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nvent| on This i tes to an ophtha

devi ce conpri sing a heliwyraphic sensor. 5 Background
to the I nvention Qphthal m c devices, for exanple
contact |enses, conprising hol ographic elenents are

KneWHTHXPMIG DE! b@mR@N@Aqu@n@@RAPHm@ENSDR
f ocu i g orographic element may
|éid\aitlae imentianmed act i vatl ng angle providing two or
optica 0 The e of. hoo hic elepent ..
a1 o nyaiief latesite s tiaitic dauea PRIy @ NARGEePNic
sehb&r eby overconing many of the shortfalls of
tradl tional sinmultaneous vision and translating

Bdckgremd ﬂdciheglngrhlom optical inserts are descri bed,
for exa in V\D 9/ 342 A- 99/ 34244

WO Qmﬂg@xmvgﬁa 9@@@@'#%%@%? leflsesepPYiging holographic
el%@h@ré* b@{\ﬁamﬁflﬁal \)Egﬁbé%q}agﬁ% ée?éﬁ'léﬁﬁg uSeH%Ofotus ‘?ﬁcomnng

nunmer ous appr oaches.
lighteTherhdologtaphicirelement may baesta |mogmnnnednamvgtmg oamgle

sensors, i.e. those for th detectlon of glucose in
prewslr@ytwo aBEoreRRtice! epwsmsf bediserpfiaoleg Emﬁm gligws
th? %é\e §e éﬁeﬁp ah8Wsmp réci‘ﬁnag?&l reB %vbmb?nlhg‘?r%hy of the
eve ucose can e noni |rect
shmmofmgadllidrml siemdtameions arsmm:alhdttrahbiarhdgéemﬁesalslolographic

opkigal inher HRRASSORoRTTOr graTtRlge WA S a2 SE NEHpeiiSides,
WWAYO?()B&% gégj%@}\ g’gga 51 oi dal array (PCCA) which
hydr oge

ynerised in a and a nol ecul ar
r ecdlg'ﬂ; trieal ﬁccmpmmmally m&aahéeeaéy-rte&usenglmgse sensors has

EHRERET e JBTRRIBIN ChEVRIPUL EPPETH e Ol ReIy Y o o
o et e v ol S
thaeye! Tineleveld afglacoseThite symare krowrpto cosrelabe with those in the
DI AIEIROBHIREI TS Sassan P PRl g Tty bypRsLring
nBREIER, ol YR R 9SO O L ey

i's Ve83A-2003/0027 240 edasaribes tare ochlanginsedr fart thec deteation of
gltcaae. PRANED Somanisad aBolmerised A stalline colloidal array (PCCA)
which is polymerised in a hydrogel, and a molecular recognition component
capable of responding to glucose. The array has a lattice spacing that changes
when the volume of the hydrogel changes, causing the diffracted wavelength of
the array to change.

WO-A-95/26499 discloses a holographic sensor, based on a volume
hologram. This sensor comprises an analyte-sensitive matrix having an optical
transducing structure disposed throughout its volume. Because of this physical
arrangement of the transducer, the optical signal generated by the sensor is very
sensitive to volume changes or structural rearrangements taking place in the
analyte-sensitive matrix as a result of interaction or reaction with the analyte.

For example, a sensor comprising a gelatin-based holographic medium may be
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anal yte-sensitive matrix as a result of interaction or
reaction wwth the analyte. For exanple, a sensor

I.si,ng a gel atin-based hol ographi c nmediu
WoIEIRL D, O T U e o T T PR

VO 2005/ 031442 PCT/ GB2004/ 008093 2 used to det ect
vied e rdstert Fpgiet r vRgn: AEiST Anclie BRiN thedium, ieversibly
g%ymeq Pi%fﬁhé‘ﬁéibﬁgﬁrprﬁ@éliﬂ&{o?ﬁﬁéﬁiuﬁﬁ.nﬁefobrgiﬂ_lﬁﬁsensors

tl)e user&t%?o detect c ges for exanple,
iay ratsaybe sised do sletdct changés i, dersexantpe, phi.

