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Description
FIELD OF THE INVENTION:

[0001] Thepresentinvention relates to visual detection
of bilirubin. In particular, the present invention is directed
to develop a device or more appropriately a diagnostic
kit for ready and easy visual detection of bilirubin and/or
Hyperbilirubinemia condition in a person by using blood
serum and/or thumb impression of said person.

BACKGROUND ART.:

[0002] Molecular level understanding of diseases far
outweighs traditional symptom perception in the current
era of medical practices. This is based on advancement
of optical, electrical and electronic probes for measuring
changes in concentrations of key molecular species in
the body, which are responsible for the onset of a large
number of medical conditions.

[0003] Constantimprovement in the versatility, sensi-
tivity and speed of probes based on the newest techno-
logical developments provide much needed boost in the
diagnostics. For example, pathological laboratory tests
performed using blood, stool, urine or saliva sample pro-
vide a wealth of information about the health of the pa-
tient. Further, modern techniques like ultra-sonography,
magnetic resonance imaging and X-ray computed tom-
ography are also widely used to visualize internal body
organs and damages therein. These techniques, though
accurate, often impose high expenses and tedious diag-
nostic period; however, they are deemed necessary for
accurate prognosis of several diseases.

[0004] Recently, the process of diagnosis has been
made easier and faster in case of pregnancy (Ref. Gnoth,
C.; S. Johnson. Geburtshilfe und Frauenheilkunde: 2014,
661-669.), diabetes (Ref. Azad launches indigenously
developed Diabetes Screening System, Test Strips. In-
dia Medical Times, dated January 13, 2014. Accessed
from http://www.indiamedical-
times.com/2014/01/13/azad-launches-indigenous-tech-
nologies-for-detection-of-diabetes) and a few other ab-
normalities.

[0005] A pathogen detection kit enabling detection of
five pathogens namely salmonella, staphylococcus au-
reus, listeria, vibrio cholera and vibrio parahaemolyticus,
has been recently developed for easy detection of the
said pathogens. In an analogous attempt, an indigenous
kit allowing measurement of serum ferritin in blood or iron
content has been designed, thereby indicating the state
of anemia which is closely associated with the deficiency
of iron content (Ref. Affordable pathogen detection kit
launched. The Hindu, New Delhi edition, dated February
21, 2013; http://www.thehindu.com/todays-paper/tp-na-
tional/affordable-pathogen-detection-kit-
launched/article5711927 .ece).

[0006] In these cases, simple analyses can be done
at home based on colorimetric assay or an electrochem-
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ical device. More importantly, these kits are available to
a large members of the populace because of ease of
operation and observation and because they are rather
inexpensive.

[0007] Inline with the above kit based diagnostic tech-
niques, recent rapid development in the field of nano-
scale science and technology promises much greater op-
portunity in terms of speed, versatility, sensitivity and
ease of making molecular marker based health diagno-
sis. Forexample, there are a large number of biochemical
tests which have been developed to probe diseases
based on the surface plasmon resonance properties of
gold nanoparticles and photoluminescence properties of
quantum dots (QDots). Some of these have been devel-
oped as markers of DNA specific to a particular disease.
In addition, detection of viruses, bacteria, assays of pro-
teins have been possible with the changes in optical prop-
erties of gold nanoparticles, nanorods and quantum dots.
Some exemplary illustration of nano technology based
diagnostic techniques can be found in Deka, J et al (Ref.
Deka, J.; Paul, A.; Chattopadhyay, A. The Journal of
Physical Chemistry C 2009, 113,6936); Mirkin, C.A. et al
(Ref. Mirkin, C. A.; Letsinger, R. L.; Mucic, R. C.; Storhoff,
J. J. Nature 1996, 382, 607.) and Storhoff et al (Ref.
Storhoff, J. J.; Lucas, A. D.; Garimella, V.; Bao, Y. P.;
Muller, U. R. Nat Biotech 2004, 22, 883.).

[0008] The latest entrant (Ref. Hemmateenejad, B.;
Shakerizadeh-shirazi, F.; Samari, F. Sensors and Actu-
ators B: Chemical 2014, 199, 42.)in the field of nanoscale
science and technology is the luminescent atomic clus-
ters especially of those of noble metals (as mentioned
above). For example, the red luminescence of few atom
gold clusters is highly sensitive to presence of molecular
species which quenchiits photoluminescence. This is po-
tentially forming the basis of biosensing.

[0009] Fluorescence based detection of biologically
relevant molecules such as bilirubin has recently been
done using noble metal nanoclusters. (Ref. Santhosh,
M.; Chinnadayyala, S. R.; Kakoti, A.; Goswami, P. Bio-
sensors and Bioelectronics 2014, 59, 370.) The fluores-
cence intensity of HSA stabilized gold nanoclusters was
effectively quenched in presence of bilirubin at a pH
range of 6 to 9, thereby allowing sensitive detection free
bilirubin in blood serum.

