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IDENTIFICATION OF DEGRADATIVE SPECIES

CROSS-REFERENCE TO RELATED APPLICATION
0001 ] The present apphication claims the benetlit of prionity to U.S. Provisional Application
Nertal No. 62/934,599 filed on November 13, 2019, which 1s incorporated herein by reference in
i1ts entirety.

BACKGROUND

0002 ] Field of Invention
0003 ] The present invention relates generally to detecting, wdentitying, trapping, 1solating,
sequesiering, neutralizing, inactivating, and/or inhibiting degradative species that interact with
analyte sensor moieties when measuring an analyte in a medium of a hving animal using a
systern mncluding a sensor implanted {(partially or fully) or inserted into the living animal,
specifically, the present invention relates to a sensor that utilizes one or more probes, which may
be icorporated within an analvie indicator, and/or 3 matenal covering at least a portion of the
analyte indicator, in order to detect, identify, trap, 1solate, sequester, neutralize, inactivate, and/or
inhibit degradative species that interact with analyte sensor moieties.

0004 ] Discussion of the Backeround

100035 ] A sensor may be mmplanted (parttaliy or fully} within a living anumal {e.g., a2 human)
and used to measure an analyte {e.g., glucose, oxygen, cardiac markers, low-density lipoprotein
(LDL), hugh-density lipoprotein (HDL), or triglycerides) in a medium {e.g., intersiitial fhuid
(ISF}, blood, or intrapeniioneal fluid) within the bving anumal, The sensor may include a light

source {e.g., a hght-emitting diode (LED} or other light emitting element), indicator molecules,
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and a photodetector {¢. 2., a photodiode, phototransistor, photoresistor or other photosensitive
element). Examples of implantable sensors employing indicator molecules to measure an
analyte are described in U8, Pat. Nos. 5,517,313 and 5,512,246, which are incorporated heretn
by reterence in their entirety.

00061 A sensor may include an analyie indicator, which may be in the form of indicator
moltecules embedded 1 a graft (i.e., fayer or matrnix}. For example, in an impiantable
fluorescence-based glucose seunsor, fluorescent 1ndicator molecules may reversibly bind glucose
and, when irradiated with excitation light {e.g., light having a wavelength of approximately 378
nm ), emit an amount of light (e.g., light in the range of 400 to 300 nm) that depends on whether
glucose 18 bound to the indicator molecule

1 0007 ] If a sensor 1s implanted 1n the body of a living animal, the amimal’s immune system
may begin to attack the sensor. For instance, if a sensor 1s implanted in a human, white biood
cells may attack the sensor as a foreign body, and, in the mmitial immmune system onslaught,
neutrophils may be the primary white blood cells attacking the sensor. The defense mechanism
of neutrophils includes the release of highly caustic substances known as reactive oxygen
species. For mnstance, in indicator molecuies having a boronate group, degradative species may
degrade the indicator molecules by oxidizing the boronate group, thus disabling the ability of the
indicator molecule to bind glucose.

{ OO0K] Known reactive oxygen species include, for example, hydrogen peroxide and
superoxide. While 1t has been postulated that hydrogen peroxide and other reactive species such
as reactive oxygen species (ROS) and reactive nitrogen species {RNS) may degrade the indicator
molecules of an analyte indicator, there 18 no experimental evidence that has identified the

degradative species that react with the indicator. Further, prior {0 the 1avention of the present
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disclosure, there has been no device or method for detecting and identitying the degradative
species that react with indicator molecules 1 an implantable medical device or sensor. Most of
the ROS/RNS that get generated are short lived and, depending on factors such as location,
proximity, diffusion and the nature of environment, may or may not mnfiuence the degradation
profiles.
3009 There 15 presently a need 1 the art for a method for detecting, identitying, trapping,
isolating, sequestering, neutraltzing, inactivating, and/or inhibiting degradative species that
interact with analyte sensor moieties when measuring an analvie in a medium of a hiving animal
using a system mncluding a sensor implanted {partially or fully) or inserted into the living animal.
Also, there 1s a need o the art for continuous analyte sensors having mcreased longevity.
SUMMARY
100107 {The present invention provides a method for detecting, identifying, trapping,
isolating, sequestering, neutralizing, inactivating, and/or inhibiting degradative species that
wnteract with analyie sensor moteties when measuring an analyvie in a medium of a hiving animal
using a system wcluding a sensor tmplanted {(partially or fully) or inserted 1nto the iving anumal,
(0011] One aspect of the present invention provides a sensor that may be for implantation or
insertion within a living animal and measurement of an analyte in a2 medium within the living
anirmnal. The sensor may include an analyte indicator and one or more selective degradative
species probes that can be ultlized to understand thewr reactivity against the corresponding
degradative species generated around the device. In some embodiments, the sensor may include
multiple selective degradative species probes, each of which has distinct charactenistic absorption
and emission properiies s0 as to detect dilferent degradative species. In some embodiments, the

anaiyte indicator and one or more degradative species probes are provided on a substrate. The
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substrate may be an electrode or a sensor surface. In some embodiments, the sensor may mclude
a sensor housing, and the analyvie mndicator may cover at least a portion of the sensor housing.
10012] In some embodiments, the sensor may include at least one probe-containing polymer
eraft, and the one or more degradative species probes may be co-polymerized with, entrapped in,
or dispersed within the probe-containing polymer gratt. In some embodiments, the probe-
containing polymer graft may cover at least a portion of the sensor housing. In some
embodiments, the probe-containing polymer gratt may be within the sensor housing,.

1001317 In some embodiments, the one or more degradative species probes may be
incorporated with the analyte indicator, ¢.g., as a co-monomer. In some embodiments, the sensor
may wnclude a matenal, e g., a membrane, covering at least a portion of the analvie indicator, and
the one or more degradative species probes are incorporated within the matenal.

100141 fn some embodiments, the present disclosure provides a sensor for measurement of an
anailyte in a medium within g living animal, the sensor comprising: an analyte indicator; and one
or more degradative species probes, wherein the degradative species probes have absorption
and/or emission protiles that are selective for a specific degradative species.

{0013] In some embodiments, the present disclosure provides a method of fabricating a
sensor for measurement of an analyte in a medium within g living amimal, the method
comprising: applying an analyte indicator to a sensor such that the applied analyte indicator
covers af least a portion of the sensor, wherein the analyie indicator comprises one ¢r more
degradative species probes, wherein the degradative species probes have absorption and/or
emission protfiles that are selective for a specitic degradative species.

L 0016] in some embodiments, the present disclosure provides a method of detecting and

identifying changes in degradative species i an 1t vivoe gnvironment of an implanied medical
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device comprising: a) implanting a sensor of the present disclosure into an animal; b) explanting
the sensor at a defined time pownt; ¢) characienzing changes to absorption/emission properiies of
the one or more degradative species probes compared to absorption/emtssion properties of the
one or more degradative species probes prior to implanting; and d} quantifying reactivity of the
one or more degradative species probes with one or more degradative species,

0017 in some embodiments, the present disclosure provides a method of screening
compounds for inclusion 1n an implantable sensor comprising: appiying an analyte indicator to a
sensor such that the applied analyte indicator covers at least a portion of the sensor, wherein the
analyte indicator comprises one or more degradative species probes, wherein the degradative
species probes have absorption and/or emmission profiles that are selective for a specific
degradative species; applying a test compound to the sensor to form a {est sensor; implanting the
test sensor 1nto an anumal; explanting the sensor at a defined ttime point; characterizing changes
to absorption/emission properties of the one or more degradative species probes compared to
absorption/emission properfies of the one or more degradative species probes prior to implanting,
and comparing the characterized changes to the absorption/emission properties of the one or
more degradative species probes to characterized absorption/emission properties of the one or
more degradative species probes in g control sensor, wherein the control sensor did not include
the test compound; and detecting whether presence the test compound increased or decreased
degradative spectes in an i vive environment of the implantable sensor

0018] fn some embodiments, the present disclosure provides a method of screening
compounds for inclusion 1n an implantable sensor comprising: applying an analyvte indicator to a
sensor such that the applied analyte indicator covers at teast a portion of the sensor, wherein the

analyte indicator comprises one or more degradative species probes, wheretn the degradative

(A3
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species probes have absorption and/or enmussion profiles that are selective tor a specific
degradative species; applving a test compound to the sensor {0 form a test sensor; performing an
in vitro test simulating phystological conditions for a defined time penod; characienzing changes
to absorplion/emission properties of the one or more degradative species probes compared o
absorption/emission properties of the one or more degradative species probes prior to performing
the in vidro test; and comparing the charactenized changes to the absorption/ermssion properiies
of the one or more degradative species probes to characterized absorption/emission properties of
the one or more degradative species probes in a control sensor, wherein the control sensor did
not include the test compound; and detecting whether presence the test compound increased or
decreased degradative species.

1 0019] In some embodiments, the present disclosure provides a method of identitying and/or
quantifying degradative species in an environment of a medical device comprising: appiying an
analyte indicator to a sensor such that the apphied analyte indicator covers at least a portion of the
sensor, wherein the analyie indicator comprises one or more degradative species probes, wherein
the degradative species probes have absorption and/or emission profiles that are selective for a
specific degradative species; exposing the sensor to an environment containing degradative
species; characterizing changes to absorphion/enussion properties of the one or more degradative
species probes compared 1o absorption/emission properties of the one or more degradative
species probes prior o the exposing step; and guantifying reactivity of the one or more
degradative species probes with one or more degradative species.

