcome the limitations of cyclodextrin-based IDAs
with voltammetric signal readout.

[0056] Positively charged analytes (guests), like quaternary ammonium compounds, provide a higher entropic binding
contribution to the overall binding affinity resulting from the desolvation of the guest molecule upon binding to the

receptors, while non-flat guests favor the release of energetic water (hydrophobic effect). This makes it a better

macrocyclic receptor than cyclodextrins when detecting analytes at biologically relevant concentrations.

[0057] For example, quaternary ammonium compounds such as pancuronium bromide (PB) or N,N,N-trimethyl-
adamantylammonium hydroxide (TA) have a higher binding affinity to CB7 than the electrochemical indicators PtC or
the Fc moiety in CB7-Fc.As a result, their presence leadsto the displacement ofthe indicator from the receptor cavity and
the amount of indicator displaced is determined electrochemicallyvia voltammetry or amperometry and can be correlated
to the original amount of analyte present in the solution.

[0058] A preferred bimolecular chemosensor according to the invention comprises CB7 and the platinum-based
indicator H-1 (PtC) in the form of
a complex. Such complex can be obtained by mixing CB7 and PtC in equimolar amounts leading to the formation of an
inclusion complex (CB7DPtC), wherein PtC resides inside the cavity of the CB7. A preferred unimolecular chemosensor

comprises CB7 and the iron-based indicator6-(ferrocenyl)-N,N, N-tirmethylethaneammonium (Fc), which form a covalent

conjugation of the Fc moiety to the rim of the macrocyclic host, yielding the CB7-Fc unimolecular chemosensor.

[0059] These particularly preferred chemosensors surprisingly allow to bind electro-inactive target analytes to the

macrocyclic receptor in water, buffer, and urine samples. In addition, these chemosensorsturned outto remain stable and

do not precipitate in the solution.

[0060] Accordingly, in the methodofthe inventionthe detection and quantificationofthe analytes can be carried outin an

aqueous medium, comprising aqueous test samples, buffer solutions or biofluids, including water, physiological saline,

PBS, artificial CSF, urine, saliva, blood (comprising blood serum/human serum (HS) and human serum albumin/human
serum albumin (HSA)), CSF, amniotic fluid, semen and sweat.

[0061] Preferably, the chemosensors are directly assembled in the aqueous medium of the test sample, which means
that no immobilizationon a substrate, surface or electrode is necessary. That means, the chemosensors are present in the
test environment in solution,which should be understood to be free-flowing or free-moving or dispersed in the test solution
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(in contrast to being immobilized on any surface).
[0062] This provides a particular advantage of the invention. Instead of immobilizing the IDA-based chemosensors on
the surface of electrodes or other components of the device the new assay developed by the inventors of the present
invention allows to add the self-assembling chemosensors directly in the test samples, like biofluids or aqueous samples.
After a short equilibration time, the sample-chemosensor mixture can be directly drop-casted onto commercially available

screen-printed electrodes (SPEs) for voltammetric detection. This improved testing scheme is illustrated in Figure 4.

[0063] Such simplified new assay protocol is enabled by the use of the new uni- and bimolecular chemosensors of the

invention,which can be applied directly to the test sample, e.g. by adding each sensor component in the form ofa solution

stepwise to the test sample containing the analyte, where the chemosensor then self-assembles. Such simplified test

protocol comprises adding the macrocyclic host to the test sample comprising the target analyte, followed by adding the
metal-based indicator (or vice versa). After dropping the chemosensor-sample-mixture onto the electrode, it can be

analysed by voltammetric measurements.The total analysis time is short and can be a few minutes, such as < 5 minutes,
preferably < 3 minutes.Alternatively, the already self-assembled chemosensor as such can be added to the test solution

containing the analyte.
[0064] For example, when using the preferred CB7DPtC bimolecular chemosensor, the assay is preferably performed
by stepwise addition of an excess of a CB7to the analyte sample followed by equimolar addition of a PtC solution. After a

short equilibration time, a minimal amount of the resulting chemosensor-analyte-sample mixture is placed onto a