[0010] In the technique adapted by Santhosh, et al,
bilirubin has been used as quencher of gold nanoclusters
luminescence intensity. As a matter of fact, various
chemical and/or biochemical agents can also serve as a
quencher of luminescent nanoclusters (Ref.: S. K. Sail-
apu, A. K. Sahoo, S. S. Ghosh, A. Chattopadhyay, Hier-
archical Logic Structures Based on Responsive Fluores-
cent Gold Nanoclusters. Small 10, 4067-4071
(2014)10.1002/smll.201401421 and C. Banerjee, J.
Kuchlyan, D. Banik, N. Kundu, A. Roy, S. Ghosh, N.
Sarkar, Interaction of gold nanoclusters with IR light emit-
ting cyanine dyes: a systematic fluorescence quenching
study. Physical Chemistry Chemical Physics 16,
17272-17283 (2014)10.1039/C4CP02563F). Thus, as
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per the technique adapted by Santhosh quenching of in-
tensity or fluorescence of gold nanoclusters by any ma-
terial is not directed to any confirmatory indication of the
presence of bilirubin in said material. Further, the method
employed by Santhosh et al. does not offer the feasibility
of a device especially using thumb impression or upon
contact with skin.

[0011] WO2006138698A2 discloses a detection sys-
tem for determining unbound bilirubin from serum where-
in the system comprises : a metallic material deposited
on a substrate and a polymeric film positioned on the
metallic particles/film, wherein at least the surface of the
polymeric film is impregnated with Human Serum Albu-
min in an amount sufficient to capture unbound bilirubin,
a source of electromagnetic energy and a detector for
measuring fluorescence emission of the bound bilirubin
in the polymeric material wherein the polymeric layer is
of sufficient thickness . The thickness of the polymeric
layer is from about 40nm to about 300nm. The intrinsic
fluorescence is enhanced by positioning the polymeric
material near the metallic material from about 4nm to
100nm. The said method requires coating of the poly-
meric film by a fluorescent substance such as HAS and
teaches detection of bilirubin from serum that is liquid
phase only and not from solid phased sample

[0012] It is thus there has been a need for advance-
ments in luminescence based techniques for confirma-
tory detection of presence and amount of bilirubin in sam-
ples such as blood serum or skins such as to enable
prominent visualization contrast to sense bilirubin, there-
by providing for methods facile in terms of detection and
indentify the condition of hyperbilirubinemia / jaundice by
probing excess bilirubin (BR) deposition on skin in early
stages of the disease.

OBJECTIVE OF INVENTION:

[0013] The basic objective of the present invention is
to develop a device for visual detection of bilirubin level
in human body, using blood serum and/or thumb impres-
sion.

[0014] Another objective of the present invention is to
develop a bilirubin presence indicator which would be
adapted to incorporate in any diagnostic kit platform and
facilitate non-invasive detection of bilirubin level in hu-
man body.

[0015] Yet another objective of the present invention
is to develop a diagnostic kit which would be adapted to
detect Hyperbilirubinemia condition in a person based
on thumb impression of said person.

[0016] A still further objective of the present invention
is to develop a device for visual detection of bilirubin level
which would be adapted to detect presence of bilirubin
in both solid and liquid phase based on the same princi-
ple.
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SUMMARY OF THE INVENTION:

[0017] Thus according to basic aspect of the present
invention, there is provided a diagnostic device or kit for
visual detection of bilirubin according to claims 1-10.
[0018] In accordance with another aspect of the
present invention there is provided a process for manu-
facturing diagnostic device or kit according to claims
11-14.

BRIEF DESCRIPTION OF THE ACCOMPANYING FIG-
URES:

[0019]

Figure 1 is a photographic illustration of gold nano-
cluster coated polyvinylidene difluoride (PVDF) as
visualized under UV lamp with excitation at 254 nm,
in accordance with the present invention.

Figure 2 is a photographic illustration of the gold na-
nocluster coated PVDF membrane as observed us-
ing 254 nm UV light, following addition of copper sul-
phate solution, in accordance with the present inven-
tion.

Figure 3 shows Bilirubin treated film as viewed using
254 nm UV light in accordance with the present in-
vention.

Figure 4 shows photographic illustration of lumines-
cence intensity under UV light excitation of (A) The
PVDF membrane coated with gold nanoclusters, (B)
The same membrane after addition of copper salt
and (c) The film in (B) after addition of water.

Figure 5 shows (A) gradual fluorescence intensity
quenching of gold nanoclusters on gradual addition
of Cu2* and (B) corresponding Stern-Volmer plot, in
accordance with the present invention.

Figure 6 shows (A) a steady State luminescence
study in solution phase, (B) Result (luminescence)
of the same experiment carried out with water and
(C) Result (luminescence) of the same experiment
carried out with bilirubin in absence of Cu2*.

Figure 7 shows graphs for (A) gradual luminescence
intensity recovery of gold nanoclusters otherwise
quenched in presence of Cu2* and (B) gradual in-
crease of normalized luminescence intensity of the
Cu?* quenched gold nanoclusters solution after ad-
dition of bilirubin.

Figure 8 shows fluorescence intensity quenching of
Au NCs in presence of Cu2* followed by recovery of
the same on addition of serum containing bilirubin
exceeding normal range.
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Figure 9 shows (A) photograph of copper salt treated
gold nanocluster film and (B) the same film after
thumb impression of a jaundice patient.

Figure 10 shows photograph of copper salt treated
gold nanocluster film following thumb impression of
a volunteer not affected with hyperbilirubinemia.

DETAILED DESCRIPTION OF THE INVENTION WITH
REFERENCE TO THE ACCOMPANYING FIGURES

[0020] Thepresentinvention discloses adevice for vis-
ual detection of bilirubin and method for fabricating the
same. The device for visual detection of bilirubin of the
present invention is highly sensitive, versatile and robust
film-strip based luminescent indicator for detecting and
marking excess bilirubin deposition on the human skin
as well as in blood serum.

