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Method for detecting a wound infection

The present invention relates to a method for detecting a
wound infection.

Wound healing is the bcdy's natural process of regenerating
dermal and epidermal tissue. A set of complex cellular and bio-
chemical events takes place in a closely orchestrated cascade to
repair the damaged tissues, whereas the inflammatory, prolifera-
tive, and remodelling phases overlap in time. The coordinated
acticns of both resident and migratory cell populations within
the extracellular matrix environment are essential for the res-
toration of anatomic continuity and function. Healing in acute
wounas reguires the coordinated completion of a variety of cel-
lular activities including phagocytosis, chemotaxis, mitogene-
sis, collagen synthesis and the synthesis of other matrix compo-
nents, and should be finished within 3 months.

As the wound healing process is very susceptible to inter-
ruption, various causes including infection, old age, diabetes
and venous or arterial disease, are leading to the formation of
chronic, non-healing wounds. In contrast to an acute wound,
these chronic wounds fail to heal in a timely and orderly man-
ner. Although chronic ulceration can affect any anatomical re-
gion, the most common site is the lower limb. The estimated
prevalence of active leg ulceration in Europe is at least 0.1-
0.3 percent. Ulcers secondary to venous hypertension and venous
insufficiency account for nearly 70% of all leg ulcers, with
diabetes and arterial disease contributing towards a significant
propcortion of the rest.

Wound healing in general is regulated by a multiplicity of
bio molecules, including cytokineg, growth factors and enzymes.
In a chronic wound, the normal process of healing is disrupted
at one or more points, mostly in the inflammatory or prclifera-
tive phases. Due tc their importance in the healing process, al-
terations in the levels of crowth factors or enzymes could ac-
count for the impaired healing observed in chronic wounds. 1n
the phases of normal wound healing, the production and activity
of proteases zre tightly reculated. However, in chronic wound
fluids, levels of various proteases including cathepsin G and
neutrophil elestase, which is able to degrade fibronectin, an

essential protein involved in the remodelling of the ECM, have
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also been observed to be significantly higher in chronic wounds.
In addition, certain growth factors seem to be degraded by pro-
teases, which are secreted mainly by macrophages and polymor-
phonuclear leucocytes.

Beside the imbalance of growth factors and enzymes, oacte-
rial infection is a very common cause for chronic wounds. Since
bacteria compete for nutrients and oxygen with macrophages and
fibroblasts, bacterial infection can delay or even halt normal
wound healing. Infection resul-s when bacteria achieve dominance
over the systemic and local factors of host resistance. This
elicits a systemic septic response and also inhioits multiple
processes involved in wound healing. Beside the relative number
of micro-organisms and their pathogenicity, host response and
factors such as immunodeficiency, diabetes mellitus and drugs,
dictate whether a chronic wound becomes infected or shows signs
of delayed healing. In addition to an increasing bacterial bur-
den, biofilm formation and the presence of multidrug resistant
organisms are detected in chronic wounds.

As infection dcoces not only result in a prolonged inflamma-
torv phase, but can cause further necrosis of the wound and can
even lead to death as a consegquence of sepsis, cliniciang should
be able to respond to infection rapidly. Current methods to
identify bacterial infection rely mainly on judgement of the
odour and appearance of the wound. By experts only (e.g. medical
doctors), it is possible to identify infection in a wound by
signs as redness, pain or bad odour.

In most cases, swabs are taken and micro-organisms are iden-
tified by cultivation. Results of this analysis are available
only after 1-3 days. Additionally, as contamination and coloni-
sation of wounds is guite normal, the information about the kind
of gpecieg present in wounds ig not a reliable indication for
wound infection. Critical factors are: high levels of bacterial
content, bacteria capable of altering their phenotypic and geno-
typic characteristics, presence of multi-drug resistant organ-
isms and biofilm formation. Furthermore the virulence of patho-
gens 1s important, namely the production of endo- and exotoxins,
which can be very harmful for -he host. As the usage of swabs
can only give information abou:z the kind of bacteria and about
the approximate number of the bacterial load, identification of

bacterial species by microbiological methods or PCR is not a
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real diagnosis for infection. Furthermore, the method is expen-
sive and takes at least three days.

If infection is suspected, blood tests very often provide an
indication of following medical treatment. Beside the determina-
tion of the amount of white blood cells (leukocytes), the con-
centration of C - reactive pro-ein (CRP) rises in case of infec-
tion. CRP belongs to the family of acute phase proteing and has
a very short reaction time (12 hours). CRP-determinations have
widely displaced the determinazion of erythrocyte sedimentation
rate since it is less sensitive and has a time lag of more than
one week. However, raised CRP levels are usually measured in
blood which requires collection of blood and analysis in a
clinical lab.

In summary, these available methods are time-consuming and
cannot be used in home-care or for quick assessment during wound
bandage changes. On the other hand, inspecticn of odour and ap-
pearance of the wound which could indicate infections requires
experienced doctors.

Therefore there 1s a strong need for a fast prognostic aid
for diagnosis of infection of a wound pricr to obvious clinical
symptoms of infection. Such a diagnostic tool would allow early
intervention with suitable treatment and would reduce clinical
intervention and the use of anztibiotics. Alsco, such method
should be simple and applicable in home care e.g. by nurses.
These prerequisites require fast diagnosis in around 10 to 30
minutes. It 1s an object of the present invention to provide
methods and means to satisfy the above identified need.

The present invention relates to a method for detecting a
wound infection comprising the steps of:

— contacting a sample obtained from a wound with at least

two substrates for at least two enzymes selected from the

group consisting of lysozyme, elastase, cathepsin G and
myeloperoxidase, and

— detecting a wound infection wher a conversion of the at

least two substrates with said at least two enzymes is de-

termined and said conversion is increased (e.g. at least

50%, preferably at least 100%, more preferaonly at least

200%) compared to the conversion of said suobstrate in an

uninfected wound,

Wounds which are infected by micro-organisms like bacteria
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or fungi contain specific enzymes 1n an increased amount com-
pared to uninfected wounds. In particular the amount of the en-
zymes lysozyme, elastase, cathepsin G and myeloperoxidase is in-
creased in infected wounds. An increased activity of one, pref-
erably two, or all of said enzymes in a wound indicates an in-
fection.