commerciallyavailable carbon SPE, followed by voltammetric or amperometric measurementsto obtain current-response
curves,which are indicativeofthe analyte and can be used for quantification ofthe analyte. Minimal sample pre-treatment
is required, i.e., simple dilution with buffers instead of otherwise complicated separation or extraction protocols.
[0065] As mentioned above, as a further particular advantage the present invention provides a chemosensor that is

compatiblewith commercially available carbon SPEs. The use of carbon as an electrode materialallowsto apply oxidation
Potentials up to 1.2 V in aqueous media and biofluidswhile providing an electrode surface that does not interactwith the
chemosensors. This is possible becausethe chemosensor remains stable in the solution, as there are no major attractive
forces that can cause the adsorption of the chemosensor onto the surface of the SPE. The assay methods described
herein use water-soluble and stable chemosensors. The solution to be analysed can then be dropped onto the surface of

commercially available SPEs, requiring only a minimal sample volume and the analyte is then detected by applying an

oxidative potentialto the SPEworking electrode, and the analyte can be detected by amperometric orvarious voltammetric
methods. Such a simplified test protocol is illustrated in Figure 5.

[0066] Accordingly, in further preferredaspects in the methodofthe inventionthe voltametric or amperometric detection
is carried out using a screen-printed electrode (SPE). Further, preferably, the chemosensor is applied directly to such a

screen-printed electrode (SPE).
[0067] It is further possible, that the method of the invention as described herein is carried out without sample
preparation or pre-treatment, such as preparatory addition of co-solvents, purification and/or separation steps.
[0068] A further aspect of the invention relates to a chemosensor device or diagnostic kit for the detection and

quantification of biologically relevant analytes, which comprises a chemosensor as defined herein, namely a chemo-
sensor comprising a metal-based indicator and a macrocyclic receptor, and at least one screen-printed electrode (SPE),
and an electrochemical signal readoutoperatingvia voltammetry or amperometry. In such a device or kit, the chemosensor
can be present in the form of an already assembled complex or in a separated spatial arrangement of the receptor and
indicator components to be added to the test sample separately (as described above).
[0069] In such chemosensor device or diagnostic kit the chemosensor and its receptor and indicator components are
characterized as defined above.

[0070] In a preferred embodiment, such a chemosensor device or diagnostic kit for the detection and quantification of

biologically relevant analytes as defined herein is a miniaturized portable and disposable device.

[0071] A further aspect of the invention relates to novel chemosensors comprising a metal-based indicator and a

macrocyclic receptor as described herein, such as preferably chemosensors, which are selected from platinum-cucurbit
[7]uril, ferrocene-cucurbit[7]uril and ferrocene-P5AS.

[0072] A further aspect ofthe invention relates to the use ofthe chemosensors as described herein for the voltametric or

amperometric detection and quantification of electro-inactive compounds, in particular such as defined herein, in an
Indicator Displacement Assay (IDA).
[0073] A further aspect ofthe invention relatestothe use ofthe chemosensordevice or diagnostic kitas described herein

as ready-to-use sensors at the point of care, comprising home-use, clinic-use, use in crime scenes and law enforcement
and use as wearable (portable) sensors.

[0074] Avery particular aspect ofthe invention relates to the use ofthe methoddescribed herein in the detection of drug
abuse.

[0075] The invention is illustrated further in the Examples and Figures below.
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[0076]

Fig. 2

Fig. 6

Fig. 9

Illustration of the IDA functioning principle using CB7 as a cucurbituril-based macrocyclic receptor showing
the unimolecular design with ferrocene as the indicator and the bimolecular design with a Pt-based indicator.

Additional illustration of the IDA functioning principle using CB7 as a cucurbituril-based macrocyclic receptor
showing the unimolecular design with ferrocene as the indicator and the bimolecular design with a Pt-based
indicator.

Illustration of the IDA functioning principle using P5AS as a pillararene-based macrocyclic receptor with a fer-
rocene-based indicator.

