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(57) Abrege/Abstract:
Fluorescence chromophores such as phenylene diamine derivatives can undergo oxidative coupling and polymerization to form
optical, colorimetric and fluorogenic, multimers and polymers. The presence of carbonyl containing moleties such as aldehydes
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(57) Abrege(suite)/Abstract(continued):
and ketones under favorable environmental conditions can Initiate, catalyze, accelerate and modulate this reaction which In turn

provides a mechanism for the detection and quantitation of such moieties. Selected phenylene diamine derivatives can be used for
the detection and quantitation of aldehyde and ketones via measurement of the reaction and the associated spectroscopic
transformation. In particular, the use of meto-phenylene diamine (mPDA) and related compounds for aldehyde detection and
guantitation is described. The method provides a convenient means for monitoring aldehyde and ketone levels without use of
separation steps. The method Is applicable to kinetic and gquasi- endpoint detection assay formats.
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FIG. 1A

(57) Abstract: Fluorescence chromophores such as phenylene diamine
derivatives can undergo oxidative coupling and polymerization to form
optical, colorimetric and fluorogenic, multimers and polymers. The pres-
ence of carbonyl containing moieties such as aldehydes and ketones under
favorable environmental conditions can imitiate, catalyze, accelerate and
modulate this reaction which in turn provides a mechanism for the detec-
tion and quantitation of such moieties. Selected phenylene diamine deriv-
atives can be used for the detection and quantitation of aldehyde and
ketones via measurement of the reaction and the associated spectroscopic
transformation. In particular, the use of meto-phenylene diamine (mPDA)
and related compounds for aldehyde detection and quantitation 1s de-
scribed. The method provides a convenient means for monitoring alde-
hyde and ketone levels without use of separation steps. The method 1s ap-
plicable to kinetic and quasi- endpoint detection assay formats.
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METHOD AND DEVICE FOR CARBONYL DETECTION AND QUANTITATION

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application No. 62/156,441,
filed May 4, 2015, U.S. Provisional Application No. 62/149,988, filed April 20, 2015, and
U.S. Provisional Application No. 62/018,448, filed June 27, 2014, which are all

incorporated by reference herein 1n their entireties.

FIELD OF THE INVENTION

The present invention 18 directed to the field of carbonyl detection and quantitation,
and 1n particular the detection and quantitation of the concentration of carbonyl containing

moieties 1n biological samples.

BACKGROUND OF THE INVENTION

The detection of carbonyl containing moieties 18 known but the precise detection of
specific low concentrations of specific carbonyl containing moieties 1n biological samples
18 not known. The use of carbonyl’s to mduce the polymerization of o-phenylene diamine
and p-phenylene diamine at high temperature 1s known to produce solid polymers for
subsequent use 1in manufacturing products, but the use of phenylene diamine derivatives 1s
not known to be used 1n methods to detect carbonyl containing moieties 1n a number of
biological samples. In addition, measuring the fluorescence of a fluorogenic species in a
solution to determine the presence of molecules corresponding to the species 1s known, as
well as the quantitation of the concentration of such molecules 1n a given sample. Further

analyzing carbonyls 1n biological samples 1s known, see, e.g., Publication No. US
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2003/0208133 published November 6, 2003 and Publication No. US 2011/0003395

published January 6, 2011, both of which are mcorporated herein in their entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

10004 ] Figure 1A shows alternative phenylene diamine derivatives with reduced surfactant
dependency.

[0005] Figure 1B shows an alternative phenylene diamine derivative.

[0006] Figure 1C shows a pathway for the synthesis of the alternative phenylene diamine

derivative shown in Figure 1B.

[0007] Figure 1D shows an 1illustration of a Fret response of the alternative phenylene
diamine derivative shown 1n Figure 1B to aldehyde induced polymerization of m-
phenylene diamine.

[0008] Figure 1 E shows graphs plotting the increase in fluorescence of the alternative
phenylene diamine derivative shown in Figure 1B 1n the presence of 1 uM hexanal.

[0009] Figure 2 shows graphs depicting the emission spectrum of the reaction of mPDA
with 1-hexanal as a function of time.

[0010] Figure 3 shows a graph depicting the increase 1n fluorescence over time of the
reaction of mPDA with 1-hexanal being the carbonyl containing moiety.

[0011] Figure 4A shows a graph depicting the increase 1n fluorescence over time of the
reaction with 1-hexanal as a function of sodium dodecyl sulfate (“SDS”’) concentration
from 0.01 to 0.4% (w/v).

[0012] Figure 4B shows a graph depicting the increase 1n fluorescence over time of reaction
with 1-hexanal as compared to a blank, with SDS concentration at 0.2% SDS.

[0013] Figure 4C shows a graph depicting the increase in fluorescence over time of the

reaction with 1-hexanal as compared to a blank, with SDS concentration at 0.4% SDS.

LA 12084346vl
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Figure 5 shows a graph displaying fluorescence as a function of 1-hexanal
concentration.

Figure 6 shows a chart depicting the relative fluorescence as a function of aldehyde
chain length.

Figure 7 shows a chart depicting the relative fluorescence of selected small aromatic

amines.

SUMMARY OF THE PREFERRED EMBODIMENTS

On embodiment of the present invention 1s directed to a method of detecting
carbonyl containing moieties 1n a biological sample, the method comprising adding a
phenylene diamine derivative to an aqueous salt solution to thereby form a phenylene
diamine solution; adding a carbonyl containing moiety from the biological sample to the
phenylene diamine solution to thereby form a fluorescing solution; and detecting
fluorescence from the fluorescing solution.

Another embodiment of the present invention 1s directed to a solution containing an
alcohol, a salt, a surfactant, a phenylene diamine derivative and a carbonyl containing
mojiety.

Yet another embodiment of the present invention 1s directed to a substantially
precipitate free solution containing the product of a meta -phenylene diamine derivative
and a carbonyl containing moiety.

Another embodiment of the present invention 1s directed to a method of detecting
and measuring the concentration of a carbonyl containing moiety 1n a biological sample,
the method comprising
a) 1solating the carbonyl containing moiety from the biological sample;

b) adding the carbonyl containing moiety to an aqueous solution containing a phenylene

diamine derivative to form a fluorescing solution; and

LA 12084346vl
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¢) measuring the fluorescence emitted from the fluorescing solution at a pre-determined
wave length.