The present invention provides a method for a rapid and
early diagnosis of wound infeczZion. This so called “rapid diag-
nostic tool” is based on enzymes present in wound fluid which
are associated with an inflammatory response of the human body.
1'he application of appropriate substrates for enzymes, which are
elevated in case of infection, may lead, for instance, to a col-
our reaction within minutes and allows a very fast estimation of
the wound status. The invention comprises possible devices based
on elevated levels of elastase, lysozyme, cathepsin G and mye-
loperoxidase as indicators for a possible wound infection.

Lysozyme (also known as Muramidase) is an enzyme comorising
129 amino acid residues with a molecular weight of approximately
14.7 kDa. Lysozyme is a component of cytoplasmic granules of the
polymorphonuclear neutrophils (PMN) and the major secretory
product of macrophages, found in mammalian secretions and tis-
sues; and undoubtedly one of the principal important enzymes of
our innate immune system. Due Zo the fact that the enzyme de-
stroys bacterial cell walls by hydrolysis of 1,4-beta-linkages
between N-acetylmuramic acid and N-acetyl-D-glucosamine residues
in peptidoglycan, it is commonly referred to as the "body's own
antibiotic"”. In addition to its lytic activity against Gram
positive bacteria, lysozyme can act as a non-sgspecific innate
opsonin by binding to the bacterial surface, reducing the nega-
tive charge and facilitating phagocytosis of the bacterium be-
fore opsoninsg from the acquired immune system arrive. Elevated
levels of lysozyme in serum are described in case of some dis-
eases; additionally elevated lysozyme levels could be detected
in wound fluid samples in case of infection.

In humans, there exist two genes for elastase: Pancreatic
elastase (ELA-1) and Neutrophil elastase (ELA-2). Neutrophil
elastase (or leukocyte elastase LE: EC 3.4.21.37) 1is a 30~kD
glycoprotein which belongs to the chymotrypsin family of serine
proteases expressed by polymorphonuclear (PMN) leukocytes. The

mature NE, a highly cationic glycoprotein, is targeted to pri-
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mary granules where it is packaged with cathepsin G (ancther
neutrophil serine protease).

Intracellular neutrophil elastase is a key effector molecule
of the innate immune system, with potent antimicrobial activity
against Gram-negative bacteria, spirochaetes, and fungi. Besgides
the involvement in control of pathogens by membrane degradation
after internalization, catalytically active neutrophil elastase
has been localized to the plasma membrane of mature neutrophils
after release from intracellular stores. However, at inflamma-
tory sites, neutrophil elastase is able tc evade regulation, and
once unregulated it can induce the release of pro-inflammatory
cytokines, such as interleukin-6 and interleukin-8, leading to
tissue destruction and inflammation that characterise numerous
diseases. Elastin, which, together with ccllagen, determines the
mechanical properties of cornective tissue, has the unigue prop-
erty of elastic recoil, and plays a major structural function in
lungs, arteries, skin and ligaments. Therefore, excess cf LE ac-
tivity has been involved in a number of pathological conditions
leading to impairment of ECM organization, including rheumatoid
arthritis, hereditary emphysema, chronic cbstructive pulmonary
disease, adult respiratory distress syndrcome, ischemic-
reperfusion injury emphysema, cystic fibrosis and tumor progres-
sion. Elevated elastase levels can be observed at the very be-
ginning of infection and therefore the presence of elastase in
wound fluid gives early stace warning of wound infection, before
obvicus clinical signs of infection are present.

Cathepsin G is a protease which belongs to the group of 1ly-
sosomal cysteine proteases with a nucleophilic cysteine thiocl in
a catalytic triad. Together with human leucocyte elastase and
proteinase 3, cathepsin G is a major content of the azurophil
granules in neutrophils and is released at sites of inflamma-
tion.

Myelopercxidase (MPO) is a 150 kDa peroxidase enzyme (EC
1.11.1.7) protein being existent as a dimer consisting c¢f two 15
kDa light chains and two variable-weight glycosylated heavy
chains bound to a prosthetic heme group This lysosomal protein
is stored in zzurophilic granules of the neutrophil. MPO pro-
duces hypochlorous acid (HOCl) from hydrogen peroxide (H305) and
chloride anion (Cl-) during the neutrophil's respiratory burst.

Hypochlorous acid and tyrosyl radical are cytotoxic and are able
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kill bacteria and other pathogens. While MPO deficiency killing
is initially impaired but reaches normal levels after a period
of time, suggesting that that an apparently slower, alternative
mechanism of killing can take over in MPO-deficient neutrophils,
elevated activity of MPO in case of infection was measured in
blood and tissue. This seems to be due to the increased neutro-
phil infiltration to the infeczed site.

The invention is based on biochemical reactions causing col-
our changes due to the presence of four different enzymes in
wounds at elevated levels in case of infection. The assessment
of four different enzymes can compensate variations in the indi-
vidual enzyme activities in wound fluids enhancing accuracy of
the diagnostic tool.

In order to increase the accuracy of the method of the pre-
sent invention the sample is preferably contacted with at least
three, preferably at least four, of said substrates enabling the
determination of the presence of at least three, preferably of
all four, enzymes of the present invention.

The substrates used in the method of the present invention
are specific for lysozyme, elastase, cathepsin G and/or myelop-
eroxidase. It is particularly preferred to use at least two of
salid enzyme-specific substrates in order to determine their in-
creased presence in comparison to an uninfected wound. Preferred
combinations of the substrates include substrates for lysozyme
and elastase; cathepsin G and myeloperoxidase; lysozyme and
cathepsin G; lysozyme and myelopercxidase; elastase and cathep-
sin G; elastase and myeloperoxidase; lysozyme, elastase and
cathepsin G; lysozyme, elastase and myeloperoxidase; lysozyme,
cathepsin G and myeloperoxidase; elastase, catheosin G and mye-
loperoxidase.

The sample obtained from the wound may be the wound fluid, a
wound dressing comprising wound fluid or a swab comprising wound
fluid.

The presence and the amount of the enzymes of the present
invention in the wound can be determined by directly using the
wound fluid. Alternatively wound dressings or swabs which have
been contacted with the wound fluid may be used.

In order to determine the presence of lysozyme, elastase,
cathepsin G and/or myeloperoxidase directly on a wound dressing

or a swab, at least two substrates are preferably dispersed in a
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matrix of a medically acceptable polymer, preferably a hydrogel
based on alginate, peptidoglycan and/or pelygalacturonic acid,

preferably provided in the form of e.g. a film or beads and/or

bound to a fiber, in particular to a fiber of a wound dressing

or a swab.