Illustration of the test protocol using self-assembling chemosensors of the invention.

a) Illustration of a commercial SPE used in a method according to the invention for the detection of quaternary
ammonium compounds.

b) Effect of electrode material (working and counter electrode) on the electrochemical window when neutral pH
water is used.

c) Illustration of a test protocol comprising adding the chemosensor components to a sample, showing the

required minimal amounts to be added onto the SPE.

a) Cyclicvoltammetry studies of PtC (200 11M) and CB7DPtC (200 11M) in water at pH 7.0 (scan rate: 50 mV•s-1

b) TA-dependent ipc (at 0.9 V) obtained from CV experiments in water at pH 7.0; [CB7DPtC] = 200 11M; scan rate:

50 mV.s-l

a) Cyclic voltammetry studies of CB7-Fc (200 11M) in the presence or absence of TA (400 11M) in saline solution

(0.1 M NaCl) at pH 7.0 (scan rate: 100

b) The currentvs. scan rate plot was obtainedwith CB7-Fc in salinesolution (0.1 M NaCl)at pH 7.0 (scan rate: 1 00

a) PB-dependent iox obtained from solutions of PB in PBS (5 mM, pH 7.0) with CB7DPtC (50 11M), reported is the
observed current iox at 50 s (Eox

b) SCV-baseddetection of PB in human urine (1 : 3 diluted in 5 mM PBS at pH 7.0, [CB7DPtC] = 50 11M), reported
is the observed current iox at 0.9 V. The average iox and the corresponding standard deviation (ö) were calculated
from three independent measurements.

Electrochemical properties of a pillararene-based chemosensor and the electrochemical detection of TA;

[P5AS] = 50 11M, [FcNMe3+] = 50 11M; measurements performed in PBS (5 mM, pH7).

EXAMPLES

[0077] The invention is described further by the following examples, without being limited thereto.

1. Cucurbituril (CB7) based Chemosensors

1.1 Bimolecular chemosensor (CB7DPtC)

[0078] A bimolecular chemosensor with CB7 as the receptor and PtC as the Pt-based indicator can be prepared as

follows:

a) Preparation of PtC
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[0079] The Pt-based indicator PtC was prepared through a copper-catalyzed azide-alkyne cycloaddition reaction
between 2-ethynylpyridine and (2-(2-(2-(2-az-idoethoxy)ethoxy)ethan-1-ol) (2) in 62 % yield [Moreno-Alcantar, G. et al.,
Solvent-Driven Supramolecular Wrapping of Self-Assembled Structures, Angew. Chem. Int. Ed. 2021, 60 (10),
5407-5413.]
[0080] The subsequent complexation using as the Pt(ll) source gave the
final PtC in a very good yield (87 %). CV studies further support the formation of the CB7DPtC inclusion complex (see
Figure 6a).
[0081] The intermediate binding affinity of PtC is advantageous for its use in displacement assays for the detection of

bioanalytes.
[0082] The analysis of the test analyte was carried out following the test protocol as illustrated in Figure 4 and 5.

[0083] In the case ofthe bimolecular chemosensor(CB7DPtC), a negligible current (iox at Eox
= 0.9 V) is observed in the

absence of the analyte in solution because the indicator is not oxidizable as shown in Figure 6a by comparing with the
current observed for free PtC. However, an increasingcurrent is observedwhen increasing amounts ofthe analyte TA are

present in the sample (Figure 6b).

1.2 Unimolecular chemosensor (CB7-Fc)

[0084] A unimolecular chemosensorwith CB7 as the receptor and Fcas the iron-based(ferrocene-based) indicator can

be prepared as follows:
In a first step, (dimethylaminomethyl)ferrocene was alkylated with di-bromo-1-bromo-2-(2-(2-(2-bromoethoxy)ethoxy)
ethane (Br-TEG-Br) to give the N-(2-(2-(2-bromoethoxy)ethoxy)ethyl)-N,N-dimethylferrocenylmethylammonium deriva-
tive (Fc-TEG-Br) in 70% yield. Subsequent reaction of Fc-TEG-Br with sodium azide afforded the N-(2-(2-(2-(2-azi-
doethoxy)ethoxy)ethoxy)ethyl)-N,N-dimethylferrocenylmethylammonium intermediate ( , Fc-TEG-N3; 48% yield), which
was used to covalently link it to the mono-propargyl cucurbit[7]uril via a copper-catalyzed azide-alkyne cycloaddition [Hu,
C. et al. Covalent cucurbit[7]uril-dye conjugates for sensing in aqueous saline media and biofluids Chem. Sci., 2020, 11

,

11142-11153].

