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IMPROVEMENTS IN DETECTION

Field of the invention
The present invention provides a new indicator for the i situ detection of
5 the presence of a substance or a microbe at a location, and methods for its

- use and construction.

Background of the invention

- For a number of applications, it is important to be able to detect the
10  presence of microbes at a given location, for example to determine

whether foodstuffs are safe for consumption or whether a wound has

become infected. There are currently a number of methods for the

detection of the preseﬁce 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 dres_sing 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




a location. The indicator conprises a layer (8) which is Sélﬁsr%%'? le to
degradati on by the substance or mcrobe or a first substance ciated

with the mcrobe and a signalling layer (7) which is adapted to produce a

det ect abl e syg@seswhi ch indi cates the presence of the Sugﬁﬁnﬁﬁ or m crobe
or a second substance associated with the mcrobe or a fu B st ance

~which is located at substantially the same |ocation as the substance or
mcrobe. In use the signalling layer is & least initially protected from

contact with th LJa cr.obe or. the second  substance associ at ed
with the mcr obgbg#hgig??ﬁer?[%‘oégrﬂé uag's%er%angfem\?ﬁf‘gﬁ 1 gvifien shthesetyerantial |y
the sanme | ocat isbeetasnd Hesprelting roeards theiltieaheichis e e Headabkodi@yer -
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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
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- 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
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' 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.




Description of the invention 25 According to the inventi ong g\Pe'raﬁ)é’
provi ded an indicator suitable for detecting the presence Sbstance
or a mcrobe at a | ocation which indicator conprises: (a) a Iayer which is

suscepti bl e y@ofRgsadati on by the substance or mcrobe ﬁé Ifa; firs
subst ance associated with the mcrobe; and 30 (b) a sig F F?fﬂ“f’sﬁyer whi ch
is adapted to produce a detectable signal which signalling substance

i ndi cates the presence of the substancedor microbe or a second substance
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the layer % signal ling |ayer may be adapted to produc ect abl e
si gnal whose “"- strength is proportional to the anount of the
substance, m crobe or 10 , of the second substance associated with the

m crobe, which is present. Thus when there is a conparatively |arge anount
" of the substanc® further pdraatage offthe hgeg'emomjﬂmulmﬂmﬁedlﬁSﬂQh@h&Ik ¥¢th the

m cr obe present LS itjially strong or when there

is a conparati vlgll%;. ai)armun‘%no#‘:'g{iheo %’ﬁb e[i%%’é’g “}‘/FI dEhEgY SFtaithe second

subst ance 15 asmcleattﬁohnmrolte tthe cntren bevepties das thd RevaeiRCiak! @esi gnal is
stpod that it is the initial strength of

initially a e . unde
the signal Whi Eﬁa&xhoﬂ\ﬁl '?'Pg\%tm Hatls&VeHe BGRETe Msgangead snddr sperificobes, t he

activity of themﬂ:@olaubsdnwg@amn,m crobe is not quenched on contact with the
signalling layer. Thus, after a period of tinme, even when the anmount of

the substance or mcrobe is conparatively small, it will act on t he
signal ling | ayeandthéd hdvdllage 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.
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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.
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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 susceptible

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
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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 sﬁbstance 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




25 location is a living human or animal body. A suitable examl f a

m crobi al by-product for use as the first or second substante “associ at ed
with the mcrobe is an enzyne, particularly, an oxidase, |ipase,

trypt ophana -l actamase or esterase, 30 dehydrogen ki nase,
hydr ol ase, ;f%?%gig nucl ease, phosphat ase, decarboxyl ag‘g 5%87‘53?

car boxyl ase. The m crobi al by-product may also be a naturally occurring
or gani ¢ phosphate such as adenosine tri pRosphate 6 April 2005 WD 02/ 30478

PCT/ GB01/ 04588 .ATP ne n Ieo i de such as, ni.coti nam de adeni ne
di nucl eot i de (%&Dﬁ@l ?pmﬁ?ﬁgé ﬂf‘ § f’% arobefe frwWiipehuand othede
(FADH). A . sui taunoenmmmtea ojflewbcsuus,t px%ﬁﬁctaﬁﬁﬁéﬁée%t e@‘hws rélaﬂﬂl 129G t: OB'Z

i M ody

response to am ere the location is a living

is an 5 i mune BEGI E@n&q?“ﬁ?{ﬁﬁ H‘EeP‘les‘tﬂ‘Fep? {o 8% anzyme, alwfér&a]hgﬂsnlmmnas
| ysozyme, . pepski e@lﬁxﬁri@aﬁ%@cera‘s\es | i cel | for
use as the §econc};ﬁ{substance associ a?}ggégvam ?ﬁ@&ﬁgﬂnnﬁ%er ol%gﬂfsm i;aﬁ?rophll

basophi | or> eoBiHR5shi nuclepse, phpsibetpser decebeonylhsey end{oa cadonrpisses chi t osan;
the first substance associated with the mcrobe may be |ysozyne, when it
10 conpri ses poI ester am de the first substance associated with the

m crobe may beThe plesecsable, sighadnid tomionplly sdseqpatilyt vistaEtly)y lagdielys ugCi nat e

the first subs d th th R e a |lipase, when it

conprises al bu%@ﬁﬁg?lgﬁgq?&egbgy b‘vﬁsﬁ/?’wﬁ’ﬂe&%‘ﬁaﬁ%ﬁﬁnﬁﬁeﬂ -£i p Shangenat ance

associ ated Wi téplolre Firaxaiplenmy shaPRpIhyer 30hpaea idhe COMRA! indifSiddext ran
5SOCI ed with the mcrobe nay be dextranase. The

the first st ance
~signalling #‘gyeﬁl{’%ﬁ&?f ot d’ﬁp?egﬁ@ﬁloﬁﬁ‘ﬂf’c% eﬂ‘i‘?ﬁ%g%l‘ésm@afef alif umeher
subst ance foundemlbod&u@ﬁt et di %Q@eﬁmﬁﬁgqthgﬂnﬁg sh UQI%EC%H)%e or
3

m crobe. A signal t herefore roduced when t ance or
m crobe or fi rs%“cg &Bé'c iR 08 C&E@Bé‘iﬂ&ﬂéﬁ Wirefigrablie thei @yeobtmmas smshfatecnsent ly

~degraded | ayer ijn@jall§0a afrst GobddroBud e upstance to_conjact the
i ndi cator. Accordi ngl y, the signal pﬁd?%%%s{vyﬁegpér@ efice BYPR% &ubst ance

or mcrobe. A sibsiamiceassneiaisiewith & hmickalret bera Sufibérasaiestdeunghial 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 increase 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




25 generally found in the environnment such as water. Alterna
mcrobe itself may act directly on both the layer (a) and the signalling

substanti al | y the sane |ocation as the substance or mcr Ob@At) Ogubstance
rvely a

| ayer t her ebyglsnéci ng the detectable signal. The microbe is, for
exanple, a mcro-organism e.g. bacteria, yeast or fungi PCHGBAMSE; gnal I'i ng
| ayer preferably indicates the presence of a netabolic by- product froma
m crobe or, nore particularly a bacterial0cell. CGenerally 6 April 2005 WO
progresses, the nunber of m crobes