ol ucoABNeugh Renssys o i Kind dsser Red i D aaopGldbZ7 240 may be

| g ' linl a [

O3 18, dotbof R or QUEdsctlin 08 Bl e Gmalratné it for
ophthainio seihberswidskeallow for aoturate, irsalHmm edietectidmof analytes such
realisati on that hol ographic sensing 10 technol ogy,

AP ENCPRBor porated into a contact |ens or other

nh, ' j provi des an accurate yet mnimally
rg1l' sty ¢ t s:lg'Pﬂdet ection of an ocular analyte.

Such Teapretgnt mvbntibnigpased oaltheredisati oh éhattwiograpbiesensing
real -time sensin

of gl ucose or oth boh . .
taBP G IBR IPFIBORISY iTkG 5 e MERIENs Iy Gangr OpEIEURIE:device,

Aidus S %%Egﬁ?%ggggﬁﬁtaﬁ?%ﬁvéﬁﬁé‘ n%c?@rﬁfsdetéhié‘q IBf an ocular

evel opi ng a or hyperglycem a.

analgtd. Suchhsensing tecrmology amayo phiow b thedeomtireuons, aleal-time

comprises a hol ographic el ement_conprising a nedi.um

BPREING PE@SRTE PHRINET FRrbghKaNates. ae | iendngsmaynpEeve the

F06% Gfieffont; hélvif ity B BbcfEeeBaen Btttk of Govéloping

winesglyderhiacontaypenglyoemi. i ses 20 as a result of

interaction be n.the nmedium a n. anal yt e present .

i anTorAsaect pLna INvEORd AOSTMIAIDIS AabRruiEn Sabrises a
3 i . t . ta: i i

oI e s B HERERRE i SPobel AR Mlogram,

fMEe'rein ameoptieeh chacambtenisticl of) thietetermemtg chapgesaagy@ tdsult of a

the optical, characteristjc of the hqgl ographjc el enent .

YATaTERf & BhyFIcR EOP S AL 1ermasLT, BREWASIHT ffjqivarianon arises

%Eea f%s%lt il el %%%e%ﬁ thd PnddiRHAP A SndlyIE bRENt in an

or e production of a device

ocular fluid. The device may be a contact lens or an ocular implant.

Another aspect of the invention is a method of detection of an analyte in
an ocular fluid, the method comprising detecting any change of the optical
characteristic of the holographic element of a device of the invention with the
fluid, in the eye.

Another aspect of the invention is a method for the production of a device
of the invention which comprises contacting the holographic element with a
contact lens, wherein the contacted regions of the element and the lens are
cross-linkable; and cross-linking said regions. Preferably, at least one of the
contacted regions comprises PVA, more preferably Nelfilcon.

The invention may be used for the detection of ocular analytes such as
glucose or lactate. The interaction is preferably reversible so that both the
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of the invention which conprises contacting the
hol ographic elenent with a contact |ens, wherein the

wocﬁﬂé/&q%ﬁd regions of the elenent and the len%c?f(ﬁzzom/oow%

cross-li1nkable; and cross-1igking said regions
Preferably, at |east one of Yhe 30 contacted reglons

TRt iy cYE SRt RETO e Been 1PNty fhe nalyte to be
ESMNUESI fﬂ?ﬂé i g@% i ifPfed) fiffet Fhe Iﬁger\?\%h&ﬁ 3¢ btéf8rably a

IS prefera € so that bot
Qlﬁle}ﬁ!cﬁBﬂefatiloﬁCT/ GB2004/ 004093 3 interaction and

everse interaction can occur, allowi ng the analyte to
b@-&wﬂﬂ—%ﬁﬁjﬂl’ﬂ&&'—’ected preferably in real tine.
The i fhehamh "g‘lﬁl]c ?]s%"pés%s%rdar@régﬁ'_lef&gqmtﬁél Eﬁlcﬂﬁ: and linear

