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("’J. (57) Abstract: The present invention provides an indicator for the in-sitn detection of the presence of a substance or a microbe at

“~~ alocation. The indicator comprises a layer (8) which is susceptible to degradation by the substance or microbe or a first substance
associated with the microbe and a signalling layer (7) which is adapted to proeduce a detectable signal which indicates the presence of
the substance or microbe or a second substance associated with the microbe or a further substance which is located at substantially
the same location as the substance or microbe. In use the signalling layer is at least initially protected from contact with the substance
or microbe or the second substance associated with the microbe or the further substance which is located at substantially the same
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location as the substance or microbe by the degradable layer.




Abstract: The present invention provides an indicator for éﬁgmi bgitu
detection of the presence of a substance or a mcrobe at a cat1on. The
i ndi cator conprises a layer (8) which is susceptible to degradation by the
substance or m crobe or a first substance associated with the m crobe and
a signalling layer (7) whi i S.a0dap B B g el
mhic%_ind'vg_- Y .-(. ocarn WO D270 30478
subst ance associated with the mcrobe or a further substance which is
| ocat ed arubisddst antially the sane | ocat iF@Ro&sr tlenduashiaamiaensoder mikecalde. | N
use the sigrdtergoriapstg at | east i ni tieaolesen Gadspnd dibredhigny” omeasngita éeinwi t h
t he Subst @§QRiteofpublitaiabE: Rimaihg seecepg: s IBFY AREE AT HETHth t he
m crobe or the further substance amiyebpzi s | ocated at substantially the sane
| ocation as the substance or m crobe by the degradable | ayer. 6 Apri
2005 WD 02/ 30478 PCT/ GB01/ 04588 1 | MPROVEMENTS | N DETECTION Field of the
i nvention The present invention provides a new indicator for the in situ
detection of the presence of a substance or a microbe at a | ocation, and
met hods for its wuse and construction. Background of the invention For a
nunber of applications, it is inportant to be able to detect the 10
presence of mcrobes at a given location, for exanple to determ ne whether
. foodstuffs are safe for consunption or whether a wound has becone
infected. There are currently a nunber of nethods for the detection of the
presence or absence of mcrobial contam nation. However, these nethods
generally require a nultistep assay to be 15 perforned in a | aboratory or
other clinical environment and not directly at the |ocation where
- mcrobial contami nation may exist. During the process of wound healing
there is often a serious danger of




m crobes entering a wound site, multiplying and resulting &R ;“t%[o\éound 20
becom ng infected. There are currently only indirect clini ¢al et hods of
determning this condition. This is usually at a point at which infection

has taken hak@easgdsi S considered to be seriously detri ”eﬁfg%?h@%gﬁ?e

patient. In extrene cases septicaema wll result. Ont and it is
‘'wel | - understood that over-frequent changi— ng of a patient's dressing | eads
to 25 sub-optinmal wound healing. A nunbér of systens have been proposed

whi ch are intended to give j b ing of exudate
striking through the surfaceﬂ%i?ﬁbggzg%%ﬁggl}g%%@nd hence provide an
i ndi cation of when a dressing 30 should be replaced. These include the

SignaDress (Tra r dressi.ng, available fromBristol-Mers Squibb,
which has a traﬁgega;r"g#fe%lg% O"Eheet on which a circular line is printed.

Uhen exudat e frBie phaccungition phovidsd nGPSRuUALORE 304 1P, RETLEREN/ G458 2

absorbed by the_.dressing, an area of noisture Is eviden e cover
sheet, and i1s GSPESHRAGOE 2NLHECY Prea miprebp atik deaation t 4rslt metheddfersas ng

shoul d be changrRtndERBndridedd251 di scl oses a pad including a substrate that
all ows the extent of wound exudate absorption to be viewed therethrough.

WO A- 99/ 12581 di scl oses a wound dressing including an indicator |ayer

whi ch cont ai ns BaddfoddlPbr GRANGGR1GO! OUr On contact with water. O her
systens have been proposed, i'ntended to give nursing staff an indication

of when a dressiforga shumbled dfeapplipitiomed it Foimpoednp! 6, beERLIA H0dQ4I06R8
di scl oses agw I

rLessi ng including.a tenperature-sensing liquid crystal
tape; there 1sho eviden S [ [ S mguses o
t h B [“Q%SQ‘?? S Beri RsEieh fRy e¥splp 0os Hoterm f
{ ner eased t empeviatherefoodkiufrh arByaRy 6RKoftmgion & VAL YE Wil e Lo
change the dre‘j}slgtg. %12 Current wound managenent is pertorned [argely on an
entirely subje eeome infected. ﬁé}‘ﬁ% Pt eHEenlys tae gampen pd smdthalioviier pthevi de an
indi cation of detection of the presence or absence of microbial contamination.
However, these methods generally require a multistep assay to be
15 performed in a laboratory or other clinical environment and not directly

at the location where microbial contamination may exist.

During the process of wound healing there is often a serious aéﬁger of

microbes entering a wound site, multiplying and resulting in the wound
20  becoming infected. There are currently only indirect clinical methods of

determining this condition. This is usually at a point at which infection

has taken hold and is considered to be seriously detrimental to the patient.

In extreme cases septicaen_aia will result. On the other hand it is well

understood that over-frequent cﬁanging of a patient’s dressing leads to
25  sub-optimal wound healing.

A number of systems have been proposed which are intended to give
nursing staff a prior warning of exudate striking through the surface or
edges of a dressing and hence provide an indication of when a dressing.
30  should be replaced. These include the SignaDress (Trademark) dressing,
available from Bristol-Myers Squibb, which has a transparent cover sheet

on which a circular ling is printed. When exudate from the wound is




| It i [ i natlQn. wound
wound condition or of the presence of mcrobial contam na 4R m% 2 _
site. 20 In the personal care, clinical nutrition, phar maceypl ca!o, dai ry,
beverage and food industries, rapid and traditional m crobiol ogical

[ [ [ [ [ mwrg ' | vy _follow ng
met hods exi nitor product quality during and i g &l disd
t he product ?‘g(r)\bg?)oﬂ)géess. However, this approach has the |i§§vﬂ%f§ge t hat

these tests are perforned on a small random sel ection of the total

: S 25 are therefore hé pful only in indicating gross
production batch, and P acture.. No.information on

i cr obi Al acti vitgy T bf the debEiR i arts of BOIALHE s hnend Hyrtiah i camer ot he

|ron r 8{132 It a! sagfala\r/rlﬁhgqti):mgit;gpmaﬁngu mmrmetmrlﬁleqhdﬂcatl‘és %t}eltr‘ﬁ h}efsﬁ?% 5%51% e (r) EEL ;a,ng
[ e a

and subsequent P8 i, " RS Ghsclostn gopedinctedie or gamisio tioan

contani nate t he aflowstied exterkh® w8 QRGO hbdobRss: B M&e@%@?féﬂrgﬁ% AN

' rdi se the | ] organol eptic characteristics o e product,

Conpr o se pgr f gf%%’é’ 256 dislgsps P 08 dnessim BOUINPOT AGBOAOOLHSE 3

shorten shel - hach dlnkiind § a0k s BnpBPLIAESPLor gAY ghpol cal detection

[ - f sm
tend to be selective and may miss certaln specres © 'sm
M cro-organi snms of particular concern include the opportunistic 5

ds whi a Vi ' f r gani ound. in sojl and water.
These bacteri a e sl bhATBER BloitOhChiten dockive muitas) 38 Mhnd gr ow
‘al nost anywher eindftation dfawbende usessingashio8MEbO keplRAE! Fof @xahpRsSwEeLs include

' I ' ' | ' ltry. 10
E.coli in begf, r soft cheeses. and sal nonella in poult

Pa(r:t i cul arl ggv uPJr‘lsleoﬁsggl g&?lg%]er‘?s aoW"\“b‘g SPHeEs n?i‘t‘;q%eﬂ Upmperature-genniag .
treated)/ESL (eligeddedsahefape;| iifed idahd Yevidet Uabahs 68 UtsiElliuidhidy QuCts an
raw meats. _ possible causes of increased temperature, which may or may not be

indicative of the need to change the dressing.

15 Current wound management is performed largely on an entirely subjective
‘basis. None of the systems proposed above provide an indication of

wound condition or of the presence of microbial contamination at a wound

site.

20 * In the personal care, clinical nutrition, pharmaceutical, dairy, beverage
and food industries, rapid and traditional microbiological methods exist to
monitor product quality during and immediately following the production
process. However, this approach has the disadvantage that these tests are
performed on a small random selection of the total prodnction_batch, and

25  are therefore helpful only in indicating gross contamination problems at
the point of manufacture, No information on microbial activity is given to
the end user up to the point ai which the product is deemed to have
reached the end of its shelf-life. Furthermore, once the packaging has
been breached, for example by the action of opening and subsequent re-

30  use of the product, opportunistic organisms can contaminate the product.
The presence of these micro-organisms can jeopardise the quality and

organoleptic characteristics of the product, compromise performance, and




15 Consuners are becom ng nore demandi ng and expecting pr OéjH&,'%"s%ng contain
nore natural ingredients with fewer preservatives, togethe it t he added

requi renents of having |longer shelf-life and the ability to perform under

difficult coggighsees. These custonmer trends are powerful ?f?;g c‘ﬁn i ncrease
the risk of contam nation both at the point of 20 manuf a&EYCE T whi | st
the product |s in use in the hands of the custoner. The need therefore for
a method of providing a continuing check dn the |evel of bioburden in

these products igoflEaterr RRSChiRtOR:0f the invention 25 According to the
i nvention there s prgveillegig 'a%is?ntéé)dgté ] nge%lﬁdgb? eMigrpbiolpgical idefegtiome
presence of a subrttarhsesetactise whd maenisd cataiDgRkcicRb WRESllsm ] Ndi cat or

conprises: (a) a layer which is susceptible to degradation by the substance

or mcrobe or a first substance associated with the mcrobe; and 30 (b) a

si gnal l'i ng | ayeMiskd-ofpahismadagt ephrtiGuily O8dkeer2 ARGk ake S |. which

~signalling s bs%,an%e i ndi cat es fﬂﬂe presence of ?ﬁe‘ﬁﬁsu St gR§ IStr!ﬁ crobe or
a second substaftBRLCEEsaBuciare snrommegli brQOdENLOR 304068 and

PCT/ GB01/ 04588 4yatd¥l Gh t her ugﬁ;. whi.ch s at sybstantially
the same |ocation as t@%gbﬁ%gat g%eﬁgém% cr oggl?ﬁvﬂ%g%iaﬂé O Mpsapolig e

signal li ng | ayefnd oy salgiost @axwhirai Otler| hazprdotie cdrganibhmonsf eabacio Wi th t he
substance or m . ; ance assqciated 5 with the mcrobe
or the further gﬁﬂggﬁ gﬁggkgﬁefﬁ'&?@%?’ gés?‘ﬁ%’ggtg’élﬁt?nafc&gg/c tRses anthealmgeelfa on as

t he substance oft pgwitnbe by the |ayer (a). The signalling |ayer may be
adapted to oduce a detectable signal whose initial strength is
proportional to the amount of the substance, mcrobe or 10 , of the second

subst ance assocPatieutarliyt RulnBbld GoARE of MHoBktuifS RLARRRMUNT TOHS, Wign there

is a conparativel e .anmpbunt. of the substance,
: P _ &e%e&)?}g&, (extended shelf-life) dairy products, cook-chill products and

raw meats.

- 15 Consumers are becoming more demanding and expecting products to -
contain more natural ingredients with fewer preservatives, together with
the added requirements of having longer shelf-life and the ability to
perform under difficult conditions. These customer trends are powerful
and can increase the risk of contamination both ai the point of

20 manufacture and whilst the product is in use in the hands of the customer.
The need therefore for a method of providing a continuing check on the

level of bioburden in these products is clear.