02/ 30478 PCT/ (B 4588 9 = as_t.i
mul tiplies, andg%ﬁgngc%ﬁ%%lﬁt r 4§ glsodrosgbleioprebe éombactarisdusing iantgeases. The
signalling | ayes chastigdaias, i dagi 0 mor e

g g | ayespeciiicehaniipdalias dﬂﬂju@%&swﬁlh%pﬁfngélgé?e %béggﬁas(?@gggﬁl

ase, Se,

particularly an _enzyne ich is an esterase,
ki nase, hydrol ag’é‘?&’%?ﬁ)fh@mg?éﬁeﬂm]éa%theﬁiﬁ#@%hatlm, decar boxyl ase, and/ or

car boxyl ase. The detectable signal is optionally detectable visually,
audibly or electrically; preferably it is a visually detectable signal,
e.g. a chang? i fAltemstisely thesignelliagpdher tdompsisenalph hgidaorewhioR adidcges a dye,

stain, indicato : t e, and/ ot a.chronogenic or fl|uorogenic
substrate. In oﬁgmgrng%% rrél?\l?l,?e P%%t%s'} SnEong cF‘ﬂVﬁF%&ﬁmﬁ tegengrally sture
sensi tive indi ckaor tisuche gresshdd of bacteriohaliiices thoHEdRe 1BE Ghesiah -iﬁht he dye,
stain or substrg hiﬁxe [ itiallé E first colour but on contact with a
subst ance, microbe, a > supSUEIlE 895 5EMEPEd the (B LInveyashexudate will t her
substance whi chcliangd bs tieashemiratios BPAfG0bé! e WaGnd AllEeds@cat i on as the
subst ance OL m crobe, changes col our. Exanples of a suitable dye, stain,

i ndi cator s Dos‘t ance or substrate include nethyl ene blue, neldola' s blue,

Flaorescol h di acer abe ara) o & PrefteBYOORAR Sonfs ielfaf et tvon

fluorescein diacetate and/or. a tetr Ium sa e Ton is a
wound, it is pd¥emple B\GPF 1 Herogsliyhesel polysilphere, tellulose acetate, 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.




‘measure an increase in i nmune cells such as neut r ophil s, q§§@ﬂbe? or 25
eosi nophils, as a response to infection. This nay be achi eved by the
signalling layer indicating their presence directly or the presence of

their acconrpggyissg chem cal by-products. Accordingly th§ @i gnal | ing |ayer
may conprise an anti body assay or a bioassay as appropri FHCEYPsss
Alternatively the signalling | ayer nmay conprise a reagent that changes
colour in the presence of a certain mcrbbe. Current staining techniques

in the | aborat oy t, rvati.on of m grobes (particularly 6 April
2005 WO 02/ 3047978 %‘W*B@%@g?%d’r B‘S‘c‘s‘?&’?‘ﬁ‘aﬁ sqifar é&tglléﬁ. it jspppogt afjdder possi bl e
to probe for bastrestizal gigidity. afhé gelter nsayasitionglipBe ipbmaaﬁwitﬁq@ﬁ%pd with
an appropriate %&gﬁvefor indi#gctl . viﬁaial i Si na}the bacterial” cells, in
the signalling PAVErS MeaRF 1% PHET iQ, B fhe ipdicatog 3k Fhg egatianyer conpri ses a pH

i ndi cator which detects whether the pH at the location is wthin a certain

range. It is geﬂgral I% known that the presence of bacteria reduces the pH
of the nedi uth i ABe Atof iy PEsferaplye d@nmse Hyr anxenvitasment ewlprbinf theound
exudate w || clighgBn@Slabéte of Ofhe ikl c3lok O ] i.n the wound

i ncreases. 10 The  si gg;llalfi ng? | ayer F?‘%r%f iﬁoatl t§d ﬁ%‘?’?‘reﬁoqt?cgmw\égn&%r ane
material, for @XaApBment pi/brst initialls el Thel esironpehy suilppdteradly & diduid,0se
~acetate, nylon, ugfe pfef | ildic conmponent. 15 The

i ndicator is opti (fngl I%}giélt era\qg%ilﬁfeen %gﬁlgﬁlﬂt ﬁjglf ,exia’fr‘Ti‘Bff’s@,mtsﬁ"e cpliprer (a) is
posi tioned adj agegivmar fohdsthffcati on or the layer (a) is separated fromthe
| ocation by;gne or nore additional |ayers. Exanples of suitable additional
| ayers include an absorbent |ayer, a non-adhesive |ayer or an adhesive

| ayer, and/or alleeinohicnodreaosding tth \ike Erﬁbéﬁﬁoﬂ\’f&ia‘irhu&?&ﬁf%%sinhpﬁe@% lLayer (a)
from damage befopre.use (for exanple, it may take the Tormof a Trenovable
foil layer). OptTOHA [F ? HEOUHPcAtSBIN.s Axcerdiag dovihe Hnventioot thetei ise | ayer

vvhitch c?)vers tafthéd GRMASNG HRYEhg 30 aPLOMEE Shich ESAPRASY é"stss{n%n_ by an
ext erna

Iayer 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.




25 substance, m crobe or substance associated with a nicrgpg 1P %erably
the protective layer is substantially transparent to the e signal
-produced by the signalling | ayer. Were the detectable signal is an

el ectrical | ywdgsagisabl e signal, the protective |ayer preferabl conprlses
el ectrical ly conductive portions in order to connect to TRECEPYHEE ing

| ayer. 30 Optionally the protective layer-is sufficiently stiff to support
the indicator and to give it structuraIIZigidity 6 April 2005 WD 02/ 30478

PCT/ GBO1/ 04588 he i ndi c row ded with a collar to
give it support ]Fgaontf%élbﬂr}?r Get §Ila¥qrg‘i°!a#dt§ﬁ ecEﬂdl hgving g pt mosel | y be
provided with apdys, lqaenm~adlﬂsslil‘we%e!/Qy;liéédl‘la@sm%1 sﬁéﬁj% al Bydrbgell RR ddﬂgh@?t oh at

or use in an ehvironnen erein

t he | ocati on. %% ndi cat ferabl

the signalling 5%7 & ‘grf" rfﬁi-‘&a‘f‘?ﬂraqtg’epﬁ‘ﬂf@%@éﬂ fdresvingomapable with t he
environnent at ladbering t botR!dry- anarkﬁoi@f‘!ﬂhﬁ%pﬁ%s 615a91r ﬁ% ﬁgidydl% i qU| d,
nor e preferag %? queous envi ronnent; for exanple 4 tieste St
medi um or “f o3ds ¥ ling @ pelyanerisdpamtlareraccor di ng to the invention nay
usefully be included in a dressing for a wound or a suture. According to
t he i nvention there is further provided a dressing for a wound, which
conprises a dr eJ8E rflgessingyagcording ao thedincation mi;copdomyt Mcidae fupent i on.