Descri ption I nvention he term "gl ucose
fmd dfglecoserefers to the knovvn cyclic and |inear

o a8 SCE Bl 6, AR i ok frses
R LIRS SRNARLE B ek o

like.any hard or soft |ens used on the eye or ocul ar
vicinity for vision correct di agnosi s,

col | e€hetprm “caplast leasi %V%ﬁcj W@HtfefﬁfalkP Y '@égpﬁ’:ﬁngé lens used
BRMELFAGE oap|a9 it gmm eéﬁ%ﬂ' af‘ag;ﬁrs %ﬁ%ﬂeec{b?lection,
may Dpe ended wear

sp sabl e y wear
o1<3(03 dehﬁeﬁ;hewbamdn Hea‘npgamoabieelcoappéwamde abavbtmr ephthalmic
used herein refers to an L ophthal mc device which is
grelication. dpedenspyibe ﬁé’atb{ré"scﬂoséélﬂ Sailyrwean ?&ethﬂéﬁd'Wear
rgi,‘]\él ces include intraocul ar | enses, subconjunctival
enses, intracorneal |enses, and shunt s/inplants
(e. 9. Thegtant'i mmlagtma:opbthahmntder:@ltasmedelsereum reﬂms to an

Shathalgisidevics wheh i Giest i 67 ohabemtiae Y ROCTRBVIO s Such
gBYic §|r{9ﬂ51ig @E’%HF@I% He?l'sg er| aPﬁJHhEﬁ\BJIT?or S éh@é &ﬂ%}ﬁlﬂenses

nt art. ens

and )shanisﬂamlamts ¢é. goaestent orrgfwcmmmsmm) tmat canmesb irafheycul de
one or nore prepolynmers. The material nay conprise a
pROPbANEYPat or, wvisibility tinting agent:,

W- bl e bRstete8 Rmsdineht, thelHOLPREATHE F6/7h of a contact lens. The
lens may be manufactured using any suitable material known in the art. The lens
material may be formed by the polymerisation of one or more monomers and
optionally one or more prepolymers. The material may comprise a photoinitiator,
visibility tinting agent, UV-blocking agent and/or a photosensitiser.

A preferred group of lens materials are prepolymers which are water-
soluble and/or meltable. It is preferred that the material comprises one or more
prepolymers which are in a substantially pure form (e.g. purified by
ultrafiltration). Preferred prepolymers include water-soluble crosslinkable
poly(vinyl alcohol) prepolymers (as described in US5583163 and US6303687);
a water-soluble vinyl group-terminated polyurethane, obtainable by reacting an
isocyanate-capped polyurethane with an ethylenically unsaturated amine
(primary or secondary amine) or an ethylenically unsaturated monohydroxy
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25 A preferred group of lens materials are prepol yners
whi ch are water- soluble and/or neltable. It is

wdisienapd that the material corrpri ses one or PE?)S?B%OM/OMO%

prepol yners which are in a sybstantially pure
(e.g. purified by wultrafiltration). Preferred

g@ﬁggb‘ﬁelwﬁ?@%gﬂf E?%%&?@%@E%Ffbg 8%@@{3 ng, can be a
pefisatiii Prb%@.%@ %) lead0 oReVBIPEISMAL 'g*Pyddl n)gl compound

group-term na |'yur et hane, obtai nable By reacti ng
eontaining ghieaskt2 dsarprmqyl poouns; antiaateleast nnam:ompound with two or

cLhylont cally, unsaturated apine (o L, O SSEOROR N ne o
ﬁQrg\r? R (S6d/ioPe %ﬁr@oﬂ%%mgéﬁp'Eowaiér-s&mréébrbsfshﬁkabre

nat e apped pol yur et hane can
polgurqamepelameo as deschibed iot) S8471968% 1 crasslipkabia prijasngamide;

chags kel SORGal SopSiamers Bhututl et a2 = Shanomer, as
H%ER%@E% EPIAQEBB476 %ﬁh‘(ﬁ?r?:?‘ﬂ%%f cﬁbs%‘i’rhl(&b@éopiﬁlﬁﬁaﬁg of vinyl

pol'yethyl enei m ne or yvi nyl'am ne (see,
actam) ernyUSESté%ah)i vraylmalbehelscawdlselcnseclsm |ErR<-Abﬂ)Z:1 2867 and