A particularly preferred wound dressing, swab or diagnostic
stick may comprise a carrier, a biocdegradable matrix e.g.
monolayer—-or multilayer film or beads and a barrier. The carrier
may be a polymer like polyamide or polypropylen. On said carrier
a biodegradable matrix may be localized. This matrix may be ela-
borated for example as film (1-5 mm thickness)or beads as mono-
or multilayer (2-8 mm in diamezer).

The substrate of the enzymes, in particular of lysozyme and
elastase, may be a polymer or biopolymer or dispersed in said
polymers which can be degraded by said enzymes. For instance, a
peptidoglycan polymer may act as a substrate for lysozyme and
elastin as a substrate for elastase. The degradavle polymer may
comprise at least one substrate bound to at least one marker
molecule like at least one dye which is released in the course
of the substrate degradation. Multilayer films (e.g. at least 2,
3, 4, 5, 6, 7, 8, 9 or 10 layers) or beads may comprise a matrix
containing the labeled enzyme substrate which is covered by non-
labeled enzyme substrate. On the biodegradable polymer matrix a
barrier layer is located. Said barrier layer is a non-degradable
membrane which prevents that the substances of the biodegradable
matrix and the substrate and converted substrates are released
to the exterior. However, said barrier layer is oermeable for
the wound fluids.

According to a preferred embodimenz of the present invention
the substrate for lysozyme is selected from the group consisting
of a dyed peptidoglycan, preferably a peptidoglycan of Micrococ-
cus lysodeictikus, and dyed chitosan, both preferably dyed with
a vinyl sulfone dye (e.g. Remazol).

The substrate for elastase is preferably selected from the
group consisting of N-methoxysuccinyl-ala-ala-pro-val-p-
nitrcanilide and Cysteamid-Succ-Ala-Ala-Pro-Val-oNA, which is
preferably directly bound to the carrier or to the matrix.

According to a further preferred embodiment of the present
invention the substrate for cathepsin G is selected from the

group consisting of N-methoxysuccinyl-ala-ala-pro-phe p-
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nitroanilide and Cysteamid-Succ-Ala-Ala-Pro-Phe-oNA, which is
are preferably directly bound -Zo the carrier or to the matrix.

According to a preferred embodiment of the present invention
the substrate for myeloperoxidase is selected from the group
consisting of 3,3',5,5'-tetramethylbenzidin, 2,2'-azino-bis (3~
ethyvlbenzthiazoline-¢-sulphonic acid), crystal violet, leuko
crystal violet, sinaptic acid, alkoxysilanurea and other com-
pounds like Fast Blue RR modified with isccyanat. The substrates
may be covalently immobilized in the system. Hydrogen peroxide
may be present as a co-substrate. The integration of cellobiose
dehvdrogenase (e.g. cellobiose dehydrogenase from Myriococcum
thermophilum), desferzioxamine mesylate and 5 to 500 mM, pref-
erably 10 to 200 mM, in particular 30 mM, cellobiose as sub-
strates, result in the production of hydrogen peroxide which is
used by myeloperoxidase as a co-substrate. Of course also other
enzyme systems involving other substrates may be used to produce
hydrogen peroxide.

The amount of the substrates used may vary from substrate to
substrate. Since the method of the present invention is opti-
mized for a rapid detection of a wound infection the amount of
substrate used depends on the conversion rate of the enzyme and
on the environment (e.g. liquid, wound dressing, swab etc.)
where the conversion occurs.

The amount of substrate and of wound fluid to be used varies
further from the method of detection: fluid, in-gel (biodegrad-
able matrix), swab, wound dressing etc.

In a ligquid test system the amount of the elastase substrate
added to a wound liquid sample having a volume in between 0.5
and 30 pl, preferably in between 1 and 15 pl, varies from 10 to
500 pl, preferably from 20 to 400 ul, more preferably from 50 to
300 pl, even more preferably from 80 to 150 pl, of a solution
comprising 0.05 to 5 mM, preferably 0.05 to 2.5 mM, in particu-
lar 0.8 to 1.2 mM, substrate. In a particularly oreferred em-
bodiment of the present invention 4 to o pl, preferably 5 ul, of
wound liquid is incubated with 90 to 110 ul, preferably 100 ul,
of a substrate solution comprising 0.8 to 1.2 mM, preferably 1
mM, of elastase substrate, preferably N-methoxysuccinyl-ala-ala-
pro-val-p-nitroanilide.

In a ligquid test system the amount of the cathepsin G sub-

strate added to a wound liquid sample having a volume in between
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0.5 and 30 pl, preferably in between 1 and 15 pl, varies from 10
to 500 pl, preferably from 20 -—o 400 pl, more preferably from 50
to 300 pl, even more preferably from 80 to 150 ul, of a solution
comprising 0.1 to 10 mM, preferably 0.5 to 5 mM, in particular 3
mM, substrate. In a particularly preferred embodiment of the
present invention 4 to 6 ul, preferably 5 pl, of wound liguid is
incubated with 90 to 110 1l, preferably 100 nl, of a substrate
solution comprising 2 to 4 mM, preferably 3 mM, of cathepsin G
substrate, preferably N-methoxysuccinyl-ala-ala-oro-phe p-
nitroanilide.

In a liquid test system the amount of the myeloperoxidase
substrate added to a wound liquid sample having a volume in be-
tween 0.5 and 30 pl, preferably in between 1 and 15 pl, varies
from 10 to 500 pl, preferably from 20 to 400 pl, more preferably
from 50 to 300 pl, even more preferably from 80 to 150 pl, of a
solution comprising 0.01 to 1 mM, preferably 0.02 to 0.45 mM,
substrate. In a particularly preferred embodiment of the present
invention 4 to © ul, preferably 5 pl, of wound liquid diluted
1:10 to 1:30, preferably 1:20, is incubated with 90 to 110 ul,
preferably 100 nl, of a substrate solution comprising 2 to 4 mM,
preferably 3 mM, of myeloperoxidase substrate, preferably
3,3',5,5"-tetramethylbenzidin and/or 2,2'-azino-0is (3-
ethylbenzthiazoline-6-sulphonic acid), crystal violet, 0.1 mm
leuko crystal violet or natural phenolics like sinaptic acid,
alkoxysilanurea and modified fast blue RR with isocvyanate.