For the purposeg,af at i the term "dressing” includes

bandages, i.e ﬁ&%ﬂ?ﬁ%@?ﬁgﬁl&%ﬂﬁda g@?ﬁrﬁ“}?ﬁ?‘?“ﬂ"‘?%"“sﬂ%@em is part of

a larger pr oduct One advant age of |ncI udi ng an indicator according to the
wound is that it may indicate when the

invention ipga ﬂged%‘%fU% for
dr essi ng nedds to° KB CAARTEEE 19fhe ingeniionamag al# be npriowigedr wich 1 4
i ndi cate when I_mfomﬁmOﬂiensﬂﬁvéfﬁdchnéhaE%% P akdiegle awi neCEﬁé Effr Pl d.]evel.
[ [ at there iIs su stant1a %no ri sk of

Generally this d ,ghosen such t
~ the patient bec%aﬁ’l“ﬁbe dVER Jeigure. O sidakie tegistusm densitivel indidatdrsissidd i ci ent | y
high that the defsgledobalt Reforide SR1iAE 8fhnk0L 1Rk Hille 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.




25 The dressing layer may optionally take any form generald x Jﬂ%g@ in the
art. A full description of dressings and wound nanagenent, iRCl uding the
‘'various types of dressing |layer that may be used in this invention, my be

found in "ALPhassddPer' s Quide to Dressings and Wund Managenent 30
Material s" (‘&1 c/ﬁ 43996) National Health Service, Wales; tpﬁg’ct?%‘f"éﬁ’i‘t of

this docunent is incorporated herein by reference. 6 April 2005 WO 02/ 30478
PCT/ GB01/ 04588 12 For exanple the dressitdg | ayer could be a gauze pad

havi ng one or mMyR,,43hyS non-.adhesi ve .ge e dressing such as a
hydrogel , an adhes:ve é/;tglt:ﬁ?y%gengg’éls eﬁ%,lgag“ﬁt}%‘lpd’r?‘ﬁg?éfé'cﬁ‘% K¢l col | oi d
dressi ng capabl €ompriserdire ndimtdracbadingdioythaifveitibs! THe Mddiok por a
hydrocol | oi d dr i ineluding.a polynmeric foam!layer. The dréssin
according to thgﬁﬁ%ﬂ\}gﬁ?i%‘ﬁ“ﬁaw q'og%iémm}’]ﬁ_ﬁ’l thadndigttonerey Hedgeudeduch as
an adhesi ve | ayéu tenetme by mmﬁpmlfﬁﬁéjbﬁ%ﬂdi%,l&%’%Jherelﬁxe:in{fiﬁgtogﬁsess! ng
according to.the |n\(;fent|(%n may al so be providedwth a noisture Sensitive
i ndi cat or adapt Sytheform@f @adube gibreadn i mawbe pmbraidered intoitizt muturei t h

noi sture. A suitable noisture sensitive indicator is, for exanple, cobalt

chloride which changes fromblue to pink in the presence of noisture. 15
~ The indicator ié°pem8ing sithe iirxentioe dhevet v furtHve phoekisd NgheREENE GoPt L O t he

i nvention by nogqdksags dj dj to the dressing |ayer. Wiere the
indicator is in the foro\r%le(%f bé;g?n‘é{)e&g? ff‘ﬁrg‘é(gd?"thi‘cﬁ' PALHASINE (COBIWEIES, De
i ncluded in t hecefteiset hyeraxiomdndigatop atdveding\t6 Mid MRedionbei Ng erbr oi der ed

20 into theqyglressing layer. Optionally the indicator forns an integral part
of the dressing such that the signalling layer is inpregnated into an area

of a fabric | ayBrefahiblyhdn udseari agert ()WH 4l #BRGEIL 3 a&'n?act il tteS .
attached in sucg)g r’r&nner that 25 its edges and the edges of the signalling
| ayer are seal et THE ¥ Rerspgplecare 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




way of carrying this out is to coat a fibre of a fabric Ia(ygbr-lf'obgt W th
the signalling layer (b) and then with the degradable | ayer (a . The
~dressing according to the invention may optionally further conprise, 30
e.g. in the gyesmia0 | ayer, a conventional conponent SUZE ﬁﬁn%anti septic
agent, an anti-bacterial agent, and/or an enollient. 6 12 FIvo
02/30478 PCT/ GBO /04588 13 According to the "invention there is further
provi ded a suture which conprises an intdcator according to the invention.
The indi cator tached to.a thread or wire. In particular, the
i ndi cator may ggy?ér%gﬁ’ Lé%,‘l&g | ﬁo’i‘tﬂjéu%l‘q?{?c@“% ofgthethes the iehurdep sithiondi ng,
or, where the i thdi patioct tias readhell e dnatddpRbleaietaibgd0% tﬁgi"eﬁﬂ'g’a zanasH?ey be
enbroi dered intg.the Syt wre. According to the invention there Is further
provi ded packagi Rg’echSP uel sieoptaing etfiacy onurtpbHiy femuse @raaswkptide. ch
packagi ng conprises a container |ayer and an indicator according to the
invention. 1Q Preferably, in use, the |layer (a) of the indicator is in
contact - wi t h”t h&sPackoatithe finpentigar axgnidlusicated hyr oefectice Ro efher falllowidghe
packagi ng accor gil 0 € a1 G QR IS, a such that, jn use, sone or
all of the signal m’%}s “rlhgé}e#‘?\sﬁggilg@%?ég. tolg‘%slj%gﬂ%dsﬁf’g? i rﬁﬂea Piifed in the
packagi ng accor #is¢lgseds the i nvention may conprise material generally known
in the art. For exanple it nay conprise one or nore |ayers of a polyneric,
pl astics or paper material, e.g. a lamnated polyneric, plastics or paper
material. The indi ctignrei 9 20 pr sdhemalié Ypdrisact e Ovigist Rjen nia ner
| ayer, e.g. 16)y HPC?J)I%' ng, welding or bon%i f}pg;éc Al te‘?ﬁaﬁfvgt%%l{}%egn?ndi cat or
may forma separate ghit which is attached to or inserted directly into
t he product. One ad rR0RiOf sthenddid i cor oH t inyention is
that it my 25 égjfriﬂv\(faga‘j vi sual indi Caﬁéﬁ%b@%eﬁﬂgﬁ %@%5%%%‘&?3{ tlfad%fit or
even unsafe to CORJUIEYRE2RdJeleasios NARKH (oicotinamidbisdbnine Wimitidoii on of t he
foodstuff has 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;




becorre unaccept ably high. This is clearly safer than rel ylg\g fiBRps st andard
"use-by" dates which are generally printed on the packagi ng of foodstuffs,
beverages and personal care products. 30 A further advantage of the

I ndi cat or acggisigag to the invention is that it wll nonitor mcrobial
activity throughout the entire usable life of the 6 ApriFCH588/44g8802/ 30478