CRE AR B S PSA o Wl g G sce crs, o
SEAE ke e —

BS5 disthised dnoEh Amae&cqm:l y iS64 66f408; npblyalkydersen glycol-
taellSB3iianaebblibetscse: it S etfeptosn and
Ty S
disgloskedun 8V0aAO0B16B0l yners, as di scl osed in

EP- A- 5 315 d US6165408; | yal k

et r ad RRIETSIEAY Somer e s potoaB et Fatedll pipoet materials
ER? égr?ﬁr%ﬁ%‘rﬁatéﬂsrs v&#ﬁé?%ﬂe’ﬂé‘%patﬁ@ of SBQ&SBrh@ ap Rt 10% by weight

am ne gl uconol act one prepol yners, as
of svaterseben riuMdmdrra@ecB Hpbogghmatenials mm;zllmmpoiy(;‘enyl alcohol)

By\%ﬁgﬁ%’[}aﬁéf&’@r Phéfieoh, ABV‘S,-@Q@% ysongth ?lbh%t?\égrylate)
PR B ”“"WGQ“‘PVMW Et& poRari BEated, carbopo)

terial’s inclu i nyl "al cohol’)

poty(éthglené‘glyc(oe) golyaerryfamrdenp@lymeﬂmwmndexyrd;chrye-contarnrng

tha 20 pol yvi nyl rr |done) PVA wth a
Be ‘?tE"B%'l Rplyyreag an@ﬁ? g pol y( et hyI ene

: rrsgrsr%rrr F 1 5 A S e e
ﬂjumaedavelamutetanemaym much lower than blood glucose levels. With an
implantable ophthalmic sensor, one can monitor glucose levels in agueous
humor or interstitial fluid, where glucose levels can be much higher than glucose
levels intears. Preferably, the device is in the form of a subconjunctive implant,
intracorneal lens, stent or glaucoma shunt. |

The holographic support medium is one in which a hologram can be made
and which is capable of exhibiting one or more of the properties of the sensitive
mechanisms described herein. The hologram may be disposed on or in, part of

or throughout the bulk of the volume of the support medium. Particularly in the
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Al ternatively, the device may be an inplantable
ophthal mc device. ducose levels in tears may be

wane of19¥er than blood glucose levels. Wth aRer

. . /%1%2004/004093
I mpl-ant abl e opht hal m ¢ sensog, one can nonitor glucose
| evel s in aqueous hunor or interstitial fluid, where

e daTcotieusns s STodE hedl PRy beh bl Pan gTtE deviee
8P QR8I BLHY bVa IeAB! MAaY .itselfiédrmsiien8Rkorn® g - hSIb§RdpHKE support
gllaucoma shunt. The hol ographic support nediumis one

medimch a hol ogram can be made 30 and which is
r nore of the

capab. of exhibitin ne ropert.ies qf. .
Che- sLfie At Al Ard i fiecihinied anat Ul oG ntrixwitn
visteaastie Fﬁibé?@e@%@ﬁéﬂfbr% BFedult of R ihtHact®h with an analyte
t hroughout the bul k of the volunme of the support

speriesn Faraexample atheymatrix may e fooosd femtkze copolymerisation of
CT, 2004/.Q040 5 f t | t .

bR ARy (Detiatnfitedetron BhnonPHisrs: fopartigular, the

Sropronidi $IENA YhyRfroR St ndtRdcry [h6) i§ réé@ﬁwpbz@g?ﬂ?nék%%h@ cross-

hol ographi ¢ sdpport Tmedi um “The suppor
jimksfde.aPlojy HioMgy iis e varsatté veupportnouitérial d simeder iitx isvswellable,

