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WD 2005/ 031442 PCT/ GB2004/ 004093 OPHTHALM C DEVI CE
COWPRI SI NG A HOLOGRAPHI C SENSOR Fi el d of the
woBeudfosaz This invention relates to an opht habor/GB2004/004093

"~ device conprising a hol ographic sensor. Background to

the Invention Ophthalmc devices, for exanple contact

| enses, conprising holographic elenents are known.

Typi cal |y, a hol ographic el enent is used to focus

i nc @PHTHA H MIPRIS B RA 1 i

pr r i d actlvatlng angl e prOV|d|ng tmo or nore 7
— The use of a hol ographic el enent

al | owphisGnidilionTElatdstoERopHtsamicasvics comprisizd & helogeaphic

t hereby overcom ng nany of the shortfalls of

senedrt i onal sinul taneous vision and translating

' enses A&%r % optical inserts are descri bed,
é%?@éﬂ%ie—%& 99/ 34239, WO A-99/ 34244,

WOA- 0QpRieIMAIE devite¥dorelahpiédbftact lemsesamnipnising holographic

alements 'aréu'ar&vv?ni'ﬁﬁmﬁé‘%r@ﬁsr%ﬁﬁs%'lé‘wﬁ%%ﬁoﬁg 3 fosie hsoming

IidpE._ Rk hﬁwg‘f’ép}ﬂé ee?exﬁént 25\?&5 4 %r@@%Hrﬁém &ctivetifgdhgle
ensors, ose .

or t etection of glucose in

| nrbmdo}gstwol'berrioeo/epmabﬁo'gbna: e use qflael'ltdggra@hec rlegiant aliows

@ isRe 1 od sty 2B LEwhiatdf mdlsB therd pliepyibg ffany of the

- SRAEANd Oftraditiénal emloneouemmm trbhsliting lettsessHolographic

tears. 20 US- A- 2003/ 0027240 descr.i-bes an. ocul ar. |
Wio-Adidaas

* dpfical ineeds e dessAbef, foppxaraale, InYNE-ArrsE423%

\R@E\ ggqlaf%}gawtj A'@?I@AEMBO' dal .array (PCCA) which
ymeri sed 1n a hydroge and a nol ecul ar
recogme wceed:cﬁorpmnmmailycsapahm, eésy-tmpsadilngose sensors has

BB and drvascalon RE ryous BPERERTeE” Ik bpRRiRR Ees of

iﬁﬂeﬁ‘éét% b?ﬂtﬁﬁh‘l dgw&idé $insofd i.ehthose I‘f@ythb@ew@tftﬂﬁof glucose in

26499 scl oses a, hol ographi c senso

- tbe euev'sh\@ lavelsefighdpasain the gy%@‘ﬁg@\owﬁﬁpr@@,tegﬁth tﬁose inthe

l:l‘w@% Sag'@’ G Blobh Y& iEddl d@%@gﬁ%e‘?ﬁom 198 fdirectly by measuring

I'Ng structure throughout 1ts volune.
tB@@@HslméntdouErﬂhKSsMastaarsangerrent of the

§ L0 31855003 Ep 7244 BoGbea in BR0RE0SH: br. B, BRRR6n of

q'm GO THRTRSEE c&ﬁ\FhQ& Q|p%ﬁ?néﬁ§e@tﬁ“ystéﬂiﬁbﬁdﬁo&ﬂl§rrhy‘(BCCA)
trix as a resul interaction or reaction with t

vehricih ys golymerised in a hydrogel, and a molecular recognition component
capable of responding to glucose. The array has a lattice spacing that changes

when thé voiume of the hydrogel changes, causing the diffracted wavelength of

-the array to change.

WO-A-95/26489 discloses a. ho!ograph:c sensor, based on a volume
hologram. This sensor comprises an analyte-sensmve 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 changeé 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



For-exanpl e, a sensor conprising a gelatin-based -

hol ographi ¢ nmedi um may be WO 2005/ 031442

PCT/ GB2004/ 004093 2 used to detect trypsin, sin

| WO gelatin medium ‘irreversibly des'E‘FﬁgP%Pa“’““““”

the integrity of the hol ograpBic support medium .

. Hol ographic sensors - may al so be used to detect

crmgiego delot cryRsim T WPSB-BCi) DRHS oS iatie, medipmy [igeversibly

RGN ol b RS ob Mol sensors
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10" tec ogy, en i hcorporated into a contact |ens
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m ni Ilg/ invasi ve net hod: of detection of.an ocul ar
ﬁ SSuch sensi ng technol ogy nay all ow for the

CQB\rhMAALER theqaberitione  sensi ng of gl ucose or .ot her : _ -
it RO i -
'p%bﬁﬁl%it?/%yé Mﬁéﬁ @E?H.)%Y&BG 8% c&rf’ta&ﬁ@ﬁg bBfGtRbAophthalmic device,

I'rst aspect e tnvention I's an
orovidbsrian ateurate ywebimihimalyinvasiee methwﬂ «f detection of an ocular

e

e ' SMBIHg of BRIRASSE oRbtHRr &%chydﬂeéi Théﬁh\f@htlﬁﬁ tinis may improve the
physi cal property of the nedi and wherein

he
\ divesof patients baging@il%@tﬁs A6d dptrease ue PRENtH Bk Pl RYploping
: e present in an ocul ar .
f Fﬁ’pga%ﬁ'@ad@ﬂwé}ﬂﬁgé@ﬁé a (F:)ont act |l ens or an ocul ar

i npl antA firéhas fent oﬁtmememfontlh anlaphﬁ'talmmdewca whicimoamprises a

e nRISEHR A B NG By ACa difkpledibrphl B otogram,

CWérEFneéhSépﬁba@fcthétta%ﬂwaamu eldphértechaffes atcai wsult of a

-of the invention with the -25 fluid, .in the eye

Averiation gk @bysncal nrneemﬁ pbthe rediug, andwnerein Eﬁe Yafiation arises

DR o B Sy S WS PGSRl il rosent in
C Qe fiulce Ehe viée:celmay be acommtaot ﬂms oreayn cmmlammnlmt '

J 0SS-

Q{éisggpgorﬁgﬁ inyentiop ig.a gpegﬁcg o?&e@%bog emeanalyte in

cross- AR

' Ofant B&ular fluid, the method compnsnng detecting any change of the optical-

_charactenst_sc of the holographic element of a device of the invention with the |
fluid, in the eye. . | .