PCT/ GBA / 04588 14 product, giving a continuing indication of whether the
bi oburden within the product has reached5an unacceptable | evel and is

therefore a neasure .product' s continuing efficacy or suitability
for use or consunpti g‘r)él %q&gélcﬂe?p&f’nf%‘;{‘ewnﬁ%fgmel Relyurethang fypst drgssing by

reference to thshcﬁmimmgn@ i@®raw ngs which are not intended to limt the

scope of the i nvent [ ﬁ\ |icl osed: Figure 1 is a schematic perspective view
of |ysozyme and EUrSheds 2 perspp@ive view of acfvetiar indigatorspeotding to/i ew of

m crobes” under metaekntmfnrvﬁﬁbﬁ Yssiﬂztl{@?oﬁggfé%a?%ﬂhngad\m‘m (ni cotinam de

adeni ne di nugl eoti de _- reduced *schemati ¢ perspective
view of |ysoZyme degfigBrag3 as amr@hmmmwl afy® Fabrid @ressingd indor I__perﬁﬁ Remat i c

perspective Vi eyeOfnghaidd n i ndi cat | ayer; Figure 5 is a
schermati c perspec?t Ve ea\r/(\:/Q&?HﬁA%l-f caugﬁnﬁiﬂ a?ﬁo“’?rfﬂo%‘g?’@r 13 sperein ghechange
col'our: 20 Fi gufign@ling layar ek{Heddéidatae Its?ﬁmtiuéing)erd@ﬂ,@gaq,lev%s,yﬂ%yéng{ an

i ndi cator accor di gle™ gure 7 is a schematitc

the, i nvent |
cross-sectional view '?re iFl‘sefssff B §P§ 8 V“’d’f &6 &i fgthemindiqebnraacconginghto

i ndi cat or accor therigvdntiohfie i nventi on which is shown in Figure 6;
10 - - Figure 15 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 Whicil 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;




25 Figure 8 is a schematic perspective view of the island §Wpg odbseSSi N
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 ndicator isSyoBsfg4ci ng a detectable visual signal; 30 FI ure 10 i s a
cross-sectional view of a pol yurethane type dressing ’FEWP Bhe

i ndi cator according to the invention which is shown in F| gure 6 6 April
2005 WO 02/30478 PCT/ GB01/04588 15 Figutee 11 is a perspective view of the
pol yur et hane type dressin hown _in ure 10; Figure 12 is a perspective
view of a furth&% i cé‘f%‘r E‘&Wo@?‘%‘“ﬁ"ﬁy thée bigshemicrlo prinkiples mhidhn t he

form of a coat ednddpiaaskie &pEitdsBe tvehor féﬂfecfo'c¥ VYo Rlind ihaPric
dr essi ng i ncor pﬁr atl ng the indicator accordin | nventl On SahOVVn in

Filgure 12 where WHBHE“H%H efarimizh Bodyagad thef fltS’ﬁesubstehlaeaassmcmisd mﬂdm ng a
det ect abl e S 4 er i v.e f rt her
Vi Uﬁ‘ﬁcrﬁb@fballysozghﬂ%ﬁ tﬂe se'cﬁncﬁl-up 3 -m gésgglaY é \g 8,'5 gﬁlégeq

i ndi cator according to I nventi on; gur ®e view
"~ of the indicatols Nﬂm i i glesevFigures, ﬁngmlmslﬂ abé ShoWe theiny avtdcked pyr oduct ;

Figure 16 is a t dIC tgr and food product ~ which
are shown in F.% Sé'a‘%s&mﬁer elag\&’ﬁéﬂ$ ?qsﬁ a’ﬁféfﬁozé’ﬁlet%élegrﬁé?%ﬁ{eor is
produci ng a det@hitoaid m,wsr siusaichsrhagrl&ADHlE dan0tas Wihithe IndiSNiSPEGE: ¥e Vi ew of
a further indic % the inyention suitable for use with

ing
packagi ng for a qﬁf‘é"(frcé’iol“g as showm Iy Kigwes Pye view of the indicator
which is shown in F| gure 17 attached to a package for a |liquid food;

Figure 19 i aalgr;erspgctl ve view of the indicator and liquid food 20
package whi wihaws g s embwdiment cof an hisdisiatpmasdcoriting ayetheof t he

indicator is priggfiond &heGh&iesaLCoohlpiial Sélgﬁ'ﬁjmg 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.




Figure 20 is a perspective view of a further indicator acc®aghingoso 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

contai ni ng tyg o2 cator which is shown in Figures 20 a . Figure 23 is
a perspective view of the food stuff and indicator whi cﬁgﬁé"%%ﬁan in

Figure 22 wherein the signalling |ayer of -the indicator 30 is producing a
detectable signal; 6 April 2005 WD 02/ 30478 PCT/ GB01/ 04588 16 Figures 1 to

5 show schemati ggldi 153 ' rfgﬁ?g_ l.:RL kRCL DI i ch ..undeypi n. one aspect
of the invention %re_r eh”fﬁﬁgk Igoca |§%S?@ég§\%8%ﬁ§%fl%e “\d?‘?i"i“?fg{ﬁ‘ﬁ’ﬁ’éﬂ Br ani nal
body and the fi rembreidersd drtoshadswsingiaeripth the nicrobe is |ysozyme and

t he second substance associated with the mcrobe 5 is NADH. In these
Figures, mcrobes 1 are shown being attacked by |ysozyne 2 such that NADH

3 is released; tHigurkysioshowe 2 tHizdraasslihdf ofCihe! BaRRdrAY@brdinSYSad hat NADH
3 can react wth thﬁ indi,gﬁ%o_r | ayer 5 which then changes col our as shown
~in Figure 5. Y10 'H%GUM 6 viddigator 20 eomprdsesent siemalling dayecaldr accor di ng

to the inventi ®iopolynrilidcoataal a@uﬁ?%%%@ﬁa;az:ﬁi gnalling layer in the form
of disc 7 and a cup-shaped bi opol yirer | ayer 8. The bi opolynmer |ayer 8 is

cup-shaped in order that one face and the edge of the indicator disc 7 is
covered by the Iy@és 15 and1GULES o/2do t Wealion of e
i ndi cator 6 accordi ng to the Invent ?o‘%o@%?\ayﬁ tpalgﬁgﬂfey}%f‘%‘ﬁn%o'é&bssi ng 9
whi ch conpr i ses 1attacheshiap meenst oft syppetiingtcolity 23 @ F3Rirad 6pask sidnAfk an
- indicator 6j3fory . ty d and the signal)Jing.layer is producing a
det ect abl e si g'naﬂg’)gr %ﬁ@ﬁa@% ég)éﬁ%) fosdzlgmﬁ e ‘?Wﬁ“ﬂa%'/%q'a 7 and a bi opol yrer
| ayer 8. The signalling layer 7 of the indicator 6,6b is visible through
t he transparent eet
; P F}g%Pe ip 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.