[0021] The present device basically comprises chi-
tosan stabilized gold nanoclusters based luminescence
source preferably in a form of polymer membrane strip
having luminescent chitosan stabilized gold nanoclusters
embedded in biopolymer film and Cu2* ions source for
treating the strip with Cu2* ions for quenching lumines-
cence intensity of the strip.

[0022] The polymer membrane strip of chitosan stabi-
lized fluorescent gold nanocluster (Au NCs) before treat-
ing with the Cu2* ions appears as luminescent yellow in
the presence of UV light. The luminescence intensity of
the strip is quenched after treating the strip with aqueous
solution of copper salt having Cu2* ions such as copper
sulfate solution and the quenched luminescence inten-
sity is again recovered when the Cu2* ions treated strip
comes in contact with solid or liquid medium having bi-
lirubin.

[0023] In presence of bilirubin (BR) in solid or liquid
phase of the medium that comes in contact with the strip,
the luminescence intensity of the strip is restored and the
intensity restoration amount depends on the concentra-
tion of the bilirubin present in the medium that comes in
contact with the strip.

[0024] In the present invention, the bilirubin indicating
polymer membrane strip is involved to design a diagnos-
tic kit for ready and easy detection of bilirubin content in
a person. The kit embodiment basically includes a sup-
port platform having thereon said polymer membrane
strip based bilirubin indicator. An input means also pro-
vided on the kit platform which facilitates the application
of blood serum of the person on the polymer membrane
strip for allowing liquid phase-bilirubin in the blood serum
to form the complex (Cu-BR, A 1:1 complex between
copper and bilirubin) with the Cu2* ions of the strip and
thereby recovering the luminescence intensity of the strip
indicating presence on the bilirubin.

[0025] In a preferred embodiment of the present diag-
nostic kit a touch pad is incorporated for providing the
bilirubin indicating polymer membrane strip in contact
with thumb skin of the person and allowing solid phase
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bilirubin deposited in thumb skin to come in contact with
the strip and form the complex with the Cu2* ions which
recovers the luminescence intensity of the strip indicating
the hyperbilirubinemia condition.

[0026] The diagnostic kit also comprises intensity de-
tector device for measuring recovered luminescence in-
tensity of the polymer membrane strip. The recovered
intensity is detected in presence of UV light after addition
of the bilirubin in relation to reduced luminescence inten-
sity of the strip in the presence of copper ions. The bi-
lirubin concentration is determined based on variation of
the recovered luminescence intensity with respect to the
reduced luminescence intensity.

Preparation of Chitosan-stabilized Gold Nanoclusters

[0027] Gold nanoclusters were prepared by first add-
ing 1.2 mL of aqueous solution of HAuClI, (10 mM) to 20
mL of 0.5 % (w/v) chitosan (which was solubilized using
0.1 % glacial acetic acid) under stirring condition. This
was followed by addition of 0.8 mL mercaptopropionic
acid (0.11 M). Stirring was continued for 30 minutes and
the pH of the resulting solution was adjusted below 2.5.
[0028] In the present device, the biocompatible and
non-immunogenic nature of chitosan makes it an ideal
platform for sensing purposes. Moreover, the nontoxic
nature of gold (in the form of clusters) may also permit
its usage for the said objective.

Preparation of Gold Nanocluster Containing membrane
strip or film:

[0029] The medium or resulting solution (30 mL) con-
taining as-synthesized gold nanocluster was poured onto
a petri dish (Tarsons, disposable sterile petridish) and
was then allowed to dry overnight in an oven at 55 °C. A
film was formed with the approximate dimension of 3 x
3 cm2. The intrinsic luminescent properties of gold nan-
oclusters remained intact after the formation of the film.
The film had yellow-orange luminescence upon excita-
tion with 254 nm UV light. The film could be picked up
easily with tweezers.

[0030] Inasimilarway, the as-prepared gold nanoclus-
ters (1 mL) were drop-cast on an approximately 3 x 3
cm? polyvinylidene difluoride (PVDF) membrane [Figure
1] and the coated membrane was used for further exper-
iments.

Coating of the Gold Nanocluster Containing Film with
Copper Sulphate:

[0031] The gold nanocluster coated polyvinylidene di-
fluoride (PVDF) was treated with 0.2 mL CuS0, (50.2
mM) solution. The film was then dried in the air for 30
min and was observed under UV light. The luminescence
intensity of the film got substantially reduced (upon ex-
posure to 254 nm UV light) following addition of the cop-
per salt [Fig 2].
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Interaction of Bilirubin Solution with Copper Sulphate
added Gold Nanocluster Containing Film:

[0032] A 0.2 mL aqueous solution of bilirubin (1.1
mg/dL) was added to gold nanocluster containing film
which was previously treated with 0.2 mL of CuS04 (50.2
mM) solution. The film was then dried for 30 min and then
was viewed using UV light. Recovery of the yellow- or-
ange luminescence of the film was observed [Fig 3]. The
intense yellow-orange color indicated recovery of lumi-
nescence of the film.

[0033] Control experiment with addition of water in-
stead of bilirubin showed little or no effect on the lumi-
nescence intensity recovery of the nanoclusters under
similar conditions [Fig 4]. The observation further con-
firmed thatbilirubin was instrumental in the luminescence
intensity restoration of the gold nanoclusters.