[0085] The analysis of the test analyte was carried out following the test protocol as illustrated in Figure 4 and 5.

[0086] For the unimolecular chemosensor,the behavior is the same as for CB7DPtC. In the absence ofthe analyte, the
current intensity is significantly reduced. However, upon addition ofthe analyte, the current intensity increases (Figure 7a)
as the indicator is displaced, facilitating its oxidation. Further, a significant shift in the oxidation potential for the displaced
indicator can be observed, indicatingthat oxidation mayoccur at lower potentials.Thus, with these observed changes,the
detection of quaternary ammonium compounds is possible.
[0087] Performing cyclic voltammetry at different scanning rates (Figure 7b) shows that the chemosensors do not

deposit on the electrode or aggregate, as the curves obtained show a linear relationship between sampling rate and peak
intensity.

1.3 Detection of pancuronium bromide as the target analyte

[0088] The muscle relaxant pancuronium bromide (PB) can be detected in buffer and urine samples at biorelevant
concentrations according to the principles described above and illustrated in Figure 2. Detection can be performed in the

amperometric mode (Figure 8a) or by voltammetry, e.g., staircase voltammetry (SCV in Figure 8b). In the amperometric
mode (in PBS), a detection limit of 17.7 PM was calculated,whereas when PB was detected in urine by SCV, the detection
limit was 7.6 pM. The lower detection limit by SCV is due to the reduction of capacitive charges by this detection method,
which is achieved by applying a series of regular potential pulses superimposed on the potential Step ramp. Therefore,
SCV-based measurements are common in biomedical diagnostics.
[0089] The analysis of the test analyte was carried out following the test protocol as illustrated in Figure 4 and 5.

2. Pillararene (P5AS) based Chemosensor

[0090] A chemosensor with P5AS as the receptor and an iron-based (ferrocene-based) indicator can be prepared as
follows: The sulfonated pillararene(P5AS)was prepared in a three-step synthesis. First, the fully methylatedOMe-pillar[5]
arene was synthesized by the reaction of 1,4-dimethoxybenzene and paraformaldehyde in the presence of boron
trifluoride etherate. The OMe-pillar[5]arenwas precipitated by introducingthe reaction mixture into methanol and purified
by column chromatography (yield = 70%). In the subsequent reaction step, the OMe-pillar[5]aren was de-methoxylated
upon reaction with tribromide to give the fully hydroxylated pillar[5]aren (HO- pillar[5]aren). The HO-pillar[5]aren was

precipitated by pouringthe reaction mixture into methanol, collected by filtration, and purified by column chromatography
(yield = 70%). Sulfonation of the HO-pillar[5]arene with the pyridine-sulfur trioxide complex in the presence of pyridine
gave the fully sulfonated P5AS after its purification by precipitation in EtOH.
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[0091] The iron-based (ferrocene-based) indicator was prepared by methylation of (dimethylaminomethyl)ferrocene
with methyl iodide.

[0092] The structures and operating principle of the P5AS-based electrochemical chemosensor are shown in Figure 3.

The operating principle is the same as described above for a bimolecular chemosensor. The detection of quaternary
ammonium compounds (e.g. drugs or metabolites) becomes possible because the ferrocene-based electrochemical
indicator forms an inclusion complex with the P5AS (P5ASDFcNMe3+). In this complexed state, the electrochemical

properties of the indicator change so that its oxidation and reduction are shifted to lower potentials as was assessed by

cyclic voltammetry (Figure 9a). However, in the presence of N,N, N-trimethyl-l-adamantylammonium hydroxide (TA) as
the target analyte, the indicator is displaced from the macrocycle,which in turn can be detected by a significant change in

the current in the reduction scan (Figure 9b l). Specifically, the presence of TA is reflected in a concentration-dependent
decrease in current in the branch of the reduction curve (at E = 0.39 V; Figure 9b II)).