Another embodiment of the present invention 1s directed to a method of detecting
and measuring the concentration of aldehydes 1in a human breath sample, the method
comprising:

a.  capturing the aldehydes from the human breath sample on silica;

b. forming a solution comprising a salt, a butfer, a surfactant in an alcohol 1n mildly
acidic conditions;

c.  adding a phenylene diamine derivative to the solution of step b;

d.  eluting the captured aldehydes into the solution of step c;

¢.  determining the fluorescence signal of the solution of step c;

f. determining the fluorescence signal of the solution of step d;

o subtracting the fluorescence signal from step e from the fluorescence signal from step
f: and

h.  comparing the net resulting fluorescence signal from step g with standard
fluorescence of known aldehydes to determine the concentration of aldehydes 1n the
fluorescing solution.

Another embodiment of the present invention 1s directed to a device comprising:

a) abreath chamber having a substrate, the substrate supporting a carbonyl containing
moiety from an animal’s breath; and

b) a fluid chamber having an aqueous solution comprising an alcohol, a salt, a
surfactant, and a buffer.

Yet another embodiment of the present invention 1s directed to a device for detecting

and quantitating the concentration of a carbonyl containing moiety in a biological sample,
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the device comprising a substrate having an active reactive capture agent incorporated
therein.

Another embodiment of the present invention 1s directed to a method for detecting
carbonyl containing moieties 1n a biological sample, the method comprising the steps of
providing a substrate having an active reactive capture agent incorporated therein,
capturing on said substrate carbonyl containing moieties from the biological sample, and
forming a solution comprising painted carbonyl containing moieties.

Yet another embodiment of the present invention 1s directed to a method for
detecting carbonyl containing moieties 1n a biological sample, the method comprising the
steps of:

a.  providing a substrate;

b.  1ncorporating an active reactive capture agent into the substrate;

c.  capturing carbonyl containing moieties on the substrate; and

d.  eluting the active reactive capture agent and carbonyl containing moieties from
the substrate into a solution whereby painted carbonyl containing moieties are formed.

Another embodiment of the present invention 1s directed to a method of detecting
carbonyl containing moieties 1n a biological sample, the method comprising adding a
fluorescence chromophore to an aqueous salt solution to thereby form a fluorescence
chromophore solution; adding a carbonyl containing moiety from the biological sample to
the fluorescence chromophore solution to thereby form a fluorescing solution; and

detecting fluorescence from the fluorescing solution.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The following description and figures are illustrative and are not to be construed as
limiting. Numerous specific details are described to provide a thorough understanding of

the disclosure. However, 1n certain instances, well-known or conventional details are not
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described 1n order to avoid obscuring the description. Reference 1n this specification to
"one embodiment" or "an embodiment” means that a particular feature, structure, or
characteristic described in connection with the embodiment 1s included 1n at least one
embodiment of the disclosure. References to one or another embodiment 1n the present
disclosure can be, but not necessarily are, references to the same embodiment; and, such
references mean at least one of the embodiments, nor are separate or alternative
embodiments mutually exclusive of other embodiments.

The terms used 1n this specification generally have their ordinary meanings 1n the art,
within the context of the disclosure, and 1n the specific context where each term 1s used.
Certain terms that are used to describe the disclosure are discussed below, or elsewhere 1n
the specification, to provide additional guidance to the practitioner regarding the
description of the disclosure. For convenience, certain terms may be highlighted, for
example using 1talics and/or quotation marks. The use of highlighting has no influence on
the scope and meaning of a term; the scope and meaning of a term 1s the same, 1n the same
context, whether or not it 1s highlighted.

Consequently, alternative language and synonyms may be used for any one or more
of the terms discussed herein. Nor 1s any special significance to be placed upon whether or
not a term 18 elaborated or discussed herein. Synonyms for certain terms are provided. A
recital of one or more synonyms does not exclude the use of other synonyms. The use of
examples anywhere 1n this specification including examples of any terms discussed herein
18 1llustrative only, and 1s not intended to further limit the scope and meaning of the
disclosure or of any exemplified term.

The present invention 1s directed to a method and device useful for the detection,
quantitation and assay of carbonyl containing moieties (“CCM”) including aldehydes,

preferably i biological samples, and preferably at low concentrations 1n the biological

LA 12084346vl
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sample. In this regard, CCM 1s defined to include one or more different carbonyl
containing moieties.

As used hereimn, a "biological sample" 1s referred to i 1ts broadest sense, and
includes solid and liquid or any biological sample obtamed from nature, including an
individual, body fluid, cell line, tissue culture, or any other source. As indicated,
biological samples include body fluids or gases, such as breath, blood, semen, lymph, sera,
plasma, urme, synovial fluid, spinal fluid, sputum, pus, sweat, as well as liquid samples
from the environment such as plant extracts, pond water and so on. Solid samples may
include animal or plant body parts, including but not limited to hair, fingernail, leaves and
so on. The preferred biological sample for one embodiment of the present invention 1s the
breath of a human.

A CCM 1s a compound having at least on¢ carbonyl group. A carbonyl group 18 the
divalent group >C=0, which occurs 1n a wide range of chemical compounds. The group
consists of a carbon atom double bonded to an oxygen atom. The carbonyl functionality 1s seen
most frequently m three major classes of organic compounds: aldehydes, ketones, and
carboxylic acids. As used herein, "aldehyde" has 1ts ordinary chemical meaning and the
method of the present invention 1s useful in detecting the concentration of aldehydes 1n
biological samples. In particular, the present invention 1s useful 1n detecting various forms
of aldehydes include without limitation 1-hexanal, malondialdehyde, 4-hydroxynonenal,
acetaldehyde, 1-propanal, 2-methylpropanal, 2,2-dimethylpropanal, 1-butanal, and 1-
pentanal.

The amount of the CCM captured by the substrate may vary, but typically for a
substrate consisting of 200 mg of 50-270 mesh (300-50 um) particle with a bed diameter of

12.5 mm, generally, 1t will be equivalent to the amount in a human’s breath after breathing
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into a tube like a breathalyzer. Preferably 1t will be from 75 to 0.1 ppb (400 to 4 pmoles)
and more preferably from 20 ppb to 0.01 ppb (80 to 0.4 pmoles).

The 1nvention 1s amenable to “mix & read” and “real-time™ assay formats for the
detection of CCM. The invention can be applied to the detection of CCM 1n solution. The
invention can be applied to the detection of trace CCM 1n the gas phase by the addition of a
primary capture (on a substrate as discussed below) and release (elution from the loaded
substrate as discussed below) process. Preferably in one step of the process, gas phase
CCM, for example, aldehydes from the breath of a human, are captured on a substrate.