Solution Phase Assay of Bilirubin Using the lumines-
cence of Gold Nanoclusters:

[0034] The liquid phase assay of bilirubin provided an
alternative for high sensitivity detection using the lumi-
nescence of the gold nanoclusters. This was achieved
by the quenching of photoluminescence of gold nano-
clusters by copperions, followed by recovery of the same
upon addition of bilirubin to the system.

[0035] For studying the interaction of copper ions with
luminescent gold nanoclusters, 0.02 mL of copper sulfate
solution (12.5 mg/mL) was gradually added to lumines-
cent gold nanoclusters (0.1 mL in 0.7 mL of glycine buffer
maintained at pH < 2.5) till the intensity of luminescence
stopped changing [Fig 5 (A)]. Corresponding Stern-Vol-
mer plot was obtained as shown in [Fig 5(B)]. As shown
in Fig 5(B), |, is the luminescence intensity of as-synthe-
sized gold nanoclusters and | is the reduced lumines-
cence intensity of the same on subsequent addition of
Cu2* ions. Au NCs means gold nanoclusters.

Interaction of gold nanoclusters with copper ions and bi-
lirubin:

[0036] For studying the interaction of gold nanoclus-
ters with copper ions and bilirubin, the stabilized gold
nanoclusters membrane strip (prepared with 0.1 mL gold
nanocluster solution in 0.7 mL of glycine buffer; total vol-
ume was 0.8 mL) was treated with 0.1 mL of copper ions
(12.5 mg/mL). This caused quenching in luminescence
intensity of nanoclusters in the strip. The resulting strip
was subsequently treated with bilirubin (1.1 mg/dL). This
led to recovery in lost luminescence intensity of the clus-
ters in the strip [Fig 6(A)]. Control experiments were per-
formed with water [Fig 6(B) and bilirubin Fig 6(C)]. Little
recovery in intensity of nanoclusters was observed upon
addition of water. Whereas in case of bilirubin, the same
volume as that of water, caused full recovery in lumines-
cence intensity of the nanoclusters. In case of only bi-
lirubin i.e. without copper added, there was no apparent

10

15

20

25

30

35

40

45

50

55

change in the luminance intensity.

[0037] This marks the essentiality of copper as well as
bilirubin for the aforementioned process of quenching
and recovery to occur.

[0038] Similar experimentwas performed with different
concentration of copper ion and bilirubin [Fig 7(A)] and
corresponding Stern-Volmer plot of recovery of lumines-
cence was obtained [Fig 7 (B)]. Another set of experi-
ments was performed in a similar manner to determine
the efficiency of bilirubin detection using considerably
higher concentration of copper ions. The sensitivity of
bilirubin detection using concentration of copper ions as
high as that of 477.33 mg/dL was found to be 0.84 mg/dL.
The recovery of luminescence intensity of the nanoclus-
ters by bilirubin with respect to copper ions followed an
exponential fitting.

[0039] Also, similar experiment was performed with
blood serum of patents affected with hyperbilirubinemia
(6.4 mg/dL as per clinical report). The result indicated
substantial recovery of luminescence intensity of gold
nanoclusters otherwise quenched in the presence of
Cu?*ions. The best sensitivity of bilirubin detection in the
said assay was found to be 0.0064 mg/dL [Fig 8].

Thumb Impression Analysis on copper Salt Treated Gold
Nanocluster film

[0040] A volunteer affected with jaundice (bilirubin lev-
el 6.2 mg/dL) measured using conventional technique as
well as the current solution based technique) gave his
thumb impression on the CuS0, solution treated stabi-
lized gold nanocluster containing film [Fig 9 (A)]. The
thumb impression was recorded for a time period of 5
minutes. This had resulted in recovery of luminescence
which was clearly observed under UV light [Fig 9 (B)].
Appropriate protocol was followed for recording of the
thumb impression.

[0041] Control experiment was performed with the
thumb impression of a volunteer with no indication of
higher bilirubin level, which had no or little effect on the
intensity of copper salt and gold cluster containing film
[Fig 10].

[0042] Thus, the present invention discloses a novel
and advanced nanotechnology-based fast and easy de-
vice and method for detecting bilirubin level in a person
and simultaneously identifying hyperbilirubinemia condi-
tion in the person in non-invasive manner. The method
invented circumvents the need of blood test for fast anal-
ysis and uses primarily thumb impression for identifica-
tion of hyperbilirubinemia. It is inexpensive and versatile
as the analysis can be performed without the need of a
typical pathological laboratory setup.

[0043] The method advantageously involves the use
of luminescent gold nanocluster film, the intensity of
which was effectively quenched in the presence of cop-
per salt. The detection method relied on the recovery of
luminescent intensity in the presence of bilirubin. The
change in intensity was equally effective in liquid medium
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as well as in the solid phase. Thus facile detection of
bilirubin was possible using blood serum as well as
through thumb impression. The best sensitivity of detec-
tion of bilirubin in the liquid phase was 0.0064 mg/dL and
that in the solid phase was achieved with the concentra-
tion of blood bilirubin in serum of the affected patient be-
ing 6.2 mg/dL (as per clinical report).

[0044] In addition, the liquid phase detection provides
a background free high sensitivity method and relying on
this it is possible to successfully detect excess bilirubin
present in blood serum down to a sensitivity of 0.0064
mg/dL. This is less than the limit of detection using con-
ventional methods, which are generally used in the path-
ological laboratories.