. _Ancther 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 contacied reglons of the element and the lens are -

o cross-llnkable and crcss-llnklng said regions. Preferably, at least one of the

30

contacted reg;ons comprises PVA, more: preferabiy Neilfilcon.
The invention may be used for the detection of ocular analytes such as

- glucose or lactate. The lnteractlcn is preferabiy reverS|bIe so that both the



" .that both the WO 2005/ 031442
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30 contacted regions conprises PVA nore preferably -
Nel filcon. The invention may be used for the _

LSk Of ocular anal ytes such as gl ucosepgi/Ga2004/004093
actate. The interaction is- plé_)eferabl y reversible so

CT/ GB2004/ 004093

[ 0 e kit eract c
MGG, o ey pEC igrap e B bEey HloNiY e gnalvte to be
preohtinadlisly ldetemd préfieeablyl rereahtimea cThe intesaptien ¢s prefgrably a
a .chenical reaction. Description of the Invention The '
t@hﬂ“'@?‘d@%‘é@” as used herein. refers to the known

C OH enfigy ™ of glucose. The term

Vice  as used herein refers to contact

| enses Tr@uerm "glucdselras yssidthereinoeferato tmé kpown cyclic and linear
Iant%ﬂl e Oé)ht hal m ¢ devices and the 1|ike. 10 The '
mse | ens” as used herein refers to any hard

.Of sof tTHeet'éﬁmU‘iﬂﬁthamﬁld HEVIQY asOlisa Hemin \Weferd to/ cbﬁl@ct lenses
Vi sion correction, dlagn03|s sanpl e -col.| ecti on, '

dépathdiard ansl sefty samealonlays ieplantahlp aphithalmis d8Y|ﬁ6$ %nd the -

EF hal m ¢ application. The |lens. may be a
d

'y-di sposabl e, daily. wear or extended-wear I'ens.

15 The Thetenni fouptaot tens! as ot Herkinrefereto any hasd os soft iens used

here n refers to an B’y@pg@%‘}ﬁ% ggﬁ%g%msre collection,

- -dEYd&Qfeli'vEﬁJ UﬁSuhE‘%é’éﬁﬁb' %sh@ﬂé%pe%#&ﬁ@@l b?%tﬁé@' ophthalmic
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pePithaimedavise W

| enses, 1 ntracorneal |enses, and shunts/inpl ants

( epghcatlost dihe iens mamhmadaéhdusppsabim dadyrwest of extended-wear

c% X sac of an eye. 20 In a preferred enbodi nent,
é‘rnsert isinthe formof a contact |ens. The |ens
may beTherntefracinpladiabie oghthagm:a Welvie!' @smatedi herénnwfers to an

inthe art, The maf eri al e forned
B TRuH PR on TSI OXRET QRREMGINTY. Such

- °E§\{|€é3 fﬂH@dé’iﬁﬁﬂBbMHP{eﬁseg ;&%bﬂﬁﬁjﬁﬁé’(ﬂ’al s 'mlrréaécﬁnéal lenses,

ol nitiator VI SI tinting agent, UV-bl ocking
agedshunuhmplantp ke uoe sterit of glaucoms shuphethat cam mesbimpthe cul de

.0 erials are prepolyners which are water- .
- oarel e e
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W37 or neltable. It is preferred that the

‘mat er i jl a preforred embodimert, therinserbisan me/fmms oflaictintaatéens. The

. in a substantially -pure form
- ulensan3Y e BanyACUBAdISHIg Y syjtab_%rv&er@ kﬂewlrﬁ@ the art. The lens
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WiHafdrist MhaiPbe f6red by Hé Pofmerisation of one or more monomers and

opticnaily one or more prepolymers, The material may comprise a photoinitiator,

' VISIbIlIty tinting agent, UV—bIockmg agent and/or a photosensitiser.

A preferred group of lens matenals are prepolymers which are water- :

: so!uble andlor meltable. Itis preferred that the material comprises one or more:
.pr.epolymers which are in a substantially pure form (e.g. purified by
ultrafiltration). Preferr_ed prepolymers include water-soluble - crossiinkable
. pon(rri_nyI alcohol) prep_oiymere (as described in Us5583163 and U86303687);
a water-soluble vinyl group-terminated polyurethane, obtainable by reacting an

 jisocyanate-capped polyurethane with an ethylenically unsaturated amine

B (primary or-secondary. amine) or an ethylenically unsa_turat_ed monohydroxy _



pol y(vinyl al cohol) prepolynmers (as described in
US5583163 and US6303687); 30 a water-sol ubl e vinyl

r ni nat ed pol yur et hane, .obt ai nabl e by [
‘gﬂ &é‘g‘i{ﬂnate capped pol yure%hane with an - E’E%ﬁ;tm&gm“ﬂg?’
et hyI eni cal l y unsaturated am (primary -or secondary
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Eb@ﬂﬁér%a%ﬁpﬁiﬁdﬁ&' Wéletdé%f‘%nﬁaﬁol k?lene Plycol a compound
cop ner

I sat1 on product of at :east one Kyl ene
glopotdining atdesst Zhaydroxylgroups and atdeast qnmqmpopnd with two or