The substrate of the present invention 1s desirably formed from a solid, but not
necessarily rigid, material. The solid substrate may be formed from any of a variety
material, such as a film, paper, nonwoven web, knitted fabric, woven fabric, foam, glass,
ctc. For example, the materials used to form the solid substrate may include, but are not
limited to, natural, synthetic, or naturally occurring materials that are synthetically
modified, such as polysaccharides (e.g., cellulose materials such as paper and cellulose
derivatives, such as cellulose acetate and nitrocellulose); polyether sulfone; polyethylene;
nylon; polyvinylidene fluoride (PVDF); polyester; polypropylene; silica; inorganic
materials, such as deactivated alumina, diatomaceous earth, MgSO,, or other morganic
fincly divided material uniformly dispersed in a porous matrix, with polymers such as
vinyl chloride, vinyl chloridepropylene copolymer, and vinyl chloride-vinyl acetate
copolymer; cloth, both naturally occurring (e.g., cotton) and synthetic (e.g., nylon or
rayon); porous gels, such as silica gel, agarose, dextran, and gelatin; polymeric films, such
as polyacrylamide; and so forth. Preferably the substrate 1s a solid phase matrix of silica
optionally spaced between frits. The size of the substrate 1s chosen so that a measurable
amount of CCM 1s captured by the substrate. The size can vary but generally 1t 1s about 2

mL, preferably about 1mL and more preferably about 0.25 mL.
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[0036] The substrate typically consists of a bed of particles with 50-60 angstrom pores, with
a 50-270 mesh (300-50 um), and a mass of 75 to 300 mg, preferably 60-120 mesh (250-
125 um) with a mass of 100 to 200 mg and more preferably 50-120 mesh (210-125 um)
with a mass of 125 to 175 mg.

In another step of the process, a fluorescence chromophore such as a phenylene
diamine derivative 1s added to an elution solution to form a phenylene diamine solution.
Phenylene diamine derivatives useful in connection with the present invention include but
arc not limited to many phenylene diamine derivatives including without limitation meta-
phenylene diamine (“mPDA”) and 1its derivatives, and those shown 1n Figure 1A and
Figure 1B, with mPDA preferred for detecting aldehydes including without limitation 1-
hexanal. While certain p-PDA or 0-PDA derivatives may be useful in the method of the
present invention, they are not useful for detecting 1-hexanal as they yield a cloudy
colloidal suspension which 1s not useful for the optical based detection discussed below.

[0037] Other phenylene diamine derivatives include the following or mixtures thereof:

Where R1, R2, R3, R4 are each independently selected from the group consisting of H,
alkyl, substituted alky, alkoxy, substituted alkyoy, acyl, acylamino, acyloxy, amino,
substituted amino, aminocarbonyl, aminothiocarbonyl, aminocarbonylamine,
aminothiocarbonylamino, aminocarbonyloxy, aminosulfonyl, aminosulfonyloxy,
aminosulfonylamino, amidino, carboxyl, carboxyl ester, (carboxylester) amino, (carboxy

ester) oxy, cyano, halo, hydroxy, SO3-, sulfonyl, substituted sultonyl, sulfonyloxy,
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thioacyl, thioal, alkylthio, substituted alkylthio, acyl, substituted aryl, heteroaryl,
substituted heteroaryl, cycloalkyl, substituted cycloalkyl, heterocycles, and substituted
heterocycles.

With reference to Figure 1B, mPDA-Orange, namely, pyridinium,4-[2-[4-
(diethylaminio)phenyl-ethenyl]-1-[1-(3,5-diminobenzamide)-pentylamino-5-oxyhextyl], 1s
shown. The mPDA derivative mPDA-orange leverages both a) the sensitivity to
environmental changes and b) the potential to modulate the surfactant dependence of the
mPDA-aldehyde induced polymerization. The scheme used to synthetize mPDA-orange 18
illustrated in Figure 2C. The basic scheme was to conjugate mPDA to the styrylpyridinium
moiety via an alkyl amide linker.

mPDA-orange exhibits a quantum yield increase as the molecule 1s incorporated into
the aldehyde induced mPDA polymer. In addition, the excitation and emission properties
of the styrylpyridintum moiety affords a FRET (Forster Energy Transfer) generated signal
from the mPDA polymer. The styrylpyridintum moiety exhibits a broad excitation with a
maximum at 470 nm and an emission maximum at 570 nm. The excitation profile provides
sufficient overlap with the emission profile of the mPDA polymer to atford FRET based
signal generation. A Fret based signal generation would be manifest by an excitation at the
mPDA polymer (405 nm) and emission at the styrylpyridintum moiety emission at 570 nm.
An 1llustration of a FRET response of mPDA-orange to aldehyde induced polymerization
of mPDA 1s displayed in Figure 1D.

A direct aldehyde induced polymerization of mPDA-orange alone does not generate
a response signal due to quenching of the styrylpyridintum at the high concentrations
required for mduction of the polymer. A response would only be expected when the
mPDA-orange 1s contained within a mixture of mPDA and mPDA-orange. Indeed, an

aldehyde response 1s only observed when mPDA-orange 1s doped into mPDA at

10
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significantly dilute molar ratios mPDA/mPDA-orange 1,000:1 to 10,000:1. The response
to aldehyde 1s 1llustrated m Figure 1E. An increase in mPDA-Orange emission at 570 nm
1S observed when excited at 405 nm when 1uM hexanal 1s added to the system. The
Increase 1n emission 1s not observed when the mPDA -orange styrylpyridintum moiety 18
excited directly at 470-490 nm. The response 18 approximately 3X over the background,
see¢ Figure 1E, where the conditions are 7mM mPDA, SuM mPDA-orange (molar ration
15,000:1), 90 mM NaCl, 15% Ethanol, 0.1% SDS, 50 mM citrate at ph 2.5. The excitation
1s at 405 nm and the emission at 575-585 nm. As can be seen, 1n the absence of aldehyde
the background level remains fairly constant and auto induction leading to incorporation of
mPDA-orange appears to be mmimal. Though the response for mPDA-orange 1s much
less 3X versus 15X for mPDA alone the derivative offers several advantages: 1) increase
wavelength discrimination afforded by the largeStokes shift between excitation and
emission and 2) the enhanced baseline stability

[0041] In general, the concentration of the phenylene diamine derivative in the phenylene
diamine solution ranges from 0.5mM to25mM. For mPDA, the mPDA concentration in
the phenylene diamine solution generally ranges from 0.5 to 21 mM, preferably from 2 to
10 mM, and optimallyS mM for aldehydes such as 1-hexanal. Notwithstanding the
foregoing, for mPDA-orange, 1t must be diluted into mPDA at a low molar ration,
preferably 1000-10,000.