Deseription of the invention
25 According to the invention there is provided an indicator suitable for
detecting the presence of a substance or a microbe at a location which
indicator comprises: _
(a) a layer which is susceptible to degradation by the substance or
microbe or a first substance associated with the microbe; and
30 | (b) a signalling layer which is adapted to produce a detectable
signal which signalling substance indicates the presence of the

substance or microbe or 2 second substance associated with the




m crobe or of the second substance associated wth the m Cég%ﬁ §sent,
the detectable signal is initially strong or when there is éo#{? ratively
smal | ampunt of the substance, mcrobe or of the second substance 15
associ at ed wydrrdolpg m crobe present, the detectable signgl.js initially
weak. It will be understood that it is the initial strengF'f:(G%?lmf'??g si gnal
which is inportant because for sonme substances or mcrobes, the activity
of the 20 substance or microbe is not quenched on contact with the

signalling |ayer. Thus,. er. aperiod of tinme, even when the anount of
the substance or nicro 3‘60|be %'oﬁplﬁfté?ﬁ Juhsancgewhich jis af yubsiaptially, thre

signal ling layer until sahé locafiod Betheayibstande d¥'idedhend the detectabl e signal
with the result wthglat. t he fi{1al . deilt ectabl e signal is strong. 25 One
advantage of th& FHILUSh: e signatling; layes (byis e lagst initindy prasected froshen  t he
~anount of a subsémaewik (Y SilbeRRcAbr Miahi io?‘ﬂlllaflgec!oﬁ(?géﬂs?:{}lﬁgibg%orcgagg ed a

predet er m neg ampunt , for exanple a dangerous |eve of a
m crobe wher® t W& Geanicsebe or shenbutheri sybstateenwhichr isaati substandallevied at 30

whi ch i nfectiongimhd : X e.the, locationis a
f oodstuff, the amuirﬁca%?y?hggr%ulgs?%ﬁg)&?g%edba\ggéé? Ayt d be an amount at
whi ch the foodstuff is dangerous to eat. 6 April 2005 WD 02/30478
PCT/ GBO / 04588 e 0 e invention is that it can neasure
the body's r es?g%ggh?%Egﬁ%%gyeaggjﬁcae‘{agkgrﬁocﬂ%%@@ 4 dgtegipble signal whoss cr obes
t hemsel ves.  Thiiiigi\stnengtbris phrogoed i 1@ (RViElamt Jf MR funsBheY alferdiidicat i on of
a clinical 1@ p‘#)gieegl A fulﬁ)her advant(ftge_ of the invention is that whil st
traditional et hods orond,sphskance assaciaed gethethe wicrebmdwhishbie preseatt i ve and
may m ss cert ai Thuss p@eh ehef idiaC e Baratiiy CHELE Amouly $71 IR shids Lhe

I'h that 1t g 3 We¥sure of

advant age over these 10 %radi tional " methods i I'ves
general not sp JBjcrebe or of the second substance associated with the microbe present,

the detectable signal is initially strong or when there is a comparatively
small amount of the substance, microbe or of the seéond substance
15  associated with the microbe present, the detectable signal is initially

weak.

It will be understood that it is the initial strength of the signal which is
important because for some substances or microbes, the activity of the
20  substance or microbe is not quenched on contact with the signalling layer.
Thus, after a period of time, even when the amount of the sub'stance or
microbe is comparatively small, it will act on the signalling layer until all
of the layer is producing the detectable signal with the result that the final
detectable signal is strong. | |
25
One advaniage of the invention is that it can give an indication of when
the amount of a substance or microbe at a particular location has reached
a predetermined amount, for example a dangerous Ievel or, in the case of
| a microbe where the location is a wound in a buman or animal; a level at
30 which infection might develop. For example, where the location is a
foodstuff, the amount of the microbe to be detected could be an amount at
which the foodstuff js dangerous to eat.




m crobi al -contam nati on. Another advantage of the inventi O@Ai S t a
background |l evel of a first substance which nmay be presen Rt ocati-on
will enable a positive signal 15 in the indicator regardl ess of whether a
cont am nat i Rgg gitagiance or a mcrobe is present. The ti H\‘?"hﬁ&yi red for '
this reaction to occur is significantly |onger than the ¥ Ofﬁsaui red for
a reaction to occur when a contam nating.substance or m crobe is present
and therefore can provide the user with3an indication of when the product
has reached the end of its 20 working life. The sensitivity of the

i ndi cator according to the invention is determned by the nature of |ayer

(a). It can be deéurthenatdvainegd bf che indearen i€ Aati 1§ cah NReasiieIR! pddye; amount
of the substanc the first substance 25 associated w t% t he

m cr.o or

ni crobe, or the(P?sBWbs&mgﬁeep’ﬁ?é?’}"Bd’f(‘j‘?m’iqbﬁ%r%tth%@e migpehes themselyeex posed t o
t he substance ofTh&lieveakion Aherbftge bidvidesS BRLARGEY cliphesk Wkhiclpe

m crobe, has_to be_ before the Ia;i/)er (a) Is degraaélggﬁ‘ﬂtéu |%i¥emr?§"F1)9¢o al | ow
t he subst anc® oPf¥™obe or the second substance associated with the

m crobe or the further substance which is at 30 substantially the sane

| ocation as the substance or mcrobe to contact the indicator. 6 April
1 2005 WD 02/ 30478 fcthetaiyantes 3¢ the infentiomicitne shilsf trhdiyiesal (Mdthadidot he
materi al used tﬁ-g}gﬁi@l'- IS f er y hosen according to the | ocation at
whi ch the indicator |sdg{‘%"hbde"?%°?8§ %gléh“’ PR aSelcHiYs NHiTUEE FertAin desi gned
to detect the pfresiencd wicrabeyithe aloerent invehtion et ANC QG FantARSHrAhEE Wi th a

m crobe, the,l e is.structured such 5 that the signalling |ayer
produces a goet‘g%%gg%’g&sﬁnﬁwgbs Bléftg‘?teﬂt Bi¥es @omcaris afi gyentl adiespecificobe
reaches a dangemimsbibbsoiami@atiéd)e ot her hand, the | ayer (a) should be

sufficiently robust that the tine required before it is degraded by a
background | evel of a mcrobe or of a first '

Another advantage of the invention is that a background level of a first

=

substance which may be present at a location will enable a positive signal
15 in the indicator regardless of whether a contaminating substance or a

microbe is present. The time required for this reaction to occur is

significantly longer than the time required for a reaction to occur when a

contaminating substance or microbe is present and therefore can provide

the user with an indication of when the product has reached the end of its
20  working life.

The sensitivity of the indicator according to the invention is determined
by the nature of layer (a). It can be seen that the thicker layer (a) is, the
higher the amount of the substance, microbe or the first “substance
25  associated with the microbe, or the longer the period of time that the
layer (a) is exposed to the substance or microbe or the first substance
associated with the microbe, has to be before the layer (a) is degraded
sufficiently to allow the substance or microbe or the second substance
associated with the microbe or the further substance which is at

30 substantially the same location as the substance or microbe to contact the

indicator.




substance associated with a mcrobe is |ong enough such thﬁé t.{gooi ndi cat or
10 has a useful working life. The thickness of layer (a) a Pf! ﬁaterial
used to make it can easily be determned by trial and error by a person of
skill in theygiismpen the |location at which the indicator is to be used and
the type of mcrobe which is likely to be present are kn&WCBIEie

I ndi cator according to the invention can optionally take a range of
physical fornms depending on the l|locationé@t which it will be placed. For

exanple, it coul . | he for f di sc_whjch conprises the two |ayers
(a) and (b) in sﬁ‘ﬁ?ﬁ‘é’ir?ﬁ?séﬂ?ﬁ%ﬁrg%gﬁn‘? &W?“%BS%%P#%F Saurferabdy | n
substantial I'y plchomn decortimng thaYedatioRkt $RIShAnSindiEASE iR bd &%elﬁysu{zl; or 20

exanpl e by being,in.the formof a cup such that one face and e Sides of
layer (b) are cg%r“éifﬂﬁi}er eator igydesigped)toodaiget dhe arpsencet of 4 mjeobd by .

Alternatively t o sibathinea(sPhssB6RRAN M 2 ticldhe {h@\ﬁgﬁz%rit)@T \%ﬁﬁlg’tgﬁlﬁ&g%ﬁ égiuggt ubul ar

form wherein_the core of the tube conprises 1ayer coat ed
by layer (a) 5 Aﬁhaéxg}?plségl’@*h% dayeralpreducedh 4 adetéaable okignbe be2brel NEE cat or
according to th@ohdauemidLBy | . hread. The location at which the
amount of a substance or rr%cé?%%lel&@%%ga‘%gg %d'gﬂnésfif’é‘a lﬁﬁ‘ab 1, the Rer or

ani mel | ocat i onhansarthe degear (2 showlidvibensuiticieatly robustnhaBlhcd sk, regiexanpl e,

a wound; a domegid.c. kogat | : itchen 30 gr bathroom a |l aboratory

location; an i ng%fgtper !ltaﬁa‘{lééggaﬁﬁdgbr?? aegaﬁkgrz?“g‘fz‘?‘iefiogear miggobgethoharfirssor a

surface invol vesulisprthesspeiatidotittod nGfropbad A Qb i3 ood

products; onr,a @odstg{gi or.a personal care %rodu%?%ucggi,&p%ﬂg%géo{/\o

02/ 30478 pCl? catsP B 4% Wéﬁ“&;ﬂé‘fe-(é@eiﬂgl'ﬂbﬁi%ﬁéﬁeﬂwv {2 casdethet wategial i n use,

posi tioned proxisedtte ke it be bBAIHeUterk 1 e, Be such that it
e1 #eQidter fnel trflaP Qnﬁégr%}) al.)gear p%rg(gn?

"separates the | c]gt,io fromthe signallin ayer.
preferably a bi gﬁ 19 s axi syhen the gooafign @t wiichsie tindilcatobiio o by meedsaddor  use in

| ayer (a) incluge tegdd éf M ' : I e, hyal uroni ¢ acid,
chondroitin, pol yhydr ox;cgﬂwgi?g?pfo%‘%igégpggr%%tg%gﬁmsgflyt ri met hyl ene

succi nat e,
15 The indicator according to the invention can optionally take a range of

physical forms depending on the location at which it will be placed. For
example, it could be in t_he form of a disc which comprises the two layers
(a) and (b) in substantially planar form or the Iayer (b) could be in
substantially planar form and layer (a) could at least partially (for
20 example by being in the form of a cup such that one face and the sides of
layer (b} are covered by layer (a}) or wholly encapsulate layer (b).
Alternatively the indicator according to the invention could be in tubular
form wherein the core of the tube comprises layer (b) which core is
coated by layer (a). An exaniple of a suitable tubular form of the

25  indicator according to the invention is a coated thread.