The solution comprising said substrates may further comprise
0.1 to 0.5 M, preferably 0.3 M, sucrose and 1 to 30 pl, prefera-
bly 15 pl H»0». Instead of hydrogen peroxide, the system may con-
tain an enzyme producing hyvdrogen peroxide from carbohydrates
such as glucose oxidase or anozher carbohyvdrate oxidase such as
cellobiohydrolase (CBH).

In a liquid test system the amount of the lysoczyme substrate
added to a wound ligquid sample having a volume in between 0.5
and 30 pl, preferably in between 1 and 15 pl, varies from 1 to
25 mg, preferably from 5 to 20 mg, more preferably from 8 to 10
mg, in a solution comprising 1 to 30 ml, preferaonly 15 ml,
buffer. In a particularly preferred embodiment of the present
invention 4 to 6 pl, preferably 5 pl, of wound liquid is incu-
bated with 90 to 110 nl, preferably 100 pl, of a substrate solu-

tion comprising lysozyme substrate, preferably a peptidoglycan,
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more preferably a peptidoglycan of Micrococcus lysodeictikus,
and dyed chitosan, both preferably dyed with a vinyl sulfone dye
(e.g. Remazol).

In a gel based test system for detecting elastase and
cathepsin G activity 20 to 250 ul, preferably 50 to 150 pl, more
preferably 100 pl of a 0.05 to 25 mM, preferably 0.1 to 20 mM,
substrate solution are added to a 40 to 50°C, more preferably a
45°C, gel solution (comprising e.g. 1 to 2%, preferably 1.5%
agarose) having a volume of 50 to 150 pl, preferably of 100 nl.
To said gel a wound liquid sample having a volume in between 0.5
and 30 nl, preferably in between 1 and 15 pl, is added.

In a gel based test system for detecting myeloperoxidase ac-
tivity a volume of 50 to 150 pl, preferably of 100 ul, cof a so-
lution used for liquid testing is added to the same volume of
heated gel as mentioned above. To said gel a wound liquid sample
having a volume in between 0.5 and 30 pl, preferably in between
1 and 15 ul, is added.

In a gel based test system for detecting lysozyme activity 5
to 100 mg, preferably 10 to 75 mg, more preferably 15 to 50 mg,
peptidoglycan, preferably of Micrococcus lysodeictikus, 1s sus-
pended in a heated gel, preferably agarose gel (comprising e.g.
10 g agarose in a concentration of approx. 5 w/v). Alterna-
tively the peptidoglycan is stained with a dye as describead
herein by heating peptidoglycan together with the dye to about
60 to 70°C. The precipitate can be used in testing lysozyme ac-
tivity. Alternatively, the gel based test system comprises two
layers of stained and unstained peptidoglycan. In case of Pepti-
doglycan degradation due to lysozyme activity, the colour would
change from vellow to blue.

The swab based test systems are performed with the solutions
as indicated above for the liquid based test systems. The swabs
to be used are able to absorb 0.5 to 20 unl, preferably 1 to 15
ul, of wound fluid.

If the test system is used as an indicator on wound dress-
ings the above mentioned solutions are brought on the dressing
and dried or the enzymes substrates are bound covalently to the
dressing.

Another aspect of the present invention relates to a wound
dressing or swab comprising at least two substrates for at least

two enzymes selected from the group consisting of lysozyme,
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elastase, cathepsin G and myeloperoxidase.

A wound dressing and a swab comprising said at least one
substrate is particularly advantageous because it allows deter-
mining directly on said dressing and swab whether a wound is in-
fected or not. The substrates Zo be used develop preferably a
colour when converted by enzymes present in a sample to which
said dressing or swab is contacted. Alternatively it is also
possible to provide on the dressing or swab other substances ca-
pable to react with the converzed substrate.

A wound dressing comprising said substrates and optionally
means for detecting the conversion of the substrates by the en-
zymes present in an infected wound is particularly advantageous
because it allows to monitor whether a wound covered by said
dressing is infected or not. Consequently any person can decide
when a wound dressing has to be changed.

The wound dressing or a diagnostic system, which may be po-
sitioned in the vicinity of a wound being in contact with the
wound fluid may comprise a carrier layer, an operating matrix
and a barrier layer. Enzymatically functionalised polyamide or
polvpropylenes can be used as carrier layers. For the operating
matrix different blends of gels, e.g. alginate/agarose and gela-
tine, with incorporated enzyme substrates, such as peptidoglycan
or chitosan as substrates for lysozyme, can be used. For in-
stance, when the amount of lysozyme is determined combinations
of agarose with wvarious amounts of peptidoglycan ranging from 15
to 50 mg per 10 g agarose/gelatine may be applied. The barrier
layer can be based on a membrane (with a thickness of e.g. 0.2
um) to exclude converted substrate like coloured material from
wound fluids such as erythrocyzes. A clear response of this sys-
tem to lysozyme and wound fluids can be obtained by measuring
increagsed transparency at, e.g., 450 nm. Additionally, in case
of high lysozyme activities, a release of the dye Remazol Bril-
liant Blue covalently bound to peptidoglycan could be detected
by a colour change of the supernatant to blue, by a colour
change of swab placed onto the system to blue or be measured at
600 nm.

According to a preferred embodimen- of the present invention
the dressing or swab comprises at least two, preferably at least
three, in particular four, of said substrates.

According to a further preferred embodiment of the present
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invention the at least one substrate is dispersed in a matrix of
a medically acceptable polymer or bound on a fiber.

The at least one substrate is preferably selected from the
group consisting of a peptidoglycan, preferably a peptidoglycan
of Micrococcus lysodeictikus dyed with a vinyl sulfone dye, N-
methoxysuccinyl-ala-ala-pro-val-p-nitroanilide, N-
methoxysuccinyl-ala-ala-pro-phe p-nitroanilide, 3,3',5,5'-
tetramethylbenzidin, 2,2'-azino-bis(3-ethylbenzthiazoline-6-
sulphonic acid), crystal violez, leuko crystal violet or other
natural phenolics like sinaptic acid, alkoxysilanurea and Fast
Blue RR modified with isocyanaze.

The present invention is further illustrated in the follow-
ing example, however, without being restricted thereto.

EXAMPIES:

Example 1: Elastase based test — liquid system

Preparation of diagnostic system

100 pL of a solution of N-methoxysuccinyl-ala-ala-pro-val-p-
nitrocanilide dissolved at a concentration of 20 mM in DMSO in
0.1 M HEPES buffer (pH 7.4, containing 0.5 M NaCl) is pipetted
into a transparent eppendorf tube. The final concentration of N-
methoxysuccinyl-ala-ala-pro-val-p-nitroanilide can be between
0.05 to 2.50 mM, and is preferentially between 0.80 and 1.20 mM.