10042 ] In general, the elution solution includes a salt, a buffer, a surfactant, and an
organic solvent. The concentration of the salt ranges can from 5 mM to 200 mM and
preferably from 20 mM to 80 mM; the concentration of the butfer can range from25 mM to
200 mM and preferably from 40 mM to 60 mM; and the concentration of the surfactant can
range from 0.05% (1.7 mM) to 0.4% (13.9 mM), and preferably from 0.15% (5.2 mM) to

- 0.25% (8.7 mM). Optimally 0.2 % or 6.96 mM 1s used. The salt can be any salt that does

11
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not negatively impact the fluorescing solution and controls salting effects in the elution
solution, and may include NaCl, LiCl, KCl, sulfates and phosphates, and mixtures thereof,
with NaCl preferred.

The buftfer 1s employed to maintain the elution solution mildly acidic and preferably
at a pH of between 2 and 4.5, more preferably 2.5. The buffer can be a borate buffer, a
phosphate buffer, a citrate buffer, an organic butfer such as HEPES (1-piperazineethane
sulphonic acid) or also a TRIS (tris(hydroxymethyl)aminoethane) buffer, preferably a
citrate buffer for use in detecting aldehydes.

The surfactant can include sodium decyl sulfate, sodium dodecyl sulfate (“SDS”™),
sodium tetradecyl sulfate and Standapol ES-1, with SDS including the C10, C12 and C14
version of SDS 1s preferable. Trition X-100, Ninate 11, Georpon 71, Tetraonic 1357,
Cremapor-el, Chemal 1a-9, Silwet L7900, Surfynly468, Surfactant 10G, and Tween 80
might also be used but they did not provide good results with the preferred elution solution,
the CCM 1-hexanal and mPDA.

In the absence of SDS the polymerization and aldehyde response as discussed below
18 severely mhibited. mPDA 1s highly water soluble and the presence of SDS may provide
a scaffold for organizing and orientating mPDA 1nto a matrix to facilitate the
polymerization reaction.

The solvent can include an aqueous solution of EtOH, MeOH, propanol, and
1sopropanol, with 15% EtOH preferred.

The molar ratio of salt concentration to phenylene diamine concentration 1s
important. Generally the ratio should range from 0.03 to 0.5. For the CCM 1-hexanal, a
molar ratio of mPDA to NaCl of 0.165 was found to provide optimal response.

The temperature for practicing the method of the present invention preferably ranges

from 15 to 35 °C, with 25 to 30 °C more preferred.

12
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For the aldehydes such as 1-hexanal, one preferred embodiment of the elution
solution comprises 33 mM NaCl, 50 mM Citrate, pH 2.5, 15% EtOH, and 0.2% SDS.
Other preferred elution solutions include 50 mM Citrate, pH2.5, 15% propanol and 0.4%
sodium decyl sulfate.

Using the elution solution containing a phenylene diamine derivative, the CCM 18
cluted mto the phenylene diamine solution to form a fluorescing solution. The CCM and
the mPDA react to form a fluorogenic species, the presence of which 1n the fluorescing
solution 1s detected by measuring the fluorescence emitted by the fluorogenic species in
the fluorescing solution.

The aldehyde content 1s quantitated by monitoring the signal rise (end-point) and/or
rate of signal change (kinetic) which varies as a function of aldehyde concentration for a
given mPDA concentration, and comparing such data with a carbonyl population sample of
the breath. In practice the impact of carbonyls other than the selected carbonyl must be
filtered out. There are two general assay format or detection modes. They are generically
described as end-point and kinetic. In an end-point assay the system 1s incubated for a set
time and the signal read. The signal at that point reflects the amount of analyte 1n the
system. For a positive assay, the greater the concentration of the analyte, the greater the
signal increase. In a kinetic assay the rate of change 1s monitored for a set duration. The
rate of change 1s correlated to the amount of analyte. Preferably the end-point assay 1s
employed with the present invention.

Assay measurements can be made on a typical fluorescence spectrometer including
conventional scanning spectrometer, plate-reader or LED/d1ode based spectrometer
following standard assay practices. To illustrate, the data displayed in Figure 2 was
acquired by mixing a total of 2 mL of the reaction solution and aldehyde into a standard

fluorescence cuvette and measuring the intensity increase using an LED/d1ode
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spectrometer at particular time slices to simulate an end-point determination. The
LED/diode spectrometer utilized consisted of an Ocean Optics Jazz spectrometer with
LED source and diode detection coupled via fiber optics to a Qpod-e (Quantum Northwest)
temperature controlled fluorescence sample holder. The 405 nm excitation was produced
with a violet LED (volts: 3.3 V, I: 0.03 A). The signal was detected using a ILX-5118
diode detection with emission set at 495-505 nm band pass and 250 msec integration. Like
most fluorescence based assays, optimal settings are dependent upon the throughput and
stray light rejection characteristics of the spectrometer used and must be empirically
determined for each instrument.

In one preferred embodiment, the phenylene diamine derivative reacts with the CCM
in solution to produce a fluorescence emitting or fluorogenic species. It 1s believed that the
phenylene diamine derivative oxidatively couples to the CCM and the phenylene diamine
derivative polymerizes to dimers, trimers, oligomers and/or polymers. It 1s not clear 1f the
CCM actually becomes part of the growing polymer, although the polymerization is
modulated by the presence of CCM and there 1s a dose response.

The process of using a CCM to polymerize the phenylene diamine derivative may be
described as dispersion polymerization. Poly-phenylene diamines have been used to
construct nanostructures and colloidal dispersions of different shapes, tubes, spheres and
the like. However, if the polymerization results in large high molecular weight structures
then precipitation occurs 1n the solution, which, in the present invention, may handicap
optical detection. Thus the ingredients used in the method of the present invention must be
chosen to avoid having elements in the fluorescing solution that inhibit detection and
quantitation of the CCM.