The location at which the amount of a substance or microbe is to be
detected may be a human or animal location, particularly a Iiving human
or animal body, for example, a wound; a domestic location, e.g. a kitchen
30  or bathroom; a laboratory location; an industrial location, e.g. a steriliser
or machinery or a surface involved in the production of pharmaceutical

products or food products; or a foodstuff or a bersonal care product.




al bum n crosslinked pol yvinyl pyrrolidone and dextran. 10 T@ﬁ rfligr aé and
second substance associated with the m crobe are optionall PY 8 ane or
different; preferably they are different. For exanple the |layer (a) nay be
suscepti bl e W@ ogig@#gadat i on by a substance produced by th§ | ogcation in
response to a mcrobe and the signalling layer may be adapCESVUPs ndicate
t he presence of a substance produced by the mcrobe. 15 Alternatively the

| ayer (a) may be susceptible to degradation by a nmicrobe and the
signalling | ayer may be adapted to indicate the presence of a substance
associ.ated wwth the mcrobe or the layer (a) nmay be susceptible to
degradation by dhsbwiraakis prefevatiptaddpred thbe, M @eObesiabskd Hoxahap3) ! i N9
neans may be adagpt ?o%a&gni rggl catﬁ the presence of a mcrobe. 20 The first or
second substance assoc! dt ™Rt FO% MRS RspBichdhyt i spRarates dhe dematioml | y
produced at a | doat thensi i 1aRer, eThé 1 VA5 . l..exanple, a
m cr obi al byxpreduct ag‘mgr_lt% OP m crob%gﬂ%é???eggéﬁ?ﬁ?%gﬁ%& lg%%Stance
associ at ed wPt h ﬁ@ﬂeﬁc%f{)?‘ﬁwb&e Piopglyimaess tfor aseriinr byer Wbeirelddee chifin, | ocat i on
is a |living humahitéanani e dy. i tak] le of a nmicrobhial

by- product for use as the #ait%fs)t g?@hitgbon%yglﬁg&gﬁgﬁceacé%socEié?‘ﬁiﬂo%“th t he

m crobe is an eROYyHEdrogdntyrete. afojyestenn amidatas @olyiiipanglenkr yqabaiphanase,

- beta-lactamase Qhuf$t BfFRSGK g,gpégggg e i.nase, hydrol ase, protease,
nucl ease, phosphat ase, decar @8 y , gﬁgﬁ%?n‘tg?’%ﬁ?yl ase. The microbi al
by-product may also be a naturally occurring organic phosphate such as

adenosi ne tgiph i1l 2005 WD 02/30478 PCT/ GB01/ 04588 8 (ATP), a
pyri di ne nuel eo??tggﬂstﬁaélﬁ ggggn iSé‘i’?ﬁaﬁ%ﬁﬁsaac%&w%ﬂ@iwt@owmﬁopm or a

flavin such as theasame addifferentliprarkay itley eRABRerch. %Féﬁhﬁﬂ@\)ﬁ%@' et (r)]fé a
e where

subst ance associ'aa e the location's response to a mcro

W th
| ocation is a I |rngﬂ) HO®RRE SPscsRtibl) tordagyadation by a substance produced by

the location in response to a microbe and the signalling layer may be

adapted to indicate the presence of a substance produced by the microbe.
15  Alternatively the layer (a) may be susceptible to degradation by a microbe
and the signalling layer may be adapted to indicate the presence of a
substance associated With the microbe or the layer (a) may be suscepiible
to degradation by a substance associated with a microbe and the signalling
means may be adapted to indicate the presence of a microbe.
20
The first or second substance associated with the microbe is a substance
generally produced at a location where there is a microbe, It may be, for
. example, a microbial by-product, a part of microbial cell contents, or a
substance associated with the location’s response to a microbe where the

25 location is a living human or anjmal body.

A suitable example of a microbial by-product for use as the .first or
second substance associated with the microbe is an enzyme, particularly,
an  oxidase, lipase, tryptophanase, beta-lactamase or esterase,
30  dehydrogenase, kinase, hydrolase, protease, nuclease, phosphatase,
decarboxylase, and/or carboxylase. The microbial by-product may also

be a naturally occurring organic phosphate such as adenosine triphosphate




5 immune cell, an immune cell by-product, or an enzyne sucbh}t\ars1 Iéiozyrre,
pepsin or dextranase. A suitable exanple of an imune cell o 219 as the
second substance associated with the mcrobe is a neutrophil, basophil or
eosi nophi | . g epsats cul ar, when layer (a) conprises chitagsan, the first
substance associated with the nicrobe my be |ysozyme, wASHCBVUSSconprises
pol yester amide the first substance associated with the mcrobe nmay be a

protease, when it conprises polytrinethylBene succinate the first substance
al bum n

associated with | crobhe may be .a |ipase, when it conprises @
crosslinked pol §I\}‘?§_{llrr%)ﬁy?’§fqedﬁ%ée°?‘ﬂ% S’r‘?‘?ﬁ %%@@ﬁ\%eea@@’g&ﬂ@ﬂ@@ﬁ% th the
mi crobe may be (NABDH) anch hem sitchC THIAVER adakb [ RludibRide! (FApp]> psubst ance

associated with t.haz)lm' crobe may be dextranase. The signalling Tayer may be
adapt ed to indi &4t ‘?ﬁ’é““ﬂiﬁ%é’éﬁé@bﬂ?ﬂc& apifcigied with tbe deation S aesmbusd to

substantially tRenRom WaGAl iRMoBRIdDE 3URTHAN A or ThEIAGay AsSfr0na il

therefore be_produced when the substance or crobe or fi st ance
associ at ed wPt hIRRENG el incinmaune e hiyiredudty or g gnayoiedsich e lysoayme,0 as to

al  ow the furthgg,guBsly G he .ndi-cator. Accordingly, the

si gnal i ndicat egéptshe prgglgﬁlgggofzggke geu%’é‘f%%eo %lr"?ff’ﬁl?eoﬁ"gff% 4% $abl e

exanpl e of the thersepend sublsnemnassodiaed ditht the SnibaibaNs haleliroptie LRa§PRIl OCat i on
enerally found i'n the

as the substanc .M cr.obge Is.a substance

envi r onnent sucﬁr gésmﬁv\'éé’?"elf . EIAJ’ FEFYaL; aﬁern‘z CBRrisessehiitosamthe dirstdi rect | y
on both the | ayswsiaage amdociitse witBndle! niBropay fayt her %ﬁzﬁﬁedweﬂg ot he

det ect abl e g(i’gnéal . The nl crobe g{ s, for exanple, a m'cro-organism e.g.
bacteria, yeast SPHSREOyeHsT shidecthe fissy suhgfanes assogiptefl avitlhibe mietotrat es t he

presence of a nekpbelal srofsse, BHIRAUE LodibQeRs 3 oid 6 18e I rticularly a
bacterial cell. Generally 6 April 200_% mapof’?ﬁ%%'%?‘@ e BB 0ie gty L
time progressesSUPFRBCRispEiptedfwith te sijerpbehay bé ndipaserwihdnhie comprises

albumin crosslinked polyvinylpyrrolidone the first substance associated

with the microbe may be pepsin and when it comprises dextran the first

15 substance associated with the microbe may be dextranase. .

The signalling layer may be adapted to indicate the presence of a further
substance found at substantially the same location as the substance or
microbe. A signal will therefore be produced when the substance or
20 microbe or first substance associated with the microbe has sufficienily
degraded layer (a) so as to allow the further substance to contact the
indicator. Accordingly, the signal indicates the presence of the substance
or microbe. A suitable example of the further substance found at
substantially the same location aS the substance or microbe is a substance

25  generally found in the environment such as water.

Alternatively a microbe itself may act directly on both the layer (a) and
the signalling layer thereby producing the detectable signal. The microbe
is, for example, a micro-organism, e.g. bacteria, yeast or fungi.

- 30
The signalling layer preferably indicates the presence of a metabolic by-

product from a microbe or, more particularly a bacterial cell. Generally




concentration of a netabolic by-product increases. The 5| b %?)85' ayer
preferably indicates the presence of an enzyne, nore particu Ar y a
enzyme which is an esterase, oxidase, dehydrogenase, kinase, hydrol ase,

protease, nyehprags Phosphat ase, decarboxyl ase, and/or CF%P nﬁlq%e The
detectabl e signal is optionally detectable visually, aud § {04 '
electrically; preferably it is a visually detectable signal, e.g. a change

in corour For exanpl e the signalling I&yer conprises a dye staln

I ndi cat or . b nd/ or chr ic,or fluorogenic substrate. In
one enbodl rrent i ﬁﬁ] ?’Foréﬁs?s t?a 0@5 F wicrobesJpultipfes.s apdi theye

i ndi cat or - suchcamasﬂrattianaoﬂ)a mﬂaﬂic Iﬁhbﬂﬂh&einm%ﬁﬁfser Thé Bél%«’,ﬁﬁmgy% eStain or
substrate is init.i first colour but on contact wt gt ance,

mcrobe, a subBielffe fest B Dhesenca of ap Gwayme, allcffarmﬂmq@lﬂsnldosﬂnance
which.is 15 |OCélﬁ@ﬂleairhﬁk'l?§Eﬂ%ﬂeﬁ{sbyoﬁlh@sesﬁ@dk@gezlgéeorla?}iss r%PbStance or
al ndreat or

m cr obe, gnges col our., Exanpl es of suit

subst ance or suB”é’Et?aé?e‘“ﬁ‘”ﬁéﬁ%d’é‘%ﬂ?@tﬁ?’#edﬁsaltbbmdasmmhd&mlraias:olaylam phenol red,
brono- chl oro-indolyl 20 phosphate, al ani ne ani doacridone, fluorescein

di acetate and/or a tetrazoliumsalt. Were the location is a wound, it is
possi bl e for th&hsi dpientable gsigraleids taptmlm]égsudeeecmﬁble neisedss lafdibipmgpe cells

such as neutrop 25_£05) n response to

i nfection. Thi sabétﬁc?t}lgﬁ j)?ﬁﬂhlb? ?tb37 % au @‘ﬁ%‘i‘?‘ﬁw&n& e$-8i AGHERR g t heir

presence di rectd:qlou:r Edreexpmpteeﬂhﬁelghﬁllin@aayer cRMPOARBAD Uy 8 Gt AR SHdf@lor
allln | ayer ~may conprise an anti body

~ by-products Acc rd| ngl he si
assay or a B oot Tﬂn%?s aéﬁfé’foﬁrf: E‘OgS'BGAP’E eﬂ‘?ﬂi?ﬁ%‘F ySubgigate; gn&l ldneg | ayer
may CO”p“ Sé a ‘*Mméﬂﬂ ﬁﬁtﬂe@m’f@eﬁwel‘:@&rﬂ%ﬂsehr& bRk %ﬁﬁg‘ﬁﬁbﬁdlq[%ho%er tain

m crobe. Current staipjng techniques | aboratory ena
observation of §fER2%85 a("ﬁ&P’P?lEG]P&Flﬂ? @refgrably teodye\\StadR b GukBrate is

PCT/ GBOI / 04588 initially a first colour but on contact with a substance, microbe, a
substance associated with a microbe or a further substance which is

15 located at substantially the same location as the substance or microbe,

changes colour.

- Examples of a suitable dye, stain, indicator substance or subsirate include
methylene blue, meldola’s blue, phenol red, bromo-chloro-indolyl
20 * phosphate, alanine amidoacridone, fluorescein diacetate and/or a

tetrazolium salt.

Where the location is a wound, it is possible for the signalling layer to
measure an .increas_e in immune cells such as ne.utrophils, bdsophils or
25 eosinophils, as a response to infection. This may be achieved by the
signalling layer indicating their presence directly or the presence of their
accompanying chemical by-products. Accordingly the signalling layer

may comprise an antibody assay or a bioassay as appropriate,

30 Alternatively the signaliing layer may comprise a reagent that changes
colour in the presence of a certain microbe. Current staining techniques

in the laboratory enable the observation of microbes (particularly




antigen specific antibodies, conjugated with an appropri
indirectly wvisualising the bacterial cells, in the signalling layer. 5

“that, in use, t

10 bacteria) directly. It is also possible to probe for r4-a=USi NQ
g? ébfﬂaﬁbogp for

Al ternativel ignalling | ayer conprises a pH indicator which detects

whet her the %OHbngt%he location is within a certain rangeX PB4 neral |y

known that the presence of bacteria reduces the pH of the nmediumin which

they are present. For exanple, the pH ofl@wund exudate will change as the

concentration of_im¢rnohes in the und ;i ncreases. 10 The signalling layer

is preferably f%?%kéréa)f ?qB‘?ﬁﬂﬁ' %F‘ﬁﬁé’%ﬂf’]@r’i"aﬂ’r?b? & bacjgaippueng pytEen

ni trocel | ul ose, spwifys ahiihaiie, ©ajubbk@SRiRGA! : 0, mer with

a hydrophilic corrBonent. 5 Th_eﬁji rgldi cat orf%'iﬁsgIS p? IJ(;)E}r%ﬂq yelelfofhigfl&%té(pt ed such
Kisupliying the bacterial ¢ells; iy psipnatlingdeyer. t o the | ocation or the

| ayer (a) is separated fromthe |ocation by one or nore additional |ayers.