0020] Further variations encompassed within the systems and methods are described in the

detaried description of the invention below,
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BRIEF DESCRIPTION OF THE DRAWINGS
(0021 The accompanying drawings, which are incorporated herein and form part of the
specification, itlustrate various, non-limiting embodiments of the present invention. In the
drawings, hike reference numbers indicate identical or functionally similar elements.
10022 FIG. 1is a schematic view iilustrating a sensor system embodying aspects of the
present invention,
10023 FIG 2 dllustrates a perspective view of a sensor embodying aspects of the present
Invention.

00241 FIG. 3 dlustrates an exploded view of a sensor embodying aspects of the present

inveniion.
100251 FI(Gr. 4 15 a schematic view tilustrating a sensor embodying aspects of the present
invention.

1 0026] FIG. 5 shows an exemplary reaction scheme for the compound of Formula VI
{(“APEF"}.

0027 FIG 6 dlustrates steps of a method of screening compounds for inclusion 1 an
impiantable sensor according to some embodiments of the present disclosure.

0028 ] FIG. 7 idlustrates steps of a method of screening compounds for inclusion in an
implantable sensor according to some embodiments of the present disclosure.

100291 FIG. 8 tllustrates steps of a method of identifving and/or quantitving degradative
species 1n an environment of a medical device according to some embodiments of the present

disclosure.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
0030 FIG. 1is a schematic view of a sensor sysiem embodying aspects of the present
ivention. In some non-limiting embodiments, as shown 1o FIG. 1, the system may include a
sensor 100 and an external transcetver 101, In some embodiments, the sensor 100 may be an
implantable sensor configured to be fully or partially implanted 1n a hiving animal (e.g., a living
human). The sensor 100 may be imaplanted, for exaraple, in a hiving animoal’s arm, wnist, leg,
abdomen, peritoneum, or other region of the living amimal suitable for sensor implantation. For
examplie, in some non-limiting embodiments, the sensor 100 may be implanted beneath the skin
{i.e.,1n the subcutaneous or peritoneal tissues). However, this 1s not required, and, in some
alternative embodiments, the sensor 100 may be a transcufaneous sensor.
100311 In some embodiments, a transceiver 101 may be an electronic device that
communicates with the sensor 100 to power the sensor 100, provide commands and/or data to the
sensor 100, and/or receive data from the sensor 100, In some embodiments, the received data
may include one or more sensor measurements. In some embodiments, the sensor measurements
may wchude, for example and without limitation, ong or more light measurements {tom one or
more photodetectors of the sensor 100 and/or one or more temperature measurements from one
or more temperature sensors of the sensor 100, In some embodiments, the transceiver 101 may
caiculate analyte {e.2., glucose) concentrations from the measurement information received from
the sensor 100,
10032 fn some non-limiting embodiments, the transceiver 101 may be a handheid device or
an on-body/wearable device. For example, in some embodiments where the transceiver 101 1s an
on-body/wearable device, the transceiver 101 may be held i place by a band {e.g., an armband

or wristband} and/or adhesive, and the transceiver 101 may convey {e.2., pertodically, such as
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every two minutes, and/or upon user initiation) measurement commands (7.¢., reguests for
measurement mformation) to the sensor 100, In some embodiments where the transceiver 101 15
a handheld device, postiioning {i.e., hovering or swiping/waving/passing} the transceiver 101
within range over the sensor implant site {i.e., within proximity of the sensor 100} may cause the
transceiver 101 to antomatically convey a measurement command to the sensor 100 and receive
a data from the sensor 100,

{0033 fo some embodiments, as shown i Fi{y. 1, the transceiver 101 may nclude an
inductive element 103, such as, for example, a coil. In some embodiments, the transcetver 101
rmay generate an electromagnetic wave or electrodynamic field {e.g., by using a coil) to induce a
current 10 an inductive element 114 of the sensor 100, In some non-himiting embodiments, the
sensor 100 may use the current induced in the inductive element 114 to power the sensor 100,
However, this 1s not required, and, in some alternative embodiments, the sensor 100 may be
powered by an internal power source (e.¢., a batterv).
10034 in some embodiments, the transceiver 101 may convey data {e.g., commands) to the
sensor 100, For example, in some non-limiting embodiments, the fransceiver 141 may convey
data by modulating the electromagnetic wave generated by the inductive element 103 {e.g., by
modulating the current flowing through the inductive element 103 of the transceiver 101}, In
some embodiments, the sensor 100 may detect/exiract the modulation in the electromagnetic
wave generated by the transceiver 101, Moreover, the transceiver 101 may receive data {e.g.,
one Of more sensor measurements) from the sensor 100, For example, 1n some non-limiting
embodiments, the transcerver 101 may receive data by detecting modulations in the
clectromagnetic wave generated by the sensor 100, e.g., by detecting modulations o the current

flowtng through the inductive element 103 of the transcerver 101

O
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0035 In some embodiments, as shown in FIG. 1, the sensor 100 may include a sensor
housing 102 {(i.e., body, shell, capsule, or encasement}), which may be nigid and biocompatible
In exemplary emboduments, sensor housing 102 may be formed from a sustable, optically
fransmissive polymer material, such as, for example, acrylic polymers {e.g.,
polymethyimethacrylate (PMDMA )}

L 0036] In some embodiments, as shown 1n FIG. 1, the sensor 100 may wclude an analyte
indicator 106, In some non-himiting embodiments, the analyte indicator 100 may be a polymer
graft coated, diffused, adhered, or embedded on at least a portion of the exterior surface of the
sensor housing 102, The analyte indicator 106 (e.¢., polymer graft) may cover the entire surface
of sensor housing 102 or only one or more portions of the surface of bousing 102, As an
alternative to coating the analyte 1ndicator 106 on the outer surtace of sensor houstng 102, the
analyte indicator 106 may be disposed on the outer surface of the sensor housing 102 1n other
ways, such as by deposition or adhesion. In some embodiments, the analyte indicator 106 may
be a fluorescent glucose mndicating polymer. In one non-limiting embodiment, the polymer s
biocompatible and stable, gratted onto the surface of sensor housing 102, designed to allow for
the direct measurement of glucose 1n interstitial fluid (ISE), blood, or intraperitoneal fluid after
implantation of the sensor 100, In some embodiments, the analyte indicator 106 may comprise a
hydrogel.

10037 In some embodiments, the analyte indicator 106 {e.g., polymer graft) of the sensor
100 may include indicator molecules 104, The indicator molecules 104 may be distributed
throughout the entire analvte indicator 106 or only throughout one or more portions of the
analyte indicator 106, The indicator molecules 104 may be fiuorescent indicator molecules {(e.g.,

TFM having the chemical name 9-[N-[6-(4,4,5,5,-tetramethyi~1,3,2-dioxaborolano}-3-

10
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{(trifluoromethylibenzyl-N-{3-{methacrylamido)propvlaminojmethyl - 10-I{N-{6-(4,4.5,5 -
tetramethyi-1,3 . 2-dioxaborolano)-3-{(ntluoromethyibenzyl |-N-{ 2-
{carboxyethyljaminoimethyijanthracene sodium salt) or light absorbing, non-flucrescent
indicator molecules. In some emboduments, the indicator molecules 104 may reversibly bind an
analvte {e.gz., ghucose, oxvgen, cardiac markers, low-density hipoprotein {LDL ), high-density
lipoprotein (HIDL ), or tnglveenides). When an indicator molecule 104 has bound an analyte, the
indicator molecule may become thuorescent, tn which case the indicator molecule 104 15 capable
of absorbing {or being excited by} excitation light 329 and emitting light 331, In one non-
limiting embodiment, the excitation light 329 may have a wavelength of approxaimately 378 nm,
and the ermssion light 331 may have a wavelength in the range of 400 nm to SO0 nm. When no
analyie 1s bound, the indicator molecule 104 may be only weakiy fluorescent.

0038 fn some embodiments, the sensor 100 may inciude a light source 108, which may be,
for example, a hight emitting diode (LED) or other light source that emits radiation, including
radiation over a range of wavelengths that inieract with the wndicator molecules 104, In other
words, the light source 108 may emtt the excitation hight 329 that 18 absorbed by the 1ndicator
molecules in the matrnix layer/polymer 104, As noted above, in one non-limiting embodiment,
the light source 108 may emit excitation light 329 at a wavelength of approximately 378 nm.
[0030] fn some embodiments, the sensor 100 may also include one or more photodetectors
{e.g., photodiodes, phototransistors, photoresistors or other photosensitive elements). For
example, in the embodiment iHlustrated in FIG. 1, sensor 100 has a first photodetector 224 and a
second photodetector 226. However, this 1s not required, and, in some alternative embodiments,
the sensor 100 may only include the first photodetector 224, In the case of 3 fluorescence-based

sensor, the gne of more photodetectors may be sensitive to fluorescent light emitted by the

il
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indicator molecules 104 such that a signal 15 generated by a photodetecior {e. 2., photodetector
224 in response thereto that 15 indicative of the level of Huorescence of the indicator molecules
and, thus, the amount of analyte of interest {e.g., glucose}.