The present invention utilizes the ability of CCM to modulate (initiate, catalyze and

accelerate) the oxidative coupling and polymerization of phenylene diamine derivatives to
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detect and quantitate trace aldehydes, ketones and carbonyl containing analytes 1n a
biological sample. Oxidative coupling and polymerization of phenylene diamine generates
chromophoric and fluorogenic species. In the case of mPDA and aldehydes, the formation
of polymers or multimers gives rise to a broad optical absorbance band at 405 nm and an
associated emission band at 505 nm. The monomer absorbance 1s found 1n the UV region
<350 nm. As aresult the production of the polymer can be conveniently followed by
cither conventional absorbance or fluorescence spectroscopy. In this regard, 1t should be
appreciated that the absorbance and emission bands may vary depending upon the CCM
and phenylene diamine derivative chosen, but all such bands useful 1n practicing this
invention are part of the invention.

For example, with reference to Figure 2, the emission spectrum of the reaction of
mPDA 1 the presence of 1 uM 1-hexanal as a function of time 18 shown. The conditions
of the fluorescing solution are: 1 uM 1-hexanal, 5.4 mM mPDA, 33 mM NaCl, 50 mM
citrate (pH 2.5), 15% EtOH, and 0.1% SDS. The emission increases dramatically as a
function of time.

With reference to Figure 3, the reaction and responses with and without aldehyde
(“blank’) are observed. The conditions of the fluorescing solution are: 1 uM 1-hexanal,
5.4 mM mPDA, 33 mM NaCl, 50 mM citrate (pH 2.5), 15% EtOH, and 0.1% SDS. The
extent of the emission increase and the rate of increase are dependent upon the
concentration of aldehyde in the phenylene diamine solution. At greater aldehyde
concentrations, a larger and more rapid signal increase 1s observed. In the absence of
aldehyde, the “blank™ under goes a slow gradual small signal rise indicative of the slow
polymerization of mPDA under the conditions examined. The polymerization 18
presumably due to the presence of trace oxidants such as 1ron, reactive oxygen species and

other mitiators. With the addition of a CCM, a significant signal enhancement over the
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blank or background 1s observed. Of particular note 1s that the rate of change 1s easily
followed. As a result the detection system 1s amenable to both kinetic and end-point assay
designs and detection modalities. The response can be quantitated at specific time points,
¢.g., 15 minutes (time slice) or by monitoring the slope as a function of aldehyde. The
kinetic rate 18 slow enough that rapid and high precision of reactant additions 18 not
required. The modulation of the polymerization reaction by a CCM such as an aldehyde
and 1ts use as a CCM quantitative sensor 18 another novel discovery and application
described 1n this specification. Other alternatives including labeling, painting or tagging
the CCM for subsequent analysis.

With reference to Figures 4A, 4B and 4C, the CCM mduced polymerization reaction
with the phenylene diamine derivative 1s shown to be sensitive to environmental
conditions, and components of the reaction system such as the concentration of SDS. The
conditions of the fluorescing solution 1n these figures are: 1 uM 1-hexanal, 5.4 mM
mPDA, 33 mM NaCl, 50 mM citrate (pH 2.5), and 15% EtOH. For example, the reaction
and aldehyde assay performance 1s dependent upon salt content, mPDA content, surfactant,
pH and temperature. Since the reaction involves a “quasi-phase” transition from monomer
to polymer insufficient mPDA concentration yields a slow reaction with limited signal
change. In contrast, a large excess of mPDA results 1n a very rapid reaction and the
formation of msoluble precipitates that limit optical detection. In addition, a large excess
results in increased background or “blank” signal.

With reference to Figure 4A, the signal increases as function of SDS concentration.
At an SDS concentration of 0.4%, the signal increase 1s almost 3 times the signal observed
at 0.2%.

Figures 4B and 4C show a comparison of the aldehyde response versus the blank for

0.2% SDS and 0.4% SDS, respectively. The increase in SDS concentration also results in
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an increase 1n “blank™ or background signal. Both the signal and background are
modulated by SDS concentration and the optimized SDS concentration cannot be
determined by monitoring the signal response alone. As a result the SDS concentration
must be optimized to provide the greatest discrimination between signal and background
signal generation. For the embodiment specified, the optimal SDS concentration falls
within a narrow concentration band, and small deviations can result in increased variability
and limit the assay sensitivity.

With reference to Figure 5, the fluorescence response for mPDA as a function of 1-
hexanal concentration 1s displayed, with the background corrected. A linear response 18
observed form 0.1 to 1 uM 1-hexanal. The data points are the average of triplicate
samples. The signal i1s measured at 20 minutes after the aldehyde 1s added to the
phenylene diamine solution. Under these conditions, 10.8 mM mPDA, 65.5 NaCl, 50 mM
citrate (pH 2.5), 0.2% SDS at 25°C, a solution limit of detection (LOD) of 0.1 uM can be
achieved.

With reference to the chart in Figure 6, mPDA exhibits a differential response for
aliphatic aldehydes as a function of chain length. The chart reflects the fluorescence signal
at 20 minutes after aldehyde addition, and the following conditions: 5.4 mM mPDA, 33
mM NaCl, 50 mM citrate (pH 2.5), 15% EtOH, and 0.1% SDS. The signal 1s measured at
20 minutes and this time-slice serves as pseudo end-point analysis method. For aliphatic
aldehydes the relative response increases with aliphatic chain length. The response of
acetylaldehyde 18 only 12% of the response observed for 1-hexanal. In contrast, the
response of decyl (Cio) aldehyde 1s 30% greater than for 1-hexanal.

The nature of the aromatic diamine 1s also important to consider in employing the
method of the present invention. O-PDA 1s highly reactive and undergoes rapid general

oxidation. The high reactivity of 0-PDA precludes its use as an aldehyde sensor in the
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preferred embodiment of the present invention. With reference to Figure 7, the relative
fluorescence response of a subset of diamines 18 displayed and 1illustrates the influence of
both position and electronic effects on the aldehyde fluorescence response. Traditional
aromatic electron donating and withdrawing effects should modulate the reactivity and
susceptibility of the phenylene diamine derivative toward polymerization. An aldehyde
response was not observed for both nitrophenylenediamine and naphthalenediamine under
the preferred conditions, even when exposed to excess aldehyde. It has been found that
aldehyde detection 1s based on the modulation of the polymerization of the reaction. If the
molecule chosen 1s highly reactive and easily induced to polymerization then general
oxidants can stimulate the reaction process and may limit 1ts utility as a sensor. On the
other hand, 1f the molecule 1s “to0” stabilized, the polymerization process becomes
inhibited and cannot be adequately stimulated by aldehyde and will require a much
stronger oxidant to yield a response.