[0045] In anutshell, the device of the present invention
is superior to the commonly practiced method as it ena-
bles prompt, easy and precise detection of bilirubin level
in human body and the condition of jaundice and could
be used by common mass.

Claims

1. A diagnostic device or kit for visual detection of bi-
lirubin comprising a polymer membrane strip based
bilirubin indicator having a chitosan stabilized gold
nanoclusters based luminescence source treated by
a Cu2*ions source to quench luminescence intensity
of said gold nanoclusters; a UV source; and a vari-
able luminescence intensity detector to visually in-
dicate the quenched luminescence intensity in ab-
sence of liquid or solid phased bilirubin samples or
the recovered luminescence intensity values in pres-
ence of liquid or solid phased bilirubin samples.

2. A diagnostic device or kit as claimed in claim 1,
wherein said chitosan stabilized gold nanoclusters
comprise film of chitosan stabilized fluorescent gold
nanoclusters which is usually luminescent yellow or-
ange in presence of the UV light and said Cu2* ions
source comprises copper salt.

3. A diagnostic device or kit as claimed in anyone of
claims 1 or 2, wherein the liquid or solid phased bi-
lirubin samples includes blood serum and/or skin.

4. A diagnostic device or kit as claimed in claim 1,
wherein the polymer membrane strip based bilirubin
indicator comprises said luminescent chitosan sta-
bilized gold nanoclusters embedded in a biopolymer
film, said Cu2* ions source for quenching lumines-
cence intensity of the gold nanoclusters on said strip,
and indications on recovery of the quenched lumi-
nescence intensity in presence of the liquid or solid
phased bilirubin samples.

5. A diagnostic device or kit as claimed in anyone of
claims 1 to 4, wherein said chitosan stabilized gold
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10.

1.

nanoclusters are formed on the film involving a chi-
tosan stabilized gold nanoclusters solution obtained
of aqueous solution of HAuCl,, chitosan, glacial ace-
tic acid and mercaptopropionic acid having a pH of
less than 2.5.

A diagnostic device or kit as claimed in anyone of
claims 1 to 5, wherein said chitosan stabilized gold
nanoclusters comprise a film or casted upon poly-
meric membrane preferably polyvinylidene difluo-
ride (PVDF) membrane which is treatable with said
Cu2* jons source preferably CuSo, solution.

A diagnostic device or kit as claimed in anyone of
claims 1 to 6, comprising a support platform for said
chitosan stabilized gold nanoclusters based lumi-
nescence source on film or polymer membrane strip
adapted for said bilirubin sample in liquid phase in-
cluding the bilirubin source in water or blood serum
or in solid phase form including body/thumb (palm)
contact of individual with said chitosan stabilized
gold nanoclusters;

said Cu2* ions source treated said chitosan stabi-
lized gold nanoclusters for indicating absence or
presence of bilirubin based on variable lumines-
cence intensity based on any complex formed with
Cu?* jons with bilirubin in said sample.

The diagnostic device or kit as claimed in claim 7,
comprising a touch pad for providing said polymer
membrane strip in contact with thumb of the person
and allowing the solid phased bilirubin in thumb skin
to form the complex with the Cu2* ions on said gold
nanoclusters in case of bilirubin presence and there-
by recovering the luminescence intensity of the strip
indicating hyper-bilirubinemia.

The diagnostic device or kit as claimed in anyone of
claims 1 to 8, wherein sensitivity level for bilirubin
detection is 0.0064 mg/dL using blood serum and
that for bilirubin in water being 0.058 mg/dL.

The diagnostic device or kit as claimed in anyone of
claims 1 to 9, wherein the thumb imprint on the pol-
ymer membrane strip leading to luminescence inten-
sity recovery of the strip corresponds to bilirubin con-
centration of at least 6.2 mg/dL indicating hyper-bi-
lirubinemia.

A process for manufacturing diagnostic device or kit
as claimed in anyone of claims 1 to 10, comprising
providing a chitosan stabilized gold nanoclusters
based luminescence source on a polymer mem-
brane strip based bilirubin indicator; treating the strip
with a Cu2* ions source to quench luminescence in-
tensity of said gold nanoclusters; providing a UV
source; and involving a variable luminescence inten-
sity detector to visually indicate the quenched lumi-
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nescence intensity in absence of liquid or solid
phased bilirubin samples or the recovered lumines-
cence intensity values in presence of liquid or solid
phased bilirubin samples.

A process as claimed claim 11, wherein said step of
providing said chitosan stabilized gold nanoclusters
based luminescence source comprises:

preparing chitosan stabilized gold nanoclusters
by adding aqueous solution of HAuCl, to chi-
tosan followed by addition of mercaptopropionic
acid and adjusting pH of resulting solution below
2.5;

preparing chitosan stabilized gold nanoclusters
film by drop-casting the resulting solution of the
chitosan stabilized gold nanoclusters on the pol-
yvinylidene difluoride (PVDF) membrane strip;
and

providing said Cu source comprises providing
aqueous solution of copper saltincluding 0.2 mL
CuS0, (50.2 mM) solution.

The process as claimed in anyone of claims 11 or
12, wherein said step of preparing chitosan stabilized
gold nanoclusters comprises 1.2 mL of aqueous so-
lution of 10 mM HAuCI, added to 20 mL of 0.5 %
(w/v) chitosan under stirring condition with subse-
quent addition of 0.8 mL mercaptopropionic acid
(0.11 M) under 30 minutes continuous stirring for pre-
paring the chitosan stabilized gold nanoclusters.