Diagnosis

A volume between 1 and 15 pL of wound fluid is added to the
test system, preferentially be-—ween 4-6 pL and mixed by manual
shaking for 10 seconds. This mixture is incubated at room tem-
perature for 5 minutes. Thereafter, wound infection will be in-
dicated by a colour change from light pink to yellow. Mixtures
containing non infected wound samples will not change colour.

Test protocol and results:

5 uL of infected (A, B, C) and non infected wound samples
(D, E, F) were incubated with zhe diagnostic system described in
1A containing a substrate concentration of 1.0 mM N-
methoxysuccinyl-ala-ala-pro-val-p-nitroanilide. Visual inspec-
tion of the samples after 10 minutes of incubation indicated a
colour change to yellow only for infected wound samples A, B,
and C.
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Wound Infection ac- Test response Infection ac- Elastase ac-

Sample cording to di- cording to Test tivity*
agnosis of U/mL
medical doctors

A ves yellow ves 3.5

B yes yellow yes 3.4

C yes yellow yes 4.1

D no no colour change no 0.4

E no no colour change no 0.3

F no no colour change no 0.4

* measured with N-methoxysuccinyl-ala-ala-pro-val-p-nitroanilide based

standard assay

Example 2: Elastase based test - Gel based system

Preparation of diagnostic system

N-methoxysuccinyl-ala-ala-pro-val-p-nitroanilide is dis-
solved at a concentration of 20 mM in dimethoxysulfoxide and di-
luted in 0.1 M HEPES buffer (pH 7.4, containing 0.5 M NaCl). The
final concentration of N-methoxysuccinyl-ala-ala-pro-val-p-
nitrcanilide can be between 0.2 to 15 mM, and is preferentially
between 0.50 and 5.00 mM. 100 pL of this solution is properly
mixed with the egqual volume of heated agarose (45 °C) solution
(1.5% w/v) and transferred into wells of a 96 well plate.

Diagnosis

A volume between 1 and 15 pL of wound fluid is added to the
test system, preferentially bezween 4-6 pL. This mixture is in-
cubated at room temperature for 5 minutes. Thereafter, wound in-
fection will be indicated by a colour change to yellow. Mixtures
containing non infected wound samples will not change colour.

Test protocol and results:

5 pL of infected (A, B, C) and non infected wound samples
(D, E, F) were incubated with the diagnostic system described 1B
containing a substrate concentration of 5.0 mM N-
methoxysuccinyl-ala-ala-pro-val-p-nitroanilide. Visual inspec-
tion of the samples after 10 minutes of incubation indicated a
colour change to yellow only for infected wound samples A, B,
and C.
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Wound Sample Infection according Test response Infection ac-
to diagnosis of medi- cording to Test
cal doctors

A ves vellow yes

B yes yvellow yes

C yes yellow yes

D no no colour change no

E no no colour change no

F no no colour change no

Example 3: Elastase based test - Swab based system

Preparation of diagnostic system

N-methoxysuccinyl-ala-ala-pro-val-p-nitrocanilide is dis-
solved at a concentration of 20 mM in dimethoxysulfoxide and di-
luted in 0.1 M HEPES buffer (pH 7.4, containing 0.5 M NaCl). The
final concentration of N-methoxysuccinyl-ala-ala-pro-val-p-
nitrcanilide can be between 0.2 to 10 mM, and is preferentially
between 0.50 and 5.00 mM. 40 p~ of this solution were pipetted
into micro titre plates

Diagnosis

Small swabs (0.5x0.5 cm) of a polyester PES Microfibre (Mi-
crojet S51000) dipped into wound fluid thereby adsorbing between
1 and 12 ulL of would ligquid, preferentially between 5 and 8 ulL.
The test system is then placed into the microtiter plates con-
taining the substrate solution and incubated at room temperature
for 5 minutes. Thereafter, wound infection will oe indicated by
a colour change of the swab (i.e. polyester fabric) to yellow.
Mixtures containing non infected wound samples will not change
colour.

Test protocol and results:

Using small swabs (0.5x0.5 cm) of a polyester PES Microfibre
(Microjet S1000) samples were zaken from infected (A, B, ) and
non infected wound samples (D, E, F) and placed into the diag-
nostic system described in 1C containing a substrate concentra-
tion of 1.0 mM N-methoxysuccinyl-ala-ala-pro-val-p-nitrcanilide.

Visual inspection of the samples after 10 minutes of incubation
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indicated a colour change to yellow only for infected wound sam-
ples A, B, and C.

Wound Sample Infection according Test response Infection ac-
to diagnosis of cording to Test

medical doctors

A yes vellow yes
B ves vellow ves
C yes yellow yes
D no no colour change no
E no no colour change no
F no no colour change no

Example 4: Cathepsin based test - liquid system

Preparation of diagnostic system

N-succinyl-ala-ala-pro-phe-p-nitrocanilide is dissolved at a
concentration of 20 mM in dimezthoxysulfoxide and diluted in 0.1
M HEPES buffer (pH 7.4, containing 0.5 M NaCl). The final con-
centration of N-methoxysuccinyl-ala-ala-pro-phe o-nitroanilide
can be between 0.5 to 5 mM, and is preferentially 3 mM.

Diagnosis

A volume between 1 and 15 pL of wound fluid is added to the
test system, preferentially bezween 4-6 ulL and mixed by manual
shaking. This mixture is incubated at 37°C for 10 minutes.
Thereafter, wound infection will be indicated by a colour change
to vellow. Mixtures containing non infected wound samples will
not change colour.