The present invention also includes a device for employing the method of the present
invention. The device comprises a breath chamber preferably made of plastic and having a
substrate 1n the breath chamber. The substrate 1s made from the materials discussed above
and preferably silica. The substrate supports a carbonyl containing moiety from an
animal’s breath, e.g. aldehydes. The device also includes a fluid chamber. The fluid
chamber 1ncludes an aqueous solution comprising an alcohol (e.g., 15% EtOH), a salt (e.g.,
NaCl), a surfactant (e.g., SDS), and a buffer (¢.g. citrate). The solution can also comprise a
phenylene diamine derivative such as mPDA.

The following example demonstrates one way to use the present invention to
determine whether the sample breath of a human contains measurable aldehyde
concentration and the concentration of the aldehyde in the breath. Employing the

methodology discussed above, a series of fluorescence measurements are preformed to
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provide standards for various specific aldehydes and mixtures thercof that are known to be

contained 1n a human breath sample (a population), and standards for concentrations of

such various standards and mixtures thereof. Using these standards, the presence 1n a

sample of human breath of a particular aldehyde or mixture of aldehydes and the

concentration of such particular aldehyde or mixture of aldehydes can be determined. In

oeneral in one embodiment, the steps are as follows:

d.

b.

Capturing the aldehydes from the human breath sample on silica;

Forming a solution comprising a salt, a buffer, a surfactant in an alcohol in
mildly acidic conditions;

Adding a phenylene diamine derivative to the solution of step b;

Eluting the captured aldehydes into the solution of step c;

Determining the fluorescence signal of the solution of step c¢;

Determining the fluorescence signal of the solution of step d;

Subtract the fluorescence signal from step ¢ from the fluorescence signal
from step f; and

Comparing the net resulting fluorescence signal from step g with standard
fluorescence of known aldehydes (a calibration curve, 1.e., a response to
known concentrations via an assay) to determme the concentration of
aldehydes 1n the fluorescing solution. Simply put, this 18 a comparison of

y” axis values to provide the “x” axis value, or alternatively, solve of x

knowing y and the calibration function y=1(x).

In another embodiment of the present invention, the substrate can be pre-loaded with

an active reactive capture agent which covalently attaches to the CCM (the “Agent”)

including without limitation a fluorescent hydrazine or aminooxy compound. Some

examples of aminooxy compounds are as follows: aminooxy 5(6) tetramethylrhodamine
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(aminooxy 5(6) TAMRA), with a single 1somer of either 5 or 6 preferred; and aminooxy
5(6) carboxyfluorescein (aminooxy 5(6) FAM), with a single isomer of either 5 or 6
preferred, for example aminooxy-C5-5-FAM. Others include aminooxy 7-amio-3-acetyl-4
methylcourman-6-sulfonic acid; S-aminoxy acetic acid rhodamine B; and
dinitrophenylhydrazin. In the foregoing examples, the reactive group 1s specified without
the linkage group, which would be well known to those of skill in the art. In addition to
the foregoing, the hydrazine or hydrazide versions are included within the present
invention. Preferably the Agent 1s somewhat polar.

For example, for a substrate consisting of 200 mg of 50-270 mesh (300-50 um)
particle with a bed diameter of 12.5 mm, the amount of the Agent can be from 5.5 mg to
0.1 mg, and preferably from 2.5 mg to 0.4 mg.

In yet another embodiment of the present invention, a two-solution methodology 1s
used. After the substrate 18 loaded with the CCM, the CCM 1s eluted into a “rinse”
solution comprising generally 30% ethanol and preferably 50 mM citrate, 30% cthanol at
ph 2.5. The Agent 1s added to the rinse solution thereby resulting 1n painted CCM. This
solution 1s then passed through another substrate, preferably a silica frit stack, to capture
the painted CCM. The painted CCM 1s then eluted from the substrate with the painted
CCM captured therein using a second “rinse” solution comprising greater than 50%
acetonitrile and preferably 90% ethanol. One of the benefits of this second embodiment 1s
that a baseline reading 1s not necessary to remove noise.

Unless the context clearly requires otherwise, throughout the description and the

" n

claims, the words "comprise,” "comprising," and the like are to be construed 1 an
inclusive sense, as opposed to an exclusive or exhaustive sense; that 1s to say, 1n the sense

of "including, but not limited to." Additionally, the words "herein, "above," "below," and

words of similar import, when used 1n this application, shall refer to this application as a
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whole and not to any particular portions of this application. Where the context permits,
words 1n the above Detailed Description of the Preferred Embodiments using the singular
or plural number may also include the plural or singular number respectively. The word
"or" 1n reference to a list of two or more 1items, covers all of the following interpretations
of the word: any of the items 1n the list, all of the items 1n the list, and any combination of
the 1tems 1n the list.

The above-detailed description of embodiments of the disclosure 1s not intended to
be exhaustive or to limit the teachings to the precise form disclosed above. While specific
embodiments of and examples for the disclosure are described above for illustrative
purposes, various equivalent modifications are possible within the scope of the disclosure,
as those skilled 1n the relevant art will recognize. For example, while methods are
presented 1n a given order, alternative embodiments may perform the method, in a different
order, and some method steps may be deleted, moved, added, subdivided, combined,
and/or modified to provide alternative or subcombinations. Further any specific numbers
noted herein are only examples: alternative implementations may employ differing values
Or ranges.

These and other changes can be made to the disclosure 1n light of the above Detailed
Description of the Preferred Embodiments. While the above description describes certain
embodiments of the disclosure, and describes the best mode contemplated, no matter how
detailed the above appears 1n text, the teachings can be practiced in many ways. Details of
the system may vary considerably 1n 1ts implementation details, while still being
encompassed by the subject matter disclosed herein. As noted above, particular
terminology used when describing certain features or aspects of the disclosure should not
be taken to imply that the terminology 1s being redefined herein to be restricted to any

specific characteristics, features or aspects of the disclosure with which that terminology 1s
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associated. In general, the terms used 1n the following claims should not be construed to
lim1t the disclosures to the specific embodiments disclosed 1n the specification unless the
above Detailed Description of the Preferred Embodiments section explicitly defines such
terms. Accordingly, the actual scope of the disclosure encompasses not only the disclosed
embodiments, but also all equivalent ways of practicing or implementing the disclosure
under the claims.