10 of the dressing 9. Figures 10 and 11 show a pol yuret hangapnp@ogr essi ng

12 -which conprises 25 a dressing sheet 13 having a w ndow 14 underneath
which is placed the indicator 6 which conprises signalling |ayer 7 and

bi opol ynmer I\wpyesseds Figure 12 shows a second enbodi nent g& Ehﬁéindicator

according to the invention. The indicator 15 conprises yla W@%ng | ayer

-which is inthe 30 formof a thread 16 which is coated by biopol yner | ayer

17. 6 April 2005 WO 02/ 30475 PCT/ GB01/ 04%%8 17 Figure 13 shows a fabric

. dressing 18 conma#®/.s) hdicator. .15 . which i enbr oi dered into the
dressing | ayer rrpligll.e H% geun& 21(3 ‘iéfmg AR EHE ‘EH@WBO'EY RS A theefollomingt or

accordi ng to thexabplesyehidhonre Toe inRAIGRIOMNIRH MRS €St ahsiGhahl i Ng

| ayer 21, a biopolyner |ayer 22 and a supporting collar 23. Figures 15 and

16 show a food PFoGHEE 24 to which the indicator 20,20b is attached, by

means of supporting collar 23. In Figure 16, the signalling 10 |ayer of

i ndi cator 20h is producing a detectable visual signal. Figure 17 shows a

fourth enbodPnefemPle he Farmatisnnf laxerdedi ng to the invention. The

i ndi cator 25 conprises a biopolynmer |ayer 26, signalling |ayer 27 and

supporting collar 28. 15 Figures 18 and 19 show a food product 29 to which

the indi cator 28 ciBigsan {polit (rghedsdnyineleafrformilad) pRaibiameg col lar 28. In

Figure 19, the signalling Ilayer of indicator 25b is producing a detectable

visual signal. 20 Figures 20 and 21 show a fifth enbodi nrent of the

i ndi cat or accordy to the inve?hbon. The indicator 30 conprises a

bi opol yner | ayer a signal™ung | 32. Figures 22 and 23 show a

foodstuff 33 in a contai 34 into*wuhj the 25 indicator 30,30b has been

inserted. In Figure si gnal | # yer‘gg i ndi cator 30b is producing

a detectabl e vi shié}'{i nd€ $tldod that the figures are
i ncl uded by way of exa
MO  NH, CHOH

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.




~only and that the invention covers any variants of the entwApdenbs 30
portrayed. 6 April 2005 WO 02/ 30478 PCT/ GB01/ 04588 18 The present
invention is further illustrated by neans of the followi ng exanples, which
are not integusiemet |1 Mt the scope of the present invepti Exanmple 1
- Formation of layer (a) A chitosan (poly (D glucosam ne?éiggﬂqlg%%l al)
menbrane HOCH24 . HO HO 10 Forrmula I was forned for use as |ayer (a) using
t he met hod descri hed bel ow. > A honpgenol® sol ution of 1% (ww) purified
60% chitosan 15 was pkrepalr in 1% acetic .acid continuous stirring
overni ght at 22C (roomr>t @?f?ﬂﬁ%ﬂ?se 9n£e%§d%f°’? gBFUPIEBN was transferred
to a sterile polystyrene petri dish (120 x 120 x 17mm) placed on a | evel

surface at 30C B%; Eeve;ﬁgl d?ﬁs until the solutjon- was dry anq a 20
uni f or m menbr an8 falefesiniaipd chitasan, sig| WSy Mentir #ad heen rdstowdedar ef ul | y

R e L,

hydr oxi de solution. > The m was then wa i'n dist
“times 25 ovér Hhepdpdwrpdofmechrpigsl and Thischemichle rhirdctaristios,t hemelyl aced

bet | ' ' til dry. 6 April 2005
V0 051 30475 T st dnedh V18 SEehd, el oL ARUCHTE Rk bl postnfCl of s

pl at e. ~  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
N~ N—N - » €HyOH
CH OCHy @ 3
OzN 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




60% deacetyl ated chitosan was used as it had been determ ngfpri 2005
experinentally that this |evel of de-acetylation produced a material having

t he requi red nmechani cal and bi ochem cal characteristics, nanely a nateri al

whi ch was stw@ussegeough to handl e and which woul d degr adg Jr@; th? presence
of lysozynme. Exanple 2 - Determ nation of concentration ¢ P&Wé\' i ng
substance 10 Meldola's blue (formula Il) and nitro blue tetrazolium
(formula I'l'l) were chosen for use as in@bcators. 15 Formula Il 2C - H20

CH3COH Fornula 11 |.dol a'.s. bl ue, (8- di jyet hyl am no- 2, 3- benzophenoxazi ne)
acts as an el eé)thl ; c%))g Stl\?/gu o 2Pt é{?‘glﬂi catiop sof thecpresence ef Qﬁbtrme

tetrazoliumto fdonoes sach aNAIDH Phd @abenss sRbQf Below: Thi S product is
coloured and precipitates 6 April 2005 WD 02/ 30478 PCT/ GB01/ 04588 20 out

of solution, giving a visual ingi fon of the presence of electron. donors
g g & IE

such as NADH The reaction is shqown bel ow 2e- + 2H* 5 MB MBHZ2 MBHZ2 +
Tetrazolium dye- -- TetH2 + MB UptTmizat™on experinments were carried out to

determne th 10 concentMBtions of neldola's bl ueMBHL nitro bl ue
tetrazoliumin order that the formation of the formazan product (and
therefore colour) was increased, and that allowed the neldola' s blue to be
continuously r edletNadiima@lye rsed—as—+he el ect I oMedinar mplhe
concentrations of neldola s blue (blue crystals) and nitro bl ue

tetrazolium (clear yellow
_ : Optimization experiments were carried out to determine the

10 . concentrations 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%




15 solution) were kept as |ow as possible so that their pr@ggﬁ%bs(i) did
not colour the reaction mxture at the start of the experinment, but (ii)
was hi gh enough to detect the presence of |ow concentrations of 20 NADH.
Hence, it wago@gigfsm ned that with 10mol NADH as the el gg{r[&%n donor, the
rate of formation of colour was highest with 50 unol LWHe " and
0.0025% nitro blue tetrazolium The rate of reaction vvas determned 25 to
be 0.043 absorbance units (A) per ninute2l\Wwen the NADH was repl aced with

foetal ‘calf seruifto BRieQERELN; col our production, since
there was no el ectron donor g?les?‘;eeg B]I?(}Y)\gﬁd‘ggrcggoé’rcpé?‘ﬁ) uckign fb astatnef at a
concentrati on ofPRrppiateld: @4A/mifge. cel I s/m in foetal calf serum wth 50

nol neldola' s blue and 0.0025% 6 April 2005 WD 02/30478 PCT/ GB01/ 04588 21
nitro blue tetrazolium were able to induce colour production at a rate of
appr oxi mat el y 0T@4mimicnwbend FtuatioisC 100 Wemk/gil tdfaS" Qhfus 1095 %J 'wg(ﬁ of S.
aureus cell s? fwgal foetal calf serumwere |ysed btﬁ sever erent

e

net hods and &I sqtum were lysed Bpseveray ﬁlffe@ltllg géeandyestainiscat i on

and/ or hi gh pregswienhrdnsh Pressure Cell) to release the cell
conmponents, had reaction rates of -about 10 0.06A/mnute. (ii) Penicillin

“treatment of cells up to 1 hour, caused the reaction rate to increase to

0.11A/minute. (§)i) @]@ O 5de bpf S0z to 1 hour
resulted in a rate equi vaI en SOBﬂgnS’Tfhﬁlrﬁgghdw Prq u‘Te ( rﬁﬁﬂg&%ﬁﬁﬂ'@ of
nel dol a' s bl ue the ttoonelease thenaall abmponents, GREAeatiio eatesTRE 2phg@M cal
formul ationyg or thig gpdeli.j;0 effectively measure 10nnol

(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.