T R S

IOQJ ibei Gb@efdﬁ lexaippley USBH498UNE o efer-S@luble crosslinkable

,exarrpl e usS584 a_wat er-sol_ubl e crossl.inkabl e

- pcnweapmqm@rmcr dactin USIGATORB (15 wesiikable polyacrylamide;

l%ﬂgﬁlgls‘?atl%ﬂ I%PElﬂErQSf ving 1888 H %m%% g comonomer, as

I'cal” copo V|ny I'act am

) C@Isulmsmhn &&A-@Bmvom WSS FI23560 654 iokaile copolymers of vinyl

\L/JI gﬁ;%%‘gg’g?yégé’o lﬁlqrhk \?llnslag@ﬁﬁef’ élsof Vldgﬁ'bﬁlil %-(5%867 and -
E'fi#éé%b%%ol?@lﬁeﬂ-ﬁofﬁ@l@ﬁé@ﬁ& ymBed With ﬁészﬂﬁkﬁﬁﬁ §itie chains, as

copol ynmers w cr ossl i nkabl e” si de chai ns,

didisslessasdn ER-A093268% beawhed palysliyigne glycol-urethane prepolymers '

P AR AR, Bl v

't @étra?(mmh)abﬂgdatpl aprep olyrrml yaer gisciosed] s it o ERIAH0961 941 and

o BiSRP PrSpealnRble oAb IRNIE AlpRenticckne prapolymers, as

%Ql&%nwo%ﬁi@%@llw The lens may conprise a

ogel materi al Typl cally, hydro el materials are

" pol ymeifhe leng eay eorapiise %hy@rpgebagtﬂmaé Typiealse mnrggaitnaterla!é

905 b U BHAR ek BRI S abprking KE et ity weiant

- mofl waterdwREr fakey gydnaeéd iHiydrog®)) magerialé hindludbey polyyvinyl alcohol)
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_nret hacrmmg 4 g%g%pol E\éé@ | D%L%ﬁ ygﬁwxé{ﬁmlr%%gacryiate)

| gHAﬁig\n}l yl hﬁﬁd“ddé')a'?’\ﬁ? wszP'aV 'Bﬂlmﬁfbdﬁﬂcdémd) (e.g. carbopol),

one- ntalnlng Y drogel's,” pol yuret hane,
ppoly(atbylenaglycolepolyaerylamide; priymethacrylamidgesiligenerggntaining

e BN B R, 000 Lovels

W.t h aplterpiativelp) ané adbviceo pidyhbenan inplantable rephtihalmic - device.
| Biusoreiipyals T Parmayihemle (Ve dea pved glpose IRyels, Withan
hinglShtabi BpAlHfRR sensor, one can monitor glucose levels in aqueous
humor or interstitial fluid, where glucose levels can be much higher than glucose
levelsin tears. Preferably, the device is in the form of a subconjunctive implant,

" intracomeat lens, stent or glaucoma shunt.

The holographic support medium is ane in which ahologram canbe made
and which is capable of exhibiting bhe 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: medlum Particularly i inthe



levels in tears. Preferably, the device is in the form

of a subconjunctive inplant, intracorneal |ens, stent

W0 BboesaaR shunt. The hol ographi ¢ support Megiy/BE2ea004093
one i'n which a hologramcan bg made 30 and which is
capable of exhibiting one or nore of the propertles of

T R G g A 4 S crErtf o devis

t he.gu g diody haf dléns afayt itselfvconopriseoor foren sappaiographic support
mediym. Particularly in the WD 2005/ 031442
pCHP 04/ 004093 - 5 case of a contact lens, the

‘suppor tTﬁ@ﬂjéjﬁwmdd!Qm p@@ferémf&rﬁ;bnéé%ratnaﬁ%et&%%ﬁea fatrix with

e.g. the bo of alens may 1tself conprise or forma

5 hmlwlqprgpprﬁ@stwhlﬂwtems err@L&tqu;m !ntemtm with an analyte

D" SHeS1G Fbr BRAMEIS e el 46 o rofiid By CopRiyhidribation of

: ar(meih)%mﬂamtde andldw (ovet Jaah&éte-deﬂpe@ temonbotierex lmwérﬁcuiar the
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the matri ormed fromthe copo.ynerisation

( r@%@@?@ﬁ&ﬁ\ (Bxgr thy| neatbarylate)s macl %eglmensable andcross-
c r i n

H%?E%r%%fl_ﬁ %ght\}aeg'%a {’s‘i&ppﬂﬂ ﬁéﬁ;élﬁl since it is swellable,
pdiyylnmph!mam@umaiy' brumsmpatlblekabl e. Pol yHEMA is a '

b opth fe e ik 0fEh 6 2 BoniBi{10s isinrbforaiy. of@ira by fheming a
f piolagraphicEMhast andhen smibedfity te! sleMehiritecs Bintact lens. For

~formng a holographic el enent and then enbeddi ng the

el :ﬁﬁQFta 6ﬂ$ gemnsqranay b@@bta"'@@b'ﬁiﬂg thg fellewingtprotocol:

| :O fgféi ;W gﬁ{gegﬁﬂérfé I “ e %‘lﬁ%cfrfg éhli’i%iﬂg phenylboronate
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(e.qg. u3| ngligamlgaldmm giamslldéﬁr lslngmm)faoe a gl ass
slide or sim'lar s rfac oat | l.ayer _of «
‘pol yvi lﬂ% W)o Rﬂﬁ\#'@ﬁ Qé}g(ﬁgﬂpf)r |R¥8F9fab'yomec!f'°°"

the surface oﬁfo ‘tl*i@ sﬁﬁé@ bf thd dehsbt Wit equent cross-linking of
cross-linking of the layer; (c) extractl ng any toxic

corrponents fha)llavene coat ed sensor (e. g. using .20

ure .
foI I omgg e%u'{{w xw@‘%@g’""?g’%@bﬁg}' %Ié)aﬁ%%%?sqrr(%% using
the slide amd mwttt:rmgf imethanal.weater svemightabbd0°Qyfollowed _by

di aneter; ando% inserting a disc into a contact |ens
moul d cont aPHOREVING ont act | ens