SheoRRR2E] el SRCaRPEbRy & Speci eo. For example,
gk . rex _
e ”RHév?&éTﬁXhé’?orﬁP&F@Q?rﬁégﬂ?)ahi‘% FefRATESbIERdPBY Riming a

(et h) acryl am de and/ or acr
bolegraphic slement@nd thenlesmbheddirg theoziement isitvke contact lens. For

AR T S ST BN TBLGAR ot
Cerial si o | _ g

oLt ), SRS e LS GE DS gfooronai

cont act | eligands) pned glaablslide bt aimikd shigfater m ng a

ot o TBTE onforting & et otiniReNcl FUaN, Reeterany “Nelficorr,
sensor mayoke Y surteck 8fiHa%dnser, vt %éﬁ%ﬁr&tﬁéé’é-linking of

(a) formng a polyneric hol ographic sens usi ng
phenyl bor otn&tlgyerl5 | i gands) on a gl ass slide or

imlar rf.ace. (b).coating a l.ayer of .
ol yvily! aPEERnoERATE ko BReRer fSmie pprtesisensas e 9. using
the surface1ompiie fAFhandividies BRERGEHRNEt 40°C), followed by
cross-linking of the layer; (c) extracting any toxic

conponent satitoolaving: coated sensor(e.g. using 20 1:1
E;Xt u(cﬁ of reqneévl?gg ?Ilmé \Q%ﬁsegr rc\)/r%rtﬂie %%e aatndA'c(:)lCRting]c ﬁcl)%oi\{\%lddisc of
about 4mm diameter; and

(e) inserting a disc into a contact lens mould containing a contact lens

and PVA, preferably Nelfilcon, then cross-linking and autoclaving
the components to form the finished lens.

A holographic sensor of the type used in the invention generally
comprises a medium and, disposed throughout the volume of the medium, a
hologram. The support medium may interact with an analyte resulting in a
variation of a physical property of the medium. This variation induces a change
in an optical characteristic of the holographic element, such as its polarisability,

reflectance, refractance or absorbance. If any change occurs whilst the
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aut ocl aving; (d) renoving the sensor fromthe slide
and cutting fromit a disc of about 4mm di aneter; and

wdﬁbsMi?ﬁ”' ng a disc into a contact | ens nDUIPeT/GB2004/004093

contalning a contact |ens and PVA, preferably
Nel filcon, then cross-I |nk| g and autoclaving the

é@ﬁ‘éﬁé}%ﬂ%ﬁqnh&%@ B GpciRniEeH hEB N hsiab Bty omagnetic
Féamﬁdrrs Wert aBRAGUHBramdnsitl SMaRRI féﬁ‘é)@f'ﬂrb@tm%}h sﬁawyysemd.

of the medium a hologram The support medi
i nt er &be sansdr raay be arqpaaed asa:ﬂrdrnggortlne memodardlmlomd in WO-

Rroflo B WRaGRORRADH oo T4 B 130, Tl Sordenfer these

Qﬁé@ﬂéﬁ@ﬂs%r@'rﬁé@ﬁbratéd’ﬁ@r% bgtréfepé’r‘rc'ﬁ' sabi i ty,

refl ectance, refractance or absorbance. |f any change
occur Monaithan arfee thm%%W@W@m%mM@holc@mphic

hol b dent b d ban
Aictisnieans Mo o DRGEE. o deteBhg: lssAchner goadn sapiation
8 anBtif %Fﬁ’th‘érlﬁ'&%h HoRigr Pﬁa8ﬁ§|ﬁgla'§aé’ré%%lﬁ8§§(/¥ﬁ%té%n in the or

e sen or may be prepared according to the met
dasrmbpmal charagferistiesT mhélagramwe@meiﬂdwﬂawbd dimensioned and

WO A- 03/ 08778 Th te ft
78697 3R 19910 SRBSP 6t JHSREBHeRb eI BIFPeEies: @RBeto affect,