20 NADH was therefore determ ned to be: Meldola's blue 50 gapfi20bBT 0. 0025%
25 Exanple 3 - Signalling presence of substance A sinple cell wth two
chanbers separated by a vertical wall of chitosan as produced in Exanple 1

was construckadzigsdenonstrate the degradation of chi to%gni i N
ti me-dependent manner in the presence of |ysozynme. The 3 PEBPVHE8d chamber

was filled with a blue coloured dye to which |ysozyme was added. The right
hand chanber contai ned water. The chitosd& between the two chanbers -

- prevented flow of liquid between them 6 April 2005 WO 02/ 30478

PCT/ (B01J04588 22 The di ffusi on of col our between the chanbers was exam ned
for up to 30 mTrllﬁthﬁuSipqapf@pkduaﬂ)etmemltlfeodzlﬁmb@fsewéélgxéfﬂﬁé@fd}oaﬂ BSPF Yy Was
)

~present. 5 Two lS;tﬂgltrati onstof Ié’?ozgma (25 and 50 g per m) were used,
and the strengfh or coPEETPIANS PUYOLY Weneifun sdhermac dysartree wap prese0 ni nut es

-was determned. A rough estinmation of the relative rate of degradation of

~the chitosag b)i, | ysozyne was therefore gi ven. The results are presented in
the tabl e bePow, hESPMSHINS AfEszIms R simdel B, perirel) nwere ysod, hadres 10

i ndicated. \Wer eheng n¥ AP 1S no.diffusion of col our was
observed. Lysozyne E_onceﬁ%léa;?ﬁsf %g‘ﬁﬁ‘F% Seﬁo_ﬁ% C%Wg%sﬁlb%%‘bm@l“-tesmaﬁw +
30- ++++++ |t wadelermaiged.y A eoughsestiatation oh tehetativedate sh@ippiniien of M@ t WO

model “vas tnon L aaeer Ex i W RERSE Bt he oviFosts paseneadt dazol | um
to signal the pfhestshlee belbw\ABEL stioaper HEEBSIBkr WSdvedPlieMnsRd phlifvlevel s of

NADH, NBT a I 's.hlue reqguired to give
'16 nﬁldgc%{e% Vphere no Ic]lrsozyme was gresent, no diffusion 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.




20 simlar discrimnation in such a tinme-course experimentg abf) Zoss case
the left chanber was filled with a solution of NADH and | ysozyne, while
the right chanber was filled with a solution of neldola' s blue and NBT.
This set-upyWagsnsC! 0se approxi mation to the envisaged final product
format, and the results once again denonstrated that thECE’?é*P@%?%m d
discrimnate 25 between different |evels of |ysozyne in a tine-dependent
manner. 6 April 2005 WD 02130478 PCT/ GB02804588 23 Exanple 4 - Method for

production of i ngl r, | atent No. 5,911 937 (Capitol Specialty Plastics
Inc), the contewaﬁlgﬁh?@ﬁfog OF PIPPRSHiAnCef iglicatarer ence, details a met hod
which allows for the 5 creation of mcroscopic interconnecting transmtting

channel s throu_grﬁ)é% a ?JOl i.d, water-insol ubl e polymer. These channels
provi de pat hnays23 hatent Nae P 411-937 (Gapitak Specialty Blabtigsalnehsthe hwoategh of he

pol ymer. Channelsidd & inb@boBekdW fds 194 | L cha n%l i ng
agent and.an active cltl)lrr(ggnent %heéa%ﬁ%%%é]ldﬁteaﬁg’iax %‘rﬁggg@é%gq% %’GI frer' s
‘mel ting poinf arfépationtaienicedscenit infercontertingdransiiveing ehuhrich thrp@4oEr MBLT i X
contai ns a netwgrky.qof. .0t | N annel s | eading fromthe surface to
t he entrapped act‘ilvé “ﬁdéé}t]iﬁ%qqg@f@%%lipém ol Vive} ehﬂ’t“@resi Biovide pHEWaNsthgEd or
formed into shétiktaty diffipiass of Suibsabés areage!thd NEH1IAEANt Snidifel 46

pol ygl ycol, po y | ycol , EV or cerin. Any thernoplastic
material may 15%@%5%@%?%8%‘?1‘8%"’9?0 Tk %1‘ Higg tgent medyan @pivene,

pol yet hyl ene, ABSpporeat,yldaying ke nﬁﬁhﬂ'@%‘b@%‘ﬁie‘apolw&'@’magﬁg aéd}ﬁ’{ H{?&J' astic
| or o

el ast oner s, pohﬁe}gler, and thernpsets. To produCe an In _ t he
oresent invéfti BiREALOHRg M TP Gooli Jeaesyiltanh polymer siagrin coitatpslaayswoils noul ded

froma nixture of ifeROuNFBhy GafitddNeldid e jndi cat or
subst ances, neldola's bl ue &nd ni trog‘{)l Lﬁ;gm?%??%zsgfgﬁém%t%epﬁr&ﬁg a
"pol ymer nmatrix PHYehRArtiglesn Bhe tpobymelirsmaterial ceindbe metkied adefemicbadiabove. 25

The cup shaped BicRROlN¥Me#rdsaYerlg i.S d by:, a | di ng_or casting
chitosan into the formof a cupug?blseuicﬁgérgﬁgiei&% aants }ncl}{?&é pOTygIYCOI’
polyethylene glycol, EVOH, or glycerin. Any thermoplastic material may
15 be used, including, but not limited to, polypropylene, polyethylene, ABS,
polystyrene, polycarbonate, 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.