0040 Some part of the excitation light 329 emitted by the light source 108 may be reflected
from the analyte indicator 106 back into the sensor 100 as reflection light 333, and some part of
the absorbed excitation hight may be ertted as erotied (fluoresced) hight 331, In one non-
Iimiting embodument, the emitied light 331 may have a different wavelength than the wavelength
of the excitation light 329, The refiected hight 333 and emitted (fluoresced) light 331 may be
absorbed by the one or more photodetectors {e.g., first and second photodetectors 224 and 226)

within the body of the sensor 100,

10041 ] Hach of the one or more photodetectors may be covered by a filter 112 {see FIG. 3}

vt

that allows only a certain subset of wavelengths of light to pass through. In some embodiments,
the one or more filters 112 may be thin glass filters. In some embodiments, the one or more
filters 112 may be thin film {e.g., dichroic) ilters deposited on the glass and may pass only a
narrow band of wavelengths and otherwise refiect most of the recetved hight. In some
embodiments, the filters may be thin film {(dichroic) filters deposited directly onto the photo
detectors and may pass only a narrow band of wavelengths and otherwise reflect most of the
hight recerved thereby. The filters 112 may be wdentical {e.2., both filters 112 may allow signalg
to pass) or different {e.2., one filter 112 may be a reterence filter and another filter 112 may be a
signal filter}.

10042 ] In one non-himiting embodiment, the second {reference) photodetector 226 may be
covered by a reference photodiode filier that passes light at the same wavelength as 15 enutted

from the light source 108 {e.g., 378 nm). The first (signal} photodetector 224 may detect the
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amount of fluoresced light 331 that 1s emitted from the molecules 104 in the analyte indicator
106, In one non-hmiting embodiment, the peak emuission of the indicator molecules 104 may
occur around 4335 nim, and the first photodetector 224 may be covered by a signal fiiter that
passes fight in the range of about 400 nm to 500 nm. In some embodiments, higher glucose
levels/concentrations correspond to a greater amount of fluorescence of the molecules 104 in the
analyie indicator 106, and, therelore, a greater number of photons striiking the first photodetector
224

10043 ] In some embodiments, as shown 1in FIG. 1, the sensor 100 may include a substrate
116, In some embodiments, the substrate 116 may be a circuit board {(e.g., a printed circuit board
(PCRB) or flexible PCB) on which circuit components {e.2., analog and/or digiial circut
components} may be mounted or otherwise attached. However, in some alternative
embodiments, the substrate 116 may be a semiconductor substrate having circuitry fabricated
therein. The circuitry may include analog and/or digital circuitry. Also, in some semiconductor
substrate embodiments, in addition to the circuitry fabricated 1o the semiconductor substrate,
circutiry may be mounted or otherwise attached to the semiconductor substrate 110 In other
words, 1n some semiconductor substrate embodiuments, a portion or all of the circuitry, which
may include discrete circuit elements, an integrated circuit (e.g., an application specific
integrated circuit (ASIC)) and/or other elecironic components, may be fabricated in the
semtconductor substrate 110 with the remainder of the circuitry 18 secured to the semiconductor
substrate 116, which may provide communication paths between the various secured
COMponents.

1 0044 ] in some embodiments, the one or more of the sensor housing 102, analyte indicator

106, tndicator molecules 104, light source 108, photodetectors 224, 226, temperature transducer

13
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670, substrate 116, and inductive element 114 of sensor 100 may include some or all of the
{eatures descnibed m one or more of U.S. Application Serial No. 13/761,839, filed on February 7,
2013, 1.5, Application Senal No. 13/937 871, filed on July 9, 2013, and U5, Application Senal
No. 13/650,010, filed on October 11, 2012, all of which are incorporated by reference in their
entireties. Similarly, the structure and/or tunction of the sensor 100 and/or transceiver 101 may
be as described m one or more of ULS. Applhication Sertal Nos. 13/761,839, 13/937,871, and
13/650,016.

100457 In some embodiments, the sensor 100 may include a transceiver interface device, and
the transcerver 101 may include a sensor interface device. In some embodiments where the
sensor 100 and transceiver 101 include an antenna or antennas (e.g., inductive elements 103 and
114}, the transceiver intertace device may include the inductive element 114 of the sensor 160,
and the sensor mterface device may include the inductive element 103 of the transcerver 101, In
some of the transcutaneous embodiments where there exasts a wired connection between the
sensor 100 and the transcerver 101, the transceiver wnterface device and sensor interface device
may nciude the wired connection.

1 0040] FI(GS. 2 and 3 diustrate a non-limiting embodiment of a sensor 100 embodying
aspects of the present mnvention that may be used in the sensor system illustrated in FIG. 1
FIGS. 2 and 3 dlustrate perspective and exploded views, respectively, of the non-himuting
embodiment of the sensor 100,

00471 in some embodiments, as dlustrated 1in FIG. 3, the sensor housing 102 may include an
end cap 113, In some embodiments, the sensor 100 may include one or more capacitors 118,
The one or more capacitors 118 may be, for example, one or more tuning capaciiors and/or one

or more regulation capaciiors. The one or more capaciiors 118 may be too large tor fabrication

i4
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in the semiconductor substrate 116 to be practical. Further, the one or more capacitors 118 may
be 1 addition to one or more capacitors fabricated 1o the semiconductor substrate 116,

00481 In some emboduments, as iHustrated wn FIG. 3, the sensor 100 may include a retlector
119 (i.e., mirror). Retlector 119 may be attached to the semiconductor substrate 116 at an end
thereof. In a non-himiting embodiment, refiector 119 may be attached to the semiconducior
substrate 116 so that a face portion 121 of reflecior 119 15 generally perpendicular to a top side of
the semiconductor substrate 116 {7 ¢e., the side of semiconductor substrate 116 on or wn which the
light source 108 and one or more photodetectors 110 are mounted or fabricated) and faces the
light source 108, The face 121 of the reflector 119 may reflect radiation emitied by light source
108, In other words, the reflector 119 may block radiation emutied by light source 108 from
exiting the axtal end of the sensor 100

1 00401 According 1o one aspect of the invention, an application for which the sensor 100 was
developed (although by no means the only application tor which 1t 15 suitable) 158 measuring
vartous biological analytes in the hiving body of an animal (ncluding a human). For example,
sensor 100 may be used to measure glucose, oxygen, toxins, pharmaceuticals or other drugs,
hormones, and other metabolic analytes in, for example, the human body.

0050 In some embodiments, the specific composition of the analyte indicator 106 and the
indicator molecules 104 may vary depending oun the particular analyte the sensor is to be used to
detect and/or where the sensor 18 10 be used to detect the analyte {e.2., 11 the in subcutaneous
tissues, blood, or perttoneum). In some embodiments, the analyte indicator 106 facilitates
exposure of the indicator molecules 104 to the analyte. In some embodiments, the indicator

molecules 104 may exhubit a charactenstic {e.g., emut an amount of tlucrescence light) that s a
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function of the concentration of the specific analvie to which the indicator molecules 104 are
exposed.

10051 ] In some embodiments, the sensor 100 may include at least one drug eluting polymer
matrix and/or a layer of catalyst and/or one or more therapeutic agents that may be provided on,
adjacent to, incorporated in, or dispersed within the analyte indicator or sensor housing as
described in US. Pat. No. 9,931,068 (Huftstetler et al. ), which 1s incorporated herein by
reference in iis enfirety. In some embodiments, the one or more therapeutic agents may be
incorporated in the analyte indicator 100, In some emboduments, the sensor 100 may inciude a
raembrane covering at least a portion of the analyte indicator 106, and the one or more
therapeutic agents may be incorporated within the membrane. In some embodiments, the one or
more therapeutic agents include dexamethasone, triameinolone, betamethasone,
methyiprednisolone, beciometasone, fludrocortisone, dertvatives thereof, and analogs thereof, a
glucocorticoid, an anti-inflammatory drug, €.¢., a non-sterotdal anti-inflammatory drug including
but not limited to acetylsalicylic acid, isobutylphenylpropanoic acid.

0052 FIG. 4 13 a schematic view of 3 sensor 100 embodying aspects of the present
invention. In some non-limiting aspects, as shown 1n Fi{s. 4, the sensor 100 may include a drug
cluting region 401 covering at least a portion of the sensor housing 102, In some non-limiting
aspects, as shown in FIG. 4, the sensor 100 may include an analyte indicator 106, and the analyte
wndicator 106 may mnclude a hyvdrogel co-polymerized with, carrytng, or entrapping one or maore
degradative species probes of the present disclosure. In some non-itmiting aspects, as shown in
Fi(5 4, the sensor 100 may include sensor electronic components, which may include any of the
clectronic components described in the present disclosure, including in Fig. 1 and Fig. 3 (e g., the

light source 108, the one or more photodetectors 110, the inductive element 114, and/or the one

10
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or more capacitors 118), as well as those described in one or more of U.S. Application Senal No.
13/761,839, filed on Kebruary 7, 2013, U.S. Apphication Senal No. 13/937 871, filed on July 9,
2013, and U.S. Application Sertal No. 13/650,016, filed on October 11, 2012, all of which are
incorporated by reference in their entireties. In some non-limiting aspects, as shown in FIG. 4,
the sensor 100 may include a metal coating 403 coverning at ieast a portion of the sensor housing
102, In some non-hinuting aspects, the metal coating 403 may include one or more metals
selected trom Cu, W, Pt, Fe, Mg, Co, oxides, alloys, and complexes thereot. In some non-
limiting aspects, the metal coating 403 may be coated on the hydrogel co-polymerized with,
carrying, or entrapping one or more degradative species probes of the present disclosure.