Exanpl es of suitable additional |ayers include an absorbent |ayer, a

non- adhesi ve® | ajliermgtivels the gigaslling Liyey erompaisel o pHAindeomraRhiRh Ricplcact | ve

| ayer which pro I r.ka).fr damage before_use (for exanple,

it may take the&rfﬁgt?]% g{%e%ﬁ% é@%@’é’%ﬁ(‘%} fsoW%Enaﬂ‘lg? A ZgRgeondt Byeeneellyndi cat or

i's provided wi tknavmpilotgbe ipreseheey of babofih @@RE She tHIE o1 @BahLdiRG @yer and

protects it fro ﬁg{h\%}; tion- b n external 25 _substance, m crobe or

subst ance assocl at ed W thea M erobe eErBpler 4he \PH todewpnnst eaudare willyer is

substantial |y tclmngpas thetcohcentrifionl 6f RE4rdBLinShe Wakind RiQdiged by the

signal ling i[?yer. Where the detectable signal is an electrically

det ect abl e gnal, the protective |ayer preferably conprises electrically

conducti ve portTENgghalii er §0 t ' ling | ayer. 30

Optional ly the prot st ilgge%yerpﬁg&gﬁﬁfﬁogﬁgi?ﬁ%ﬁg%?%br%gﬂﬁ%@t forhe

i ndi cator and ¥*3ugie; £ YRF suifrgeslintese, pplysulphone, 6elifioie acfRE, nylon, or

a polymer with a hydrophilic component.

15 The indicator is optionally either adapted such that, in use, the layer (a)
is positioned adjacent to the location or the layer (a} is separated from the
location by one or more additional layers. Examples of suitable
additional layers include an absorbent layer, a non-adhesive layer or an
adhesive layer, and/or a removable protective layer which protects the

20 layer (a) from damage before use (for example, ii may take the form of a

removable foil layer).

Optionally the indicator is provided with a protective layer which covers

the signalling layer and protects it from degradation- by aﬁ external

25  substance, microbe or substance associated with a microbe. Preferably

the protective layer is substantially transparent to the detectabie signal

produced by the signalling layer. Where the detectable signal is an

electrically detectable signal, the protective layer preferably comprises

electrically conductive portions in order to connect to the signalling layer.-

30 Optionally the protective layer is sufficiently stiff to support the indicator
and to give it structural rigidity.




WD 02/ 30478 PCT/ GBOL/ 04588 11 Optional ly the indicator isBA@rHQY)bged with a
collar to give it support and/or structural rigidity. The collar my _
optionally be provided with a spike or adhesive neans in order to fix the

i ndi cat or atywggsgyecati on. The indicator is preferably fgr %Ee in_an
environment wherein the signalling |ayer of the indicat i 0]|64§?Pect ed
fromcontact wwth the environnment at least initially. The environnent is
preferably a liquid, nore preferably anllaqueous environnment; for exanple a

tissue culture i [ s ff. .10.The indicator according to the
i nvention nay uggﬁg%ﬂ? %8 lﬁﬁgﬁﬁ%ﬁe&oprﬁéﬁd wb‘ﬁé’s%‘?q P Sivelt RERROEE #rd/er sut ur e.
According to therucumbrigatity. h@he coltar nidyr dptivhally BY ipdedde Sii8SSipg §0r a

wound, which co eisi% S a dr.essd ngﬂ A a}iee_r and an indi cator according to the
i nvention. For fhe purpalEdn grdes ko figitke wdicatoriap the logatiame ter m " dr essi ng”

i ncl udes bandages, i.e. in which the wound-contacting part of the system

is part of: asl aiﬂer. Er oduct. One advantage of including an indicator
accordi ng t o t hes nPBiGaiosns preferaglyeder woe fir an omviredmient twiadreint teny

i ndi cate when t fiendligs Slat&t ¢ : e dhi g s because the

i ndi cator will igléi i ol RECMS hlicifor 2R BRANAES odfl, Bodefes SRR

predet er mi ned | ¥Fdlonmeshat dasy initialdy.| eRbel evironhesets psefefablyhattigui€r e i s
~substantially ngofd | ent 1ng di seased. On the other hand
the level is suff i_c?éﬁﬁagf’hh?‘é%ﬁ’g{g ?ﬁgﬁgﬁ%@sifﬁb %"émﬁg*t a Ysspt gubere oo
often. 25 The dmedivinngr foadsinffmay optional |y take any form general ly known

inthe artygA full description of dressings and wound management,
i ncl udi ng t%e' various types of dressing |layer that nay be used in this

rSGeren S5 B SIg1G R ot A e o Wt e
further provided a dressing for a wound, which comprigses a dressing
layer and an indicator according to the invention. For the purposes of
15 this specification, the term “dressing” includes bandages, i.e. in which

the wound-contacting part of the system is part of a larger product.

Ope advantage of including an indicator according to the invention in a
dressing for a wound is that it may indicate when the dressing needs to be
20 changed. This is because the indicator will indicate when infection in the
wound has reached a predetermined level., Generally this level is chosen
such that there is substantially no risk of the patient becoming diseased.
On the other hand the level is sufficiently high that the dressing is not
replaced too often. '
25
The dressing layer may optionally take any form generally known in the
art. A full description of dressings and wound management, including the
various types of dressing layer that may be used in this invention, may be
| found in “A Prescriber’s Guide to Dressings and Wound Management.
- 30 Materials” (March 1996) National Health Service, Wales; the content of

this document is incorporated herein by reference.




this docunent is incorporated herein by reference. 6 April 3&95 02/30478
PCT/ G(B01/ 04588 12 For exanple the dressing |ayer could be a gauze pad
~having one or nore plys, a non-adhesive gel type dressing such as a

hydr ogel , a ive gel-type dressing, a fluid interactive hydrocolloid
dr essi ng cagggﬁgﬁgk adhering to both dry and moist ski nPSYPPYUSS, 5

hydr ocol | oid dressing including a polyneric foamlayer. The dressing
‘according to the invention nmay optionall ¥2incl ude further | ayers such as

an adhesive | ay r vahl e RIQ ectlve | ayer. . The dressing
according to th?l ?\e\%gllﬁ |eotﬁe H‘gégglanig YBEOPIARA A Sausm pad %PV%P%Q OF @osensiti ve
i ndi cat or adapt gdys, @ nmdadiﬂssﬁevg%enyﬁdﬁ&reﬁﬁlﬁg Subld ab hﬁﬁbg'élataﬁdadﬂe%@ bal

. cobal t

noi St ur e. ASUItg%gh' rTRrFture frﬁualtlve |nd|cator is exa

chl ori de which g8 s R bt dnfﬁr?ﬂzwienhxd!i@cqﬂo& dessingotapablespfire. 15

The indicator i admréfgeicabdty drﬁ%ﬂ%@tsﬁ’"&ﬁlﬂ'sﬁrﬁatﬁ 4 ﬁ%ﬂf&oﬁﬁﬁoﬁr%'ssq to the
t he re

i nvention by nDuI wel| di ng or bonding to sing layer ere the
i ndicator is 5 nig 'édlgg)Pr?PB‘Fneémtf%‘é Iayert hread, it could optionally be
included in the dressing according to the |nvention by bei ng enbroi dered

20 into the dre55| gg | ayer. QOptionally the indicator forns an integral part
of the dressi ng 4 cdyessing accohing itgrthé linveptibmymray optibiiiyegieaide drukiib® an area

of a fabric |aygfy.af t he radabl e | ayer is
attached in such’a n%utr?ﬁg? aﬁhgl?ei%qf’%% %@é’é? riﬁ’d’vgﬁg PERIgEIE eIRYeme signal | i ng
| ayer are seal ed. One SU|tabIe may of carrying this out is to coat a fibre

of a fabricqhay t vmth signalling layer (b) and then with the
degr adabl e gye?hs(l (&rgsss’ﬂgea?ﬁp §$ 8 thgc‘m’%ﬂ gy t3leo bavenevided with a

optional ly furtmelstoenmsitiee indiRafrJadabfedt ﬂf" iAHiERS | Wi %ﬂ@rMes%1n%onvent  onal
conponent such a%uraalt’]edavr\]r}th Sn?&tstgure A suitable moisture sensitive indicator is, for
example, cobalt chloride which changes from blue to pink in the presence
of moisture,
15
The indicator is preferably included within the dressing according to the
invention by moulding, welding or bonding to the dressing layer. Where
- the indicator is in the form of a tube or thread, it could optionally be
included in the dressing according to the invention by being embroidered

20  into the dressing layer.

Optionally the indicator forms an integral part of the dressing such that

- the signalling layer is impregnated into an area of a fabric layer of the
dressing to which the degradable layer is attached in such a manner that

25 its edges and the edges of the signalling layer are sealed. One suitable
way of carrying this out is to coat a fibre of a fabric layer first with the

signalling layer (b) and then with the degradable layer (a).

The dressing according to the invention may optionally further comprise,
-~ 30 e.g. in the dressing layer, a conventional component such as an antiseptic

agent, an anti-bacterial agent, and/or an emollient.




agent, an anti-bacterial agent, and/or an enollient. 6 Aprd h 20080
02/ 30478 PCT/ GBA /04588 13 According to the "invention ther% IS ?urt her
‘provided a suture which conprises an indicator according to the invention.
The i ndi cat ooy8¥se attached to a thread or wire. In particular, the
i ndi cator may be included in the suture by moul di ng, weP§TEE%Hondi ng,
or, where the indicator is in the formof a tube or thread, it nay be
embroi dered into the suture. According t®3the invention there is further
provi ded packagi ‘ 0 ff qgr _a.personal care product which
packagi ng conpr i{%giéa}tﬁg ggn{hgi %2%“”1"5&@%‘” rfg éi‘ﬁt?‘F‘hd’F‘&‘ﬁfiﬁijr B EEYFiTTICk 0 t he
i nvention. 10 Prempriatd 3n indivats eccording wyme id@htieh. IR ihaggﬁ@tnge{y 1')9?] in

the

contact with th tuff qgr persopal care product. Preferabl

packagi ng accorgltt%%h%?gg attﬁ"éeaﬁr?\?é‘ﬁf‘?'o PEriigHlan: g indiestor may bejincluded sone or

all of the signa thengsturedyemnoilding] Wellify ollﬁoﬂ'difg,c&?tvmefbe{he:iﬂé{i%gtop§ed in the
| gene

packagi ng accor di ﬂ’% 0 trt]e i nvention nmay conprise nateria Fall y known
inthe art. Por'® n{‘if‘@ {2 tHeg or erads itsay he ewbraidared fndy éhesswvrea pol ymeri c,

pl astics or paper material, e.g. a lam nated polyneric, plastics or paper
material. The indicator is 20 preferably included wthin the container
layer, e.g. by ASEPEnggto ks davegtionrthirenthi figrtheAl previdatl i prkaging ¥er indi cat or

may forma sepa [ ' ' t to.or inserted directly into

t he product. mgﬁggtﬁﬁtogg\éhg%p?r% %agéckgrépﬁ(g 3"3’&% FAATENS (REPISerition i s
that it may 25cqjitsigenlayersamsil ani indicetat iactordingwh e mvémagdst uff is unfit or
even unsafey;4 0 consune because the | evel of mcrobial contam nation of the
foodstuff has becone unacceptably high. This is clearly safer than relying
upon st andar d Preerably; islaisesthiohtagét &) CofIacmalchibr AS it QD Jile pRackagi ng
o]

foodstuff or personal care product. Preferably the packaging according to
the invention is adapted such that, in use, some or all of the signalling
layer is visible.
15
The container layer used in the packaging according to the invention may
comprise material generally known in the art. For example it may
comprise one or more layers of a polymeric, plastics or papef material,
e.g. a laminated polymeric, plastics or paper material. The indicator is
20 preferably included within the container layer, e.g. by moulding, welding
or bonding. Alternatively, the indicator may form a separate unit which is

attached to or inserted directly in to the product.

One advantage of the paqkaging according to the invention is that it may

25 give a visual indication of when a foodstuff is unfit or even unsafe to
consume because the level of microbial contamination of the foodstuff has
become unacceptably high. This is clearly safer than relying upon
standard “use-by” dates which are generally printed on the packaging of
foodstuffs, beverages and personal care producis.