~(d} removing the sensor from the slide and cuttlng from it a disc of
| about 4mm diameter; and -
(e) inserting adiscinto a contactlens mould containing a contact lens
“and PVA, preferably Neifilcon, then cross—llnklng and autociav:ng' |
the components to form the finished lens. .
A holographic sensor of the type used in the invention génerally
comprises 2 medium and, disposed_ throughout the volume of the medium, a

| hologram.. The support medium may interact with an analyte resulting in a

- 30

variation of a physical property of the medium. This variation induces a change

in an optical characteristic of the holographic element, such as its polarisabifity,
'reflectant:e, refractance or absorbance. If any_change occurs whilst the



25 and PVA, preferably Nelfilcon, then cross-I inking
-and autoclaving the conponents to formthe finished

| ens. A hol ographi c sensor of the type used. in the °
wovessosamgeneral |y conprises a medi um and, BCEGB2W4/004093
- throughout the volunme of the gedium a hologram The '
support nedium may interact with an analyte resulting

' ”nélog?éin i feplayet b ireidesit bralad bang gonyionising e!ectromagnetlc
medi.um This variation induces a han e 'n an gg 5P$ q.

c hraditiast, ithan @ oalouf REINERYISHY E'Pﬂ% @%&Pe DR PG Oopplye

pol ari sphl Eéﬁ%or me{f&%{%g%ﬂeaccéﬂfrm‘éttﬁé ﬁ?etﬁbds disclosed in WO-

absor banceé € occurs
20@5502&4993 WOFA%GW&)QM %O-A—DBIQ&?I?&@; aﬂ?ﬁ%ﬁﬂ@ Of these

5S¢ gﬁ‘ﬁiqﬁiﬁ%élﬁr}é lin%[%géﬁrg 'fa"ﬁ’gr{ e%?‘gaéfegm SIopgl nt ensi t y
change, popé tﬁéﬁ%%ol@%@h&?hﬁ@ supgorted hen sommra rmiographic |

- be prepared accordin the net hods di scl osed. in
- A-eiBnee oNieanemeyobe m@edatmdvbchﬂmfoswbgfafﬁ@" in radiation

cont en :
FhRRigS ot 155 BSAHRGR, SRR/ RESUPSY 8\Afton n theor
© SUSdEH bptitad Bharatieristic. Thedichepraphic eleshemts mhay Mmenalpned and

be provi ded to detect the or var i t| on. i.n

h
10 { s@IFaRg%h SORENR SAESY 8 FHEPSI0at AVarplaegies and to affect,
% dT%n@é ! 87 dtherftise? r&é‘i@ahéﬁ '|ﬁ"twbnd'ﬂ’é?eﬁt weB&c hHolographic

.0 cterlstlc The hol ographi c el enent's nmay
beeldn‘rﬂ!h&snwéle prowided lmth%m@fﬁﬂ AEY-0 sense two

RGO R 5. o v .
di rfnﬁg LRNiseday %bséﬂb%naﬁdm(e) m&he,rm'réar:maptlbal phanactaﬂstlc of the
int

e formof an_arr | um nat.i n urc
15 ndnplpgmpgnq@errmt Fhesont ohinarasanSePpBe iajagtephic medium
: é'%ﬁgllyi @éléé Yereftted IrP!i‘kﬁde r@etcbﬁchahgéaﬂhhe physical
_ cal act restic . of the 15 holographic e
Tfproplertwwhsoh is detectedasanvariationdn anieptissl ﬁlga@m?réstlc preferably

e el BN B HORSRRRRdRRoR Lo o L £ o -.
det ]?g |tr g'g?e;lpro’pérﬁrdf #ié Rolographic elpmemlwmrbrawauesrmay be jts charge
pre

ift in wavel ength.of non-i
20 r adengiyonVolyme. pFhARes ¢ Jertity th\é‘g?ﬁﬁ‘@grﬁ e i\%ﬂ?ess charge,

\Qﬂi\@g ¥I35 @Well%ilit} %ﬁ%@i‘iﬂ Q:rogélllﬁie Géhéity OfoérWTBther physical

VI SCOSity,. st rength, hardness,

c hgrogerty. ‘Mamﬂtmmmfdherorgagcb whysigal property; in By fguses a variation
- VertenanaLaRe et e pRi o] rﬁﬂg#ﬁﬁ%%ﬁfmdm or
€ aéﬁéb?béhd@éﬂ tﬁblhvlbgraphlc element.
25 There are anumber of basic ways to change a physncal property, and thus
o vary an optical characterlstlc The physmai property that varies is preferably the
volume of the support medium and, in tumn, the spacing of the holographlc
.frmges of the holographlc element This variation may be achieved by
' mcorporatmg 'specific groups into the support matrix, where these groups
.30 undergo a change in, for example conformatton charge or the degree of cross-
| linking upon interaction with the analyte, and cause an expanslon or contraction
of the support medium. An _examplé of such a group. is the specific binding



of an optical characteristic, such as the
pol arisability, reflectance, refractance or

_ woseisleannge of the hol-ographic el ement. 25 ThesEr/@BRo#004093

nunber of basic ways to changg a physical property,
and thus vary an optical characteristic. The physi cal