The process as claimed in anyone of claims 11 to
13, wherein the preparation of the chitosan stabilized
gold nanoclusters film includes pouring synthesized
gold nanocluster solution onto a petri dish and allow-
ing to dry overnight in an oven to form the film.

Patentanspriiche

1.

Diagnoseeinrichtung oder kit zur visuellen Detekti-
on von Bilirubin umfassend

einen Bilirubin-Indikator basierend auf Polymer-
membranstreifen, der eine Lumineszenzquelle ba-
sierend auf Chitosan-stabilisierten Gold-Nanoclus-
tern aufweist, die durch eine Quelle von Cu2*-lonen
behandelt ist, um die Lumineszenzintensitat der
Gold-Nanocluster zu l6schen;

eine UV-Quelle; und

einen veranderlichen Lumineszenzintensitatsdetek-
tor, um die geléschte Lumineszenzintensitat in Ab-
wesenheit von Bilirubinproben in Flissig- oder Fest-
phase oder die riickgewonnenen Lumineszenzin-
tensitatswerte in Anwesenheit von Bilirubinproben
in Flissig- oder Festphase visuell anzuzeigen.

Diagnoseeinrichtung oder -kit nach Anspruch 1, wo-
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rin die Chitosan-stabilisierten Gold-Nanoclusters ei-
nen Film von Chitosan-stabilisierten fluoreszieren-
den Gold-Nanoclustern umfassen, der Ublicherwei-
se lumineszierend gelborange in Anwesenheit des
UV-Lichtes ist, und die Quelle von Cu2*-lonen Kup-
fersalz umfasst.

Diagnoseeinrichtung oder -kit nach einem der An-
spriiche 1 oder 2, worin die Bilirubinproben in Flis-
sig- oder Festphase Blutserum und/oder Haut um-
fassen.

Diagnoseeinrichtung oder -kit nach Anspruch 1, wo-
rin der Bilirubin-Indikator basierend auf Polymer-
membranstreifen die lumineszierenden Chitosan-
stabilisierten Gold-Nanoclusters, die in einem Bio-
polymerfilm eingebettet sind, die Quelle von Cu2*-lo-
nen zum Ldschen der Lumineszenzintensitat der
Gold-Nanoclusters auf dem Streifen, und Angaben
Uber die Rickgewinnung der geléschten Lumines-
zenzintensitat in Anwesenheit der Bilirubinproben in
Flissig- oder Festphase umfasst.

Diagnoseeinrichtung oder -kit nach einem der An-
spriiche 1 bis 4, worin die Chitosan-stabilisierten
Gold-Nanoclusters auf dem Film unter Verwendung
einer Lésung von Chitosan-stabilisierten Gold-Na-
noclustern gebildet sind, die von einer wassrigen L6-
sung aus HAuCl,, Chitosan, Eisessigsgure und Mer-
captopropionsaure miteinem pH-Wertkleinerals 2,5
erhalten wird.

Diagnoseeinrichtung oder -kit nach einem der An-
spriiche 1 bis 5, worin die Chitosan-stabilisierten
Gold-Nanoclusters einen Film umfassen oder auf ei-
ne Polymermembran, vorzugsweise eine Membran
aus Polyvinylidendifluorid (PVDF), gegossen sind,
die mit der Quelle von Cu2*-lonen, vorzugsweise ei-
ner CuSQO,-L6sung, behandelt werden kann.

Diagnoseeinrichtung oder -kit nach einem der An-
spriiche 1 bis 6, umfassend eine Stitzplattform flr
die Lumineszenzquelle basierend auf Chitosan-sta-
bilisierten Gold-Nanoclustern auf Film oder auf Po-
lymermembranstreifen, geeignet fur die Bilirubinpro-
be in Flissigphase einschlieRlich der Bilirubinquelle
in Wasser oder Blutserum oder in Form von Fest-
phase einschlieRlich Korper-/Daumen-
(Handflachen- )kontakts einer Person mit den Chi-
tosan-stabilisierten Gold-Nanoclustern;

die Quelle von Cu2*-lonen behandelte die Chitosan-
stabilisierten Gold-Nanoclusters, um die Abwesen-
heit oder Anwesenheit von Bilirubin aufgrund der
veranderlichen Lumineszenzintensitat aufgrund je-
des Komplexes, der mit Cu2*-lonen gebildet ist, mit
Bilirubin in der Probe anzuzeigen.

Diagnoseeinrichtung oder -kit nach Anspruch 7, um-
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fassend ein Berlihrungspad zum Bereitstellen, dass
der Polymermembranstreifen mit dem Daumen ei-
ner Person in Kontakt kommt, und zum Erméglichen,
dass das Bilirubin in Festphase in der Daumenhaut
den Komplex mit den Cu2+-lonen auf den Gold-Na-
noclustern im Falle von Anwesenheit von Bilirubin
bildet und somitdie Lumineszenzintensitatdes Strei-
fens riickgewinnt, die Hyperbilirubindmie anzeigt.

Diagnoseeinrichtung oder kit nach einem der An-
spriiche 1 bis 8, worin der Empfindlichkeitsgrad fur
die Detektion des Bilirubins 0,0064 mg/dL unter der
Verwendung von Blutserum und fiir Bilirubin im Was-
ser 0,058 mg/dL betragt.