E’Pr?rﬂtéﬂ%ﬁ;s@t”%rr&h@%@én I\;ﬁ athsh ?rPEWGrdrﬁQr%ﬁl W gs NHofbgraphic

ogr aph el ement may be provi et ect
elemelltsmaajckbepmwer mrtherﬁonrradfamamy emanating from
the or each hol ram rising as a esul% of a

var i af\ndiimipa ﬂ% gyrceoh pANdNFISIPgIradigliPRe fAreX@MmRle vigile light,
ang@%a o SsBRNatidiion ﬁgh fHe”%P%th eshied ch%]racterrstrc of the

SO as to sense I ndependent’ event s/ Speci es
aokd)gtapraé élentent. Ehewttenirad ntstaction bebidem the laolographrc medrum

A 6o 30PU07 dedoin b reTershiofideareapT cipnge of he physical
?éﬁyn@hldhgs%tgc?@d 88 arrenarl insérprgpt‘ié“éi’ cg"HrS&errfsﬁ’é preferably
e visible light used observe
aa;hrftaln wavalength thhn@n lonISEm:rladlaIML caI char acteristic
of th

o e heap by BB Nofag e By cvich i ey e s charge
SHPLI, 1A, | Sehet eEphl SSHRS, faghess charoe
mmlnoahobmty nswellatphtryp mtegrﬁw erosemnktdmsrtyr eff anyldtlyer physical
property Q/a\rl}gﬁgn of ﬁ'rtehorogac q y'sr%ra propger{r a‘rjllr §rllarin?rc]:'auses a variation
of an optical characteristic, such as the polarisability, reflectance, refractance or
absorbance of the holographic element.

There are a number of basic ways to change a physical property, and thus
vary an optical characteristic. The physical property that varies is preferably the
volume of the support medium and, in turn, the spacing of the holographic
fringes of the holographic element. This variation may be achieved by
incorporating specific groups into the support matrix, where these groups
undergo a change in, for example, conformation, charge or the degree of cross-
linking upon interaction with the analyte, and cause an expansion or contraction

of the support medium. An example of such a group is the specific binding
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The property of the hol ographic el ement which varies
may be its charge 20 density, volune, shape, density,

wo/405665kdy, Strength, hardness, charge, PCT/GBZ 04/004093

hydr ophobicity, swellability, integrity, cross-1Ii
density or any other physi ca? property. Variati on of

boloditeBR &R AR Shteidt, RohbeuiatotiPin R SRR udvater, solvent
ﬁloérﬁrgé @bhtdrit f tHeedUppettanedium. Elﬁ 118 (c@8€ &h'Y holographic support
absor bance of the hol og raﬁgl c el enent. 25 Theré€ are

medben isgprefierably indpe faror ehaggs a physi cal property,

| ch
o opchigiaBplesiibedii R Rt SRR RvS ponalie R eroviEs in the
SISRR nalyREHH @rév&rs.un@c.tdéenmktﬂmé@ﬁeé aﬁte %é?& of the support

hol ographic fringes of hol ographic e
watrxattherebyagiteingdhe eweeb—Biastlcnpr@ppdmt pfigthepscppod matrix.
' wher e .t hese groups, 30

h
Ehascssny ey aﬂgeessélfj‘ﬁ Wik ‘S sl CoRigiieg ey BATeR, gad the
Qﬁpﬁdﬁlemﬁf?g( 8Barkie scrtﬁéssudri:id?fk infketriX RYAtraBise 'EHd 1o sébélkéftion of

e anal yte, and cause an expansion or contraction
mefrmgﬁﬁcw reduetid. rSpeAmoﬁxanqw begirosided by @rsupingsthehepecific

ci fi.c bindi n% VE 031442 PCT/ GB2004/ 004093 7
ﬁ'gﬁ feé Y PLAVIdRA WIHNIN e0PAWM. Anot her variation is
in thﬁ\é‘@tﬁwmh“{éﬁﬁh mégb ﬁighse%rreéﬂﬁf)ogrg:@ﬁ%%% aBeéf'?)‘Fndmg

support ne In th the uppor-t
ordoteradting gpeetfieabiywith the amalyteoS vitalile ceqpptorsimaludesantibodies,