[O053 The implantation or insertion of a medical device, such 4s a bio-sensor, into a
user/patient’s body can cause the body to exhibit adverse physiclogical reactions that are
detrimental to the tunctioning of the device. The reactions may range from infections due to
implantation surgery to the immunological response of a foreign object implanted in the body.
That s, the performance of the implantable bio-sensor can be hindered or permanently damaged
i vive via the immunoiogical response to an 1nfection or the device itselt. In particular, the
performance of the analvte indicator 106 may be deteriorated by the immunological response of
the body 1into which the sensor 100 1s implanted. For example, as explained above, white blood
cells, mcluding neutrophils, may attack an implanted sensor 100, The neutrophils release
degradative specties including, infer afia, hydrogen peroxide, which may degrade tndicator
molecules 104 {e.g., by oxidizing a boronate group of an indicator molecule 104 and disabling
the ability of the mdicator molecule 104 to bind glucose). Prior 1o the present invention, there

has been no method of 1dentifving the degradative species that react with implanted indicator
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molecules. Most of the degradative species that are generated are short lived and have not been
identified.

10054] In some embodiments, the analyte indicator 106 may include one or more degradative
species probes that interact or react with one or more degradative species and have distinct
characteristic absorption and emission properties that can be exploited 1n understanding their
reactivity against the corresponding degradative species generated around the sensor. In some
embodiments, the one or more degradative species probes may be mcorporated into the analyte
indicator 106 that may cover at least a portion of the sensor housing 102, The degradative
species to be detected by the one or more degradative species probes may include, but is not
limited to one or more of a peroxide compound, a reaclive oxygen species, a reactive nitrogen
species, a free radical, enzymes, and a metal 1on. In some aspects, the degradative species may
include superoxide, hydrogen peroxide, hypochiorite, peroxynitrite, or a combination thereof.
0055 In some embodiments, the one or more degradative species probes may be dispersed
10, entrapped within, and/or copolymerized with the indicator molecule 104, In some
embodiments, the one or more degradative species probes may be provided in the analvie
indicator 106 {e.g., polymer graft or hydrogel}. in some embodiments, the one or more
degradative species probes may interact and/or react with degradative species and exhibit distinct
characterisiic absorption and emission properties as a result of the inieraction and/or reaction. In
some embodiments, the one or more degradative species probes are selective against specific
degradative species. In some embodiments, the absorption and emission properties of the
degradative species probes are detectable and quantifiabie. In some embodiments, the detected
absorpiion and emission properties of the degradative species probes are indicative of the

identity of one or more degradative species. In some embodiments, the detected absorption and

18
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emission properties of the degradative species probes are imndicative of the quantity of one or
more degradative species.

100501 In some embodiments, the one or more degradative species probes may sequester,
neutralize the degradative species and/or inhibit activity thereof. In some embodiments, the one
or more degradative species probes may bind to the degradative species. In some embodiments,
the one or more degradative species probes may sequester the degradative species so as 1o
inhibit, reduce, and/or prevent degradation of the analyte indicator by the degradative species.
Accordingly, in some embodiments, the one or more degradative species probes reduce
degradation of the analyte indicator 106.

0057 In some non-himiting embodiments, the one or more degradative species probes may
be one or more tluorescent probes. In one non-limiting embodiment, the one or more
degradative species probes may utilize a boronate de-protection mechanism to provide high
selectivity and optical dyvnamic range for detecting specitic degradative species. For example, in
some embodiments, a degradative species probe may be utilized that 1s mghly selective for
detecting hydrogen peroxide over superoxide, niiric oxide, tert-butyl hyvdroperoxide,
hypochlorite, singiet oxygen, ozone, and/or hydroxyl radical. In some embodiments, the one or
more degradative species probes are water-soluble systems that respond to specific degradative
species selectively over other degradative species in vive, In some embodiments, the one or
more degradative species probes have low reactivity with thiols that are present in high
concentrations within cells and do not require an external activating enzyme.

0038] In some non-limiting embodiments, the one or more degradative species probes may

be one or more of the following compounds.



WO 2021/097274 PCT/US2020/060498

{Formuia I);

(Formula HI});
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(Formula IV}, wherein each R, RZ, R3, R4, R5 K6, R7,
K8, R9, R10, and R6 15 independently selected from H, C1-C20 alkyl, CI1-C20 alkoxy, carboxy,
aryl, heteroarvl, polycyeiie, alkoxy, halide, SH, aryioxy, alkylthio, anuno, substituted amino,
alkoxycarbonyi, alkanovlamido, aroylamido, heterocyclocarbonylamido, hetercaroylamido,
alkanoyi{alkylsubstituted) amido, aroyi{alkyisubstituted janudo,
heteroaroyl{alkylsubstituted yamido, and heterocyclocarbonyl{alkyl substituted yamido, and
formulae I-VI may be optionally substituted with C1-5 alkyl, alkoxy, cyano, halo and/or

trifluoromethyl at any position;

(Formula V)
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0
Ciig
pr—Y l
OHA0 / / N
N e (Formula VI}:
O {(Formula VII}; or
COO-
{Formula VIHI)
00597 The present disclosure ivolves the use of compounds that trap or otherwise react

with reactive oxygen species. In some aspects, compounds of Table 1 below and Formulae I-
V1l are used according to the present disclosure. Each of the references cited 1o Table 1, and
each of the detection reagents listed in Table 1 and disclosed in the cited references 13

incorporated herein by reference in its entirety. It 1s an object of the present disciosure 1o use

probes that react with particular degradative species selectively over other degradative species 50
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as to 1dentity specific degradative species that come into contact with a given sensor 100 when i

is implanied i a subject.

- Heactive Oxygen

- Hydrogen peroxide
- (F(n)

- Hydroxyl radical™
- (HO-)

- Hypochlorous acid
- (HOCH

--------------------------------------------------------

--------------------------------------------------------

-Carboxy- HoDCFDA (C400)
-CM-H2DCFDA (C6827)
-Diihydrocalcein AM (D23805)
-Dihydrorhodamine 123 (1632,
[223806)°

----------------------------------------------------------------------------------------

-3"-{ p-Aminophenyi} fluorescein
(APF, A36003)

-3 -{p-Amunophenyl} fluorescein
(HPF

------------------------------------------------------------------------------------------

-Anminophenyl fluorescein {(APE,
A36003)

Dretection Reagents

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

- -H2DCFDA (C399)%H

- -Lucigenin (L6868)> 13

- -Luminol (L8455}
-RedoxSensor ™ Red CC-1
(R14060)"°

- -Proxyl fluorescamine (C7924)"
TEMPO-9-AC (A7923)
-CM-H2DCFDA (C6827)6

' -Luminol (L8455}
-Dihydrorhodamine 123 (D632,
| D23806)¢

| Nitric oxide (NO)

-DAF-FM diacetate (D23842,
§323 844)”? 3

-2, 3-Digrmmnonaphthalene (137918)
-Luminol (L8455
L ~I3AA (D23 840}23

——————————————————————————————————————————————————————————————————————————————————————————————————

- Peroxyl radical,

- including both

- alkylperoxyl and
 hydroperoxyl
radicals, wherein R
= H (ROQ-)

- Peroxynitrite anion
T (ONOO))

e e e -

BODIPY® FL EDA (223841
BODIPY® 665/676 (B3932)™
HDCFDA (C399)y7
-Carboxy- HaDCFDA (C400)™
~-CM-H2DCFDA (C6827)

-3"-{p-Aminophenyi} fluorescein
(APF, A306003}

-3 -{p-Aminophenyl ) fluorescein
(HPF, H36004)

FLDOCFDA (C399)9%
-Carboxy- HoDCFDA (C400)

-DPPP (D77894y7
-Luminol (L8455)°%%

- -cis-Parinaric acid (P36005)
' -RedoxSensor™ Red CC-1
(R14060)"

4147

-----------------------------------------------------------------------------------------------------

' -Coelenterazine (£2044)"
-Dihydrorhodamine 123 (D632,
 D23806)46-48
-Dihydrorhodamine 60 {13633
-Luminol (1L8455)#

- -CM-H.DCFDA (C6827)

- Singlet oxygen T

- Superoxide anion
{02

--------------------------------------------------------

-----------“ -----------------------------------------------------------------------------

-Coelenterazine (C2944y° >
-Dihydroethidium (131168,
 D11347, D23107y >

-F¢ OxyBurst® (reen assay
reagent (F2902)°7F
-OxyBurst® Green HoDCFDA

- SE (D2935)7°°

-OxyBurst® Green HZHFF BSA
(013291

-------------------------------------------------------------------------------------------

_____________________________________________________________________________________________________

---------------------------------------------------------------------------------------------------

MCLA (M23800)5
-MTT (M6494)%7

-NBT (N6495)°

- -RedoxSensor™ Red CC-1
(R14060)
_TEMPO-9-AC (A7923)
-XTT (X6493)%
Lucigenin (L6868

--------------------------------------------------------------------------------------------------
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- Reactive Oxygen

5 J oy Detection Reavents
- species {(Struciure} | 2

* Hydroxyl radicals can also be photosensitized by malachite green isothiocyanate (M68%9) or

' cenerated by a N-(1,10-phenanthrolin-S-ylYiodoacetamide (P6879) metal-ligand complex.