Diagnoseeinrichtung oder kit nach einem der An-
spriiche 1 bis 9, worin der Daumenabdruck auf dem
Polymermembranstreifen, der zur Rickgewinnung
der Lumineszenzintensitat des Streifens fiuhrt, einer
Bilirubinkonzentration von zumindest 6,2 mg/dL ent-
spricht, die Hyperbilirubindmie anzeigt.

Verfahren zur Herstellung einer Diagnoseeinrich-
tung oder eines Diagnosekits nach einem der An-
spriiche 1 bis 10, umfassend das Bereitstellen einer
Lumineszenzquelle basierend auf Chitosan-stabili-
sierten Gold-Nanoclustern auf einem Bilirubin-Indi-
kator basierend auf Polymermembranstreifen; das
Behandeln des Streifens mit einer Quelle von
Cu2*-lonen, um die Lumineszenzintensitat der Gold-
Nanocluster zu l6schen;

das Bereitstellen einer UV-Quelle; und

das Verwenden eines veranderlichen Lumineszen-
zintensitatsdetektors, um die geléschte Lumines-
zenzintensitatin Abwesenheit von Bilirubinprobenin
Flussig- oder Festphase oder die riickgewonnenen
Lumineszenzintensitatswerte in Anwesenheit von
Bilirubinproben in Flissig- oder Festphase visuell
anzuzeigen.

Verfahren nach Anspruch 11, worin der Schritt des
Bereitstellens der Lumineszenzquelle basierend auf
Chitosan-stabilisierten Gold-Nanoclustern umfasst:

das Vorbereiten von Chitosan-stabilisierten
Gold-Nanoclustern durch Hinzufligen einer
wassrigen Losung aus HAuCl, zu Chitosan, ge-
folgt von dem Hinzufligen von Mercaptopropi-
onsaure und von dem Einstellen des pH-Werts
der resultierenden Losung unter 2,5;

das Vorbereiten eines Films von Chitosan-sta-
bilisierten Gold-Nanoclustern durch Auftropfen
der resultierenden Losung der Chitosan-stabili-
sierten Gold-Nanoclusters auf dem Membran-
streifen aus Polyvinylidendifluorid (PVDF); und
das Bereitstellen der Cu-Quelle das Bereitstel-
len einer wassrigen Lésung aus Kupfersalz ein-
schlieBlich 0,2 mL einer CuSO, (50,2 mM) -L6-
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13.

14.

sung umfasst.

Verfahren nach einem der Anspriiche 11 oder 12,
worin der Schritt des Vorbereitens von Chitosan-sta-
bilisierten Gold-Nanoclustern 1,2 mL einer wassri-
gen Lésung aus 10 mM HAuCI, umfasst, die zu 20
mL von 0,5% (Gewicht/Volumen) Chitosan unter
Ruhrbedingung hinzugefiigt werden, mit darauffol-
gendem Hinzufiigen von 0,8 mL Mercaptopropi-
onsaure (0,11 M) unter einem kontinuierlichen, 30
Minuten langen Ruhren, zur Vorbereitung der Chi-
tosan-stabilisierten Gold-Nanoclusters.

Verfahren nach einem der Anspriiche 11 bis 13, wo-
rin das Vorbereiten des Films aus Chitosan-stabili-
sierten Gold-Nanoclustern das Giel3en einer synthe-
tisierten Gold-Nanocluster-Losung auf eine Petri-
Schale und das Trocknen nachtsiiber in einem Ofen
zum Bilden des Films umfasst.

Revendications

Dispositif ou kit de diagnostic pour la détection vi-
suelle de la bilirubine comprenant un indicateur de
bilirubine a base de bande de membrane polymére
ayant une source de luminescence a base de na-
noagrégants d’or stabilisés avec chitosane traitée
par une source d’'ions Cu2* pour éteindre l'intensité
de luminescence desdits nanoagrégants d’or ;

une source UV ; et

un détecteur d’intensité de luminescence variable
pour indiquer visuellementl'intensité de luminescen-
ce éteinte en I'absence d’échantillons de bilirubine
en phase liquide ou solide.

Dispositif ou kit de diagnostic comme revendiqué
dans la revendication 1, ou lesdits nanoagrégants
d’or stabilisés avec chitosane comprennent un film
de nanoagrégants d’or fluorescents stabilisés avec
chitosane qui est généralement jaune orange lumi-
nescent en présence de la lumiére UV et ladite sour-
ce d’'ions Cu2* comprend du sel de cuivre.

Dispositif ou kit de diagnostic comme revendiqué
dans l'une quelconque des revendications 1 ou 2,
ou les échantillons de bilirubine en phase liquide ou
solide comprennent du sérum sanguin et/ou de la
peau.

Dispositif ou kit de diagnostic comme revendiqué
dans la revendication 1, ou 'indicateur de bilirubine
a base de bande de membrane polymére comprend
lesdits nanoagrégants d’or stabilisés avec chitosane
luminescents incorporés dans un film de biopolyme-
re, ladite source d’ions Cu2* pour éteindre l'intensité
de luminescence des nanoagrégants d’or sur ladite
bande, et des indications sur la récupération de I'in-
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tensité de luminescence éteinte en présence des
échantillons de bilirubine en phase liquide ou solide.

Dispositif ou kit de diagnostic comme revendique
dans I'une quelconque des revendications de 1 a 4,
ou lesdits nanoagrégants d’or stabilisés avec chito-
sane sont formés sur le film impliquant une solution
de nanoagrégants d’or stabilisés avec chitosane ob-
tenue d’une solution aqueuse de HAuCl,, chitosane,
acide acétique glacial et acide mercaptopropionique
ayant un pH inférieur a 2,5.