- 30

A further advantage of the indicator according to the inveniion is that it

will monitor microbial activity throughout the entire usable life of the




foodstuffs, beverages and personal care products. 30 A furd Rgy sagant age of
the indicator according to the inventionis that it wll nonitor mcrobial
~activity throughout the entire usable life of the 6 April 2005 WD 02/ 30478
PCT/ GBA / 0458§ aakshg7gPr oduct , giving a continuing indicati 88 lgf whet her the
bi oburden within the product has reached an unaccept abl TEFY488a i s
therefore a neasure of the product's continuing efficacy or suitability
for use or consunption. 5 Aspects of thel4dnvention are illustrated by

reference to th oWl N drawi ngs.which are not intended to limt the
scope of the in 5‘%@%% 1385%%%&"&“93: Hon of whetheryihgdiphurden wjihirt i ve vi ew
of lysozyne and thelp)-odimtrhnbeaachﬁﬂgw@aacebﬁbﬁ ReeRt isGhis &Q%Cx%lieé’sﬁre\’i ew of
m crobes under a{,%aok dfr,oml ;sozynme and rel easi ng NADH fnl cot'nam de
adeni ne di riucl eS8t MGPTOMYE5 RoBHNYIRE sfticasy grsuitability Tor wsehememsmptéms pect i ve
view of |ysozyne degrading a 15 chitosan layer; Figure 4 is a schematic
perspective yiew of NADH reacting with an indicator |ayer; Figure 5 is a
schematic pePspltb§ctic ofithey Igyenyappreailyptnegedirby refdfemat ap fhayfllotvingChange
col our; 20 Fi gufgwlndsS e ‘ thC .perspectiv i ew of  an

i ndi cat or accor.di“ﬁ%gst g@ P: rllle)éilzgn\%gﬁg ?%%?L%E?Dgalr 193[“'? sscgp%c‘ﬁeﬁ’ﬁt jnyention

cross- sect i onal dig¢lesgdof an island type dressing incorporating the

i ndi cat or according to the invention which is shown in Figure 6;

Figure 1 is a schematic perspective view of lysozyme and
10 = microbes;
Figure 2 is a schematic perspective view of microbes under attack

from lysozyme and releasing NADH (nicotinamide adenine dinucleotide —
reduced form);

Figure 3 is a schematic perspective view of lysozyme degrading a
15  chitosan layer;

Figure 4 is a schematic perspective view of NADH reacting with
an indicator layer;
Figure 5 is a schematic perspective view of NADH causing an
indicator layer to change colour;
20 Figure 6 is an exploded schematic perspective view of an indicator
according to the invention;
Figure 7 is a schematic cross-sectional view of an island type
 dressing incorporating the indicator according to the invention which is

shown in Figure 6;

25 Figure 8 is a schematic perspeciive view of the island type
dressing shown in Figure 7;

Figure 9 is a schematic perspective view of the island type
dressing shown in Figure 7 where the signalling layer of the indicator is
producing a detectable visual signal; '

30 Figure 10 is a cross-sectional view of a polyurethane type dressing

' comprising the indicator according to the invention which is shown in

Figure 6;




25 Figure 8 is a schematic perspective view of the island §¥pg ogdsessi ng
shown in Figure 7; Figure 9 is a schematic perspective view of the island
type dressing shown in Figure 7 where the signalling |ayer of the

i ndi cator isSyoRiaEduci Nng a detectable visual signal; 30 Figure 10 is a
cross-sectional view of a polyurethane type dressing coﬁgT’F’é’P%‘ﬁS’iﬂhe

i ndi cator according to the invention which is shown in Figure 6; 6 April
2005 WO 02/ 30478 PCT/ GB01/ 04588 15 Figul® 11 is a perspective view of the
pol yur et hane type dr L. .shown in Figure 10; Figure 12 is a perspective
view of a further i nﬁ%@g@g; 5 ESF HehEve gle“i pletherralprethangviy endressing t he
form of a coat edhown daBigube Fo;gure 13 is a perspective view of a fabric
dressing i ncorpo’ratiﬁl% th(ﬁ_i ndi cator according to the invention shown in
Figure 12 wherein theBUES dhd§ piPRESDPGNErview of efuribdi dmticaton sceprdingies ng a

det ect abl e Vi sugle Biveiahn wiitBW & thé fdrsa §r PEbaL c?ﬁltr{i%ﬁ view of a further
I'g i

i ndi cator acgording to the invention; ar e S a perspective view
of the indicator whiBBure3pvpamerspecitiegriew dia &tirRciieskih® ifokgrakiny oduct ;
Figure 16 is a r RV j f.the indicator .and food product ~ which
are shown in Fi gpuer gﬁ%%io\lfmag?aeqdﬁl\gt ﬁethéilﬁ‘r'neaﬁuf)? ﬁ@OW&y&%&m vihgegin dheor i s
produci ng a-det signelbing layies nfithesindjioator islproffugus @ dbkctabletvib@di SRGGE Ve View of
a further indicator ﬁg&lpe{:gj ng. to the invention suitable for Usé with
packaging for a liquit: FrourePYgPyadivg viest opadurther indisatestaccomstingntli cat or
whi ch is shown ihe inkéngione 17 attached to a package for a liquid food;

Figure 19 | $0 @ pers%cti ve view of the indicator and liquid food
- ~Figure 135 is a perspective view of the indicator which is shown in

Figure 14 attached to a food product;

Figure 16 is a perspective view of the indicator and food product
which are shown in Figure 15 wherein the signalling layer of the indicator
is producing a detectable visual signal;

15 Figure 17 is a perspective view of a further indicator acc;)rding to
the invention suitable for use with packaging for a liquid;

Figure 18 is a perspective view of the indicator which is shown in
Figure 17 attached to a package for a liquid food;

- Figure 19 is a perspective view of the indicator and liquid food
20  package which are shown in Figure 18 wherein the signalling layer of the
indicator is producing a detectable visual signal;

Figure 20 is a perspective view of a further indicator according to
the invention; '

Figure 21 is a cross-sectional view of the indicator which is shown
25  in Figure 20;
Figure 22 is a perspective view of a food stuff containing the
indicator which is shown in Figures 20 and 21;
Figure 23 is a perspective view of the food stuff and indicator

which are shown in Figure 22 wherein the signalling layer of the indicator
30 is producing a detectable signal;




20 package which are shown in Figure 18 wherein the signal§iapg Jguger of the
I ndi cator is producing a detectable visual signal; Figure 20 1s a
perspective view of a further indicator according to the invention; Figure
21 is a cro iconal view of the indicator which is shown 25 in Figure
20; Figure égoﬁgﬁghperspective view of a food stuff contgeﬁpﬁﬂﬂFﬁ@

I ndi cator which is shown in Figures 20 and 21; Figure 23 is a perspective
view of the food stuff and indicator whigh are showmn in Figure 22 wherein
the signalling La roduci ng a detectabl e signal;

er qf t Lndicator 30 is pr i )
6 April 2005 té‘f?o 78 g&e}‘%o?f%e‘a%ﬂzamwﬁwh@ymﬂ toingipiisowhich
schematical | y ! bedorpiachiRiispal orih Ghiahfisn Word md UG 1L PUBLATREG! Of Lhe
i nvention where_,the |ocation is a wound in a [I1ving human or ani fal body
and the first sHBGgdHERANaex aeimal bedyach thenfirst riubstete assodigtsdmitietand t he

second subst ancgi@ssof | ' £-9 | NA@H dn these Figures,
m crobes 1 are shom@%el?%%?gﬁag@ﬁ@] Bgﬁﬁ@’g?%g%sssﬂ‘”& f:lﬁ’v lhg’le RI&FIRe3 i s

rel eased; the |sHARTE. 2inidysedesuredemicctbelsOb aine Ishyweii bbintgifackBdtpyNADH 3
can react with I ndi r, | .whi.ch then changes_col our as shown in
Figure 5. 10 Fi %'E(FZQJ"% g%@é@%@?@?%%ﬁﬂ?ﬁ ‘ ﬁ’ﬁflyéﬁ?*ypﬁd? dsgradesatheor ding to
the invention.chlteean hajiec @t nich GhatONADIES 8Scan ®haNth ithe idBYRSr idYed B fOrm of
disc 7 and a c%éﬁwed hbi opol yner | ayer 8. The biopol ymer |ayér i's
cup- shaped in order ‘tHa BEE FOHPE a5 s hin Eigyee 8¢ the indicator disc 7 is
covered by the layer. 15 Figures 7 to 9 show the application of the

I nvention to an island type wound dressing 9

i ndi cator 6, Aac rdin%tothe , (
whi ch conpr%@ eé%gure shows a first embodiment of an indicator according to the

‘ invention. The indicator 6 comprises a signalling layer in the form of

disc 7 and a cup-shaped biopolymer layer 8. The biopolymer layer 8 is
cup-shaped in order that one face and the edge of the indicator disc 7 is
covered by the layer.
15
Figures 7 to 9 show the application of the indicator 6 according to the
invention to an island type wound dressing 9 which comprises a
‘transparent top sheet 10, a dressing pad 11 and an indicator 6 (or 6b when
activated and the signalling layer is producing a detectable signal) which
20 comprises a signalling layer 7 and a biopolymer layer 8. The signalling
layer 7 of the indicator 6,6b is visible through the transparent top sheet
10 of the dressing 9.

Figures 10 and 11 show a polyurethane type dressing 12 -which éomprises
25  a dressing sheet 13 having a window 14 underneath which is placed the

indicator 6 which comprises signalling layer 7 and biopolymer layer 8.

Figure 12 shows a second embodiment of the indicator according to the
invention. The indicator 15 comprises a signalling layer which is in the

.30 form of a thread 16 which is coated by biopolymer layer 17.




transparent top sheet 10, a dressing pad 11 and an indi cat®@ppf dgps 6b when
activated and the signalling layer is producing a detectable SI gnal ) which
20 conprises a signalling layer 7 and a biopolyner |ayer 8. The signalling

| ayer. 7 of tyhgorMdiscator 6,6b is visible through the tragﬁgf@‘}i3 \ssek OP sheet
10 of the dressing 9. Figures 10 and 11 show a pol yureth 5‘23 dr essi ng

12 -which conprises 25 a dressing sheet 13 having a wi ndow 14 underneath
which is placed the indicator 6 which codprises signalling Iayer 7 and

bi opol yrer | ayerg Ris n ﬁgﬁne e_jndi cator
according to thelé‘lnﬁveglbf“l[)g?\;i ?ﬁg 'na ?%g?g% gﬁgg qgﬁ@c WQWPH%Q | ayer
whi ch is in the emdgoifienethintp the titussiag ldyér WA ch i s coat ed by bi opol yner | ayer

17. 6 April 2005 WD 02/ 30475 PCT/ GB01/ 04558 17 Figure 13 shows a fabric
dressing 18 conprising the indicator 15 which is enbroidered into the

dressing | ayer Mgursigusioowista shivdSentbddithéd ﬁnih@dinﬂﬁzﬁioroéccbﬂﬁné Qgitﬁ?‘t or
according to the 5 mven,g on. .The |nd| cator 20 conprises a gnal ling
~layer 21, a Spi o) 9?@7 i}“e mé‘fa'é’ﬁd 4 sompprasesi ag stepiling dgyerFgures 15 and

16 show a food rbidpdls@ﬁeraéye&@z%u%uw@nfug%ﬁﬁi%’. 20,20b is attached, by
e

nmeans of supporting collar 23. In Figure 16 signalling 10 Iayer of
i ndi cator 20b is producing a detectable visual signal. Figure 17 shows a

fourth, embodi MoMeipds 1916ud 18IsHGh AL (RATAOM G449 lSy ALYERLLS 0 207,

i ndi cator 25 conprises a bi opol yner
supporting col | a?at%hedlw Megnsr efssupBoriing cbﬂmsmxwmliigiﬁrd 18} @eUGiEnadnd O Whi ch

Figure 10 the Bend a6 AF brobbolE A Gt BB 9B ng o det ect abl o

visual signal. 20 Figures 20 and 21 show a f i fth enbodi nent of the
' nd' cator accor g&guge t19 shows a fourth embodiment of the indicator according to the
invention. The indicator 25 comprises a biopolymer layer 26, signalling

layer 27 and supporting collar 28.

15

Figures 18 and 19 show a food product 29 to which the indicator 25,25b
* is attached by means of supporting collar 28. In Figure 19, the signalling

layer of indicator 25b is producing a detectable visual signal,

20 Figures 20 and 21 show a fifth embodiment of the indicator according to

the invention. The indicator 30 comprises a biopolymer layer 31 and a
signalling layer 32.