thickness and with suitable internal dinensions as to proy %3005
interference fit with the disc 7. The indicator 6 is assenbled by 30
pressing the disc 7 into the cup shaped bi opolymer layer 8 in order that

one face angyd pepdoe of the indicator disc 6 is in cont%ﬁ vvi}oh and
covered by, the biopolyner layer. 6 April 2005 WO 02/ 304 B @61/ 04588

or b) Spray coating chitosan to a suitable thickness onto one face and the
5 edge of the disc 7. The physical dinmen3%ons of the disc 7 and the
guantity of the indicator substance entrained within and the thickness and
chem cal conposition of the biopolyner |ayer 8 are dependent upon the
wound managenen®r 10 application for .which the indicator is intended.
Exanple 5 - Second nmethod for production of indicator To produce an

i ndi cator of the present invention as shown in Figure 6, 15 the indicator

subst ances, nel bl a' Sprhy veatmgtthitbianaoly wabﬁtmééswms%g&@ﬁpg%&r

sprayed or cpated onto a_nitrocellul ose nenbrane sheet. rocel | ul ose
retains the 1ndicat (ﬁdgﬁﬂfél&ﬂlé“s'?-by el ectrostatic charge thereby preventing
the | eaching of reagents fromthe indicator through the biopolyner |ayer

and into, for exanple, a wound. The signalling layer of 20 the indicator 6
i s then cut frofi¢ RBYYicalrdimensionsoefetheedive &nends theequdneityf of the idRcadisc 7. The

. cup shaped bi opgipy; o r d, by; 2 Moul di ng,or casting
chitosan into the %éemhﬁyﬁgedgﬁgh%fﬁgﬁﬁﬁ%‘%l%ne\éf ﬁF‘iﬁﬁ%}'&E’aﬁﬁﬁnﬁﬂsﬁf‘P”sﬁﬁ tabl e
i nternal di nensthenbiopslymer plageri @e agn deparident apenCehel would t Raddpemdhsc 7. The

i ndi cator 644 S e . essi.ng the disc., 7 into the cup shaped
bi opol ymer ][day'e ggﬁdnogag%wlﬂ#gtm%ﬁ%mf Bdotendef-t he edge of the indicator
disc 6 is in contact with, 30 and covered by, the biopolyner |ayer. or 6

~April 2005
April 2 _ 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




WO 02/ 30478 25 PCT/ GBO1/ 04588 b) Spray coating chitosan t & Apif 2obsbl e
t hi ckness onto one face and the edge of the disc 7. 5 The physical
di mensions of the disc 7, the quantity of the indicator substances bound

to the nitrogglbsysmse nmenbrane and the thickness and Chﬁgjﬁ%l conposition
of the biopolynmer |ayer 8 are dependent upon the wound @8%"&?&8

application for which the indicator is intended. 10 Exanple 6 - Third

met hod for production of indicator To pré8uce an indicator of the present
invention as shown in Figure 12, the signalling layer is formed froma

m xture of a polymer, a channelling agent and the indicator substances,

mel dol @' s bl ue dWd nipray dokties thitdset toa ohitabln thicknegs b8 JARithACAaRET | bed in

- Exanple 4 to produce r trix in the formof a thread 16. The
bi opol yner | ayer 17 ?%ep&g%éggsﬁ %3: 20 a) Spray coating chitosan to a

_. sui tabl e thickness onto the surface of the thread 16 or 25 b) D pping the
~ thread 16 into g.bath of ggitos,an to &roduce a coating of suitable
thickness. TRe thcRNELe! fimepsions,pthe tiscaiid thtequgutityt of ythefindiostok ndi cat or

substance entr gilieshosd BB 30 dnd RBrdBIIGKRE chem.cal, .conposi tion of
the 30 biopolyney |ayer 17 are depend_enﬁb%pgﬁnﬁjﬁ%lemaﬁdr?aﬁenﬁlﬁéﬂ’gg%ﬁ?é
application for® Al porePesitint: af dhe biopolpmendimyer 86arpdégendN uphl R/ 30478

PCT/ GB01/ 04588 %% Ll r i t.abl e. for .detecjing the
presence of a sUbS%QJcag{%)egm%n%QH#l% ggg%%tmgl% %%a’l"ﬁ’(?ﬁ%ﬂ*’? &Hendedi cat or
conpri ses:

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.




' whi ch i i i he spihghizoes or
5 (a) a layer which is susceptible to degradation by t _
niérébe orya first substance associated with the mcrobe; and (b) a )
signalling layer which is adapted to produce a detectable signal whic

h ) q
i ndi cates t nce of the substance or 10 mcrobe o ,i %n _
!substance a?gg?f’???d with the mcrobe or a further subst%ﬁ?«g ﬁﬁq M is

. . . be:
located at substantially the same |ocation as the substance or m crobe;
wherein, in use, the signalling |ayer (bR6i s attLeaStecloﬂldt !5313!5%/61%? ected
from contact with the substance or m%r g f nd substance o 4
associated 15 with the mcrobe or the r substanc which is loca

at substantially the same |ocation as thfa _subitaﬂgtraeﬂ] 'Enhe 0! gnalyI e
aver (b) i adupt i ndisyBEGRAAE fh GecciBl dhepimmoo,atsbsined of ast rengt h
i s 20 proporti omsicrabe a hdocumounihie idftic W AR&E, M c;obg O,ré\nss(r:mgingator
substance associated,with the mcrobe which'is present. 3. .
accor di ng to%le ai m 1'938r A& Layes yhighds siseepiille |tp dlgeradation by ahd sutsmncani Imal ,

" N . . . re
domestic, Iaboratory o igadiiksodbr 4 258 fland: ALY W@éﬁg:{ﬁf‘)’g‘;@?p@ ca
product. 4. An indicator according to any one o e Erth gl
wherein the first or se@®fd substance associated wit e

[ ] ' bst ance
i cr.obial by-producty) agp .3l .cell contents, or a su _
g]s(s::)gi :';I?ed 3% \F/)vith t é Ioacgglitla(%ﬁl'fl%ﬂr)%gg@{ﬁ@emt géagtﬁ%og“r B‘E?éis @rdeigatable ocat i on
is aliving human or anisigsel boush i6didmes |the OfFeseAb: O 304 EbdREdeCROL/ 04588
27 5. An ingicator accornﬂ'hq)%?to claim4 g\/nerel n the substance associ ated

with the location's response fo a AP SUORLHSE Asporiated Jeith #e micrabé i vi ng

human or aninel body is ana foniee seBltince AT MScabe bt BYsRLAING e OF N
enzyne. S5 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 is a living
human or animal body.