Test protocol and results:

5 pL of infected (A, B, C) and non infected wound samples
(D, E, F) were incubated with the diagnostic system described in
1A comprising a substrate concentration of 3.0 mM N-
methoxysuccinyl-ala-ala-pro-phe-p-nitroanilide. Visual inspec-
tion of the samplesg after 10 to 15 minutes of incubation indi-
cated a colour change to yellow only for infected wound samples
A, B, and C.
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Wound Infection accord- Test response Infection accord- Cathep-
Sample ing to diagnosis ing to Test sin G*
of medical doctors U/mL
A ves vellow ves 40
B YES yellow yes 36
C ves yellow yes 45
D no no colour change no 3
E no no colour change no 2.5
F no no colour change no 3.5

* measured with N-methoxysuccinyl-ala-ala-pro-phe-p-nitroanilide based

standard assay

Example 5: Cathepsin based test - Gel based system

Preparation of diagnostic system

N-methoxysuccinyl-ala-ala-pro-phe-p-nitroanilide is dis-
solved at a concentration of 20 mM in dimethoxysulfoxide and di-
luted in 0.1 M HEPES buffer (pH 7.4, containing 0.5 M NaCl). The
final concentration of N-methoxysuccinyl-ala-ala-pro-phe-p-
nitrcanilide can be between 0.5 to 10 mM, and is preferentially
5.00 mM. 100 upL of this solution is properly mixed with the
equal volume of heated agarose (45 °C) solution (1.5% w/v) and
transferred into wells of a 96 well plate.

Diagnosis

A volume between 1 and 15 pL of wound fluid is added to the
test system, preferentially bezween 4-6 pL. This mixture is in-
cubated at 37°C for 10 minutes. Thereafter, wound infection will
be indicated by a colour change to yellow. Mixtures containing
non infected wound samples will not change colour.

Test protocol and results:

5 pL of infected (A, B, C) and non infected wound samples
(D, E, F) were incubated with the diagnostic system described in
1B containing a substrate concentration of 5.0 mM N-
methoxysuccinyl-ala-ala-pro-phe-p-nitroanilide. Visual inspec-
tion of the samples after 10 minutes of incubation indicated a
colour change to yellow only for infected wound samples A, B,
and C.
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Wound Sample Infection according Test response Infection ac-
to diagnosis of medi- cording to Test
cal doctors

A yes vellow yes

B yes vellow yes

C yes yellow yes

D no no colour change no

E no no colour change no

F no no colour change no

Example 6: Cathepsin based test — Swab based system

Preparation of diagnostic system

N-methoxysuccinyl-ala-ala-pro-phe-p-nitroanilide is dis-
solved at a concentration of 20 mM in dimethoxysulfoxide and di-
luted in 0.1 M HEPES buffer (pH 7.4, containing 0.5 M NaCl). The
final concentration of N-methoxysuccinyl-ala-ala-pro-phe-p-
nitrcanilide can be between 0.5 to 10 mM, and is preferentially
5.00 mM. 40 pL of this solution were pipetted into micro titre
rlates

Diagnosis

Small swabs (0.5x0.5 cm) of a polyester PES Microfibre (Mi-
crojet S51000) dipped into wound fluid thereby adsorbing between
1 and 12 ulL of would ligquid, preferentially between 5 and 8 ulL.
The test system is then placed into the microtiter plates con-
taining the substrate solution and incubated at 37°C for 15 min-
utes. Thereafter, wound infection will be indicated by a colour
change of the swab (i.e. polyester fabric) to yellow. Mixtures
containing non infected wound samples will not change colour.

Test protoceol and results

Using small swabs (0.5x0.5 cm) of a polyester PES Microfibre
(Microjet S1000) samples were zaken from infected (A, B, C) and
non infected wound samples (D, E, F) and placed into the diag-
nostic system described in 1C containing a substrate concentra-
tion of 5.0 mM N-methoxysuccinyl-ala-ala-pro-phe-p-nitrcanilide.
Visual inspection of the samples after 15 minutes of incubation

indicated a colour change to yellow only for infected wound sam-
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ples A, B, and C.
Wound Infection according to Test response Infection ac-
Sample diagnosis of medical cording to Test
doctors
A yes yvellow yes
B yes yellow yes
C yes yvellow yes
D no no colour change no
E no no colour change no
F no no colour change no

Example 7: Myeloperoxidase based test - liquid system

Preparation of diagnostic system

For this diagnostic tool, two different substrates can be
used, namely TMB or ABTS. 3350 pl of succinate buffer (pH 5.4)
comprising 0.3 M sucrose were used, 15 ul 1% HyO0» and 7 ul of the
substrates (5-40 mM ABTS, 20-150 mM TMB, 0.0128 mM crystal vio-
let and 0.025 mM of modified Fast Blue RR) were added. TMB
(3,37,5,5"-Tetramethylbenzidine) is firstly dissolved in N,N-
Methylformamide, crystal violez, leuko crystal violet and modi-
fied Fast Blue RR 1s dissolved 1in ethanol, while ABTS can be
dissolved in water. 100 ul of zZhe solutions are oipetted into a
transparent eppendorf tube.

Diagnosis

A volume between 1 and 15 pL of wound fluid is added to the
test system, preferentially be-ween 4-6 pL and mixed by manual
shaking for 10 seconds. This mixture is incubated at room tem-
perature for 10 minutes. Thereafter, wound infection will be in-
dicated by a colour change from colourless to blue (TMB or green
(ABTS), respectively. Mixtures containing non infected wound
samples will not change colour

Test protocol and results:

Wound fluid of infected and uninfected samples is diluted
1:20. 5 pL of these dilutions of infected (A, B, C) and non in-
fected wound samples (D, E, F) are incubated with the diagnostic

system described in 1A containing the two different substrates.
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Visual inspection of the samples after 5> minutes of incubation

indicated a colour change to blue in case of TMBR only for in-

fected wound samples A, B, and C.

Wound Infection accord- Test response Infection ac- MPO ac-
Sample ing to diagnosis cording to Test tivity*
of medical doctors U/mL

A ves blue yes 190

B yes blue yes 160

C ves blue ves 175

D no no colour change no 5

E no no colour change no 12

F no no colour change no 17

* measured with Guaiacol as based standard assay

Example 8: Myeloperoxidase based test — Gel system

Preparation of diagnostic system

For this diagnostic tool, two different substrates can be
used, namely TMB or ABTS. 3350 pl of succinate buffer (pH 5.4)
comprising 0.3 M sucrose were used, 15 pl 1% H;0, and 7 pl of the
substrates (5-40 mM ABTS, 20-150 mM TMB, 0.0128 mM crystal vio-
let, 0,1 mM leuko crystal violet or 0.025 mM of modified Fast
Blue RR were added. TMB (3, 37,5,5 -Tetramethylbenzidine is
firstly dissolved in N,N-Methylformamide, while ABTS can be dis-
solved in water. 100 pl of this solution is properly mixed with
the equal volume of heated agarose (45 °C) solution (1.5% w/v)
and transferred into wells of a 96 well plate.