Figures 22 and 23 show a foodstuff 33 in a container 34 into which the
25  indicator 30,30b has been inserted, In Figure 23, the signalling layer of

indicator 30b is producing a detectable visual signa.

It is to be understood that the figures are included by way of example

only and that the inveation covers any variants of the embodiments
30 portrayed.




the invention. The indicator 30 conprises a biopolyner |aygppdiboasd a
~signalling layer 32. Figures 22 and 23 show a foodstuff 33 in a container
34 into which the 25 indicator 30,30b has been inserted. In Figure 23, the
signalling | i ndi cator 30b is producing a detectahle_visual signal.
It is to be ﬁgfésregsood that the figures are included by &gf/gg?mé?ﬁrrpl e
- only and that the invention covers any variants of the enbodinents 30
portrayed. 6 April 2005 WO 02/ 30478 PCT/ G801/ 04588 18 - The present
invention is further il] ed b an f the follow ng exanples, which
are not intende h{éolg rlelkéﬁtﬁi %%ngitogc%p%ﬂg%r E‘i‘é*?fﬁeé‘sﬁhtmeqnﬁv@n&ieo?@@%arrp| el
- Formation of leayeple,ajwhichcaid @sarinfep@dy 14 Didi UGS JBpBCYf e | é.v,réﬁléa 1)
menbrane HOCH24.,. HO HO 10 Fornmula | was formed for use as |ayer (a) using
the nethod desct?¥8H%%el ow. > A honogenous sol ution of 1% (ww) purified
60% chitosan 15 was prepared in 1% acetic acid by continuous stirring
overni ght at _22C (roomtenperature). > 20g of the solution was transferred
to a steril e?poffamplehe Foraationgifdayeri@d x 120 x 17mm) pl aced on a | evel
surface at 30C for several days until the solution- was dry and a 20
uni form nmenbrane was fornmed. > The resulting nenbrane was renoved carefully
and neutral i zed ¢hitosanripodi Grgluwosaniheust formid@AmeRfrény v) sodi um
hydroxi de sol uti on.

~ HOCH, HO NH,
0 5
| HOIG?:)_O{—SM }H
% s 0
HO  NH, CH,OH

10 Formula I
was formed for use as layer (a) using the method described below:

> A homogenous solution of 1% (w/w) purified 60% chitosan
15 was prepared in 1% acetic acid by continuous stirring
overnight at 22°C (room temperature).
> 20g of the solution was transferred to a sterile polystyrene
petri dish (120 x 120 % 17mm) placed on a level surface at
30°C for several days until the solutiom was .dry and a
20 uniform membrane was formed.
» The resulting membrane was removed carefully and
neutralized by immersion for 1 hour in 100ml 2% (w/v)
sodium hydroxide solution,
> The film was then washed in distilled water several times
25 over a period of 1 hour.
> The swollen film was then placed between glass plates and

placed in a drying oven until dry.




> The filmwas then washed in distilled water several timasapd2005er a
period of 1 hour. > The swollen fil mwas then placed between gl ass pl ates
and . placed in a drying oven until dry. 6 April 2005 WD 02/ 30478

PCT/ GBOL/ 04%8802k9478> The fil mwas then renoved fromthe 9&,@; OE)L e. 60%
deacetyl ated chitosan was used as it had been determ ned Eé riental ly
that this level of de-acetylation produced a material having the required
mechani cal and bi ochenical characteristits, namely a material which was
strong enough to handl ¢ d ich uld degr.ade in  the presence of

| ysozyme. Exanple 2 - %etalglrerﬁv%awso e%fe%%vﬁﬁgmrpéfeq gasoblet: gnal | i ng
substance 10 Meldola's blue (fornmula Il) and nitro blue tetrazolium
(formula 111) V\?{]& dfhosgﬁ for use as indicators, 15 Formula Il 2C - H20
CH3OH For mul a | PPP2(fRestaisied chipste (ersdivged h3s alti had 2 beeredeterphizatbxazi ne)
acts as an el gkgeRPndhOnny thhpthtisefeﬁélzd?lde%ﬁﬂtfogwgﬁ“lﬂ%ﬁ%smme}iélﬁ%{%ﬁ&g

tetrazoliumto form an insoluble formazan product s pro

“col oured and?pr & ppquiress mechgnicil 2005bipchanicd0 4T@rae@TisGB)1/n8kERS8 20 out
of solution, giW.RGiad w; [Walel ' f resence of electron donors

such as NADH. The rléiaé‘iﬂll %ﬁajiass Is{s}ﬁﬁ(ﬁgﬁ %@Féé)\ahaﬁ&lg ol SRR Sroila Segiadd

: ~  the presence of lysozyme. ‘

Example 2 - Determination of concentration of signalling substance
10

Meldola’s blue (formula II) and nitro blue tetrazolium (formula 1) were

chosen for use as indicators.

N
| O CH,
' 3

.{_
!
CH

15 Formula IT

=N_ N ac -
0T
FE iy * HEO
CHO OCHy @ 3
ON NOy
Formula III

20 © Meldola’s blue (8:dimethylamino-2,3-benzophenoxazine) acts as an
eleciron donor to tetrazolium salts, such as nitro blue tetrazolium to form

an insoluble formazan product. This product is coloured and precipitates




2e- + 2H° 5 MB MBH2 MBH2 + Tetrazoliumdye- -- TetH2 + MB &Rpjifgpst i on
experinments were carried out to determne the 10 concentrations of
nmel dola's blue and nitro blue tetrazoliumin order that the formation of

the formazanygonsiest. (and therefore colour) was incr easggﬂsgga%ésgat
all owed the neldola's blue to be continuously recycled. used as

the el ectron donor. The concentrations of -~ neldola' s blue (blue crystals)
and nitro blue tetrazolium(clear yellow2015 solution) were kept as | ow as

possi bl e so that i I Rresence; (i(,% ;Hd 10t, col our the reaction m xture at
the start of thé)uieg’pesr0 }“ﬁ’é’ﬂt BV, a wisu \'/%Qcal’i'ioﬂrf’fe%uwsﬁﬁed@ft glscirome

presence of | owdooosenth ad NAIHT.Ofhe AActNIF shb§R B8low:t Was determ ned that
with 10mmol NADH as the electron donor, the rate of formati on of col our

was hi ghest with 50 unol neldolyg’' g Hue and 0.0025% nitro bl ue .
tetrazolium The rate of reacti % was determned 25 to be 0.043 absorbance
units (A per. mnute. Wen the pl aced with foetal calf serum as
expected, thdre was no &Bour production, since tNMBH, was no el ectron
donor present. 30 S. aureus cell suspensions at a concentration of
approximately 108 cells/m in foetal calf serum with 50 nol neldola's

bl ue ‘and 0. 0025MEBHApr Tdtra20Em iPe 6:21+-30478-PET/ GBO1/ 0%5888 31mmnitro blue
tetrazolium were able to induce colour production at a rate of
approximately 0.04A/mnute. To mmc wound situations, 108 cells/m of S

aureus cel | s gr Optimizntioh oedxplerithis S@ertm WanRdl Yogd BY SRYSLALe didid er ent
met hods andléesge% as . ) :

- toncenirations of meldola’s blue and nitro blue tetrazolium in order that
the formation of the formazan product (and therefore colour) was
increased, and that allowed the meldola’s blue to be continuously
recycled. NADH was used as the electron donor. The concenirations of
meldola’s blue (blue crystals) and nitro blue tetrazolium (clear yellow

15  solution) were kept as low as possible so that their presence;

(i) did not colour the reaction mixture at the start of the experiment,
but

(i) was high enough to detect the presence of low concentrations of
20 NADH,

Hence, it was determined that with 10nmol NADH as the electron donor,

the rate of formation of colour was highest with 50 pmol meldola’s blue

and 0.0025% unitro blue tetrazolium. The rate of reaction was determined
25 to be 0.043 absorbance units (A) per minute.

When the NADH was replaced with foetal calf serum, as expected, there

was no colour production, since there was no electron donor present,

30 5. auwreus cell suspensions at a concentration of approximately 10°

cells/ml in foetal calf serum, with 50 Hmol meldola’s blue and 0.0025%




the electron donor. (i) Cells lysed by sonication and/or hg@aBRipggsure
(French Pressure Cell) to release the cell conponents, had reaction rates
of about 10 0.06A/mnute. (ii) Penicillin treatment of cells up to 1 hour,
caused the npgeddoes rate to increase to 0.11A mnute. (il i) Ex(gosure of
the cells to |lysozyne for up to 1 hour resulted in a ra ng&(L)I]lI FHent to 0.
14A/ minute. 15 In the absence of neldola's blue the reaction rate was about
0. 036A/ mi nute. The chemical fornulation #br this nmodel to effectively
measure 10nnmol pf t her I t.epmned to be: Meldola' s blue 50
gnol  NBT 0. Oozgésztgﬁéx%é%n%ﬁ%gh%’ e ?ga.ﬁ%ﬂ?ilﬁ%mﬁrc@goé’ﬁcpéo °t’§’ﬂl5’gtaaﬁ‘ﬁee°§0\ si npl e
cell with two cheprosimatelgd04t/adniiy. a vertical wall of chitosan as
produced in Exanple 1 was constructed to denonstrate the degradati on of
chitosan in a tine-dependent manner in the presence of |ysozyne. The 30

left hand chanb@ masicf wbinedl sitidtions, I0URBIHOWrES. d¥Rub Qatili %-.Ja“ﬂnygptzyrre
an etween

was added. I%e foiege:jt%gand chanber contai ned water. The chito
the two chamber ©pY TR VoY gred Py spvprplodifferimt inethodsoanp tdsted2@05 WO

02/ 30478 PCT/ GBhé Hetu®a dddod he di ffusion of col our between the chanbers was
examned for up to 30 mnutes. Appropriate controls were run where no .

~lysozyne was present. 5 Two concentrations of |ysozynme (25 and 50 g per ml)

vere Used, and ) he cAISHALP 10 obRRONE oKURE Lhoble TESHIY pELBTRET P 1°

30 minutes was determ ned. ough estinati
degradation of the Cell) to release the cell components, had reaction rates of about
10 0.06 A/minute.

(ii)  Penicillin treatment of cells up to 1 hour, caused the reaction rate
to increase to 0.11A/minute,
(iii) Exposure of the cells to Iysozyme for up to 1 hour resulted in a
rate equivalent to 0,14A/minuie.
15

"In the absence of meldola’s blue the reaction rate was about
0.036A/minute.

The chemical formulation for this model to effectively measure 10nmol

20 NADH was therefore determined to be:

Meldola’s blue 50 pumol
NBT 0.0025%

25 Example 3 - Signalling presence of substance

A simple cell with two chambers separated by a vertical wall of chitosan
as produced in Example 1 was constructed to demonstrate the degradation
of chitosan in a time-dependent manner in the presence of lysozyme. The
30  left hand chamber was filled with a blue coloured dye to which lysozyme
was added. The right hand chamber contained water, The chitosan

between the two chambers prevented flow of liquid between them.




chitosan by |ysozyme was therefore given. The results are @agqopbgd in the
tabl e bel ow, the stronger the col our observed, the nore positives 10

i ndi cated. Where no | ysozyne was present, no diffusion of colour was
observed. Lyw@gysmconcentration (ng/m) Time (m res)025§2 ’l%" 10- ++ +
30-++++++ It was clearly denonstrated in this nodel ther 5 ?U‘{"ﬁsgt t wo

| evel s of 15 lysozynme could be discrimnated in a qualitative way. The
nmodel was then repeated, using neldola s28lue and nitro blue tetrazolium

~“to signal the presence of NADH. Experinental work optimsed the |evels of

NADH, NBT and neldola's blue required to give 20 simlar discrimnation in
such a ti me- courlhe difipsion wécblout betwhis tiadanibes whebtanGihadTBG y\RS3d 1 | | ed

with a solution_gf and lysoz , While the right chanber was filled
‘with a solution “Sﬁ:‘“%%&l’ﬁ"%‘%? &‘E%g’?ﬁjwﬁsfuﬂﬂhege ng dfsogymeuwss prasets e
~approxi mation to the envisaged final product format, and the results once

- again dem)nstéra d that the systemcould discrimnate 25 between different
| evel s of ozi}eﬁ@ Fopegniratgns f userame @8 medr30 BgAperiml) 2068 0B 024B0478

PCT/.GB01/ 04588 2 stireiPb€cdos o} [_productjon of jndicator US Patent
No. 5 911 937 (Capsi t_o?m%pe?:‘fig?rty Fa’gtﬂ{"g%e‘{‘)’ﬁg)"ga‘{‘ %@oﬁt@ﬂf’m&l’f‘es WAS ch is
i ncor por at ed by detereinedc el reteghadstimationef Hecreive rafl dfoddgridatiod lag ¢f Creation

of m croscopic LptRLE | sm.tting chapnel s throughout a solid,

wat er - i nsol ubl e pol yrre%?%%igsﬂ% %%sg%ﬁﬁfgreﬁlg?ﬂ'd RORHES) are; Prasentedadsi | i t at e
di f f usi on o:‘ suthet ’ahtaﬁbennmlr,loqhgmttdngerpaieygabur GBIVEL, SR frord PhHRJeLY first
MXing a POyl a2 Wikere Inr(])gly?cgz?nr;}e v?a?s p;iers]en%,c Eli)vciaiffusion of colour was

observed.
: Lysozyme concentration (mg/ml)
Time (mins) 0 25 50
0 R - -
10 - + ++
30 oo- + + ++++

It was clearly demonstrated in this model therefore, that two levels of

15 lysozyme could be discriminated in a qualitative way.