+ 3-Nitrotyrosine, a product of this potent nitrating reagent, can be detected with an anti-
nitrotyrosine antibody (AZ1283).

T Singlet oxygen can also be photosensitized by hypericin (H7476), rose Bengal diacetate

| (R14000) and merocyanine 540 (M24571).

1. Biol Pharm Bull (2000) 23:1153; 2. Y Neuosci (1999) 19:920%; 3. J Biol Chem (1996)

| 271:21505; 4. J Biol Chem (2001) 276:2193&; 5, Proc Natl Acad Sci U § A (1997)94:11557; 6.
Biochim Biophys Acta (1999) 1454:275; 7. Proc Natl Acad 5S¢ U S A (2000} 97.8266; 8, J Biol
- Chem (2001) 276:514; 9. J Immunol Methods (1989) 117:53; 16. Brain Res (1994} 635:113; 11.
J Biol Chem (1999) 274:37111; 12, Analyst (1986} 3:941; 13, } Am Chem Soc {(1979) 101:5347;
- 14. J Bone Miner Res (1992} 7:1139; 15, Free Radic Biol Med (2000) 28:1266; 16. Proc Natl

- Acad Sci U S A {2001) 98:1643: 17. Anal Chem {1997} 69:4295; 18. Nitric Oxide (1997) 1:145;
19, Biochem Biophys Acta 1991) 1097:145; 20. Lumivescence (1999) 14:239; 21, Am I Physiol
(1989) 257.C347; 33, Methods Enzyvmol (1984) 105:352; 34, J Biol Chem (1998} 273:5294; 38,

- J Chromatogr (1993) 628:31; 36, Anal Lett (1987} 20:731; 37. Methods Enzymol (1990}

- 186:157; 38. Free Radic Biol Med (1995) 18:1; 39, Biomed Chromatogr {1990} 4:131, 40. Lipids
{1998} 33:1235; 41. J Biol Chem (1997) 272.12328; 42. Biochem Biophys Res Commun {1998)
' 244:647; 43, Free Radic Biol Med (2001) 30:463; 44. FEBS Lett (2000) 468:89; 458, Circ Res
(190031 84:1203; 46, FASER J 2001 47, Arch Biochem Biophys (2000} 373:302; 48, FASER ]

- (2000) 14:1061; 49, ] Biol Chem (19963 271:29223; 56. Arch Biochem Biophys (1994) 310:352;
- 51. Biochern Biohys Res Commun (1984) 123:869; 52, Methods Enzymol (1986} 133:569; 53,

- Anal Biochem (1992) 206:273; 84, Free Radic Biol Med {2000) 29:170; 85, Circ Res {(2001)

| 88:824; 86. ] Biol Chem (2001)276:17621; 57. ] Leukoc Biol (1997) 62:329; 58. J Biol Chem
(1905} 270:8328; 39, Immunology (1994) 83:507; 64, J Imrmunol Methods (1990) 130:223; 61.

' Biophys J (1998} 75:2577; 62. Free Radic Biol Med (2000) 28:1232; 63. J Biol Chem (1998)

- 273:20135; 64. J Immunol Methods (1992) 155:151; 65, Free Radic Res (20003 32:265; 66, Anal
Biochem (1999} 271:53; 67. Fee Radic Res Commun {1993} 18:369; 68, Arch Biochem Biophys

Table 1
0060 fn some non-limuting embodiments, a sensor 100 for measurement of an analyte {(e.g.,
glucose) in a medium {e.g., mterstitial fluad) within a hiving animal {e.g., a human) contains one
or more of the following components: a sensor housing 102, a light source 108 within the sensor
housing 102 configured to emiut excitation light 329, an analyte indicator 106 covening a portion
of the sensor housing 102, one or more indicator molecules 104 that are part of the analyte

indicator 100, reversibly bind the analyte, are positioned to be irradiated by the excitation hght,
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and are configured to emit hight 331 indicative of the amount of the analyie in the medium within
the iving anumal; a photodetector 224 within the sensor housing 102 that 1s sensitive to hight 331
emifted by the one or more 1ndicator molecules 104 and configured to generate a signal
indicative of the amount of the analyie in the medium within the living animal; and one or more
compounds of Formulae I-VIII to selectively interact or react with degradative species. In some
non-himiting embodiments, the sensor 100 may include one or more degradative species probes,
e.g., compounds of Formulae I-V1 that are positioned to be irradiated by excitation hight, and
are configured to emit light indicative of the amount of the degradative species in the medium
within the living animal. In some non-iimiting embodiments, the compounds of Formulae I-VII
are wradiated by excutation light atter explanation of the sensor {or i vitro analysis. In such non-
Limiting embodiments, an excitation light source outside of the sensor can be used {or excitation
of the compounds of Formulae I-VIHL  In some non-limiting embodiments, the sensor 100 may
include a drug eluting region 401, e ¢, a drug eluting matrix, collar, and/or a layer of catalyst
provided on, adjacent {0, or incorporated in the analyie indicator 106,

{0061 fn some non-limtiing embodiments, each of the ¢ne of more degradative species
probes may be selective for one or more degradative species over other degradative species as
exempiified in Table |, For example, in some embodiments, the compounds of Formulae T and
Y may be peroxyuniinte-selective. In some embodiments, the compounds of Formulae 11 and VI
may be superoxide-selective. In some embodiments, the compounds of formulae Il and Vil
may be hydrogen peroxide-selective. In some embodiments, compounds of Formuiae 1V and
VI may be hypochlorite- and peroxynitrite-selective. An exemplary reaction scheme and
reactivity guanfification for the compound of Formula VI (AP} 1s shown in FIG. 5 and in

Tabie 2 below.
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ngomfg Ox;igm | ROS Generation Method APF® HPF* | HoDCFDAS
 species { ROS) g 5 5 g
 Hydrogen peroxide |, o e
| WV HL () 5 < 5 Pi ; 3
oy IS NN R S
- Hydroxyl radical 100 uM ferrous perchlorate (1) and \ oy (
e / 5 J
RS OmMofH0 | Sl I A
- Hypochlorite anion {~ | R s v i .
E S v {Hinal i Y i
o0 3 uM (final) OCI 3600 |6 R6
100 uM I-hydroxy-Z-oxo-3-(3- ; 5
Nitric oxide (NO) E aminopropyl’)&-methyim1 triazene | <1 | 6 150
S NOCT) |
 Peroxy] radical 100 uM 2,2 -azobis(2-
RS | anndumpiopam) dibydrochioride | 2 | 17 710
E (ROOG) ' (ﬁ%.APH} i 5 i
Peroxynitrite anion |, oo DU N U .
. ' 2 ()
©oNOO) ___i__‘f_lfiifffil_3.-?59?; __________________________________________ el Bt Bt
100 uM 3-{1 4-dihvdro-1,4- o |
et v . . : > '
ingletoxygen {9 | epidioxy-l-napthyDpropionicacid | 7 | > | °
Superoxideanion g v g, 6 | 8 &7
( «(327) i ; ; i
e Az.atooxidation : gljh?fz;i ;?posure to fluorescent <1 <1 5000

*10 pum of APF, HPF, or D(,I* (27,7 ~dichlorofiuorescein} were &ddvd to sodium phmpha&. butfer (0.1 M,
a pH 7.43 ROS werg gveizemted as mdicated; and Huorescence was measured using excitation/enussion

L wavs Ecngthe of 490/515 nm (for APEF and HPE) or S00/520 nm (for DCEF). DUF was obtamed by
hvdmlveix of HhoDCFDA with base as deseribed in ¥ Biol Chenm (2003} 278:3170; dvhvdrofluorescem

' diacetates are colorless and nonfluorescent until both of the acetate groups are hydrolvzed and the
medacts are subsequently oxidized to fluorescein denvatives.