Al S PARSREALA s Yt skt o

har eharye cantehtr of tiges supdort medium. dy thip bage, dh erevipgraphiasupport
varigtiqn achi eved | ncor porating specific

g Smi‘ﬁpﬁngféﬁgﬁ%ﬁbig‘ﬁﬁ?w?rﬁ?%igf!' where these groups 30

under g\@i\i8 AiHiecLiies thEPéarfreaniilith atteast (vaRuhEtionss Brus in the
or the dedree of cross- Ii nkl_nﬁ upon interaction w

th
t lederaent mayformaraygraitie £rossx tween sepasate parsel thesupport

kBl 68, 4ATR e oHElsd 8 S, SipPY matrc
C@Ynsaglenty, inpreéssitwiehiane Gobent-Sontalning \@nvisonment, sand the
in the active water, solvent or .charg '

] _ _ ge _content, .of the,,
s §gpBett matdx (FRANORS. thes SERRAt Mt KaNGgFEp ﬁlﬁqihﬁﬁ%qqratlon of

- el W%e} {%rr"efd%éﬁ’.' Spéd?ﬁéi%ertn%?ytg vﬁleﬂ%\% eﬁ%’ri)ﬁb%at 'sp'eciﬁc 5
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nol ecul hat can react east t ctional

gthindisg sites bre previdedrwithia $hd medium.r ever si bl e

e ThBuREY P I Ry oeP G SR Babeble g oncing
achhi SSEdificENy With the SRAFRABER4DIE redeiptOFeineiide antibodies,

of
_ .orh'ﬁ@'
within a solvent-containing environnent, and th
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s lgntios hermaneresaaiags Sirug RRCepiQrS o PRZYRAS: aptamars dwcieic acids,
' | i ' duced. |
ShtcletradBRheRioss. Shd rhfhenis PERRE © CThar speci fi c

10 bi ndirageptor amydedngorperaledint & supporhmedidinusing any suitable
suppor t. nedi ym, ma onprise a receptor which | -,

C AbPR R T e FOT SraTiel o PR T aharormpy comprise
t AstaRiAg Yirctiopl §rRinS; theakBidhfpdrats \cth ain bediovalently linked

| ectinsy hornone receptors, drug receptors, enzynes, Lo
amithnenes anetherciAftemagtively, agecepter H@Vob%ﬂ!ﬂ’%"@?égt,eddﬁoa vinylic

- f . eqf | ed
| R il e Honpctisefef 5 TBhprafa RRASE 10 noun
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i Nt he Onetparpteterdatpiminiry iheapspomss ofthe sysiem isrthewxtent of
conprise ching funcfional, groups; .thg t PN

c STRRSHENING. CERe (HARPRoot. StRsRaiiking PRinte dlue, (B pgiymerisation of
a ers Shbld it be¥ogreat that &ithBlex iBimation BefESH polgther and
ina vinylic nononmer which a conponent "of the -

| analyterbimding groupsisitelativelydow, gincaire pelyma il maypecome too

- UREd TRROMES iffioh e SHSHIRE'Dr thd BSodaH Adkih.
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By way of example of a glucose Sensor, a hydroge l-based holograrri may |

- have a support medium comprising pendant glucose grbups 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
solutioh displaces polymer-attached glucose from the_bin_ding.sites onthe lectin,

. resulting in swelling of the polymer. Volume changes in hy drogel films containing -

- pendant glucose groups and con A can be observed u_s_ing areflection hologram.



cross-1linking. The nunber of cross-linking points due
to polynerisation of nononers should not be so great
that conpl ex formation between polyner and

- WOANYBM2ndi ng groups is relatively |ow, sinBEVERE004/004093

~polymer filmmay becone too FRigid. This may inhibit
“the swelling of the s{ijféport medi um 25 B
g
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. ] way of : .
exAiyglumachangs indbe byde! §'cﬁ|§er%th%fﬂ?%%?p%'?§éa afdhe priggraphic
"Béltruéial‘begﬁd éﬁﬁ BRI bR 4473 SRRRA E&Wﬁn&ﬂ B¢ Hespectral
groups and a lectin, preferably cohcanavalin™ (con
A) reflébted msponséi nds to the pendant glucose groups -

T SRR BN B or, sincs

eth‘h@ tor6fect fHSigclin MSpBsire t6 @FGAIE Solvents. IBemtples oBSuiteble

sol uti'on di spl aces pol yner-attached %I ucose fromthe
bi giticage sempenentst ae high tmeleculae wigight dextren; \and they manomers

h | ' ' ' ' .
roene ki e A s——
g ?:ip}?g.rgg gulﬁﬁmiggbbﬁﬂﬂé&ighém?, dzml be&emmppﬁﬁdurﬁﬁgﬁé palym'rarisation
| R AYIBIAe PAR OB AUHOLIOOPRE Sl GV Y B Biymerised
Stg; Liﬁ&ivﬁf‘ol%llf BP tdhseiied Wiﬂ'l"@&nélﬁoﬁieﬁél e pBlymitskftalpreferably

wavel engt h he spectral reflected response.

Waprepatexhasi thip §itrasren glasssuppents.ed i n such a

| P ?L?ngg%gig@pél%(% ?%pg%hg%egejsggﬁpgs? O@@%#%Earﬁf %hitﬁblé glucose

h
19 be
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‘sUicbapice, paititnaggonewnienalbws & feversible anaraihaphysiahproperty

dextran, and the nononers allyiglucosi de_and :

2-0fl D CRHAPER, WERYIM KBoR Rinding vl alirpse. ok example. the support
SHEey GENENSS oRR BT OB g LR s henbbroicaci
acond deiiditiviedbensofioworadiacent digi groupsini glkicase binriwith gboronic

c AR PN SFReer g e brRieneapon rbls A IGGpritd dlement,
t higBcfibm NéF glucBbe switls Uaarishs . pHerybaroniep icld ajreapsecauses an
sensor may conprise any suitable gloucose rece

tor,
papeasion: of thenauppart mediymwaug tedbefompaHoR RNRronAte, esters.