The model was then - repeated, using meldola’s blue and nitro blue
tetrazolium to signal the presence of NADH, Experimental work
optimised the levels of NADH, NBT and meldola’s blue required to give
20 similar discrimination in such a time-course experiment. In this case the
lgft chamber was filled with a solution of NADH and lysozyme, while the
right chamber was filled with a solution of meldola’s blue and NBT. This
Set-up was a close approximation to the envisaged final product format,
and the results once again demonsirated that the system could discriminate

25 between different levels of lysozyme in a time-dependent manner.




conponent, heating the mxture above the polynmer's nelting pgiiidioggnd 10
then allowing it to cool. The resultant polyner matrix contalns a network
of interconnecting channels leading fromthe surface to the entrapped
active partiwbhesseaggne polyner material can be noul ded or forned into
sheets or fibres. Suitable channelling agents include pofyYeig}esss

pol yet hyl ene glycol, EVOH, or glycerin. Any thernoplastic nmaterial nmay 15
be used, including, but not linted to, B8l ypropyl ene, polyethylene, ABS,

pol ystyrene, pol; at Jp&n, PYC, .t hernopl astic el astoners,

pol yester, and t%’ga?ﬁrﬁggt sﬁeﬁlp peguchipn ?fdgg’é’f’&r of the present invention

as shown in figure 6, the 20 signalling layer is noulded froma m xture of
subst ances, neldola's bl ue

a polynmer, a ch |1ing agent and the indicator

and nitro bl ue W?Pﬁ%g}i’u%ﬁlﬂo%ﬁr (Senpitel SpesialgnBlastiest Inck ihe dohtenf of m of t he
disc 7 by the ~ruibwt Elesshs p@%}am C b I Opo r layer
8, iIs produced by: a) I\/baﬁ?diang r cgrg{l?ezﬁgle?:;ﬁgtao'ggtkgﬁi%@g&} %bem%o%qﬁ? a cup
“of suitable SthicEsaHEn Pt anigraseepic delietcaphestingtteansmbtticp maﬁﬂ@sﬁ&m@ﬁ%ﬁo@t provi de
an interferencg {4 10, ' 7. T indjcator 6 |s assenbl ed by 30
pressing the di chd%fdl, m’%&t hgﬁ%@%%s%ﬁé‘%eerdh@eﬁ%%%ﬁ Proylde pathways thet ¢ hat

one face and t héacilitgte difftsiven ioficsubataacesditiough ithe | polEA&E, aChatield are 2N

covered by, theghiono r.layer. 6 ril 2005 WO 02/ 30478 PCIT/ GB01/ 04588
or b) Spray coafs ng erg} taﬁ“%llf}gaaﬁ? Bt & ehanogilingsagsnt andnan fagdee and t he

5 edge of the dicempdnenthieaify 3he ahixtlirSRBSVONE Phiyhia s Ml
quantity of .the in(gahllcat,or_ subst ance entrai nedpvmythirﬁ a%%nérgﬁ%h%ﬁc}ﬁness and

chermi cal coftBos tien aitoging it cB?loagnpfﬁgﬂtapbp@ymgr aradriy epetatbe et neipork t he
wound managenenbs idiRrodRiM AR dHAfind1® e Bednl Gnd MAEGRL 9F 48 dilaSPSFY:
active particles. The polymer material can be moulded or formed into
sheets or fibres.  Suitable channelling agents include polyglycol,
polyethylene glycol, EVOH, or glycerin. Any thermoplastic material may
15 be used, including, but not limited to, polypropylene, polyethylene, ABS,
polystyrene, pdlycarbonate, Nylon, PVC, thermoplastic elastomers,
polyester, and thermosets.

To produce an indicator of the present invention as shown in figure 6, the
20  signalling layer is moulded from a mixture of a polymer, a channelling
agent and the indicator substances, meldola’s blue and nitro blue

tetrazolium, to produce a polymer matrix in the form of the disc 7 by the
method described above. '

25  The cup shaped biopolymer layer 8, is produced by:

a) Moulding or casting chitosan into the form of a cup of suitable
thickness and with suitable internal dimensions as to provide an
interference fit with the disc 7. The indicator 6 is assembled by

30 ~ pressing the disc 7 into the cup shaped biopolymer layer 8 in order
that one face and the edge of the indicator disc 6 is in contact with,

and covered by, the biopolymer layer.




Exanple 5 - Second nmethod for production of indicator To gy ©fp&Nn

i ndi cator of the present invention as shown in Figure 6, 15 the i1ndicator
substances, neldola's blue and nitro blue tetrazoliumare spotted or
sprayed or gafdRdsRNto a nitrocel | ul ose nmenbrane sheet. ;$ﬁ nitrocel |l ul ose
retains the indicator nol ecules by electrostatic charge 8?@6§$Breventing
the | eaching of reagents fromthe indicator through the biopolyner |ayer
and into, for exanple, a wound. The signdling |ayer of 20 the indicator 6
irs then cut fromthe nitrocellul ose nenbrane sheet to form the disc 7. The
cup shaped bi opol ynmer layer 8, is produced by: 25 a) Moul ding or casting
chitosan into the formof a cup of suitable thickness and with suitable
internal dinensions as to provide an interference fit with the disc 7. The
i ndi cator 6 is afsenbled by pressing the disc 7 into the cup shaped

bi opol yner | ayeb) 8 iSpray dedtingtdhatbsaang o AsQbRNickhE ji Rl cat or
disc 6 is in.contact mﬁtgwﬁcio and covered by, thesgﬁgggﬁiﬁég%nggé. or
April 2005 vib 02/ 304£78° 95 thsdiseho1/ 04588 b) Spray coating chitosan to a
sui tabl e thi ckness onto one face and the edge of the disc 7. 5 The
physi cal dinensjons of the disc 7, the quantity of the indicator

subst ances boun#té ®hyvieal rdimensions| of theedise (Moamh theaqubntibe of e ks omnd

. chem cal conMpoSsiyi ' I I r 8 are, dependent upon the
wou ndI ma 2 agere pi?%?ié%f%fﬁggjﬁ%e t%ﬁ?eﬁgiﬁ‘igg?m{ﬁgp FHRRATHEM of1 o
anple 6 - [ idepe: i faiter whandr Aekize
i n-dim(::)ator ofp t Reasay ()4 Ehi Qn..as sho,vevzn1 i.n Fi gurg 1121, t he gii%gtnal ling
Sred®P e tor ']u&[‘e SAndicaar (sigtended.channel | i ng

| ayer is forned froma mxtu

6

Example 5 - Second method for production of indicator

To produce an indicator of the present invention as shown in Figure 6,
15 the indicator substances, meldola’s blue and nitro blue -tetrazolium are
spotied or sprayed or coated onto a nitrocellulose membrane sheet. The
nitrocellulose retains the indicator molecules by electrostatic charge
thergby preventing the leaching of reagents from the indicator through the
biopolymer layer and into, for example, a wound. The signalling layer of

20  the indicator 6 is then cut from the nitrocellulose membrane sheet to form
the disc 7.

The cup shaped biopolymer layer 8, is produced by:

25 a) Moulding or casting chitosan into the form of a cup of suitable
thickness and with suitable internal dimensions as to provide an
interference fit with the disc 7. The indicator 6 is assembled by
pressing the disc 7 into the cup shaped biopolymer layer 8 in order
that one face and the edge of the indicator disc 6 is in contact with,

30 and covered by, the biopolymer layer.

or




agent and the indicator substances, neldola's blue and ni téﬁprhbt:j@s 15
tetrazolium using the nethod described in Exanple 4 to produce a polyner
matrix in the formof a thread 16. The biopol ymer layer 17 is produced by:

20 a) Spray woaksogag chitosan to a suitable thickness ont surface of
the thread 16 or 25 b) Dipping the thread 16 into a bat hggﬁ')&%mmﬁ‘ﬁsgan to

produce a coating of suitable thickness. The thickness of the thread 16
and the quantity of the indicator substarRée entrained within and the

t hi ckness and chemical conposition of the 30 biopolyner layer 17 are
dependent upon the wound managenent application for which the indicator is
intended. 6 Aprit) 208prapBosdnsOHiTBaPET s RO HBaG RS0 kb AnBack. ariiyl Ndi cat or

- suitable for detecti t resence of a substance or a mcrobe at a
| ocation which i ndi cg‘?%r&g%gﬁﬁc?;s: 5 (a) a layer which is susceptible to

degradati on by the substance or mcrobe or a first substance associ ated

. wth the m crobg, nd. (b).a signalling |ayer which is adapted to produce a
“detectabl e s‘r)?gﬁglie ﬁ?ﬁsb“%?iq’;ﬂﬁ’&s& 1S5 of ({he gisss@ndbe ofuantiy ofilibe dndieator 10

T EroRe O 2, Spemmib ot o 38t &l WhghleLif R Bhd 141

substance which |s |ocated at substantia same” |"0c
substance or ni ChIBisal Gprapesitien phtheskiopelymes layeald hregddpaysnt (Upbnithe at | east

nitially proteiasd budked i uffilcatibh forl MicR WRSHANG R 3L sifbsdegDe O the

second substance associ

10 . Example 6 - Third method for production of indicator

To produce an indicator of the present invention as shown in Figure 12,
the signalling layer is formed from a mixture of a polymer, a channelling
agent and the indicator substances, meldola’s blue and nitro blue
15  tetrazolium, using the method described in Example 4 to produce a

polymer matrix in the form of a thread 16.
The biopolymer layer 17 is produced by:

20 a) Spray coating chitosan to a suitable thickness onto the surface of
the thread 16

or

25 b) ‘Dipping the thread 16 into a bath of chitosan to produce a coating
of suitable thickness.

The thickness of the thread 16 and the quantity of the indicator substance
entrained within and the thickness and chemical composition of the

30 biopolymer layer 17 are dependent upon ihe wound management
application for which the indicator is intended.




15 with the nicrobe or the further substance which is | oc a4 Agkildoos
substantially the sane |ocation as the substance or m crobe by the | ayer
(a). 2. An indicator according to claim21 wherein the signalling |ayer (b)

i s adapted twopis@dce a detectable signal whose initial th is 20
proportional to the amount of the substance, m crobe or gg@%ﬁ%’%%stance

associated with the mcrobe which-is present. 3. An indicator according to
claiml1 or claim2 wherein the |ocation 2fs a human, animal, domestic,

| aboratory or industrial |ocation, foo it S 25 or personal care product.
4. An indicator according to any one o recedi ng clainms wherein the
first or second substance associated with the mcrobe is a m crobial

by- product, a part of,_mi ial. cell contents, or a substance associated 30
with the |ocati gil"l' s fb‘élsnﬁoilrggtté))rts'éltag&# r tifkg dheopresence o 4 substanee er & vi ng

human or ani mal miiochbe a6 aApediion 2636h MR IBhASisRCT/ GBOL/ 04588 27 5. An
i ndi cat or acgordi ng tag Clﬂﬁi m 4 wherein the substance associated wth the
| ocation's ré&sponse 1% a AMAFFOHBICRHE SHscepidbly de sleztadaiien hy lthe sulgtanbeiman or

ani mal body is an i mune gGahleroRord AEHISLES sRraduct... or an .enzyne. 5
6. An indicator according to any one of Fﬁeb%ﬁg%sé%ﬁ%g&&%%ﬁ%ﬁﬁ fn the
first and second substancd®d associated with the microbe are different. 7.