G Ao oS3 R . e TS 18 acis

RIS ddd'EnRBHUES rﬁé sp(ﬁéFe%fOf the support
matrix, thereby dlterin VI sco-el astic properties

of thi rmmrmayﬁae rncx)rpor@tmiyetpmampgqrt méd pureasivig any suitable
ent nt ai mFﬁ% envi anrrent and

a sol he .
R RS bt emrle Sorpobarant Steakelmay somprise
maﬁ:h'iribefuﬁ%tiéﬁé!tgr@@p@fthe W6 chiipafBsts! c%zn'rtlé‘u@‘r"ﬂ%i covalently linked

Speci f1 ci t% be provided by ensuring that speci
wrbh lonedanegher. t éﬁemaélvplyo\a teepidrt map behimoardorated Thea vinylic

i um ma ceptor which is
SRR B4 FhREnear St the etk fr Ry S eteh & Eal 1) wi e
the apas YaPameter GalirminiRgeRé ‘Pé drise éfqﬁe %S%t@r?h% ®Re extent of
| ectins, hornone receptors, g receptor enzymes,
qpsaﬂmklgg el eumba:uojscros&thlnkmgcpcamtsddaealt@gméyameasation of

PGB bl hesd Bt Ao LRhrifon KRR HHmer anc
ﬁégﬁé@t%ﬁdﬁg%réu% lrsrfgl'étlﬁé@%vvesmée HERN Y ER il MHay become too
rigid. This may inhibit the swelling of the support medium.

By way of example of a glucose sensor, a hydroge I-based hologram may
have a support medium comprising pendant glucose groups and a lectin,
preferably concanavalin A (con A). The lectin binds to the pendant glucose
groups and acts as a cross-linker in the polymer structure. In the presence of
freely diffusible glucose, the extent of cross-linking will d ecrease as glucose in
solution displaces polymer-attached glucose from the binding sites on the lectin,
resulting in swelling of the polymer. Volume changes in hy drogel films containing

pendant glucose groups and con A can be observed using a reflection hologram.
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mat chi ng functional groups; the two conponents can
then be covalently linked wth one another.

w(ﬂobg?ﬁghl vely, a receptor may be incorporat edcir/tg3004/004093

Vi ny nononmer whi ch a congonent of the | ens-formng
material. 20 One paraneter determ ning the response of

BELTE AR ]85 s 3054 ke op i BB
@tﬁu%lmé &ngleaH!Ibé folbwbe a8 @ EHiR M tHdpéalcwavefendth'oftie spectral
bet ween pol ymer and anal yte-binding groups is

reflegteddsponsey, since the pol ymer filmmay becone too
rigid

e SyeR5% BagE oy BB ke e 0 BLrdBGidiBp Sbheor, since
NS8eack tARRHN MNP EXFEEURE Yo oRftiffc SolFEBRRS ExamRsles BF suitable

conprising pendant glucose groups and a |ectin,
gluchee aiompqrmlaa@ digh meleatdar weight idextrat, iandhtheisanemers

oiyiofiEoH R el SRS Bt rfiactilale RREMAL B¥iirgh) §&Ving no
mhfef’éﬁ'dﬂlﬁn&llé%ﬁncﬁ&?alWhﬁﬁbe%tr‘ébﬁééddriﬁb‘tﬁé pYiymerisation

decr ease as g ucose I n sol uti on di spl aces
pbawlainndemasleddnghmnweamylglmcosidetannl Aicaadepolymerised
[ n of th

t
e g BEvd Y g Eetner MB camindets, TR REHes A dlererably
d flect
E*‘%ﬁé‘?g§%%§‘“o%‘*%*85‘*‘3@1442 004 004005 B A vl une
changA holo@mﬂnydglugese aleneos mane domprige ﬂ‘tyarsattablle giucose
oS AORREA ar RS S SR E AR S ich roperty
bf?fHee%ﬁS’or'E mnﬁﬁu Wb%ﬂ&mﬂ gwécss%wq:@fr sx&hsfeerth@céuppon