Tabie 2
{062 In some emnbodiments, each of the one or more degradative species probes may
undergo a specific change in 1ts emission profile upon reacting with degradative specties that
allow detection, tdentification, and quantification of degradative species in the environment of
the sensor 100. For example, in some embodiments, a compound of formulae I-VII may be
casentrally non-fluorescent in the absence of degradative species and, upon reaction with 4
degradative species, become strongly {uorescent. The emission profiie of each probe
demonstrates selectivity for speciiic degradative species, thereby allowing identification of the

degradative species in the vicinity of the sensor 100,

20
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0063 As a non-hmiting example, the following reaction illustrates a non-limting

embodiment useful according to the present disclosure:
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0064 ] fn some non-limiting embodiments, the one or more compounds of Formulae [-VIHI
may be provided in the analyie indicator 106 {e.g., hvdrogel} of the analyte sensor 100, In some
non-himiting embodiments, one or more compounds of Formulae I-VHI may be incorporated into
the analyte indicator 100 by polyvmerizing the one or more compounds of Formulae [-Vill as a
co-monomer with indicator monomer and one or more acrylate monomers. In some non-limiting
embodiments, one or more compounds of Formulae I-VHI may be provided as co-monomers of
tour monomers according o Formula [X: A-B-C-D {Formula IX], wherein A 1s an indicator
monomer, B 1s a methacrylate monomer, £ 1s a polvethylene glycol monomer, and D is a
compound of one or more of Formulae I-VII monomer, wherein A 15 0.001 1o 10 % by weight,

Bis 11099 % by weight, Ci1s 1 to 99 % by weight, and D 15 0.001 to 99% by weight of the total

‘e
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polymer. In some aspects, A 15 0.01 10 10 % by weight, B1s 1 10 99 % by weight, C 15 1 t0 99 %
by weight, and D 15 0.01 to 99% by weight of the total polymer

10005 ] In some non-limiting embodiments, the analyte indicator 106 may contain four
monomers: {1} the TEFM fluorescent indicator, {11} hydroxyethyimethacryvlate (HEMA ), which is a
methacrylate, (111} polyethylene glyveol (PEG), and (1v) a compound of Formulae I-VIIL In some
embodiments, the PEG may be polyethylene giveol methacryvlate (PEG-methacrylate) or
polvethylene glycol diacrylate (PEG-diacrylate or PEGIDA)Y, and the one or more compounds of
Formulae -V may be two or more of compounds of Formula [-VHI In some embodiments,
the four monomers may be in specific molar ratios. For exampie, in some non-limiting
embodiments in which the analyte indicator 106 15 opaque, the analyte mdicator 106 may
comprise 80.001 o 10 molar percent, HEMA may comprise 10 10 90 molar percent, PEGDA may
comprise 10 to 90 molar percent, and the compound of Formula { or a compound of Formuia Hi
may comprise 0.001 to 90 molar percent. With this formulation, the combined {(1.¢., total)
monomers may, i one example, be 30% by volume of the polymerization solution used for the
polymernization reaction with the remainder of the polymerization solution being water {(i.¢., the
polymerization solution may be 70% water by volume). For another example, in one non-
himiting embodiment, the analvie indicator 106 may be made using a polymer solution that is
50% water by volume and 50% monomers by volume,

{0000 In some emboduments, the relative molar percent of the compound of Formulae I-VIHH
may be within a specific range. In some embodiments, the relative molar percent of the
compound of one or more of Formulae I-VII ranges between 0.1 and 100 molar percent. If the
relative molar percent of the compound of one or more of Formulae I-VI is greater than this

range, the hydrogel 1s not formed. I the relative molar percent of the compound of one or more
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of Formulae I-VII 1s lower than this range, the unexpected longevity and functionality-boosting
effects described m this disclosure may not obtamned.

10007 In some embodiments, the PEGIDA may act as a cross-linker and create a sponge-like
matrix/hydrogel. In some non-limiting embodiments, the PEG-containing graft/hvdrogel may
become clear if a sufticient amount of additional PEG 15 added to the mixture (e, it 1t 1s
tabricated with a higher concentration of PE(G), and a clear analyie indicator 106 may be made
from such a formulation. For example, in one non-limiting embodiment, the polymer

gratt 106 may be made using a polymer solution that 1s 50-60% water by volume and 40-30%
monomers by volume, where the TFM fluorescent indicator, HEMA, PEG-methacrylate, and one
or more compounds of Formulae -V may comprise 0.01 to 10 9%, 11099 %, 1 10 99 %, and
.01 to 99% by weight, of the monomers in the solution. In some embodiments, the polymer
eraft may be synthesized using conventional tree radical polymerization.

0068 ] In some mnstances, the amount of the one or more compounds of Formulae I-VIHI
incorporated into the analyte mdicator 100618 between about 0.1 mg and S mg, about 0.2 mg and
4 mg, about 0.5 mg and 3 mg, about 1 mg and 2.5 mg, about 1.5 mgand Z mg, about Z mgto 2.4
mg, inciuding all iterations of weights within the specitied ranges.

L 0060 In some instances, sensors loaded with one or more compounds of Formulae I-VII
reduce oxadation of analyte indicator molecules by degradative species mncluding superoxide,
hydrogen peroxide, hypochlorite, and peroxyuaitrite

00707 fn some embodiments, the sensor 100 may additionally include a sernies of dyes that
may be entrapped or co-polymenized onto the hydrogel and mmplanted into amimal models.
sensors 100 implanted into animal models may be explanted at delined tume intervals and

characterized for changes to absorption/emission properiies, thereby confirming and quantifying

i
S
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reactivity with degradative species. In some embodiments, changes in signal intensities may be
compared {0 quantitate the relative amounts in which ditterent degradative species detecied by
the different probes are generated. ln some embodiments, a mixture of dyes may be used. In
sonte embodiments, the change in the relative signals of the mixture of dyes upon reaction with
degradative species may allow one {o determine the relative ratios in which the degradative
species have been generated. For example, the relative ratio of one or two {or more)} specilic
degradafive species to all other degradative species may be defermined by using a muxture of
dyes, each of which i1s specific for a particular degradative species.

0071 Some embodiments of the present disclosure may include methods of identifying the
relative amounts and/or identifies of degradative species that are generated 7n vivo upon
implantation of a sensor 100, Some embodiments may include mmplanting a sensor according 1o
the present disclosure and detecting changes in absorption and/or emission profiles of one or
more degradative species probes that form a part of the implanted sensor 100,

0072 ] Some embodiments of the present disclosure may nclude methods of screening
compounds to determine which compounds are useful for tnhibiling or neuiralizing the activity
of specific degradative species. Some embodiments of the present disclosure may inciude
methods of screening compounds 1o determine which compounds are causative of increased
generation of degradative species. Some embodiments of the present disclosure may include
methods of screening compounds 1o determine which compounds are causative of decreased
cgeneration of degradative species. Some embodiments of the present disclosure may include a
method of detecting and quantifving performance measures of an implantable sensor after
modification of the implantable sensor. In some embodiments, the method may include

modifying the sensor 100 to incorporate one or more additional materials in the sensor that are
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believed to 1tmprove pertormance or longevity thereof, implanting the modified sensor into an
animal, and using the degradative species probes and/or dyes of the present disclosure {0 detect
changes 1 absorption and/or emission profiles of one of more degradative species probes or dyes
that form a part of the modified implanted sensor. In some embodiments, the method may
include modifving the sensor 100 to replace one or more matenals with one or more new
materials that are believed to improve performance or iongevity thereot, implanting the modibied
sensor into an animal, and using the degradative species probes and/or dyes of the present
disciosure to detect changes in absorpiion and/or emission profiles of one or more degradative
species probes or dyes that form a part of the moditied implanted sensor

0073 fo some embodiments, the method may include modilying the sensor 100 to
incorporate one or more addiiional matenals 1o the sensor that are believed to mmprove
performance or longevity thereot, subjecting the modified sensor {0 an i vifro performance test,
and using the degradative species probes and/or dyes of the present disclosure to detect changes
10 absorption and/or emission profiles of one or more degradative species probes or dyes that
form a part of the modified implanted sensor. In some embodiments, the method may include
moditying the sensor 100 to replace one or more maternials with one or more new maternials that
are believed to improve performance or longevity thereof, subjecting the modified sensor to an in
vitro performance test, and using the degradative species probes and/or dyes of the present
disciosure to detect changes in absorption and/or emission profiles of one or more degradative
species probes or dyes that torm a part of the modified implanted sensor.

10074 FI(G. 615 a flow chart illustrating a process 600 of screening compounds for inclusion
i an implantable sensor 100 embodying aspects of the present imvention. In some embodiments,

the process 600 may include a step 602 of applying an analyte idicator 106 to a sensor 100 such
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that the applied analvte indicator 106 covers at least a portion of the sensor 100, In some
embodiments, the analyte indicator 106 may nclude one or more degradative species probes. In
some embodunents, the degradative species probes may have absorption and/or emission profiles
that are selective tor a specific degradative species. In some embodiments, the process 600 may
inciude a step 604 of applving a test compound to the sensor {0 form g test sensor. In some
embodiments, the process 600 may include a step 606 of performung an in visro test simulating
physioiogical conditions for a defined time period. In some embodiments, the process 660 may
include a step 608 of characterizing changes to absorption/emission properties of the one or more
degradative species probes compared to absorption/emission properties of the one or more
degradative species probes prior to performung the i vidro test. In some embodiments, the
process 000 may include a step 010 of comparing the characterized changes o the
absorption/emission properties of the one or more degradative species probes to characterized
absorption/emission properties of the one or more degradative species probes 1n a control sensor.
in some embodiments, the control sensor did not include the test compound. In some
embodiments, the process 600 may tnclude a step 612 of detecting whether presence the test
compound increased or decreased degradative species.