[0072] Accordmgly, although exemplary embodiments of the invention have been shown
and described, 1t 1s to be understood that all the terms used herein are descriptive rather
than limiting, and that many changes, modifications, and substitutions may be made by one

having ordinary skill in the art without departing from the spirit and scope of the invention.
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CLAIMS

What 1s claimed 1s:

1. A method of detecting carbonyl containing moieties in a biological sample, the
method comprising adding a phenylene diamine derivative to an aqueous salt solution to
thereby form a phenylene diamine solution; adding a carbonyl containing moiety from the
biological sample to the phenylene diamine solution to thereby form a fluorescing solution;

and detecting fluorescence from the fluorescing solution.

2. The method of claim 1 wherein the carbonyl containing moiety 1s selected from the

oroup consisting of aldehydes, ketones, carboxylic acids and mixtures thereof.

3. The method of claim 2, wherein the aldehydes are aliphatic.

4.  The method of claim 1, wherein the biological sample is human breath.

5. The method of claim 1, wherein the phenylene diamine derivative 1s selected from

the group of meta-phenylene diamine derivatives and mixtures thereof.

6.  The method of claim 1, wherein the fluorescence has a measurable emission band at

505 nm.

7.  The method of claim 1, wherein the phenylene diamine derivative 1s polymerized by

the carbonyl containing moiety in the solution to form a fluorogenic species.
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8.  The method of claim 1, wherein the fluorescing solution 1s maintained at below about

35°C.

9.  The method of claim 1, wherein the aqueous salt solution comprises an alcohol, a

salt, a surfactant and a buffer.

10. The method of claim 9 where the buffer 1s citrate.

11.  The method of claim 9 wherein the alcohol 1s chosen from the group consisting of R-

OH, where R 1s a straight or branched chain aliphatic group, and mixtures thereof.

12.  The method of claim 10, wherein the alcohol 1s ethanol.

13. The method of claim 9, wherein the salt 1s NaCl.

14. The method of claim 9, wherein the surfactant 1s sodium dodecyl sulfate.

15. The method of claim 7, wherein there 1s no precipitate in the fluorescing

solution which at the time of measurement, substantially interferes with the measurement

of the fluorogenic species.

16. The method of claim 1, wherein a peak level of fluorescence 1s related to a particular

carbonyl containing moiety.
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17.  The method of claim 1, wherein the detected fluorescence corresponds to the

concentration of carbonyl containing moieties in the biological sample.

18. The method of claim 1, wherein the aqueous solution 1s mildly acidic.

19. The method of claim 1 wherein pH of the aqueous solution ranges from 2 to 4.5.

20. The method of claim 1, wherein the solution 1s at pH 2.5.

21. The method of claim 9, wherein the molar ratio of the phenylene diamine derivative

to the salt ranges from 0.03 to 0.5.

22. The method of claim 1, wherein the carbonyl containing moiety 1s eluted from silica.

23. The method of claim 1, wherein the phenylene diamine derivative 1s housed 1n an

ampule.

24. The method of claim 22, wherein the silica 1s housed 1n a tluid chamber.

25.  The method of claim 1, wherein the carbonyl containing moiety 1s a C1 to C12

carbonyl containing organic molecule.

26 A solution containing an alcohol, a salt, a surfactant, a phenylene diamine derivative

and a carbonyl containing moiety.
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27. A substantially precipitate free solution containing the product of a meta -phenylene

diamine derivative and a carbonyl containing moiety.

28. A method of detecting and measuring the concentration of a carbonyl containing
moiety 1n a biological sample, the method comprising

a) 1solating the carbonyl containing moiety from the biological sample;

b) adding the carbonyl containing moiety to an aqueous solution containing a phenylene
diamine derivative to form a fluorescing solution; and

¢) measuring the fluorescence emitted from the fluorescing solution at a pre-determined

wave length.

29. The method of claim 28, wherein the biological sample is a breath sample.

30. The method of claim 28, wherein the fluorescing solution generates a broad optical

absorbance band at 405 nm and an associated emission band at 505 nm.

31. The method of claim 28, wherein the aqueous solution contains a surfactant, and the

level of fluorescence over time varies with the concentration of the surfactant.

32. The method of claim 28, wherein the concentration of the carbonyl containing

moiety 1n the biological sample 1s determined using the fluorescence measurement.

33. A method of detecting and measuring the concentration of aldehydes 1n a human
breath sample, the method comprising:

a.  capturing the aldehydes from the human breath sample on silica;
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b. forming a solution comprising a salt, a butfer, a surfactant in an alcohol 1n mildly
acidic conditions;

c.  adding a phenylene diamine derivative to the solution of step b;

d.  eluting the captured aldehydes into the solution of step c;

¢.  determining the fluorescence signal of the solution of step c;

f. determining the fluorescence signal of the solution of step d;

o subtracting the fluorescence signal from step e from the fluorescence signal from step
f: and

h.  comparing the net resulting fluorescence signal from step g with standard
fluorescence of known aldehydes to determine the concentration of aldehydes 1n the

fluorescing solution.

34. The method of claim 33, wherein the aldehydes are a mixture of aldehydes.

35. The method of claim 33, wherein the fluorescence 1s measured at 505 nm.

36. A device comprising:

a) abreath chamber having a substrate, the substrate supporting a carbonyl containing
moiety from an animal’s breath; and

b) a fluid chamber having an aqueous solution comprising an alcohol, a salt, a

surfactant, and a bufter.

37. The device of claim 36, wherein the solution comprises a phenylene diamine

derivative.
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38. The device of claim 36, wherein the phenylene diamine derivative 1s meta-phenylene

diamine.

39. The device of claim 36, wherein the carbonyl containing moiety 1s at least one

aldehyde.

40. The device of claim 36, wherein the substrate 1s silica.

41. A device for detecting and quantitating the concentration of a carbonyl containing
moiety 1n a biological sample, the device comprising a substrate having an active reactive

capture agent incorporated therein.

42. The device of claim 41, wherein the phenylene diamine derivative 18 m-phenylene

diamine.

43. A method for detecting carbonyl containing moieties 1n a biological sample, the
method comprising the steps of providing a substrate having an active reactive capture
agent incorporated therein, capturing on said substrate carbonyl containing moieties from
the biological sample, and forming a solution comprising painted carbonyl containing

moieties.