Diagnosis

A volume between 1 and 15 pL of wound fluid is added to the
test system, preferentially betzween 4-6 pL. This mixture is in-
cubated at room temperature for 5 minutes. Thereafter, wound in-
fection will be indicated by a colour change to blue and green,
respectively. Mixtures containing non infected wound samples
will not change colouz.

Test protocol and results:

5 pL of infected (A, B, C) and non infected wound samples

(D, E, F) were incubated with ~he diagnostic system described 1B
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containing the two substrates for MPO. Visual inspection of the
samples after 5 minutes of incubation indicated a colour change
to blue or green only for infected wound samples A, B, and C.

Example 9: Myeloperoxidase based test — Swab based system

Preparation of diagnostic system

3350 pl of succinate buffer (pH 5.4) comprising 0.3 M su-
crose were used, 15 pl 1% HpOy and 7 pl of the substrates (20 mM
ABTS, 100 mM TMB, 0.0128 mM crystal violet, 0.1 mM leuko crystal
violet and 0.025 mM of modified Fast Blue RR) were added. 40 uL
of this solution were pipetted into micro titre olates.

Diagnosis

Small swabs (0.5x0.5 cm) of a polyester PES Microfibre (Mi-
crojet S1000) dipped into wound fluid diluted 1:20 thereby ad-
sorbing between 1 and 12 plL of would liguid, preferentially be-
tween 5 and 8 pL. The test syszem is then placed into the micro-
titer plates containing the substrate solution and incubated at
room temperature for 10 minutesg. Thereafter, wound infection
will be indicated by a colour change of the swab (i.e. polyester
fabric) to blue or green, respectively. Mixtures containing non
infected wound samples will no- change colour.

Test protocol and results:

Using small swabs (0.5x0.5 cm) of a polyester PES Microfibre
(Microjet 31000) samples were Zaken from infected (A, B, ) and
non infected wound samples (D, E, F) diluted 1:20 and placed
into the diagnostic system described in 1B containing the sub-
strates TMB. Visual inspection of the samples after 5 minutes of
incubation indicated a colour change to blue only for infected

wound samples A, B, and C.

Wound Infection according to diag- Test response Infection ac-

Sample nosis of medical doctors cording to Test

A yes blue yes
B yes blue yes
C ves blue yes
D no no colour change no
E no no colour change no
E no no colour change no



WO 2010/133589 PCT/EP2010/056811

Example 10: Lysozyme based test — ligquid system

Preparation of diagnostic system

An amount between 1 and 15 mg Micrococcus lysodeikticus pep-
tidoglycan is suspended in 15 ml 0.1 M KH,PO4 buffer (cH 7.0).
Preferentially, an amount between 8 and 10 mg is suspended. 290
BnL of this golution ig pipetted into a transparent eppendorf
tube.

Diagnosis

A volume of 10 ulL of wound fluid is added to the test system
and mixed by manual shaking for 10 seconds. ''his mixture is in-
cubated at 37°C for 15 minutes. Thereafter, wound infection will
be indicated by a decrease in Zurbidity. Mixtures containing non
infected wound samples will noz- change.

Test protocol and results:

10 pL of infected (A, B, C) and non infected wound samples
(D, E, F) were incubated with the diagnostic system described in
2A containing Micrococcus lysodeikticus as a substrate for ly-
sozvme. Visual inspection of the samples after 15 minutes of in-
cubation at 37 °C indicated a change of turbidity only for in-
fected wound samples A, B, and C.

Wound Infection according Test response Infection ac- lysozyme

Sample to diagnosis of medi- cording to Test activity*
cal doctors U/mL

A yes clear yes 1200

B yes clear yes 974

C yes clear yes 1800

D no turbid no 210

E no turbid no 205

F no turbid no 320

* measured with Micrococcus lysodeikticus peptidoglycan as a substrate

Example 11: Lysozyme based test — Gel based system

Preparation of diagnostic system
15 to 50 mg peptidoglycan of Micrococcus lysodeictikus 1s
suspended in 10 g of agarose (1% w/v) which is dissolved in 0.1
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M phosphate buffer pH 7.0 and heated in the microwave. The solu-
tion is properly mixed and transferred into wells of a 26 well
plate. In a second assay, peptidoglycan (Micrococcus lysodeicti-
kus) 1s stailned with Remazol Brilliant Blue (RBB). Therefore, 50
mg peptidoglycan is suspended in 0.5 mL Remazol Brilliant Blue
solution (0.5% w/v) and diluted with the equal volume of stain-
ing solution (2.5% w/v NaSOs). Following thermal gradient is
used: 25 °C for 10 minutes, 65 °C for 5 minutes. After centrifu-
gation for 4 minutes at 13000 rpm, several washing steps are
carried out until the supernatant is colourless. In a third as-
say, two layers of stained and unstained peptidoglycane are
used, whereas the stained peptidoglycane is applied as described
above (double layer system). Additionally, a matrix comprising
80% 1% agarose and 20% 2% gelazin, elastin, fibronectin and col-
lagen respectively were used.

Diagnosis

A volume of 100 pL of wound fluid is added to the test sys-
tem. This mixture is incubated at 37°C between 15 and 60 min-
utes. Digestion of peptidoglycan due to lysozyme activity leads
to an increase in transparency which can be measured at 450 nm
and which can clearly be seen in case of infected wounds. In
case of the dyed peptidoglycan, the dye is released into the su-
pernatant, which turns to be blue in case of infected wounds. In
case of the double layer system, the system changes colour from
yvellow to blue which can easily be seen after incubation for at
least 30 minutes.

Test protocol and results:
100 pL of infected (A, B, C) and non infected wound samples (D,
E, F) were incubated with the diagnostic system described 2B
containing peptidoglycan as a substrate for lysozyme. Visual in-
spection of the samples after 15 and 60 minutes of incubation
indicated a change in transparency only for infected wound sam-
prles A, B, and C.

Wound Infection Test response Test re- |Test response Infection
Sample |according to |Unstained sponse Double layer |according
diagnosis of |system stained |system to Test
medical doc- system
tors




WO 2010/133589 PCT/EP2010/056811

- 23 -
A yes clear Blue Blue yes
B yes clear Blue Blue yes
C ves clear Blue Blue yes
D no turbid Clear Yellow/white |nc
E no turbid Clear Yellow/white |nc
F no turbid clear Yellow/white |nc

Example 12: Lysczyme based test — Swab based system

Preparation of diagnostic system

15 to 50 mg peptidoglycan of Micrococcus lyscdeictikus dyed
with Remazcl Brilliant Blue (RBB) is suspended in 10 g of aga-
rose (1% w/v) dissolved in 0.1 M phosphate buffer pH 7.0 and
heated in the microwave. The solution is properly mixed and
transferred into wells of a 96 well plate.