20 S’J\mthgﬁt\g%égﬁq ¥ bothd bP g?e%{r‘ﬂﬁﬁybeﬁ%d%ﬁd{ B bSidMdtdEsters are

‘For “exanp e support 15 nediumnmay -~
c anggativelymharged andefietta RDonan petential, causimgawater to partition into

PR RReAT S, o8 i bbb sy e octnce

aGhaxifiePtedldngef WaveRngtHE, Thecstingability of boroni. acldhgsoups is

in a holographic element, reaction of E.I ucose wWth

egromatic species where -

peatipngly derandenben emalecklag osamety andd

25 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 UM
‘range for tear glucose. Preferred boronic acid groups include those described

" in WO-A-04/081624.

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

" because most sugars are found on glycoproteins and other macromolecular



expansi on of the support nedium due to the fornation
of boronate esters. 20 Wthout wishing to be bound by

" wieosspsidat i s believed that the boronate est ePCT/BB2004/004093

negatively charged and effectga Donan potential,

.causing water to partition into the support medi um

' Thstm&m@anﬁeomey%@ba@"a@%am@aﬁ@Itﬁds b%nhB? blnd to the boronic
reflectance nmaxinma to Ion&gp wavel en ths. The sensin
8

ab@noupy ob thepsippertanediven. & e.lSsthesq ¥ 5T thatda dewnd free in

el G R enRERUT ke b iradii e i Soke aproblem

gl sincsit issamna-hiytinoxy pcRibeisicls bindsdo orthic mtdt_?r@upalandtny in ocular
of affinities, in the nMran%Sfor bl ood ucose and

i fluids geperallyprgeent i agsegtep aeaniraliph dha Qhaeass: oni c -
aci d gr'l‘lﬁoégérgg%% %cfé?@ﬁﬁeﬁ&%ﬁbé%%ﬂ éae' é‘ddressect'i..bg incarporating,

WO A- 04 oron| cacl d -conpounds, 1 n parti

B _p Ha rh!;wb deviosiacgracp aviichnrepsisiactaie.c Ladates caries dreoverall negative
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‘exanpl e

t th f t he det ect :
HR P iisTeiBaleab iy S End Snii. Top SAmBEL 41€ sFPpord rugbium may
t higryl ae@buphaﬁuﬁbwegénw chérg@omeanagmiﬂcﬁrofmeﬁmwbe apparent -
nost “sugars are found aon gl ycoproteins and oth

nde ﬂ'@ﬁ@l skilledin thaark gusexempia of paoh mums@mw acig, which can
S PRl i 8 e R AL W BENEPG IR of monomers

mantiuding Gforc exssmple, tdnwlaumic;ogiy@am btidl IFhd @yt:ﬂ:l‘br acid m0|ety
Bl SELIEGH i U D s st
aﬂaaw&emsm@ mevmb ea:wég d ﬁe QF\FH‘bﬁ‘a g@@ﬁa&é&e but not

IS, INn OCU ar 1 ui genera rese reat er
c ghingser aNtermath@JM. @nejdnmemcm@epmunam ttself @arrart @ substantial

bRk s RPN, £ 6 sl RER6RAR Bold g it Suitabie

agleotenaddnatingagroups. Arnegample OhStSd:l’Db_Obbﬂﬁ'Iic facid s 5-fluoro-2-
& imflhainiashagibsoele iy Kroker Fati b afauh Pegatively
-Wchlarq%e o Rthe Hheh drbGs & é?hbhﬂﬁord ﬂatbfrsc@;gtbr e surface

such a'group 1's aci d, wh
bef thﬁimlwﬁah@celemeut @rrtbeslwm mayrbamgaiveimarged to reduce

p i ncludi ng, for exanple,
' ﬁ%ﬁﬁ%§§£1%$ r&tggg'%g'%g'rhe glycolic acid noiety .
conpet Assensbhcan disode made Imoredatedtive f@r@ld:ce&ﬁeeby mcorporatmg
phen Iboronlc acid sites however, since the
mgftthe amine

c HPF %lﬂ@g&qunﬁéném@gepoﬂ madiye; J hPa’éW&'Q@"tﬂi?
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1 |
DL forpy e BRI oo CRuRP B Cr G, MordBY promoting.

pliireation af thenmoee tractiye tetratwidrak ¢onjornieatidm aboutithenoron atom,
W th SJIJI tabl e

he support medium may comprise one or more macrocychc groups such

as crown éthers, which reversibly bind a range of ionic species. Crown ethers

are well known to reversubly bind Group | and Group Il metal ions. Therefore a

crown ether which is specific to an ionic analyte can be immobilised m_ the

suppoft_'medium and used to continuously monitor the presence of the analyte.

The following Examples illustrate the invention.

~ Example1-



el ectron-donating groups. An exanple of such a boronic
acid is 5 fluoro 2- nethylacryl am dophenyl boronl c

acid.. Another option is to attach negatively zx%
WORAH03142t he phenyl group of a phenyl boronat%CT’GB 4/004093
receptor. The surface 20 of t A@ hol ogr aphic el errent or
the device nmay be negatively charged, to reduce

ef f ect sA sontagtiens waspreqycedaseerding odheqrotagsl descrihad above.
n&ﬁg% ngtgﬁscﬁrjg%mb%lﬁ Fa%rhldgl H%ﬂiﬁtbyccirﬁﬁﬁggar ai%czog mol of 3-

ni éér?&ﬁﬁd@fbmnytﬁorbme aud rtbe sgntbeasrrﬂwﬁlchnsadescnbed in WO-A-
intranol ecul ar bond w t h the boron. at om. t hereby
pr@HE8I8A-25 formation of the nore reactive