00751 FIG. 7 1s a flow chart illustrating a process 700 of screening compounds for inclusion
in an implantable sensor 100 embodying aspects of the present invention. In some embodiments,
the process 700 may include a step 702 of applying an analyte indicator 106 to a sensor 100 such
that the applied analyte indicator 106 covers at least a portion of the sensor 100, In some
embodiments, the analvte indicator 106 may include one or more degradative species probes. In
some embodiuments, the degradative species probes may have absorption and/or emission profiles

that are selective for a specitic degradative species. In some embodiments, the process 700 may

NS
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include a step 704 of applying a test compound to the sensor to form a test sensor. In some
embodiments, the process 700 may include a step 706 of implanting the {est sensor into an
anmimal. In some embodiments, the process 700 may include a step 708 of explanting the sensor
at a defined time point. In some embodiments, the process 700 may include a step 710 of
characterizing changes to absorption/emission properties of the one or more degradative species
probes compared to absorplion/emission properties of the one or more degradative species
probes prior to umplanting. Io some embodiments, the process 700 may include a step 712 of
comparing the characterized changes to the absorption/emission properties of the one or more
degradative species probes to charactenized absorption/emission properties of the one or more
degradative species probes 1o a control sensor. In some embodiments, the control sensor did not
include the test compound. In some embodiments, the process 700 may include a step 714 of
detecting whether presence the test compound increased or decreased degradative species in an
i1 vivo environment of the implantable sensor.

L 0076] FI(G. 8 15 a flow chart illustrating a process 800 of identifving and/or quantifyving
degradative species wy an environment of a medical device embodying aspects of the present
invention. In some embodiments, the process 80 may include a step 802 of applying an analyie
indicator 106 to a sensor 100 such that the applied analyte indicator 106 covers at least a portion
of the sensor 100, In some embodiments, the analyte mmdicator 106 may mclude one or more
degradative species probes. In some embodiments, the degradative species probes may have
absorption and/or emission protiles that are selective for a specific degradative species. In some
embodiments, the process 800 may include a step 804 of exposing the sensor t0 an environment
containing degradative species. In some embodiments, the process 800 may include a step 806

of characterizing changes to absorption/emission properties of the one or more degradative
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species probes compared to absorption/emission properties of the one or more degradative
species probes prior to the exposing step. In some embodiments, the process 800 may include a
step 808 of quantitying reactivity of the one or more degradative species probes with one or
more degradative species.

10077 Embodiments of the present invention have been fully descrnibed above with reference
to the drawing figures. Although the invention has been described based upon these preferred
embodiments, 1t would be apparent {0 those of skill in the art that certain modifications,
vartations, and alternative constructions could be made to the described embodiments within the
spirtt and scope of the invention. For example, although in some embodiments, the analyte
sensor 100 may be an optical sensor, this 15 not required, and, i one or more aliernative
embodiments, the analvie sensor may be a ditferent type of analyte sensor, such as, for example,
an electrochemical sensor, a diffusion sensor, or a pressure sensor. Also, although 1n some
embodiments, the analyte sensor 100 may be an implantable sensor, this 1s not required, and, in
some alternative embodiments, the analyte sensor may be a transcutaneous sensor having a wired
connection {0 an external transceiver. For exampie, in some alternative emboduments, the
analyte sensor 100 may be located in or on a transcutaneous needle {e. g., at the tip thereof). In
these embodiments, instead of wirelessly communication using an antenna {e.g., inductive
element 114}, the analyte sensor may commumnicate with the external transceiver using one ot
more wires connected between the external transcetver and a {ransceiver transcutaneous needie
including the analyte sensor. For another example, in some alfernative embodiments, the analyte
sensor may be located in a catheter (e.g., tor intravenous blood glucose monitoring) and may

communicate (wirelessly or using wires) with an external transcetver
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CLAIMS
What 15 claimed 15
8 A sensor for measurement of an analyte 1o a medium within a living animal, the sensor
COMPrising:
an analyte indicator; and
one of more degradative species probes, wherein the degradative species probes have

absorption and/or emission profiles that are selective for a specific degradative spectes.

2 The sensor of claim 1, wherein the one or more degradative species probes are selected

from one or more of Formulae I-VIL

{(Formula I};

{(Formuia 1),

(ad
Wy
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(Formula HI);

(Formulda IV), wherein each R1, R2, R3, R4, R5, R6, R7,
RE, RY, R10, and R6 15 independently selected from H, C1-C20 alkyl, C1-C20 alkoxy, carboxy,
arvl, heteroarvi, polycyciic, alkoxy, halide, SH, arvioxy, alkyithio, amino, substituted amino,
alkoxycarbonyl, alkanoylamido, aroyvlamido, heterocyclocarbonylamido, heteroaroylamido,
alkanoyl{aliylsubstituted) armdo, aroyi{aliylsubstituted Jamido,
hetercaroyl{alkylsubstitutedamido, and heterocyclocarbonyl{alkyl substituted jamido, and
formulae -V may be optionally substituted with C1-5 alkyl, alkoxy, cyano, halo and/or

triflucromethyl at any position;
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NELS

(Formula V);

Cig

Otiall

{Formula VI};

Q (Formula Vii}, and

s
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(Formula VIII).

3. The sensor of claim 1 or 2, further comprising a sensor housing, wherein the analyie

indicator covers at {east a portion of the sensor housing.

+ The sensor of claim 1 or 2, further comprising 4 sensor substrate or sensor electrode,

wherein the analyvie indicator covers at ieast a portion of the sensor substrate or sensor electrode.

5. The sensor of any one of claims -4, wherein the sensor is implantable within a living
antmal.
6. The sensor of any one of claims 1-5, wherein the one or more degradative species probes

are co-monomers with the analvie indicator.

7. The sensor of any one of claims 1-0, wheretn the one or more degradative species probes

are co-monomers with the analyte indicator in a hydrogel.
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8. The sensor of any one of claims 3-7, wherein the one or more compounds of Formulae I-

Vil are entrapped i a hydrogel covering at least a portion of the seasor houstng,

9. The sensor of any one of claims 2-8, wherein the one or more compounds of Formulae 1-

Vi bind to the degradative species.

10, The sensor of any one of ciaims 2-9, wherein the one or more compounds of Formulae 1-

Vil reduce chemical degradation and/or oxidation of the analvte indicator,

It The sensor of any one of claums 2-10, wherein the one or more compounds of Formulae
i~V sequester the degradative species so as to reduce, and/or prevent degradation of the

analyte indicator by the degradative species.

12, The sensor of any one of claims 1-11, wherein the analvie indicator comprises a polymer
comprising co-monomers of four monomers according to Formula IX: AB.C.D [Formula 1X],

wherein A 1s an analyte indicator monomer, B 18 a methacrylate monomer, Cis g
polyethylene glycol monomer, and D 15 a compound of Formulae -V, wherein A 15 0.01 o0 10
Ye by weight, B 1s 1 10 99 % by weight, C1s 1 t¢ 99 % by weight, and 13 15 .01 to 99% by

weight of the total polymer.

13 The sensor of any one of claims 2-12, wherein the one or more compounds of Formulae

{-VII are provided at a molar ratio of 0.1 {0 100 to analyte wndicator monomer,

(ad
Ve
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14, The sensor of any one of claims 1-13, wherein the sensor comprises a mixiure of two or

more of the degradative species probes.

I5. A method of fabricating a sensor for measurement of an analvte in a medium within a
living ammal, the method comprising:

applying an analyte indicator {0 a sensor such that the applied analyie indicator covers at
least a portion of the sensor, wherein the analvie indicator comprises one or maore degradative
species probes, wherein the degradative species probes have absorption and/or enussion profiles

that are selective for a specitic degradative species.

16, The method of claim 15, wherein the one or more degradative species probes are selected

from one or more of Formulae I-VIIL

(Formula 1),

40
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5 CHa
<
N

Ly

i

(Formuia Hj;

(Formula HI);

(Formula 1V}, wherein each R1, R2, R3, R4, RS, Ro, R7,
RB, R9, R10, and R6 1s independentiy selected trom H, C1-C20 alkvi, C1-C20 alkoxy, carboxy,
aryl, heterparvi, polycyciic, alkoxy, halide, SH, arvioxy, alkvithio, anuno, substituted amino,
alkoxycarbonvl, alkanoylamido, aroylamido, heterocyclocarbonylamido, heteroaroylamido,

alkanoyl{alkylsubstituted) amido, aroyl{alkylsubstitutedjarmdo,

41
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heteroaroyl{alkylsubstituted yamido, and heterocyclocarbonyl{alkyl substituted yamido, and
formulae VI may be optionally substituted with C1-3 alkyl, alkoxy, cyano, halo and/or

trifluoromethyl at any position;

(Formula V};

CiHg

(Formula VI);

.

(Formula Vii}; and
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(Formuia VI

17 The method of claim 15 or claim 16, wherein the one or more degradative species probes

are co-monomers with the analvie indicator.