Diagnosis

Small swabs (0.5x0.5 cm) of a polyester PES Microfibre (Mi-
crojet S1000) are dipped into wound fluid thereby adsorbing be-
tween 1 and 12 uL of wound ligquid, preferentially between b and
8 uL. The swab is then rinsed in buffer solution and this solu-
tion is then placed into the microtiter plates containing the
gel based system with dyed pep-idoglycan. The system is then in-
cubated at 37°C for 30 minutes. Thereafter, wound infection will
be indicated by a blue supernazant/the fabrics turning blue in
case of infected wounds.

Test protocol and results:

Using small swabs (0.5x0.5 cm) of a polyester PES Microfibre
(Microjet S1000) samples were Zaken from infected (A, B, ) and
non infected wound samples (D, E, F) and placed into the diag-
nostic system described above containing the gel based system
with remazol dyed peptidoglycan. Visual inspection of the super-
natant/the fabrics after 30 minutes of incubation indicated the
development of a blue colour only for infected wound samples A,
B, and C.

Example 13: Combination of enzymes- liguid system

Preparation of diagnostic system
100 pl of the liquid substrates described for the enzymes
elastase, myeloperoxidase and Cathepsin G (see examples 1 to 10)

were prepared and transferred -o a microtiter plate.
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Diagnosis

5 pl of wound fluids from infected wounds (A-F) and non in-
fected wounds (G-L) are added. Wound fluid can be taken with a
capillary or a syringe and is aliquoted afterwards. Alterna-
tively, swabs were used to transfer samples from infected wounds
(A-F) and non infected wounds (G-L) to 1-2ml of bpuffer solution.
Aliquote of 250ul (500 pl) were added to the microtiter plate
with the four different enzyme substrates.

Plates are incubated at 37°C. After 10 minutes, the assay for
elastase was inspected and turned to yellow in case of the in-
fected wounds. After 30 minutes the Cathepsin G and the lysozyme
assay were inspected and indicated infection by turning to yel-
low, blue and clear, zespectively. After 5 minutes, two assays
for MPO (TMB and ABTS) were inspected and indicated infection by
turning to blue and green respectively. After 60 minutes, the
assay for MPO using crystal violet, leuko crystal violet and
modified Fast Blue RR was ingspected and indicated infection by
changing the colour.

Sample A shows a less pronounced colour development in the
Elastase assay, but was clearly positive in the other assays. In
contrast, samples D and E show a less pronounced colour develop-
ment in the MPO ABTS assay while they were positive in the other
assays. This confirms the importance of the combination of at
least 2, preferably 3, most preferably 4, different assays for

the diagnostic tool.
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Claims:

1. Method for detecting a wound infection comprising the steps
of:
— contacting a sample obtained from a wound with at least
three substrates for at least three enzymes selected from
the group consisting of lysozyme, elastase, cathepsin G and
myeloperoxidase, and
— detecting a wound infection when a conversion of the at
least three substrates with said at least three enzymes is

determined.

2. Method according to claim 1, characterised in that the sample

is contacted with at least four of said substrates.

3. Method according to claim 1 or 2, characterised in that the
sample i1is wound fluid, a wound dressing comprising wound fluid,

a swab comprising wound fluid.

4., Method according to any one of claims 1 to 3, characterised
in that the at least one substrate is dispersed in a matrix of a

medically acceptable polymer.

5. Method according to any one of claims 1 to 4, characterised
in that the matrix of a medically acceptable polymer is a hydro-

gel.

6. Method according to any one of claims 1 to 5 , characterised
in that the at least three substrates are bound to a fiber, in

particular to a fiber of a wound dressing or a swab.

7. Method according to any one of claims 1 to 6 , characterised
in that the susbtrate for lysozyme is selected from the group

consisting of a peptidoglycan.
8. Method according to any one of claims 1 to 7, characterised
in that the substrate for lysozyme is a peptidoglycan of Micro-

coccus lysodeictikus dyed with a vinyl sulfone dye.

9. Method according to any one of claims 1 to 8 , characterised
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in that the substrate for elastase is selected from the group
consisting of N-methoxysuccinyl-ala-ala-pro-val-p-nitrcanilide
and Cysteamid-Succ-Ala-Ala-Pro-Val-pNA.

10. Method according to any one of claims 1 to 9 , characterised
in that the substrate for cathepsin G is selected from the group
consisting of N-methoxysuccinyl-ala-ala-pro-phe p-nitroanilide
and Cysteamid-Succ-Ala-Ala-Pro-Phe-pNA.

11. Method according to any one of claims 1 to 10 , character-
ised in that the susbtrate for myeloperoxidase is selected from
the group consisting of 3,3',5,5"'-tetramethylbenzidin, 2,2'-
azino-bis (3-ethylbenzthiazoline-6-sulphonic acid), crystal vio-
let, leuko crystal violet, sinaptic acid Fast Blue RR modified

with Isocyanat.

12. Wound dressing or swab comprising at least three substrates
for at least three enzymes selected from the group consisting of
lysozyme, elastase, cathepsin G and myeloperoxidase said sub-
strates capable to release a coloured agent or causing decloud-

ing.

13. Wound dressing or swab according to claim 12 , characterised
in that the dressing or swab comprises at least four of said

substrates.

14. Wound dressing or swab according to claim 12 or 13 , charac-
terised in that the at least three substrate is dispersed or co-
valently bound in a matrix of a medically acceptable polymer or

bound on a fiber.

15. Wound dressing according to any one of claims 12 to 14,
characterised in that the at least three substrates peptidogly-

cans..

16. Wound dressing according to claim 15, characterised in that
the peptidoglycan is of Micrococcus lysodeictikus dyed with a
vinyl sulfone dye, N-methoxysuccinyl-ala-ala-pro-val-p-
nitroanilide, N-methoxysuccinyl-ala-ala-pro-phe p-nitroanilide,
3,3",5,5"-tetramethylbenzidin, 2,2'-azino-bis(3-



12 May 2015

2010251237

_27_

ethylbenzthiazoline-6-sulphonic acid), crystal violet, leuko

crystal violet,

Isocynat.

sinaptic acid and Fast Blue RR modified with
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