5 tetrahegial o confar MRELD InBDREt efd of RO HMaH 9Bluntdéie who then

support medi Um may conprise one or nore

- neingestpdid 44p bolps of glticosasThe l’ﬁﬂﬁ’o@ﬁﬁ @f Ehe fANtgst lens sensor was

ribehmrBein ity & FE0R Py vRiG R rerBR AU, B8 iucose

- Mefedblsividite- al S Rionftered directly Osinget tenventional glucope tsehsor
to-an ionic analyte can be i

bi | d t
Soppor tFIgeisaWE e Tasnes ok IR SBELES RARSoE g that of the

10 prtﬁl pfgﬁ:tl é&sﬁpalt% Ewde@ﬁaf ﬁi’\'el r‘é‘é@%ﬁ &< B Heeivo sensors are

. e

e I 'nvent1 on 20051031442
PGEiniiag, Qﬁdpeauml ofl Gludosmibeing: tabsemd\m:sarpundd&as minutes.

according to the protocol described above. The
nﬁ@ﬂ@&iol ographi ¢ el enent conprised 12% nol - of 3-

 acryl andeRAEAEROSMTIP taThal, of Exarhplel owgs peifostied, using an

is described in WO A- 04/ 081624. The | ens wa

| rohiblenio yeplant conATIRDG PSR- THOAHBP DHEREd LR Pated with

25

0

The response of the contact |ens
gﬁggf&ﬂgﬁﬂg}ggﬁﬁed in terns of the shift in the _
vvav e | e n'giélexﬁermﬁrit waloonduﬁéd onl agabhkit iesteadof ahumanvolunteer,

& feviae GPanErsEorpopUa it B Pise 818y, el B wes then

Seé}%sthéﬂs@d L?slﬁé‘ ﬁhtx? faziftehasedl otssbl siHieh sauses divod ievels of

is evident that e responses of the two sensors

ar@ucsseﬂd rise ta adeyed anmrrmy sefn if digbetic thﬁgt%@@r%aemn ef

20 2 o DA To PN ThiroBialEb01 /3 AAESE ToThe conoenraton

opdtghadaBecvashbn morﬁtomd Lsng malhmlardn ﬂgam Bieod quplamf glucose
nev%#enélgg%é:mt%trgg dlrectR(
' Flg .3 shows the response of the ho!ographlc lmplant Fig. 4 that of the
. blood glucose sensor. Asin Exampie 1, the responses of the two sensors are -
similar. '
: Example 3
A holographic support medium was formed by copoiymensung 13 mol%
5-fluoro-2-methylacrylamidophenyiboronic acid {the synthesised according to
WO-A-04/081624) and 3% MBA in acrylamide. A holographic imag_é was then
recorded in the resulting medium and the sensor used to dete_ct giucose 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.



10

15 Nel filcon (C bavision). The experinent was

conducted on a rabbit, instead of a human vol unteer,
WoSesKsiae i npl ant ed subcut aneousl| y just bel 0%&/@%2004/004093 '
eye. The rabbit was then anaggthetised using an

xyl azi ne-based protocol which causes bl ood |evels of

gl ucos

i | ont U CELAEa By Fig, 80 TR nbrBfed seiBct eiglicpse over
THactabe ig iattsbutzbidl to the 23yga@s7and Hitrogendased aeleoﬂnn—dbnatmg

b 95BEPS Ferinaled i Hedion e o fas Fhsy Roraista Poeripy, These
F'g}ouﬁsﬂb?éﬁsetthé éméﬁh e &fdBnBahaBReRBLorh P! ant ,
t hat .of the bl ood gl ucose sensor. As in
Béx:qmigﬂ the responses of the two sensors are 25 :
I h hi )
For e by HHERD S SRR b BB 55 rors

aw{iemidomfénylbamm aﬁildpl OR mes1 Y4 b&rymrniﬂogﬁmbdc(édwand 76 mol%
nt hesi sed accorndl ng WO A- 04/ Oﬁ%) and %
i racadaw%ﬁn WRINg &% dWHYr afp Rrdimethey~ kacele enone (a free

erégchPgrphé}]obggasﬁi?xfé{th%ﬂpH@%%m raﬂgl gPﬁnS\ﬁ%%c&%H in the

- a tenperature

: ofmélﬂi@n And the resulting pensmdestedd@' itserdsponed te glucopse and lactate.

bo BBl RUlRR SRSEn i B B PSR AV toglycolic acid

" 5rediied fBTesmshsef B safidor i hedWacanslyreecas therégative charge

Is attributable to the oxygen- and nitrogen-based
elof ¢he @8idip Meietk Fauges gpsigaifernl degree ebswalinggfdhe polymeric

I NCrease 't n ato

- Gk, tﬁﬁvg&%nﬁéﬁb@gﬁaé ﬁ\g:fégté’%p?riéieﬁ gliddsEthan lactate,

15

Ebauahae 4hé\gmndlim1 a‘crdammﬂmrmnt e:drria% mhqgaiwesccha;gezvhlch repels
% 3 a %
‘f}?@m %ép@%ngm?ga ?ﬁ)or 86: %eoxp'"%}%l ani de, usi ng

| meg\r[ésof - di et hoxy 2- phenyl - acet ophenone (a free

20
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' fover lactate; the peak wavelength shift for lactate was only about 12% of that for

30

radical 1nitiator) in dinmethyl suiphoxide. A_hol ogram
vvas r e®orsypEOit nmeriim ovag diormedably  cReolyEariainggl 1.9 mol% 3-

" SE0mEBhEAborld 48 SRRIR N SR propyleciemide,
pQ@ent% nethglensbisacriiagiige ahd 76anols aceplanmﬂe tbyeexposure to UV
n ggﬁfﬁg(li hg{*%i%@e? %n%o;r:rets%n lj?leant acetic, aac: SQﬁJtIDﬂ were S diffused into

the medium, the acidic solutlon present to prevent "foggmg of the silver by the
am;ne component A hologram was recorded in the medium, and the resulting
sensor tested for its response to glucose and Iactate