I'n such a hol ographlc sensor, since 5 they protect
mwnu:remayrcdrmprmea)qment bonommgdgrwpgosudmas pherybpranic acid

B et SRR AR g orn
aciﬁﬂ dreas H reietdible dREBASAINAEacHidA LS iIRHJIEgraphic element,

havi'ng no 1 nherent polynerisable functionality, can
beaationr ap @ldcale iwith tpeadpotl \phenylbeorenia asfd groups causes an

BREA RSO oF B8 PP OE) THEI. s s g Hhrfiod a8 atPhafés Reters.
QPERALA IR ing 1618e BELNATBY theBhy it BERS\RI that HeIPGroREteSsters are

thin filnms on gl ass support’s. A hol ographi c gl ucose
segativelyrahargedmaridseffesha Rarangimtential jeaigsingeateptapartition into

TR0 b iy 1 8o A U B EA 1500 B AR efgBiance
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strongly dependent on the molecular geometry and the aromatic species where
the boronic acid group is present. Thus, glucose sensitive probes can be made
with a variety of affinities, in the mM range for blood glucose, and in the pM
range for tear glucose. Preferred boronic acid groups include those described
in WO-A-04/081624.

Boronic acid compounds, in particular phenylboronic acid compounds, are
versatile receptors since they may be used for the detection of a variety of
carbohydrates. In physiological fluids, this lack of selectivity is not a problem

because most sugars are found on glycoproteins and other macromolecular
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The support medium may comprise one or more macrocyclic groups such
as crown ethers, which reversibly bind a range of ionic species. Crown ethers
are well known to reversibly bind Group | and Group Il metal ions. Therefore a
crown ether which is specific to an ionic analyte can be immobilised in the
support medium and used to continuously monitor the presence of the analyte.

The following Examples illustrate the invention.

Example 1
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Fig. 3 shows the response of the holographic implant, Fig. 4 that of the
blood glucose sensor. As in Example 1, the responses of the two sensors are
similar.
Example 3

A holographic support medium was formed by copolymerising 13 mol%
5-fluoro-2-methylacrylamidophenylboronic acid (the synthesised according to
WO-A-04/081624) and 3% MBA in acrylamide. A holographic image was then
recorded in the resulting medium and the sensor used to detect glucose in PBS
at pH 7.4 and a temperature of 30°C. A similar experiment was performed to

test the sensor’s response to lactate.
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2.9 mol% methylenebisacrylamide and 76 mol % acrylamide, by exposure to UV
light for 1 hour. Silver ions, present in an acetic acid solution, were diffused into
the medium, the acidic solution present to prevent “fogging” of the silver by the
amine component. A hologram was recorded in the medium, and the resulting
sensor tested for its response to glucose and lactate.

The results are shown in Fig. 7. The sensor was selective for glucose
over lactate; the peak wavelength shift for lactate was only about 12% of that for
glucose at the same concentration. Also, the wavelength shift is a negative shift
for glucose, whereas the binding of lactate effects a positive shift. The presence
of “background” (4mM) lactate had a negligible effect of the sensor’s response

to glucose.
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a group which is capable of repelling lactate, the group comprising a substantial
negative change.

11. A device according to claim 10, wherein the boron atom of the boronic
acid group carries the substantial negative change.

12.  Adevice according to claim 10 or claim 11, wherein the medium is formed
by the polymerisation of monomers including acrylamidoglycolic acid.

13. A device according to any of claims 7 to 12, wherein the medium
comprises an amine group.

14. A device according to any preceding claim, which is a contact lens.

15. A device according to any of claims 1 to 13, which is implantable.
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according to claim5, wherein the reaction is

reversible. 15 7. A device according to any precedi ng
claim wherein the analyte is glucose. 8. A device
according to claim7, wherein the nediumconprises a
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A nmethod for the production of a device according to
claim 14, which 5 conprises contacting the

hol ographic element with a contact |ens, wherein the
contacted regions of the elenment and the lens are
cross-1linkable; and cross- |inking said regions.