3. Methods

Electrochemical measurements:

[0093] CV, chronoamperometric, and DPV measurements were performed using a Metrohm portable bipotentiostat/-
galvanostat ( ± 4 V potential range, ± 40 mA maximum measurable current) (SpectroECL). The electrochemical setup is

controlled by DropView SPELEC software. Screen-printed carbon electrodes (SPEs; DRP-IIO from Metrohm Drop-
Sense) were used for the measurements.

Claims

1.

2.

3.

4.

5.

6.

7.

8.

9.

A methodfor the detection and quantification of electro-inactive compounds in an IndicatorDisplacementAssay (IDA)
by voltametric or amperometric detection using chemosensors comprising a metal-based indicator and a macrocyclic
receptor which is a non-cyclodextrin-based receptor, and wherein the chemosensors are present in the test
environment in form of a solution or dispersion.

The method according to claim [1], wherein the electro-inactive compounds are selected from biologically relevant

analytes, including drug compounds like muscle relaxants, biomolecules, and antimicrobial agents, and which are

quaternary ammonium compounds, including N,N,N-trimethyl-1-adamantylammonium hydroxide, pancuronium
bromide, vecuronium bromide, scopolamine butylbromide (buscopan), acetylcholine, benzethnium chloride, oxy-
phenonium bromide, glycopyrronium bromide, and cetyltrimethylammonium bromide.

The method according to claim [1] or [2], wherein the chemosensors are bi- or unimolecular chemosensors.

The method according to any one of claims [1] to [3], wherein the macrocyclic receptors of the chemosensors are
selected from cucurbit[n]uril and pillar[n]arenes and derivatives thereof.

The method according to any one of claims [1 ] to [4], wherein macrocyclic receptors from the group of cucurbit[n]uril
are selected from cucurbit[7]uril (CB7) and macrocyclic receptors from the group of pillar[n]arenes are selected from
sulfonated pillararen[5]arene (P5AS).

The method according to any one of claims [1] to [5], wherein metal-based indicators of the chemosensors are
selected from platinum- or iron-based indicators.

The method according to any one of claims [1] to [6], wherein the chemosensors are selected from platinum-cucurbit
[7]uril, ferrocene-cucurbit[7]uril and ferrocene-P5AS.

The method according to any one of claims [1] to [7], wherein the detection and quantification is carried out in an

aqueous medium, comprising aqueous test samples, buffer solutions or biofluids, including water, physiological
saline, PBS, artificial CSF, urine, saliva, blood (comprising blood serum/human serum (HS) and human serum
albumin/human serum albumin (HSA)), CSF, amniotic fluid, semen and sweat.

The method according to any one of claims [1 ] to [8], wherein the voltametric or amperometric detection is carried out
with screen-printed electrodes (SPEs).
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The method according to any one of claims [1] to [9], wherein

the chemosensor is directly assembled in the aqueous medium of the test sample; and/or
the chemosensor is applied or dropped directly to a screen-printed electrode (SPE).

A chemosensor device or diagnostic kit for the detection and quantification of biologically relevant analytes,
comprising

- a chemosensors comprising a metal-based indicator and a macrocyclic receptor as defined in one or more of
claims [1] to
- screen-printed electrodes (SPEs), and
- an electrochemical signal readout operating via voltammetry or amperometry.

The chemosensor device or diagnostic kit according to claim [11] for the detection and quantification of biologically
relevant analytes, which is a miniaturized portable and disposable device.

Chemosensor comprising a metal-based indicator and a macrocyclic receptor and which are selected from platinum-
cucurbit[7]uril, ferrocene-cucurbit[7]uril and ferrocene-P5AS.

Use ofthe chemosensor device or diagnostic kit according to [1 1 ] or [1 2] or the chemosensor according to [1 3] for the
voltametric or amperometric detection and quantification of electro-inactive compounds in an IndicatorDisplacement
Assay (IDA), preferably for the detection of drug abuse.

Use of the chemosensor device or diagnostic kit according to [1 1 ] or [12] as ready-to-use sensors at the point of care,

comprising home-use, clinic-use, use in crime scenes and law enforcement and use as wearable sensors.
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