An i.ndi cator accordi tQ apy. recedi claijms wherein 10 . the
|l ayer (a) is a bi opo{bgrrer lﬁ yaelfr?i_i'féﬂe #h?%@fscgfagFe%g@cB?%“ﬁb 2 geiRatahien 7
wher ei n the biopol yner i signgk|vducledndicains ahé t prosenchi 0 3R sub®iRlecaBy

sul phate, hygl uronic aci Qni %Qondroiti n, pol yhydroxybutyrate, polyester
i & sybriipee i

ani.des, pol ytrinethyl ene 15 Si€ct A48 rASEPLIdted | Wikde dhe microbe

pol yvi nyl pyrrol i done andodexfurther substance which is located at substantially the
same location as the substance or microbe;

wherein, in use, the signalling layer (b) is at least initially protected from

contact with the substance or microbe or the second substance associated

15 - with the microbe or the further substance which is located at substantially

the same location as the substance or microbe by the layer (a).

2. An indicator according to claim 1 wherein the signalling layer (b)
is adapted to produce a detectable signal whose initial strength is
20  proportional to the amount of the substance, microbe or second substance

associated with the microbe which is present.

3. An indicator according to claim 1 or claim 2 wherein the location

is a human, animal, domestic, laboratory or industrial location, foodstuff

25  or personal care product.

- 4, An indicator according to any one of the preceding claims wherein

" the first or second substance associated with the .microbe is a microbial
by-product, a part of microbial cell contents, or a substance associated

30 with the location’s response to a microbe where the location ié a living

human or animal body.




9. An indicator according to any one of the preceding cl aigmpii2epsi n the
detectable signal is a visually detectable signal. 20 10. An i ndi cator
according to any one of the preceding clains wherein the signalling | ayer

(b) conpri segodfshg Ndi cator or an assay for an enzyne, i ne cell or
a mcro-organism 11. An indicator according to any one Sﬁiﬁhéq%?%cedi ng

clainms wherein 25 the signalling |ayer gb) conprises a noisture sensitive
i ndicator. 12. An indicator according to ¢l ai m 11 wherein the noisture

sensitive indioator ApSingichi . lt..chloride. .30 13. An indicator
according to any one ofSl “tafﬁlé%g?‘é%%‘gﬁgggg?aé‘?r#sW&?F&F‘eﬂlﬁ S“%ﬂ@“‘?i Ghearedg | ayer

(b) conprises a " thestogation’s mefipouteotv & wlisiobn ogherd B locafion s Q@ﬁﬁ%i c or
4. An

fl uorogeni ¢ subs .Anrid l,. 2005 WO 02/ 30478 _PCT/ GBO1/ 04588 28

i ndi cat or accorgl nghfug ral rr'%oi% AR ETHE £ AR drrupe gell Dyeprodugt, otonpri ses
nmet hyl ene bl ue, am@ndphe’ s bl ue, phenol red, brono-chl oro-indolyl

phosphat e, alani ne am doacri done, fluorescein diacetate and/or a
tetrazoliumSalt. 15. An indicator according to claim 14 wherein the

si gnal i ng | ayes. ( b) AnGadiBiths 8&ofBhs 8 an B‘?‘ I Lue tetrazolium
10 16. An i ndi caﬁeg{, according to an§ one?ggétuﬁctaté gé%%!lig?aﬁg?sapv T&hich is
in the form of &GHEE 2B segopd pebstanpes gagodiardd auithahe adcwbdiangdiffereqty one of
the preceding clainms wherein |ayer (a) wholly encapsul ates |ayer (b). 15
18. An indicator, according to any one of the preceding clainms which is
provided with a’prot48dndieateragasprdingto Amy brelbf theQireQRany Slaits Wletei@i M 18

wher ei n thejpr oychi AVfhiol substantially transparent to the
det ectabl e signal p égg(ﬁjcedae%gb(?ﬁrgéplayen
8. An indicator according to claim 7 wherein the biopolymer is
selected from chitin, chitosan, keratan sulphate, hyaluronic acid,
chondroitin, polyhydroxybutyrate, polyester amides, polytrimethylene

15  succinate, albumin crosslinked polyvinylpyrrolidone and dextran.

9. An indicator according to any one of the preceding claims wherein

the detectable signal is a visually detectable signat.

20 10.  An indicator according to any one of the preceding claims wherein
the signalling layer (b) comprises a pH indicator or an assay for an

enzyme, an immune cell or a micro-organism.,

11.  An indicator according to any one of the preceding claﬁns wherein

25  the signalling layer (b) comprises a moisture sensitive indicator.

12.  An indicator according to claim 11 wherein the moisture sensitive

indicator is silica or cobalt chloride.

30 13.  An indicator according to any one of the preceding claims wherein
the signalling layer (b) comprises a dye, stain, indicator substance and/or
a chromogenic or fluorogenic substrate.




signalling layer. 20. An indicator according to any one ofgihf JBpscedi ng
claims which is for use in an environnent and wherein the signalling |ayer
is protected 25 fromcontact with the environnment at least initially. 21.
An i ndi cat ony@gsRi#i Ng to claim20 wherein the environment is a _|iquid
environment. 30 22. An indicator according to claim20 of BRI wherein
the environnent is an aqueous environnent. 6 April 2005 WD 02130478
PCT/ GBA /04588 29 23. _An indicator acco2gling to claim 20, 21 or 22 wherein
the environnment is a tissue culture mediumor a foodstuff. 24. An

i ndi cator substantially as hereinbefore described with reference 5 to

Figures 6, 12, 14, 1&n idficattdaced ' I )« A
9 s 90 DN AT, .,

dressing for a wound which conprises a dressin
defined in any G6YBPRIest hempthgleaeli ndlue, ai meldaip’s26. blaedr epsémyd acedy di ng to

claim 25 whi ch pRgldeasrRhdaRd b I [ i s.an adpesive. | ayer
and/ or a rempvahl e pr otectl vgﬁjl g}‘g@ﬁhf? %@F%ﬁ%wgggg?’di Y ai m 25
or claim26 #whidigceiaieiandénra fetrazativmpsdlses a noi sture indicator. 15 28. A
dressing according to any one of clainms 25 to 27 wherein, in use, the

signalling layer is visible. 29. A dressing substantially as hereinbefore
described wi th ¥5f erAemimlicator @0ordingyifoedaifn 19 whibréin dhel & gRd11ih P Say3F qRIPANYI NY

- drawi ngs. 30. e Which conprises an indicator as defined in any one
of clains 1 tg&%&rﬁn{%@ﬁfﬁ%ﬁuﬂ&?B%@ e8tdiugf whi ch packagi ng
conprises a container layer and an indicator as defined in any one of

clainms 1 to,Z24. i e .
1(? -16.  An indicator according to any one of the preceding claims which is

in the form of a disc or a tube.

17.  An indicator according to any one of the preceding claims wherein
layer (a) wholly encapsulates layer (b).

15
18.  An indicator according to any one of the preceding claims which is

provided with a proteciive layer.

19.  An indicator according to claim 18 wherein the proteciive layer is

20  substantially transparent to the detectable signal produced by the
_ signalling layer.

20.  An indicator according to any one of the preceding claims which is
for use in an environment and wherein the signalling layer is protected
25 from contact with the environment at least initially.

21.  An indicator according to claim 20 wherein the environment is a

liquid environment.

30 22. An indicator according to claim 20 or claim 21 wherein the

environment is an aqueous environment,




32. Packagi ng according to claim31 wherein, in use, the I@Aﬁ{ opgg of the
indicator is in contact with the foodstuff. 30 33. Packagi ng accordl ng to
claim 31 or claim32 wherein, in use, the signalling layer is visible. 6
April 2005 W @r4e3a478 PCT/ GBOL/ 04588 30 34. Packagi ng agg,ﬁg to any one
of clains 31 to 33 wherein the indicator is incorporate f

contai ner layer. 5 35. Packagi ng substantially as herei nbefore descrl bed
with reference to Figure 18 or 19 of thé%acconpanyi ng drawi ngs. 36. A

~process for thesgroduct [ tor according t lajm 1, which
process conpri sgg fojrglrﬁn ?\I%%a?%rngalgférﬁglgl 10 e é)(g'f &H mhg %e‘d‘““a‘"&‘é‘bl*@e 10 ;
layer (a), and, enVIrmsaayl,ssx&mutﬂmétguina)tafdoagtumto | ayer (b). 37. A
process accor di ng to claim 36 wherein the signalling layer is fornmed from
a polynmer, a channelling agent and an indicator substance. 15 38. A process

according to C| agm 3ﬁn\mﬁbﬁbﬂ sﬁﬁ%ﬁmﬁhﬂﬁﬁa’s hbﬂ%ﬁaﬂeﬁ*@rdekailbeﬁ%i%gefgy pgfati ng,
spotting or ﬁg#% i cator onto nbr ane rocess according to

‘any one of clai 3]82v314e|131@p94fb21 @%ﬁlﬁa@a@meaﬂ}m&drawmgfsorned by

noul ding or casting a biodegradable 20 material. 40. A process according
to any one of clalms 36 to 38 wherein the degradable layer is forned by
spray coating a 2P odd girauing é?rrmt“@ﬂildalwhmlt compttigessi grabinp rgydragnan 25 41. A

process accordi didathr3dVaedd erel n the degradable
| ayer is fornmed by dippi r?g t@%S'I %‘lﬁjgﬁﬂa ing %“’5&%%?’?: Sa bath of a

bi odegradabl e material. 30 42. A process for the production of an indicator
according tgyclg mly dressing according to claim 25 which includes an additional

layer which is an adhesive layer and/or a removable protective layer.

27. A dressing according to claim 25 or claim 26 which additionally
comprises a moisture indicator.

15
28. A dressing according to any one of claims 25 to 27 wherein, in

use, the signalling layer is visible,

29. A dressing substantially as hereinbefore described with reference to

20  Figures 7 to 11 and 13 of the accompanying drawings.

30. A suture which comprises an indicator as defined in any one of

claims 1 to 24,

25 31. Packaging for a foodstuff which packaging comprises a container

layer and an indicator as defined in any one of claims 1 to 24.

32.  Packaging according to claim 31 wherein, in use, the layer (a) of
the indicator is in contact with the foodstuff.
307
-33.  Packaging according to claim 31 or claim 32 wherein, in use, the
signalling layer is visible.




substantially as descri bed herein with reference to Exanpl eapd 20056.

WO 02/30478 PCT/GB01/04588

10 .

15

20

25

- 30

30

34.  Packaging according to any one of claims 31 to 33 wherein the

indicator is incorporated into the container layer,

35, Packaging substantially as hereinbefore described with reference to

Figure 18 or 19 of the accompanying drawings.
36. A process for the production of an indicator according to claim 1,
which process comprises forming signalling layer (b), forming degradable

layer (a), and, if necessary, assembling layer (a) onto layer (b).

37. A process according to claim 36 wherein .the signalling layer is

formed from a polymer, a channelling agent and an indicator substance.

38. A process according to claim 36 wherein the signalling layer is

formed by coating, spotting or spraying indicator onto a membrane.

39. A process according to any one of claims 36 to 38 wherein the
degradable layer is formed by moulding or casting a biodegradable

material,

40. A process according to any one of claims 36 to 38 wherein the
degradable layer is formed by spray coating a biodegradable material onto

the signalling layer.

41. A process according to any one of claims 36 to 38 wherein the

degradable layer is formed by dipping the signalling layer into a bath of a
biodegradable material,

42. A process for the production of an indicaior according to clann 1

substantiaily as described herein with reference to Examples 4 to 6.