6. An indicator according to any one of the preceding claigmp/iiensin the
first and second substances associated with the mcrobe are different. 7.
An indicator according to any one of the preceding clainms wherein 10 . .the
| ayer (a) iSwaobssenol yner layer. 8. An indicator accordi | aim7
wherein the biopolyner is selected fromchitin, chi tosaﬁ,gﬁﬁg?]zof‘g%

sul phate, hyaluronic acid, chondroitin, polyhydroxybutyrate, polyester

am des,. polytrinmethylene 15 succi nate, &Vbunin crosslinked .

pol yvi nyl pyrrol iglone agndawdgst &, . i.ndj cat or according to any one of

t he preceding claims wherein ?%édlaét@%%dgglliewgérﬁﬁ'a ©;® {’sata'%ﬁ%sﬁé‘l’qlﬁted

det ect abl e si gnatith #ip Ingation’s resgoust r a acicabdiwigré hacafoe ifh Ny
precedi ng cl ai ng, r i[;l- e si.gnal.ling | ayer (b) conprises a pH Tndicator
or an assay for gﬁﬁﬁeogzyne%lmé)rqyilgﬁﬂﬁwv ce ra’ég‘ﬁi"élfl?)-céﬂd%(rﬂrﬂr\wtwr An

i ndi cat or accor dnregzyme.any one of the preceding clains wherein 25 the
signalling | ayer (b) conprises a noisture sensitive indicator. 12. An

i ndi cator acCording to claim 11 wherein the noisture sensitive indicator
is silica or colsalt Ahligdic#ler actBrdide td\And BAL SRR L8 Qpany, one of

t he precedi ng clﬁaigs wherein the s%gnal ing Faﬂ%&‘@f‘%@%@%ﬁ g’élgr%“ dye,
stain, indi cat of&HE padsecond gukstances esecinted avithcthe mitlobenagdiffegeubst r at e.
6 April 2005 WD 02/30478 PCT/ GBOLl/ 04588 28 14. An indicator according to
claim 13 wherein the signalling layer (b) conprises nethylene blue,

mel dol @' s bl ue, “phendn indientor sncording ki emp ohe) dbihgl proteasphahins Fharkde

am doacri dofg, tUbESGFI ol e and/or a tetrazoliumsalt. 15. An

i ndi cat or acco'rdie-ng{,t oﬁg*s% %gh(??%ggaé’f’ﬁ the signalling layer (b) conprises
mel dola's blue and nitro blue tetrazolium 10 16. An indicator according to

any one of the grecegding.clains which is in the formof a disc or a tube.
17. An indicat org' acc‘%’? o’gﬂlﬁatp’é %?ﬁ&yb‘?fe 191 claige 'hreheseinn thec bidpekymdreiei n

selected from chitin, chitosan, keratan sulphate, hyaluronic acid,

chondroitin, polyhydroxybutyrate, polyester amides, polyirimethylene

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.




| ayer (a) wholly encapsul ates layer (b). 15 18. An i ndi cat@Ap,@%ggdi ng to
any one of the preceding clainms which is provided with a protective |ayer.
19. An indicator according to claim18 wherein the protective layer is 20
subst anti al lygbsRpzparent to the detectable signal produced bé t he
signal ling layer. 20. An indicator according to any one BfVFRE/Y88ceding
clainms which is for use in an environnent and wherein the signalling |ayer
is protected 25 fromcontact with the e2®&ironnent at least initially. 21.
An indicator according to claim20 wherein the environnent is a liquid
environment. 30 22. An indicator according to claim20 or claim21l wherein
the environmentd) s &n iRGERMUSccBRNAS BRI - @ 78
PCT/ GBA /04588 29 23. An indicat org ?gcordilﬁgltﬁgé%l%%%%gﬁmgg%?q% wherein
the environnenfOROASES: | sBeibylens t ubbuepedineilola’sa f bludst uphenad?4. rad,

i ndi cator subst | ei e ribed wth reference .5 to
Figures 6, 12, %ﬁ%ﬂxaﬁﬁgﬁﬁ Zi’ﬂ%ﬁ'h%é g@é@ﬁpaﬁ%ﬁ%ﬁ Pa%i ngeeressin o
dr essi ng forda diaceiateandiay actgtrpzdlivessat. dr essi ng | ayer and an indicator as
defined in any one of the preceding clains. 10 26. A dressing according to
claim 25 which includes an additional |ayer which is an adhesive |ayer
and/ or a renovabi.e plupimitatarcaccondny t&dﬁnAlﬂrvﬂﬁﬁéiﬂ@h@ﬁ(g‘@ﬂQh?@afeP (? ai m 25

[ or. 1

- or claim 26 whi itional, conpr.i s a noisture indica . 28. A
dr essi ng accor d'?JﬁIé&?sgs 5@303?18%3? %@Pﬁg §az0tiUfherein, in use, the
signalling layer is visible. 29. A dressing substantially as hereinbefore

described wth ference to 20 Figures 7 to 11 and 13 of the acconpanying
dr awi ngs. V\'M e & 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,




30. A suture which conprises an indicator as defined in anyao8s clains
1 to 24. 25 31. Packaging for a foodstuff which packagi ng conprises a
container layer and an indicator as defined in any one of clainms 1 to 24.

32. Packagi Rggafs@idi ng to claim 31 wherein, in use, the | & (éa of the
indicator is in contact wwth the foodstuff. 30 33. Packa&f:ﬁé WS i ng to

claim31 or claim32 wherein, in use, the signalling layer is visible. 6
April 2005 WO 02/ 30478 PCT/ GBOLl/ 04588 30284. Packagi ng according to any one

~of clainms 31 to33 WRgT §i Lndi cator .is ipcorporat into the

cont ai ner layer. 5 3b. %‘gﬁgﬁe#&&%ﬁ%‘?t %%t?lgﬂ s Zhe ki ﬁgeWB?rémdég‘tri bed
Wi th reference ewvir¢iimentdés 48ismre cdifiuced mediemagcoffanuimg drawi ngs. 36. A
process for the production of an indicator according to claim1l, which

process conprises formng signalling |layer (b), form ng degradable 10 ;

layer (a), and,2#f nasdsdisityr sascamRly Hﬂhé@ﬁﬁef&@)deﬁ}r&dlﬁﬂffefg ge 37- A
process accogdl gﬁ fo claim36 wherein the signalling layer i1s orimed from
‘a pol yner, ﬁ’e%]uF‘?Srfg Lyt LantD and #hhef thataseompinyingdrawings. 38. A process
according to claim36 wherein the signalling layer is formed by coating,
spotting or sprﬁéi ng indicator onto a nmenbrane. 39. A process according to
any one of clai 36 tdsesing sy & wound evhiche gorapkids en deaseingi 18ydrOdndesh by

moul di ng or casijdigid Qi&@lﬁg@@@ She &qﬁg%;e%é%l?llg&é%% A process according

to any one of clains 36 to rernt & | ayer is formed by
spray coating a biodegradable material onto the signalling layer. 25 41. A

process accegdi to ne of clai 6 to 38 wherein the degradable
| ayer is fo(ri)ére y di g‘%?ésn%“% FE ﬁlé'ﬁa{gr Pﬁﬁnl%@“mtlﬁdad%aﬁh Béfhtgmal

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.




bi odegradabl e nmateri al . 30 42. A process for the producti anagdi2gosi ndi cat or

according to claim1l
Exanples 4 to 6.
WO 02/30478

34.

substantially as described herein with reference to

PCT/GB01/04588
30

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

indicator is incorporated into the container layer,

3 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

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

37.

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

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

15  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

20 material,

40.

A process according to any ome of claims 36 to 38 wherein the

degradable layer is formed by spray coating a biodegradable material onto

the signalling layer.

25
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,

30 42,

A process for the production of an indicator according to claim 1

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