44. A method for detecting carbonyl containing moieties 1n a biological sample, the
method comprising the steps of:
a.  providing a substrate;

b.  1ncorporating an active reactive capture agent into the substrate;
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c.  capturing carbonyl containing moieties on the substrate; and
d.  cluting the active reactive capture agent and carbonyl containing moieties from

the substrate into a solution whereby painted carbonyl containing moieties are formed.

45. The method of claim 44 wherein the biological sample 1s breath and the active

reactive capture agent 1s a fluorescent hydrazine or amimooxy compound.

46. The method of claim 44, further comprising the painted carbonyl containing moieties
arc captured on another substrate and such captured painted carbonyl containing moieties

arc cluted into another solution for subsequent analysis.

47. The method of any of claims of 1, 28, or 33, wherein the phenylene diamine
derivative comprises pyridinium,4-[2-[4-(diethylaminio)phenyl-ethenyl]-1-[1-(3,5-

diminobenzamide)-pentylamino-5-oxyhextyl.

48. The device of any of claim 37, wherein the phenylene diamine derivative comprises
pyridinium,4-[2-[4-(diethylaminio)phenyl-ethenyl]-1-[1-(3,5-diminobenzamide)-

pentylamino-5-oxyhextyl.

49  The solution of claim 26, wherein the phenylene diamine derivative comprises
pyridinium,4-[2-[4-(diethylaminio)phenyl-ethenyl]-1-[1-(3,5-diminobenzamide)-

pentylamino-5-oxyhextyl.

29

LA 12084346vl



CA 02953531 2016-12-22

WO 2015/200922 PCT/US2015/038389

50. The solution of claim 27, wherein the phenylene diamine derivative comprises
pyridinium,4-[2-[4-(diethylaminio)phenyl-ethenyl]-1-[1-(3,5-diminobenzamide)-

pentylamino-5-oxyhextyl.

51. The method of any of claims of 1, 28, or 33, wherein the phenylene diamine

derivative comprises any one or mixtures of the following:

fl
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where R1, R2, R3, R4 are each independently selected from the group consisting of H,
alkyl, substituted alky, alkoxy, substituted alkoxy, acyl, acylamino, acyloxy, amino,
substituted amino, aminocarbonyl, aminothiocarbonyl, aminocarbonylamine,
aminothiocarbonylamino, aminocarbonyloxy, aminosulfonyl, aminosulfonyloxy,
aminosulfonylamino, amidino, carboxyl, carboxyl ester, (carboxylester) amino, (carboxy
ester) oxy, cyano, halo, hydroxy, SO3-, sulfonyl, substituted sulfonyl, sulfonyloxy,
thioacyl, thioal, alkylthio, substituted alkylthio, acyl, substituted aryl, heteroaryl,

substituted heteroaryl, cycloalkyl, substituted cycloalkyl, heterocycles, and substituted

heterocycles.
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52. The device of claim 37, wherein the phenylene diamine derivative comprises any one

or mixtures of the following:
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where R1, R2, R3, R4 are each independently selected from the group consisting of H,
alkyl, substituted alky, alkoxy, substituted alkyoy, acyl, acylamino, acyloxy, amino,
substituted amino, aminocarbonyl, aminothiocarbonyl, aminocarbonylamine,
aminothiocarbonylamino, aminocarbonyloxy, aminosulfonyl, aminosulfonyloxy,
aminosulfonylamino, amidino, carboxyl, carboxyl ester, (carboxylester) amino, (carboxy
ester) oxy, cyano, halo, hydroxy, SO3-, sulfonyl, substituted sulfonyl, sulfonyloxy,
thioacyl, thioal, alkylthio, substituted alkylthio, acyl, substituted aryl, heteroaryl,
substituted heteroaryl, cycloalkyl, substituted cycloalkyl, heterocycles, and substituted

heterocycles.

31

LA 12084346vl



CA 02953531 2016-12-22

WO 2015/200922 PCT/US2015/038389

53  The solution of claim 26, wherein the phenylene diamine derivative comprises any

on¢ or mixtures of the following:
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3
3
Y
RI

where R1, R2, R3, R4 are each independently selected from the group consisting of H,
alkyl, substituted alky, alkoxy, substituted alkyoy, acyl, acylamino, acyloxy, amino,
substituted amino, aminocarbonyl, aminothiocarbonyl, aminocarbonylamine,
aminothiocarbonylamino, aminocarbonyloxy, aminosulfonyl, aminosulfonyloxy,
aminosulfonylamino, amidino, carboxyl, carboxyl ester, (carboxylester) amino, (carboxy
ester) oxy, cyano, halo, hydroxy, SO3-, sulfonyl, substituted sulfonyl, sulfonyloxy,
thioacyl, thioal, alkylthio, substituted alkylthio, acyl, substituted aryl, heteroaryl,
substituted heteroaryl, cycloalkyl, substituted cycloalkyl, heterocycles, and substituted

heterocycles.
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54. The solution of claim 27, wherein the phenylene diamine derivative comprises any

on¢ or mixtures of the following:

81
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w?-"';w‘-‘j ‘-'.:‘:.\".:_ N - i .m"""fx.
. _‘-\.,:-::,..-*ﬁ.f : i
R ¥ B2
3
3
S
g3

where R1, R2, R3, R4 are each independently selected from the group consisting of H,
alkyl, substituted alky, alkoxy, substituted alkyoy, acyl, acylamino, acyloxy, amino,
substituted amino, aminocarbonyl, aminothiocarbonyl, aminocarbonylamine,
aminothiocarbonylamino, aminocarbonyloxy, aminosulfonyl, aminosulfonyloxy,
aminosulfonylamino, amidino, carboxyl, carboxyl ester, (carboxylester) amino, (carboxy
ester) oxy, cyano, halo, hydroxy, SO3-, sulfonyl, substituted sulfonyl, sulfonyloxy,
thioacyl, thioal, alkylthio, substituted alkylthio, acyl, substituted aryl, heteroaryl,
substituted heteroaryl, cycloalkyl, substituted cycloalkyl, heterocycles, and substituted

heterocycles.

55. A method of detecting carbonyl containing moieties 1n a biological sample, the
method comprising adding a fluorescence chromophore to an aqueous salt solution to
thereby form a fluorescence chromophore solution; adding a carbonyl containing moiety
from the biological sample to the tfluorescence chromophore solution to thereby form a

fluorescing solution; and detecting fluorescence from the fluorescing solution.
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56. The method of claim 55, wherein the fluorescence chromophore 1s a phenylene

diamine derivative.
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