" The resuits are shown in Fig. 7. The sensor was selectlve for glucose

glucose at the same concentration. | Also, the wavelength shiftisa negative Shlft

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 responsé
to glucose. | ' '



- of the acidic noiety causes a si gnifi cant degree of
swel ling of the polymeric medi um However, the sensor
was nore responsive to gl ucose than | act ate
" WORAMB144Ae gl ycol i c acid conponent carries ap%ﬁﬁ%“iwg"““”
- charge which repels lactate; 1 thout significantly
af fecting gl ucose bindi ng. Exanple 5 A support medium
waELAIM8ed by copol yrmerising 11.9 nol % 3-

. ac yl aghp,g{?lﬁ&ﬁpﬁwpﬁrs‘y)B'f*@&{?%ﬁc&mﬂf'ﬁs’rﬁ%°{%g%h"ie‘3"ﬁ8F9/"'“‘""9'"9

”eé Wé@uﬁﬁtﬁn&aefs}ﬁbééﬂ fHeréin Ja hblord mYawhereth M @btlcabﬁharactenstlc
exposure to OV for 1 hour. Silver ions,. prese

i nof:ihezajement dmmewsm resuit af vagdation,sba physisal pfﬂperty of the

5 T Ay i oo RS o otween

homedrmamanrmdpcbsemtrfmmdanmmcand the resulting
'sepnsor tested for its response | ucose, ang Iaﬁ( ate

.25 TheeyviceacrardingtosHaih 1 %hqfﬁgg the megiurads,pg |
segectixge t‘ah(n‘&E a@benffogjgefo Q¥fed 2! ARGrBIA thé hﬁad?&ﬁhs obtafunable by the

wavel eng actate was only about
t hpalyinerisatipruafosenemerstipcluding acayitasnideat i on. AI so,. the

RS T Syt e e e —

'sfélémenraseyﬁ@ﬁ@niﬁﬁnsnﬁer background” (4mV . Iact ate had
a negligible effect of the sensor's resggnse

) gl8cose deiios GNP ACHIRCBI08 Fleumobgsen sheiniprstion is a

I?QIWBE%JH c device which conprises a hol ographic
' I erre conprising a nedium and, disposed therein, a

| hoas ogr adevibeaecording toptlaions, wheneio tihe readtion isfreversible.

15 ST R R R e oA S Rl e anaive 1o

vagludddedn arises as a result of i nteracti on between
the nediumand an analyte present in_an oculgr fluid.

2.8.A debidavior: @seardieg (19 elRN i, 1WhHEIN:the { MediR; eamprises a
HEH 4i€: acid-qréugievi ce according to claim2,
R FEVITRE 2ot g

I'S obt ai nabl e by the
_ poQ ynerA siatice @cobrdimgitanalais B8rwheminghe cngdicm |sezbta10ahle by the

20 SRR L HbelteS RS SRS B iRV GbA e or -
' d%&@-z&ﬁ@ﬂfaémamidbpﬁ@nybbmﬁ@bﬂm claim. wherein the
! n1t OeIr a% Idg\rf;cé chordlng to claim 8 or ciaim 9, ‘wherein the medaum comprises
8 _ agroup which is capable of repelling lactate, the group comprismg a substantlai' .
negatwe change ' _ ,
o 25 11. A device according to claif’n 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 ihclu'ding acrylamidoglycolic acid.
18. A device accordmg to any of claims 7 to 12, wherein the medium
30 comprises an amine group.
14. A device according to any precedmg claim, WhIGh is a contact lens.

15. A device accordlng to any of claims 1 to 13, Wthh is |mplantable



chem cal reaction. 6. A device according to claim5,
wherein the reaction is reversible. 15 7. A device
Wmmsjogn@zt o any precedi ng claim wherein theranaBzén/eo4093
gl ucose. 8. A device accorggng to claim7, wherein
the medi um conprises a phenyl boronic acid group. 9. A

deygce AGH&hed BPdétecidribinah artdiftesh antdtiIdrRiidWhigh comprises
obt ai nabl e by the 20 polynerisation of MONOMET S

- i neletegling any meaﬁfmféﬂ% gharastpdstinefdhe holbgraphisedement of

2 Io R GRS IGA TG Tt tie Ml B8 e
comPr i sAsnethod farvimevrodiction asfren degice faccerimg itd &laim 1 4, which
| actate, the conprising a substantial negativ

5 ch%?fﬂ%rlsefsc@iaq"t'ﬂgé'é%h@'@%@@ﬁm‘ﬁﬁ'eﬂbwﬁh FiGentast I Meherein the .
k t
LLparacen PGB Of tid BIRREArGR] 1 eyt gl aTihidie) Bfg cross-
cl linking saidregiba$.m 11, wherein the nediumis forned by
t he pol ynerisation of nononers including . _
acryl am-dogl ycolic acid. 13. A device accordlng to any:
of claims 7 to 12, wherein the nmedium 30 conprises .an-
~amne group. 14. A device according to any.preceding
‘claim whichis a contact lens. 15. A device
according to any of claims 1 to. 13, which.is
i mpl ant abl e. WO 20051031442 PCT/ GB2004/.004093 13 16.
A net hod of detection of an analyte in an ocul ar
~fluid, which conprises" detecting any change of the
opt|cal characteristic of the hol ographic el ement of
~a device according to any of clains 1 to 15 with the
fluid, in the eye. 17. A nethod for the production of
~.a device according to claim 14, which -conprises
contacting the hol ographic elenment with a contact
| ens, wherein the contacted regions of the el enent
and the lens are cross-linkabl'e; and cross- |inking-
sai d regions. . :