Dispositif ou kit de diagnostic comme revendiqué
dans I'une quelconque des revendications de 1 a 5,
ou lesdits nanoagrégants d’or stabilisés avec chito-
sane comprennent un film ou une membrane poly-
meére moulée, de préférence une membrane en di-
fluorure de polyvinylidene (PVDF) qui peut étre trai-
tée avec ladite source d’ions Cu2*, de préférence
une solution CuSOy,.

Dispositif ou kit de diagnostic comme revendiqué
dans I'une quelconque des revendications de 1 a 6,
comprenant une plate-forme de support pour ladite
source de luminescence a base de nanoagrégants
d’or stabilisés avec chitosane sur un film ou une ban-
de de membrane polymére adaptée pour ledit
échantillon de bilirubine en phase liquide compre-
nant la source de bilirubine dans I'eau ou le sérum
sanguin ou sous forme de phase solide comprenant
un contact corps/pouce (paume) de l'individu avec
lesdits nanoagrégants d’or stabilisés avec
chitosane ;

ladite source d’ions Cu2* 2 a traité lesdits nanoagré-
gants d’or stabilisés avec chitosane pour indiquer
'absence ou la présence de bilirubine sur la base
d’'une intensité de luminescence variable basée sur
tous les complexes formés avec des ions Cu2* avec
de la bilirubine dans ledit échantillon.

Dispositif ou kit de diagnostic comme revendiqué
dans la revendication 7, comprenant une tablette
tactile pour fournir ladite bande de membrane poly-
meére en contact avec le pouce de la personne et
permettant a la bilirubine en phase solide dans la
peau du pouce de former le complexe avec les ions
Cu?* sur ledit nanoagrégants d’or en cas de présen-
ce de bilirubine et récupérant ainsi 'intensité de lu-
minescence de la bande indiquant une hyperbiliru-
binémie.

Dispositif ou kit de diagnostic comme revendiqué
dans I'une quelconque des revendications de 1 a 8,
ou le niveau de sensibilité pour la détection de la
bilirubine est de 0,0064 mg/dL en utilisant du sérum
sanguin et celui pour la bilirubine dans I'eau étant
de 0,058 mg/dL.
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13.

Dispositif ou kit de diagnostic comme revendiqué
dans I'une quelconque des revendications de 1 a 9,
ou I'empreinte du pouce sur la bande de membrane
polymeére conduisant a une récupération d’intensité
de luminescence de la bande correspond a une con-
centration de bilirubine d’au moins 6,2 mg/dL indi-
quant une hyperbilirubinémie.

Procédé de fabrication d’un dispositif ou d’un kit de
diagnostic comme revendiqué dans I'une quelcon-
que des revendications de 1 a 10, comprenant la
fourniture d’'une source de luminescence a base de
nanoagrégants d’or stabilisés avec chitosane surun
indicateur de bilirubine a base de bande de mem-
brane polymere ;

le traitement de la bande avec une source d’ions
Cu2* pour éteindre l'intensité de luminescence des-
dits nanoagrégants d’or ;

la fourniture d’'une source UV ; et

'implication d’un détecteur d’intensité de lumines-
cence variable pour indiquer visuellement l'intensité
de luminescence éteinte en I'absence d’échantillons
de bilirubine en phase liquide ou solide ou les valeurs
d’intensité de luminescence récupérées en présen-
ce d’échantillons de bilirubine en phase liquide ou
solide.

Procédé comme revendiqué dans la revendication
11, ou ladite étape de fourniture de ladite source de
luminescence a base de nanoagrégants d’or stabi-
lisés avec chitosane comprend :

la préparation des nanoagrégants d’or stabilisés
avec chitosane en ajoutant une solution aqueu-
se de HAuCl, au chitosane, puis en ajoutant de
I’'acide mercaptopropionique eten ajustantle pH
de la solution résultante en dessous de 2,5 ;

la préparation d’un film de nanoagrégants d’or
stabilisés avec chitosane en moulable par cou-
Iée la solution résultante des nanoagrégants
d’or stabilisés avec chitosane sur la bande de
membrane en difluorure de polyvinylidene
(PVDF) ; et

la fourniture de ladite source de Cu comprend
la fourniture d’'une solution aqueuse de sel de
cuivre comprenant 0,2 mL de solutionde CuSO,
(50,2 mM).

Procédé comme revendiqué dans I'une quelconque
des revendications 11 ou 12, ou ladite étape de pré-
paration de nanoagrégants d’or stabilisés avec chi-
tosane comprend 1,2 mL de solution aqueuse de 10
mM de HAuCl, ajoutée 4 20 mL de chitosane & 0,5%
(p/v) sous condition d’agitation avec une addition sui-
vante de 0,8 mL d’acide mercaptopropionique (0,11
M) sous 30 minutes d’agitation continue pour la pré-
paration des nanoagrégants d’or stabilisés avec chi-
tosane.
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14. Procédé comme revendiqué dans I'une quelconque
des revendications de 11 a 13, ou la préparation du
film de nanoagrégants d’or stabilisés avec chitosane
comprend le versement d’'une solution de nanoagré-
gants d’or synthétisée sur une boite de Pétrietle 5
séchage pendant une nuit dans un four pour former
le film.
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