I8 The method of claim 16 or claim 17, wherein the one or more compounds of Formulae -

V1 are co-monomers with the analyte indicator in a hydrogel.

19, The method of any one of claims 16-18, further cormprising a sensor housing, wherein the

one or more compounds of Formulae -V are entrapped in a hydrogel covering at teast a

portion of the sensor housing.

20, The method of any one of claims 16-19, wherein the one or more compounds of

Formulae VI reduce chemical degradation and/or oxidation of the analvie indicator.

43
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21 The method of any one of claims 16-20, wherein the one or more compounds of
Formulae I-VI interact or react with a degradative species, wherein the degradative species 18
hydrogen peroxide, a reactive oxygen spectes, a reactive nifrogen species, an enzyme, a {ree

radical or a metal 1on.

22 The method of any one of claims 15-21, wherein the one or more degradative species

probes bind {o the degradative spectes.

23 The method of any one of claims 16-22, wherein the one or more compounds of
Formulae I-VIHI sequester the degradative species 30 as to reduce, and/or prevent degradation of

the analyte indicator by the degradative species.

24 The method of any one of claims 16-23, wherein the analyte indicator comprises 4
polyraer comprising co-monomers of four monomers according to Formuda X A-B-C-1
 Formula IX]

wherein A 1S an analyte indicator monomer, B is a methacrylate monomer, Cis a
polvethylene glycol monomer, and D 1s a compound of Formulae I-VII, wherein A 1s 0.01 to 10
Yo by weight, B s 1 1o 99 % by weighti, C1s 1 to 99 % by weight, and 18 §.01 {0 99% by

weight of the total polymer.

25, The method of any one of claims 16-24, wherein the one or more compounds of

Formulae I-VI are provided at a molar ratio of 0.1 to 100 to analvte indicator monomer,

44
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26, The method of any one of claims 15-25, wherein the sensor comprises a mixture of two

or more of the degradative species probes.

27. A method of detecting and identifying changes in degradative species in an i vivo
environment of an implanted medical device comprising:
a) implanting the sensor of any one of claims 1-14 into an anumal,
b) explanting the sensor at a defined time point,
¢} characterizing changes t¢ absorption/emission properties of the one or more
degradative species probes compared to absorption/emission properties of the one or
more degradative species probes prior to imaplanting;, and
d) quantifying reactivity of the one or more degradative species probes with one or more

degradative species.

28, The method of claim 27, turther comprising:
implanting a pluraiity of the sensor of any one of claims 1-14 nto the animal and
expianting each of the plurality of the sensor at defined time intervais; and

performing said charactenzing and quantifving steps for each of the explanted sensors.

29, The method of claim 27 or claim 28, further comprising comparing changes i stgnal
intensities to quantitate relative amounts of different degradative species generated i Vive prior

to explantation,
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~

30. The method of any one of claims 27-29, wherein g nuxture of degradative species probes
is entrapped within or co-polymerized with the analyte indicator, and the method {urther
comprises quantifying changes ta relative signals of the mixture upon reaction with degradative
species to determine the relative ratios of degradative species generated i vivo prior 1o

explantation.

31 A method of screening compounds for inclusion in an smplantable sensor compnising:

applving an analyte indicator to a sensor such that the applied analvte indicator covers at
icast a portion of the sensor, wherein the analyte indicator comprises one or more degradative
species probes, wherein the degradative species probes have absorption and/or emission profiles
that are selective {or a specific degradative species;

applying a test compound {0 the sensor to form a test sensor;

implanting the test sensor into an animal;

explanting the sensor at a delined time point,

charactenizing changes to absorption/emission properties of the one or more degradative
species probes compared to absorption/emission properties of the one or more degradative
species probes prior to implanting; and

comparing the characterized changes o the absorplion/emission properties of the one or
more degradative species probes to charactenized absorption/emission properties of the one or
more degradative species probes in a control sensor, wherein the control sensor did not include
the test compound; and

detecting whether presence the test compound wncreased or decreased degradative species

in an iz vive environment of the tmplantable sensor.

40
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32, A method of screening compounds for imclusion in an implantable sensor compnsing:

applving an analyte indicator to a sensor such that the applied analyte 1ndicator covers at
least a portion of the sensor, wherein the analyte indicator comprises one of more degradative
species probes, wherein the degradative species probes have absorption and/or emission profiles
that are seleciive for g specific degradative species;

applying a test compound to the sensor to form a test sensor;

performing an in vifro test simuiating physiological conditions for a defined time period;

characterizing changes to absorption/emission properties of the one or more degradative
species probes compared to absorplion/emission properties of the one or more degradative
species probes prior o performing the iz vifro test; and

comparing the characterized changes to the absorption/emission properties of the one or
more degradative species probes to characterized absorption/emission properties of the one or
more degradative species probes 1o g control sensor, wherein the control sensor did not include
the test compound; and

detecting whether presence the test compound increased or decreased degradative

SPECIEs.

A method of identitying and/or quantitying degradative species 1a an environment of a
medical device comprising:
applving an analyte indicator 10 a sensor such that the applied analvie indicator covers at

teast a portion of the sensor, wherein the analyite indicator comprises one or more degradative
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species probes, wherein the degradative species probes have absorption and/or enussion profiles
that are selective for a specific degradative species,

exposing the sensor {0 an environment containing degradative species;

characterizing changes 1o absorption/emission properties of the one or more degradative
species probes compared to absorption/emission properties of the one or more degradative
species probes prior o the exposing step; and

quantifying reactivity of the one or more degradative species probes with one of more

degradative species,

48
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Box No. 1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
cxtent that no mcaningful intcmational scarch can be carried out, specifically:

3. Claims Nos.: 5-14, 18-30

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. 1I1  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group |: Claims 1-4 and 15-17, directed to a sensor for measurement of an analyte and method of manufacturing said sensor.
Group II: Claims 31-33, directed to a method of screening and identifying/quantifying compounds.

The inventions listed as Groups |-l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

erContinued in Supplemental Box*****

. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. l:l As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which tees were paid, specifically claims Nos.:

4, % No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; 1t is covered by claims Nos.:

1-4, 15-17

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was nol paid within the (ime limit specified in the invitation.

[:I No protest accompanied the payment of additional search fees.
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Continuation of Box No. Ill Observations where unity of invention is lacking
Special Technical Features:

Group Hl requires applying a test compound to the sensor to form a test sensor; implanting the test sensor into an animal; explanting the
sensor at a defined time point; characterizing changes to absorption/emission properties of the one or more degradative species probes
compared to absorption/emission properties of the one or more degradative species probes prior to implanting; and comparing the
characterized changes to the absorption/emission properties of the one or more degradative species probes to characterized
absorption/emission properties of the one or more degradative species probes in a control sensor, wherein the control sensor did not
include the test compound,; and detecting whether presence the test compound increased or decreased degradative species in an in
vivo environment of the implantable sensor; not required by group |.

Common Technical Features:

Groups | and |l share the technical feature of a sensor for measurement of an analyte in a medium within a living animal, the sensor
comprising: an analyte indicator; and one or more degradative species probes, wherein the degradative species probes have absorption
and/or emission profiles that are selective for a specific degradative species However, these shared technical features do not represent
a contributlon over prlor art, because the shared technical teature is being anticipated by US 2018/0303387 A1 to Senseonics,
Incorporated (hereinafter "Senseonics"). Senseonics teaches a sensor for measurement of an analyte in a medium within a living animal
(para [0006], "One aspect of the invention may provide an analyte sensor for measurement of an analyte in a medium within a living
animal”), the sensor comprising: an analyte indicator (para [0006], "The analyte sensor may include an analyte indicator..."); and one or
more degradative species probes (para [0006], "The analyte sensor may include... a degradation indicator... "; para [0007}, "In some
embodiments, degradation to the analyte indicator may include reactive oxidation species (ROS)-induced oxidation, and degradation to
the degradation indicator includes ROS-induced oxidation"), wherein the degradative species probes have absorption and/or emission
profiles that are selective for a specific degradative species (para [0006], "The degradation indicator may be configured to exhibit a
second detectable property that varies in accordance with an extent to which the degradation indicator has degraded... a degradation
measurement based on the second detectable property exhibited by the degradation indicator...”; para [0007), "In some embodiments,
degradation to the analyte indicator may include reactive oxidation species (ROS)-induced oxidation, and degradation to the degradation
indicator includes ROS-induced oxidation®; para [0009], "The second photodetector may be configured to receive second emission light
emitted by the degradation indicator and output the degradation measurement”; para [0048], "In some embodiments, the analyte sensor
100 may include one or more degradation photodetectors 228 sensitive to second emission light 332 (e.g., fluorescent light) emitted by
the degradation indicator 209 of the indicator element 106 such that a signal generated by a photodetector 228 in response thereto that
IS indicative of the level of second emission light 332 of the degradation indicator 209 and, thus, the amount of degradation (e.g.,

oxidation)").

As the shared technical features were known in the art at the time of the invention, they cannot be considered common technical
features that would otherwise unify the groups. Therefore, Groups |-l lack unity under PCT Rule 13.

Note:
Claims 5-14 and 18-30 are held unsearchable because they are not drafted in accordance with the second and third sentences of Rule

6.4(a).
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